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was conducted by Raytheon Ocean Systems and t h e  N a t i o n a l  Oceanic and 
Atmospheric A d m i n i s t r a t i o n .  Da ta  were  ana lyzed  f o r  t i d a l  c o n s t i t u e n t s  by 
Outlaw (1983) .  A  g l o b a l  g r i d  r e p r e s e n t i n g  M i s s i s s i p p i  Sound and a d j a c e n t  
a r e a s  was c o n s t r u c t e d  t o  i n t e r f a c e  w i t h  t h e  GTM g r i d ,  Bottom f r i c t i o n  
mechanics  were c a l i b r a t e d  on t h i s  g l o b a l  g r i d  f o r  20-24 September 1980 and 
s u b s e q u e n t l y  v e r i f i e d  f o r  12-16 J u n e  1980. A h y p o t h e t i c a l  r e g i o n a l  d r e d g e  
d i s p o s a l  pl.an was c o n s i d e r e d  on t h e  g l o b a l  g r i d  by i n c r e a s i n g  t h e  s i z e  of 
Sand Is l .and.  A r e f i n e d  g r i d  was c o n s t r u c t e d  around t h e  Pascagou la  Channel i n  
o r d e r  t o  s t u d y  a l t e r n a t i v e  channe l  c o n f i g u r a t i o n  e f f e c t s  on M i s s i s s i p p i  Sound. 
P r e v i o u s l y  c a l i b r a t e d  and v e r i f i e d  bottom f r i c t i o n  mechan ics -were  f u r t h e r  
s u b s t a n t i a t e d  by s i m u l a t i n g  hydrodynamic c o n d i t i o n s  f o r  t h e  20-24 September 
p e r i o d  over  t h e  r e f i n e d  g r i d  u s i n g  g l o b a l  g r i d  r e s u l t s  t o  supp ly  w a t e r  s u r f a c e  
e l e v a t i o n  boundary c o n d i t i o n s .  (The e f f e c t s  of d o u b l i n g  t h e  w i d t h  of t h e  main 
Pascagou la  Channel were  t h e n  s t u d i e d  by s i m u l a t i n g  t h i s  same p e r i o d  w i t h  t h e  
modi f i ed  channe l .  ) Study c o n c l u s i o n s  a r e  drawn and recommendations f o r  
a d d i t i o n a l .  s i m u l a t i o n  work a r e  p r e s e n t e d .  

I n  a d d i t i o n ,  h o r i z o n t a l  s a l i n i t y  c o n d i t i o n s  were a l s o  i n v e s t i g a t e d  f o r  
t h e  20-24 September p e r i o d .  Wind speed and d i r e c t i o n  were s p e c i f i e d  a s  
m e t e o r o l o g i c a l  i n p u t s .  A c o n s t a n t  d r a g  c o e f f i c i e n t  of 0 .001  was employed t o  
deve lop  t h e  s u r f a c e  wind s t r e s s ,  and t h e  f r i c t i o n  mechanism p r e v i o u s l y  de-. 
ve loped  was used t o  implement bottom s t r e s s .  S i m u l a t i o n  r e s u l t s  f o r  b o t h  t h e  
Flux-Corrected T r a n s p o r t  and t h e  Three  Time Leve l  E x p l i c i t  schemes a r e  p r e -  
s e n t e d  f o r  t h e  g l o b a l  g r i d .  E f f e c t i v e  d i s p e r s i o n  c o e f f i c i e n t s  i n  each c o o r d i -  
n a t e  d i r e c t i o n  were c a l i b r a t e d .  The Flux-Corrected T r a n s p o r t  g l o b a l  g r i d  
s a l i n i t y  l e v e l s  and w a t e r  s u r f a c e  e l e v a t i o n  saved a t  t h e  boundary of t h e  
r e f i n e d  g r i d  were used t o  s u p p l y  t h e  boundary c o n d i t i o n s  f o r  a  Flux-Corrected 
T r a n s p o r t  s i m u l a t i o n  on t h e  r e f i n e d  g r i d .  P r e v i o u s l y  c a l i b r a t e d  g l o b a l  g r i d  
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PREFACE 

The M i s s i s s i p p i  Sound and Adjacent  Areas S tudy  was a u t h o r i z e d  by congres-  

s i o n a l  r e s o l u t i o n s  o f  1 February  1977 and 10 May 1977.  The main purpose  of 

t h e  s t u d y  a s  s t a t e d  i n  t h e  r e s o l u t i o n s  i s  t o  de te rmine  whether  t h e  p r e s e n t  and 

proposed dredged m a t e r i a l  d i s p o s a l  methods f o r  maintenance and c o n s t r u c t i o n  o f  

t h e  v a r i o u s  p r o j e c t s  i n  M i s s i s s i p p i  Sound should be modif ied i n  any way i n  t h e  

i n t e r e s t  of economic e f f i c i e n c y  and environmental  q u a l i t y .  The r e s o l u t i o n s  

r e q u e s t  an  i n v e s t i g a t i o n  by t h e  US Army Corps of Engineers  o f  v a r i o u s  d redg ing  

t e c h n i q u e s  and t h e  p o s s i b i l i t y  of developing a c o o r d i n a t e d  program f o r  t h e  r e -  

g i o n ,  w i t h  a p p r o p r i a t e  c o n s i d e r a t i o n  of e c o l o g i c a l  f a c t o r s .  The r e g i o n  under  

s t u d y  i s  d e f i n e d  t o  iracltrde t h e  body of wa te r  and a d j a c e n t  l and  and e s t u a r i n e  

a r e a s  ex tend ing  from Chandeleur Sound and Lake Borgne, on t h e  w e s t ,  a long  t h e  

M i s s i s s i p p i  and Alabama c o a s t s  t o  t h e  e a s t e r n  s h o r e  of Mobile Bay, on t h e  e a s t .  

I t  i s  bounded on t h e  n o r t h  by I n t e r s t a t e  Highway 10 and on t h e  s o u t h  by t h e  

120-ft bottom con tour  o f  t h e  Gulf o f  Mexico. 

The numerical  model i n v e s t i g a t i o n  d e s c r i b e d  h e r e i n  was a u t h o r i z e d  by t h e  

US Army Engineer  D i s t r i c t ,  Mobile (SAM). Th is  s t u d y  was conducted a t  t h e  

US Army Engineer  Waterways Experiment S t a t i o n  (WES) i n  t h e  Wave Dynamics 

D i v i s i o n  (WDD), Hydrau l ics  Labora to ry ,  under t h e  d i r e c t i o n  of M r ,  H .  B .  

Simmons, Chief of t h e  Hydrau l ics  Labora to ry ,  D r .  R.  W. Whalin, former Chief 

of t h e  Wave Dynamics D i v i s i o n ,  and M r .  C. E. Chatham, J r . ,  p r e s e n t  Chief of 

t h e  Wave Dynamics D i v i s i o n .  

The i n v e s t i g a t i o n  was performed and t h i s  r e p o r t  p repared  by D r .  R. A.  

Schmalz, WDD. M s .  Mary Ann Legge t t  r e tuned  t h e  Gulf T i d e  Model i n  o r d e r  t o  

p r o v i d e  r e v i s e d  t i d a l  c o n s t i t u e n t  i n f o r m a t i o n .  M s .  J .  1, Jones  p repared  t h e  

geophys ica l  d a t a  and developed Appendix A. 

The coopera t ion  of and c o o r d i n a t i o n  w i t h  SAM p e r s o n n e l ,  i n c l u d i n g  

Messrs.  Dennis McCann, Maurice James, Dru B a r r i n e a u ,  and Timothy P h i l l i p s ,  

enab led  t h e  work t o  remain focused on d i s t r i c t  needs  and provided f o r  an 

e f f e c t i v e  t r a n s f e r  of t h e  technology developed.  The numer ica l  computat ions  

a s s o c i a t e d  w i t h  t h i s  work were performed on CYBER 175 and CRAY 1 computers 

l o c a t e d  a t  t h e  Ai r  Force  Weapons Labora to ry ,  K i r t l a n d  A i r  Force  Base,  New 

Mexico. The numerical  model and, a l l  d a t a s e t s  were t r a n s f e r r e d .  t o  SAM. 

WES provided a s s i s t a n c e  i n  i n s t a l l i n g  t h e  model on t h e  Boeing Computer System 

f o r  u s e  by SAM. 



D i r e c t o r s  o f  WES d u r i n g  t h e  course  o f  t h e  i n v e s t i g a t i o n  and t h e  p repara -  

t i o n  and p u b l i c a t i o n  o f  t h i s  r e p o r t  were COL John L. Cannon, CE, COL Nelson P.  

Conover, CE, COL T i l f o r d  C.  C r e e l ,  CE, and COL Robert C.  Lee ,  CE, Techn ica l  

D i r e c t o r  was M r .  I?, R. Brown, 
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MUMERICAL MODEL INVESTIGATION OF MISSISSIPPI SOUND 

AND ADJACENT AREAS 

PART I: INTRODUCTION 

1. Mississippi Sourrd and its adjacent waters as shown in Figure 1-1 

comprise an extremely productive aquatic ecosystem. Major navigation channels 

maintained by dredge operations within Mississippi Sound are located at Gulf- 

port, Biloxi, and Pascagoula. In order to protect the ecosystem as well as 

provide for efficient navigation a study was authorized by congressional reso-- 

lutions of the Senate Committee on Environment and Public Works and the House 

Committee on Public Works and Transportation. The US Army Engineer District, 

Mobile, has specific authority and jurisdiction to conduct the strady. 

2. A numerical modeling approach is required to develop in an efficient 

manner a quantitative knowledge of tidal circulation and salinity distribution. 

The US Army Engineer Waterways Experiment Station (WES) was requested to apply 

WIFM, a two-dimensional vertically integrated model (Butler 1980), In addi- 

tion, model capability was to be extended to include the prediction of salin- 

ity. In order to calibrate and verify the model, Raytheon Ocean Systems was 

contracted by the Mobile District to collect prototype velocity, temperature, 

conductivity, and meteorological data. The National Oceanic and Atmospheric 

Administration (NOM) was responsible for obtaining tidal elevation data. 

Texas A&M was contracted to develop a numerical Gulf Tide Model (GTM) to pro-- 

vide accurate tidal elevation information at the boundary of the WIFM model 

global grid. 

3. This report is structured in the foil-owing manner. 

a. In Part XI, both the Raytheon Ocean System and N O M  Data Collec- - 
tion Programs features are presented. Harmonic analysis results 
are presented in Part I11 for both water surface elevations and 
currents, The GTM is outlined and the results for the O1 , K1 , 
PI M2 , and S2 tidal constituents are presented in Part IV. 

Major features of the salinity algorithm incorporated within 
WIFM are discussed in Part V in terms of the equations con- 
sidered, the numerical approximations, and the effective disper- 
sion coefficient formulation. 

b .  - The remaining parts of this report comprise the numerical model- 
ing effort and are presented in the order in which this work was 
performed. 





c. Initially, a global grid representing Mississippi Sound and ad- - 
jacent areas was constructed to interface with the GTM grid en- 
compassing the entire Gulf of Mexico. The development of the 
global grid depth field, barrier island configuration, fresh- 
water inputs, and location of the gaging stations is presented 
in Part VI. 

d. In order to determine periods for study on the global grid, data - 
over the entire 180-day survey period were reviewed. Part VII 
outlines the data review in terms of both hydrodynamic and salin- 
ity simulation requirements. Water surface elevation and rur- 
rent tidal constitu,ent constants developed in the harmonic 
analysis represent astronomic influences only; i.e., all meteoro- 
logical effects are assumed to be removed in the filtering pro- 
cess employed in the analysis. In contrast, no harmonic analysis 
was conducted for measured salinity values and, as a result, the 
meteorological effects have not been removed. The meteorological 
effects are assumed to consist of wind only; pressure anomalies 
were not considered. Therefore, in the simulation of salinity, 
the wind distribution over the grid must also be specified. 
Since this represents an additional input, salinity simulations 
were considered after all hydrodynamic simulation work had been 
completed. The hydrodynamics were considered first on the global 
and subsequently on a refined grid encompassing the Pascagoula 
Channel. 

e. In Part VIII the 20-25 September 1980 period is studied in detail - 
in order to identify a suitable time for calibration. The first 
five days (20-24 September) were selected as the calibration pe- 
riod. In Part IX detailed data for the period 12-16 June 1980 
are presented as a separate verification period. 

f. Global grid hydrodynamics are presented in Part X. Bottom fric- - 
tion mechanics are calibrated for the 20-24 September period and 
subsequently verified for the 12-16 June 1980 period. A hypo- 
thetical regional dredge plan involving increasing the size of 
Sand Island was considered by modifying the depth field in the 
vicinity of this feature in the global grid. Hydrodynamics for 
the 20-24 September 1980 period were simulated. By comparing 
the flow structure with the Sand Island complex in place with 
the original flow structure it was possible to directly deter- 
mine the extent of influence of this type of change within the 
global grid. 

g .  The methodology to be employed in constructing refined grids 
around alternative navigation channel projects is developed in 
Part XI along with the development of a refined grid around the 
Pascagoula Ship Channel. 

h. Refined grid hydrodynamics are presented in Part XII. Bottom - 
friction mechanics calibrated and verified on the global grid 
were employed in a simulation of the 20-24 September 1980 period. 
Water surface elevations developed in the global grid were used 
to drive the refined grid boundary. 



A l l  s a l i n i t y  s i m u l a t i o n  work i s  p r e s e n t e d  i n  P a r t  X I I I .  The 20- 
24 September 1980 p e r i o d  was c o n s i d e r e d .  Wind speed and d i r e c -  
t i o n  were s p e c i f i e d  a s  m e t e o r o l o g i c a l  i n p u t s .  A c o n s t a n t  d r a g  
c o e f f i c i e n t  o f  0 .001 was employed t o  develop t h e  s u r f a c e  wind 
s t r e s s ,  and t h e  f r i c t i o n  mechanism p r e v i o u s l y  developed was used 
t o  implement bottom s t r e s s .  S i m u l a t i o n  r e s u l t s  f o r  b o t h  t h e  
Flux-Corrected T r a n s p o r t  and t h e  Three  Time Level E x p l i c i t  
schemes a r e  p r e s e n t e d  f o r  t h e  g l o b a l  g r i d .  E f f e c t i v e  d i s p e r s i o n  
c o e f f i c i e n t s  i n  each c o o r d i n a t e  d i r e c t i o n  were c a l i b r a t e d .  The 
F lux-Cor rec ted  T r a n s p o r t  g l o b a l  g r i d  s a l i n i t y  l e v e l s  and w a t e r  
s u r f a c e  e l e v a t i o n  saved a t  t h e  boundary of t h e  r e f i n e d  g r i d  were 
used t o  supp ly  t h e  boundary c o n d i t i o n s  f o r  a  Flux-Corrected 
T r a n s p o r t  s i m u l a t i o n  on t h e  r e f i n e d  g r i d .  P r e v i o u s l y  c a l i b r a t e d  
g l o b a l  g r i d  e f f e c t i v e  d i s p e r s i o n  c o e f f i c i e n t s  were used i n  t h e  
r e f i n e d  g r i d  s i m u l a t i o n .  

. Study c o n c l u s i o n s  and recommendations f o r  a d d i t i o n a l  s i m u l a t i o n  
work a r e  p r e s e n t e d  i n  P a r t  X I V .  The p rocedures  f o r  c o n s t r u c t i n g  
t h e  i n p u t  d a t a s e t  f o r  t h e  Pascagoula  Channel r e f i n e d  g r i d  a r e  
o u t l i n e d  i n  Appendix A .  Th i s  appendix i s  in tended  t o  p r o v i d e  a  
gu ide  f o r  D i s t r i c t  u s e  i n  deve lop ing  r e f i n e d  g r i d s  encompassing 
t h e  B i l o x i  and G u l f p o r t  Ship  Channels .  A g e n e r a l  t i d e  genera-  
t i o n  program i s  documented i n  Appendix B.  Th i s  program was used 
t o  g e n e r a t e  t h e  p r e d i c t e d  t i d e  based on t h e  f i v e  major con- 
s t i t u e n t s  and compare t h e  p r e d i c t e d  t i d e  l e v e l s  w i t h  t h e  u n f i l -  
t e r e d  and f i l t e r e d  wate r  l e v e l s  and c u r r e n t s  a t  each gaging s t a -  
t i o n .  I n  a d d i t i o n ,  t h e  t i d e  g e n e r a t i o n  p o r t i o n  o f  t h e  program 
was i n c o r p o r a t e d  w i t h i n  WIFM i n  o r d e r  t o  g e n e r a t e  wa te r  s u r f a c e  
e l e v a t i o n s  a t  t h e  boundary of t h e  g l o b a l  g r i d .  A c u b i c  po ly-  
nominal f e a t h e r i n g  t echn ique  i s  p r e s e n t e d  i n  Appendix C i n  o r d e r  
t o  smoothly t r a n s i t i o n  from t h e  z e r o  e l e v a t i o n  and v e l o c i t y  
s t a t e  t o  t h e  p r e d i c t e d  t i d e  l e v e l s  on t h e  boundary.  I n  o r d e r  t o  
e f f i c i e n t l y  s p e c i f y  l i n e a r i z e d  a d v e c t i o n  c o n d i t i o n s  around b a r -  
r i - e r  i s l a n d s ,  s u b r o u t i n e  ARVBAR was developed a s  documented i n  
Appendix D and i n c o r p o r a t e d  w i t h i n  WIFM. 

4 .  I n  t h e  numer ica l  work p r e s e n t e d  i n  t h i s  r e p o r t  a  n e s t e d  g r i d  model- 

l i n g  ph i losophy  i s  u t i l i z e d .  S i m u l a t i o n  r e s u l t s  o v e r  t h e  o u t e r  n e s t  a r e  used 

t o  p r o v i d e  t h e  boundary c o n d i t i o n s  :for t h e  n e x t  i n n e r  n e s t .  The n e s t i n g  i s  

t a k e n  t o  l e v e l  two (GTM d r i v e s  WIFM g l o b a l  g r i d ,  which d r i v e s  WIFM r e f i n e d  

g r i d ) .  I n h e r e n t  i n  t h i s  approach i s  t h e  premise  t h a t  changes made on t h e  

i n n e r  g r i d  n e s t  do n o t  cause  hydrodynarrtic arld/or s a l i n i t y  f l u c t u a t i o n s  which 

p r o p a g a t e  t o  t h e  boundary o f  t h e  i n n e r  g r i d  n e s t ,  t h e r e b y  d e s t r o y i n g  t h e  i n -  

t e g r i t y  o f  boundary v a l u e s .  As p a r t  of t h i s  s t u d y ,  i n  o r d e r  t o  demons t ra te  

t h e  v a l i d i t y  o f  t h i s  n e s t e d  g r i d  approach,  t h e  r e g i o n  o f  e x t e n t  of f l u c t u a -  

t i o n s  i n  hydrodynamics and s a l i n i t y  genera ted  by changes i n  t h e  g l o b a l  g r i d  

and r e f i n e d  g r i d s  was i n v e s t i g a t e d .  P r i o r  t o  t h i s  s t u d y ,  t h e  r e g i o n  o f  e x t e n t  

o f  n a v i g a t i o n  channel  induced changes on flow s t r u c t u r e  was n o t  known. Thus 



it was not known whether contemplated deepening and widening alterations for 

the Biloxi Ship Channel might influence Pascagoula Channel conditions and vice 

versa. A major concern was that to study any one single channel alteration an 

extremely large refined grid encompassing all navigation channels would need 

to be employed. The numerical work presented was focused to address these 

issues. 



PART 11: DATA COLLECTION PROGRAM ESTABLISHPENT 

5 .  \ B S  Wave Dynamics D i v i s i o n  p e r s o n n e l  p a r t i c i p a t e d  i n  a  s e r i e s  o f  

meet ings  h e l d  a t  \BS w i t h  t h e  Mobile D i s t r i c t  and t h e i r  c o n s u l t a n t s  t o  develop 

p r o t o t y p e  d a t a  c o l L e c t i o n  requ i rements  f o r  calibr.at . ian and v e r i f i c a t i o n  o f  t h e  

numer ica l  model, P r e l i m i n a r y  meet ings  were conducted i n  March and April 1979 

p r i o r  t o  formal  s t u d y  a u t h o r i z a t i o n .  I n  March 1980, s t a t i a n  I .oca t ions  and 

d a t a  c o l l e c t i o n  p rocedures  were f i n a l i z e d .  

Raytheon Ocean Systems Program 

6.  Raytheon Ocean Systems c o l l e c t e d  oceanographic  and m e t e o r o l o g i c a l  

d a t a  o v e r  t h e  p e r i o d  23 A p r i l  th rough  20 October 1980.  Approximately 40 cur-  

r e n t  mete r s  and 9 8  c o n d u c t i v i t y - t e m p e r a t u r e  i n s t r u m e n t s  were deployed among 

t h e  21  s t a t i o n s  shown i n  F i g u r e  11-1. Wind speed and d i r e c t i o n ,  a i r  tempera- 

t u r e ,  and a i r  p r e s s u r e  were measured a t  t h e  f i v e  m e t e o r o l o g i c a l  s t a t i o n s  shown 

i n  F i g u r e  11-2.  Bottom p r e s s u r e  measurements were recorded  at. t h e  t h r e e  deep- 

s e a  s i t e s  shown i n  F i g u r e  11-3. S a l i n i t y  and t empera tu re  d e p t h  p r o f i l e s  were 

a c q u i r e d  a t  three-week i n t e r v a l s  f o r  t h e  s t a t i o n s  shown i n  F i g u r e  11-4. Nydro- 

g r a p h i c  su rveys  of t h e  b a r r i e r  i s l a n d  p a s s e s ,  major n a v i g a t i o n  channe l s ,  and 

bay p a s s e s  a s  shown i n  F i g u r e  11-5 were conducted d u r i n g  t h e  p e r i o d  23 June 

th rough  11 J u l y  1980.  

7 .  Deployment p r o c e d u r e s ,  q u a l i t y  c o n t r o l ,  d a t a  r e d u c t i o n ,  i n s t r u m e n t  

s p e c i f i c a t i o n s ,  and d a t a  r e t u r n  a r e  a s  r e p o r t e d  by Raytheon Ocean Systems 

(1981) .  

NOAA Data C o l l e c t i o n  Program 

8 .  NOAA and t h e i r  c o n t r a c t o r s  o b t a i n e d  t i d a l  e l e v a t i o n  d a t a  over  t h e  

April-November 1980 p e r i o d  a t  t h e  s t a t i o n s  shown i n  F i g u r e  11-3.  Six-minute 

and h o u r l y  d a t a  were e d i t e d  and f u r n i s h e d  t o  W S  on magnet ic  t a p e .  Tide  gage 

r e f e r e n c e  l e v e l s  were connected t o  NGVD (1929) t o  p r o v i d e  f o r  a  c o n s i s t e n t  

g e o d e t i c  r e f e r e n c e .  The r e l a t i o n s  between mean lower low w a t e r  (MLLW) and 

NGVD (1929) a s  w e l l  a s  t h e  e x a c t  s t a t i o n  l o c a t i o n s  a r e  shown i n  Table  11-1. 



m 
2 . rl 
+J clJ 
a L4 

4J 5  
m a-, 

m 
m s4 
a-, al 
m & 
To E! 

a, 
ma-, 
F.'\ 
O h  
a, +J 
d .d 

2 -2 
d +J 
m U 
+J 5  
m a 
d d 
.rl 0 

U 
"0 
d TO 
5  6 
8 a 
m 
h h 

.rl -b, +J 
p, .,-I 
P i U  U 
.rl 0 0 
m d d  
m a~ a, 
*d ? ? 
m 
m +J +J 

.rl 6 d 

5 = E 2  
Ll L4 

. = 1 5  
,--I U U 
I 

+4 II 1 1  
n 

m > 
QJ 3 
Ll 
3 
w . rl 
F-l 





.rd f? 

+J G 
a 3 
4J 9 
en 

60 
d 
0 4-J 
-4 0 
c, G 
(d 

t z 
p-l a 
a, 

C\1 
ai B 
u 
cr) 'a 
+I G 
k ccl 

2 d 

LI E+ u 
a , m w  
aJUccl  
a bow 
S eel 

00 a, 
.A w h 
a 1 
h a ,  60 
.4 M) 60 
vl cO B) 
V1 wL-4 
.d Q 
m Q) 
m T 3  cr) 
.4 .d Q) 

X Q m  







Table  11-1 

NOAA Tide S t a t i o n  Loca t ions  

Gage 
No. -- 

-- 
Mean Lower 

S t a t i o n  Low WaLer 
No. st+: -. 

La ti t u d e  
(N) 

30°14.9 

30°1.8, 2 

3Oa15>0 

30'26. 6 

30Q15 .S 

30°42. 3 

30°20, 5 

30°12.2 

30°20. 4 

30'14, 1 

30'23.2 

30°25. 2 

30'23. 4 

30°23. 3 

30'24.8 

30°12.7 

30°18.6 

30°19.5 

30° 1.4.7 

29°12,3 

29'29. 6 

2ga49. 4 

* MLLW r e f e r e n c e d  t o  NGVD. 
-*--r.. ,. ,, Approximated from nearby  s t a t i o n s .  

7 Mot shown i n  F i g u r e  11-3. 

Longi ttade 
(W)  --- 

87'40.1 

87'44.1 

88°04.5 

88O06.8 

88O06.8 

88°02, 4 

88O24 + 4 

88O26.5 

88'32. Q 

88O39.2 

88O46,4 

88O49.7 

88'58 - 4  

88O57.8 

88O58.5 

88'58.3 

88°14.7 

89'19 - 5  

89'36.8 

8gQ02.  2 

89'10. 4 

89a16.2 

Locat.ion 

Gulf  Shores ,  AL 

Bon Secour ,  AT 

Dauphin I s l a n d ,  AT, 

Fowl R i v e r ,  AT 

North P o i n t ,  AL 

FfohiLe, AL 

Grand B a t t u r e  I s l a n d ,  MS 

P e t i t  Bois I s l a n d ,  MS 

Pascagoula ,  HS 

Horn I s l a n d ,  MS 

Davis Bayou, MS 

Old F o r t  Bayou, MS 

Cadet P o i n t ,  MS 

Broadwater Marina ,  MS 

Popps F e r r y  Br idge ,  MS 

Ship I s l a n d ,  MS 

Pass  C h r i s t i - a n ,  MS 

Bay Waveland, MS 

P e a r l  R iver  a t  
B u r l i n g t o n ,  MS 

North  P a s s ,  LA-f 

B r e t o n  I s l a n d ,  LA? 

Comfort I s l a n d ,  LA 



PART 111: PROTOTYPE DATA ANALYSIS 

9. A harmonic analysis was performed on both water surface elevation 

and current data. The analysis techniques are presented in detail by Outlaw 

(1983). We outline briefly the techniques and results of the analysis for 

water surface elevations and currents in turn below. 

Water Surface Elevations - 

10. The harmonic analysis for surface elevation tidal constituents was 

conducted for 22 NOAA tidal elevation stations and three Raytheon pressure 

cells employing hourly data. Station numbers and locations are as shown in 

Table 11-1. The NOAA stations are representative of tidal elevations in the 

nearshore region and along the Mississippi Sound barrier islands. The pres- 

sure cell data are representative of the tide in the Gulf approximately 

27 miles* south of the barrier islands. 

11. The harmonic analysis included: 

a. Editing to remove data spikes, insertion of missing data, and - 
subtraction of the mean from the data record. 

b. - Filtering to remove high and low frequency trends from the data. 

c. Harmonic analysis for tidal constituents. - 

The NOAA surface elevation data had been edited by NOAA and was continuous 

over the record length. During the analysis, pressure cell data were con- 

verted to surface elevation and corrected for barometric pressure changes 

prior to removing the mean. 

12. A digital band-pass filter was applied to eliminate frequencies in 

the data outside the semidiurnal to diurnal tidal frequency range. 

13. In the harmonic analysis, the tidal elevation at a given station is 

represented as follows: 

A table of factors for converting non-SI units of measurement to SI 
(metric) units is presented on page 12. 



where 

h(t) = tidal elevation as a function of time 

t = time 

H = mean of the filtered data record 
0 

f .  = node factor for constituent i 
1 

(Vo + u ) ~  = equilibrium argment for constituent. i 

T. = period for constituent i 
1 

n = number of constituents considered 

H. = mean amplitude for constituent i 
L 

K = local epoch for constituent i i 
The constituents included in the analysis and their periods are: 

Harmonic Constituent 

Principal lunar diurnal 
Lunisolar diurnal 
Principal solar diurnal 
Smaller lunar elliptic 
Small lunar elliptic 
Larger lunar elliptic 
Principal lunar 
Principal solar 
Larger lunar elliptic 

Symbol Period, hr 

14.  The mean amplitude, Hi , and local epoch, K are determined by 
i 

minimizing the variance between the filtered record and the predicted record 

given in the equation above. 

15. Mean elevations of the NOAA Data Record relative to mean lower low 

water are given in Table 111-1. The constituent amplitude and phases are pre- 

sented in Tables 111-2 and 111-3, respectively. The length of the data record 

and the root mean square (RMS) error are given in Table 111-4. The principal 

tidal constituents are the diurnal constituents 01 , K1 , P1 , and the semi- 
diurnal constituents M2 and S2 

Currents - 

16. The harmonic analysis for currents was conducted for all observed 

data separately for the east-west and north-south components. In this manner 

analyzed current components correspond in orientation to the numerical model 

current components thereby facili-tating comparisons. 



Table 111-1 

Mean Elevation of Observed NOAA Data Record 

Relative to Mean Lower Low Water 

Station* Elevation. ft 

Refer to Table 11-1 for T designations 
used in Figure 11-3. 
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Table 111-4 

Surface Elevation Record Length and Root Mean Square (RMS) Error 

Station Analysis Record Length, days RMS Error, ft 

Refer to Table 11-1 for T designations used in Figure 11-3. 

30 



17. The harmonic analysis included: 

a. Editing of the current data and selecting periods which con- - 
tained the longest continuous data return. 

b. Filtering to remove high and low frequency trends. - 
c. Determination of the tidal constituents for both current - 

components. 

18. The same harmonic analysis procedures as outlined previously for 

water surface elevations were employed in the current component analysis. 

Velocity component means are given in Table 111-5. Amplitude and phases for 

each component are given in Tables 111-6 through 111-9. In these tables, S ,  M, 

and B denote surface, middepth, and bottom meter locations, respectively. At 

stations where only one meter is located it is denoted by M. 



Table  111-5 

S t a t i o n  Mean V e l o c i t y  Components 

1980 Ana lvs i s  P e r i o d  Mean. f ~ s  
S t a t i o n  S t a r t  End 

9  Apr 17 J u n  
9 Apr 17 J u n  

20 Apr 17 J u n  
20 Apr 17 Jun  

9 Apr 17 Jun  
9 Apr 17 J u n  

20 Apr 12 Jun  
10 Apr 17 J u n  
10 Apr 14 J u n  

10 Apr 17 J u n  
20 Sep 21  Oct 

2  May 17 J u n  
10 Apr 17 J u n  
10 Apr 17 J u n  

2  May 30 May 
11 Apr 19 J u n  
2  May 19 J u n  

10 J u l  21  Oct 
10 J u l  21 Oct 

3  May 15 Jun  
5 May 19 J u n  

16 Apr 19 J u n  
11 Apr 20 J u n  
11 Apr 20 J u n  

11 Apr 20 J u n  
3 May 20 J u n  
5  May 20 Jun  

16 Apr 20 Jun  
16 Apr 7  May 

16 Apr 1 May 
12 Aug 22 Oct 
12 Aug 22 Oct 
14 Apr 20 J u n  
16 Apr 20 Jun  

17 Apr 20 Jun  
22 Apr 20 J u n  
22 Apr 20 J u n  
22 Apr 15 J u n  

S t a t i o n s  cons idered  i n  t h e  two-dimensional numerical  modeling e f f o r t  a s  
shown i n  F i g u r e  11-1. 

d--L ,, ,. These s t a t i o n s  a r e  d e s i g n a t e d  VS i n  F i g u r e  11-1. 



T a b l e  111-6 

NorthlSouth  V e l o c i t y  Component Mean Amplitude ( f p s )  

C o n s t i t u e n t  
S t a t i o n  0 1 K 1 MI J 1 

P P Q 1 M2 - S 2 - N 2 
F_I__ 



Table 111-7 

North/South Veloc i ty  Component Local Epoch (deg) 



Table 111-8 

~ a s t / ~ e s t  Velocity Component Mean Amplitude (fps) 

S t a  t i o n  -- 

U l - M  
V2-M 
9 3 - S  
U 3 - B  
V4 -S  
'$4-B 
0 5 - M  
UB-S 
V6-B 
V 7 - S  
07-M 
V 7 - B  
U 8 - S  
V 8 - M  
V8-B 
u 9 - S  
U9 -B  
V I O - S  
V l O - B  
V11-M 
u12-S 
V l 2 - B  
'd 13:s 
1113-B 
V14 -M 
5'15-S 
V15 -M 
V 1 5 - B  
V17 -M 
U18-M 
tJ19-S 
'419-B 
V2.0-M 
U 2  1 - S  
V21-M 
V21-B 

C o n s t i t u e n t  
0 1 

P .- K I ML Q 1 - M2 S  2 N 2  - J 1 
P. P 



T a b l e  111-9 

East/West V e l o c i t y  Component Loca l  Epoch (deg)  

- 
Constituent 

S t a t i o n  0 1 K 1 Pf 1 J 1 
--P ___I_;___ - Q 1 - - S 2 M2 P 

N3 



PART IV: GULF TIDE MODEL DEVELOPMENT AND RESULTS 

19. Consider the depth integrated linearized equations of motion and 

continuity for a homogeneous and incompressible fluid in spherical coordinates. 

Reid and mitaker (1981) have employed alternating direction implicit finite 

difference approximations to these equations. In an application to the Gulf 

of Mexico a 15- by 15-minute latitude and longitude grid employing 2228 compu- 

tational cells has been employed. Wind forcing and stratification effects 

have not been considered. The tides are forced by direct tide potential and 

by volume transport (flux) at the Florida Strait and Yucatan Channel. 

20. Tidal forcing (flux potential at the two ports and the effective 

amplitude and phase of the direct tide potential) is determined separately 

for each of the five major tidal constituents in the Gulf (01 , K1 , PI , M2 , 
and S ) by minimizing the sum of the squared errors between the measured con- 

2 
stituent amplitude and phase and the model constituent amplitude and phase for 

all gaging stations. In the original application, Reid and Whitaker considered 

20 stations located around the entire Gulf of Mexico. In the least squares 

analysis, each of the 20 stations was given equal weight. In order to improve 

results along the northern Gulf coast stretching from Atchafalaya Bay to Pensa- 

cola Bay, stations along this coastal segment were weighted more heavily than 

those occurring outside this segment. The least squares analysis was repeated 

for all five constituents with the final results for the amplitudes (centi- 

metres) and phases (Greenwich epoch) presented in Tables IV-1 through IV-5 for 

the O1 , K1 , P1 , M2 , and S2 
tidal constituents, respectively. 













PART V:  SALINITY ALGORITHM DEVELOPMENT 

21. Salinity is considered as a conservative (passive) constituent. 

The three-dimensional passive constituent transport equation for laminar flow 

is presented followed by the modifications necessary for turbulent flow. The 

turbulent flow equation is depth integrated. The transport equation obtained 

is then transformed using an exponential stx:etch, Numerical approximations to 

the transformed equa-Lion are presented followed by the development of rela- 

tions for the effective dispersion coefficients, 

Constituent Trans~ort Eauation in Cartesian Coordinates 

22. The cons.titazent transport equation is g;j.ven for laminar flow as 

where 

s E concentration of the material of concern 

B molecular diffusion coefficient in the x direction 
X 

B ? molecular diffusion coefficient in the y direction 
Y 

D- r molecular diffusion coefficient. in the a direction 
e 

x,y,z r Cartesian coordinates 

u,v,w E velocity components in the x, y ,  and z directions, respectively 

t - time 
For a turbulent flow, the eddy dispersion is significantly larger than the 

molecu.lar diffusion. The following analogous formula holds where time averag- 

ing over the time scale o f  the turbulence has been performed, 

where Kx , K , and K are turbulent eddy dispersion coefficients. Egua- 
Y Z 

tion V . 2  may be written in conservation form by adding s times the continuity 



equat ion  (namely, zero)  t o  t h e  le f t -hand  s i d e  t o  o b t a i n  

This  form of t h e  equat ion  i s  then  depth  i n t e g r a t e d  as descr ibed i n  S c h a l a  

(P983a) t o  ob ta in :  

a a a - (h s )  + ;ix (hus) + - (hvs) = - a t  a~ 

where h i s  t h e  water depth and K" and M'; a r e  e f f eck ive  d i s p e r s i o n  
x Y 

c o e f f i c i e n t s .  

Cons t i tue  ---- i n  Transformed Coordinates 

23.  The t r a n s p o r t  equat ion i s  transformed from x-y space Lo a -a 
1 2  

space by means of  t h e  fol lowing coord ina te  t ransformat ion  a s  considered by 

Butl-er (1980).  

Then f o r  an a r b i t r a r y  hydrodynamic v a r i a b l e  p ( x , y , t )  

I f  we in t roduce  p1 = dx/dal and p2 = dy/da2 then 

24.  Transforming Equation V . 4  i n  x-y space t o  a -a space we o b t a i n  1 2  
the  fol lowing r e s u l t .  



where d  is  used t o  i n d i c a t e  wa te r  dep th  i n  p l a c e  of h  and 

Equa t ion  V,9 i s  t h e  r e l a t i o n  t h a t  i s  t h e  s u b j e c t  of numerical  approx imat ion .  

Numerical Appro~cimations 

2 5 -  Schmalz (1983a,  l983b,  1983c) cons idered  s e v e r a l  a l t e r n a t e  t e c h -  

n iques  f o r  approximal;izlg t h e  l i n e a r  form of  Equa t ion  V.9. The F lux-Cor rec ted  

T r a n s p o r t  (FCT) scheme was s e l e c t e d  a s  t h e  most a c c u r a t e  scheme and has  been 

i n c o r p o r a t e d  i n  t h e  Waterways Experiment S t a t i o n  I m p l i c i t  Flooding Model (WIFM). 

I n  a d d i t i o n  a  Three Time Level  Expl . i c i t  T r a n s p o r t  scl-beme was a l s o  i n c o r p o r a t e d  

i n  t h e  model. A space  s t a g g e r e d  g r i d  a s  shown in F i g u r e  V . 1  was employed i n  

a l l  of  t h e  f o r m u l a t i o n s .  The datum conven t ion  i s  p r e s e n t e d  i n  F i g u r e  V - 2 .  

26. L e t  us  i n t r o d u c e  t h e  fo l lowing  n o t a t i o n  a s  a  p r e l u d e  t o  t h e  approx i -  
Fk 

mat ions .  Def ine  f o r  an a r b i t r a r y  variab1.e where t = kAt , y == nBy , 
* ,m 

X " & .  

(V.  lOa) 

(V.  l o b )  

(V. lOc) 

(V. IOd) 

(V. lOe) 



F i g u r e  V - 1 ,  Space s taggered f i n i t e  d i f f e r e n c e  g r i d  i n  
t r ans formed  c o o r d i n a t e s  



F i g u r e  V - 2 .  Datum convent ion employed w i t h i n  t h e  space  
s t a g g e r e d  g r i d  system 



(V. lOf )  

F l u x - c o r r e c t e d  t r a n s p o r t  

27. Two schemes a r e  used i n  implementing t h i s  approach:  a  lower o r d e r  

i n  s p a c e  n o n o s c i l l a t o r y  scheme and a  h i g h e r  o r d e r  i n  space  scheme s u b j e c t  t o  

o s c i l l a t i o n .  I n  t h e  method implemented, two t ime  l e v e l  i m p l i c i t  mul t iopera -  

t i o n a l  s410I sche~nes  were employed, The forward t ime  upwind space  (FTIJS) and 

forward t ime c e n t e r e d  space (FTCS) schemes were used a s  t h e  Lower and h i g h e r  

o r d e r  i n  space  schemes, r e s p e c t i v e l y ,  and a r e  d i s c u s s e d  i n  t u r n  below. F i -  

n a l l y ,  t h e  n e c e s s a r y  f l u x  c o r r e c t i o n  p rocedures  a r e  developed.  

L e e n d e r t s e  FTCS Pa m u l t i ~ ~ a t i o n a l  scheme 

28. The fo l lowing  f i n i t e  d i f f e r e n c e  e q u a t i o n  i s  c o n s i d e r e d  a s  a n  ap- 

p rox imat ion  t o  t h e  n o n l i n e a r  t r a n s p o r t  Equa t ion  V . 9 .  

(V. 11) 

29 .  The above e q u a t i o n  i s  assumed t o  be  con ta ined  w i t h i n  t h e  a l t e r n a t -  

i n g  d i r e c t i o n  d i f f e r e n c e  e q u a t i o n s  p r e s e n t e d  i n  pa ragraphs  30 and 31 below. 

For  t h e  l i n e a r  c a s e  o b t a i n e d  f o r  (p2)* = ( M ~ ) ~  = 1 Ka Ka c o n s t a n t s  
2 1 

i n  s p a c e  and t i m e ,  and u  , v , d  c o n s t a n t  i n  space and t i m e ,  t h e  c o n s t i -  

t u e n t  i n t e r m e d i a t e  t ime  l e v e l  (k+1/2$~ i n  pa ragraphs  30 and 31)  may be e l i m i -  

n a t e d  i n  t h e  a l t e r n a t i n g  d i r e c t i o n  approach and t h e  t o t a l  d i f f e r e n c e  e q u a t i o n  

o b t a i n e d  e q u a l s  t h e  2bove d i f f e r e n c e  e q u a t i o n  p l u s  some h i g h e r  o r d e r  i n  t i n e  



f a c t o r i z a t i o n  t e rms .  The t o t a l  d i f f e r e n c e  e q u a t i o n  i s  c o n s i s t e n t  w i t h  t h e  

l i n e a r  t r a n s p o r t  e q u a t i o n ,  For  t h e  n o n l i n e a r  c a s e  c o n s i d e r e d ,  it i s  n o t  pos- 

s i b l e  t o  e l i m i n a t e  t h e  c o n s t i t r r e n t  i n t e r n l e d i a t e  time l e v e l .  Thus t h e  e x a c t  

form of  t h e  f a c t o r i z a t i o n  terms can n o t  be determined.  However, t h e i r  numeri- 

c a l  e f f e c t  can be t e s t e d .  

3 0 .  The approximat ions  f o r  t h e  X-Sweep may now be w r i t t e n  a s  f o l l o w s :  

If we p l a c e  a l l  terms a t  t ime  l e v e l  K + 1 / 2 f c  on t h e  l e f t - h a n d  s i d e  of t h e  

e q u a t i o n  and expand. K = , the left-hand side of V,12 is 
X 

a 1 

(V. 13) 



Collecting all terms in Equation V . 1 2  at time level k , denoting the result 
as B , we obtain with K = K 

m Y O  
2 

In Equation IT-13 we define -a a and a 
n,m-l ' n,m+l as follows 

n9m 

(V. 14) 

(V. 15) 

(V.  16) 

(V. 1 7 )  

31. Collecting all results we obtain the following interior equation 

for the X-Sweep 

(V. 18) 



32 .  The approximations for the Y-Sweep may now be written as follows: 

- -T 

(V. 19) 

Expanding Equation V . 1 9  by employing V.10 and collecting terms at time 1-eve1 

k+i on t h e  left side and leaving terms at time level K+1/2$< on the r i g h t  

side the following interior equation for the Y-Sweep is obtained. 

(V. 20) 

where K -- M and K_ -- M 
X a Y U  

1 I 

-a (V.  21) 
n-1 ,m 



(V. 24) 

) (sk;1/2* - sk;1/2*) 
k+1/2* n m + l  nrn - 

x n.m+1/2 ( ! J ~ ) & ~ / ~  

Leender t se  FTUS m u l t i o p e r a t i o n a l  scheme -- 
33 .  The f o l l o w i n g  f i n i t e  d i f f e r e n c e  e q u a t i o n  i s  cons idered  a s  an approx- 

i m a t i o n  t o  t h e  n o n l i n e a r  t r a n s p o r t  Equa t ion  V . 9 :  

(V. 25) 

34 .  The f o l l o w i n g  upwind d i f f e r e n c e  o p e r a t o r s  used i n  t h e  above equa- 

t i o n  a r e  d e f i n e d  a t  (n,m) a s  f o l l o w s :  

(V. 26) 



35. For the linear case i(pl)m = (p ) = 1.0 , Ka Ka u , v , 2 n 
1. 2 

and d constant , the constituent intermediate time level in the alternating I 
direction approach may be eliminated. The difference equation obtained is 

consistent with the linear transport equation and equals the above difference 

equations plus some higher order in time factorization terms. For the non- 

linear case considered here, it is not possible to eliminate the constituent 

intermediate time level. Therefore the exact form of the factorization terms 

can not be determined. However, their n~unerical effect can be assessed. 

36. This scheme is similar to the standard AD1 technique except that up- 

wind differencing is employed for the advective terms. The necessary modifica- 

tions for the X-Sweep are shown in Table V - 1  and those employed for the Y-Sweep 

are given in Table V-2. 



Table V-1 

X-Sweep Modification FTUS 

Equation FTCS FTUS 



Table V - 2  

Y-Sweep Modif icat ions  FTUS 

E q u a t i o n  FTCS FTUS 

max [o. 7 (%JZtl2,J 

min [o.,  (;J:T~/~,J 



Flux  c o r r e c t i o n  p rocedures  

37 .  I f  t h e  f a c t o r i z a t i o n  terms a r e  i g n o r e d ,  t h e  schemes above may be 

w r i t t e n  i n  t h e  f o l l o w i n g  f l u x  fo rmat .  

where t = kAt , x  = b act^ , y  = 2 ( p  ) Act 
i i 

2 i  2 

sk 5 c o n c e n t r a t i o n  a t  l o c a t i o n  (n9m) a t  t ime  l e v e l  k 
n  9"' 

Aor (p ) 5 x space  s t e p  a t  m 
1 l m  

Act ( p  ) s y  space  s t e p  a t  n  
2  2 m  

I G g e n e r a l  index  a t  t ime  l e v e l  k+l , which we s e t  t o  
H o r  L f o r  t h e  h i g h e r  o r  lower scheme, 
r e s p e c t i v e l y  

I 
Fn+1/2 ,m+1/2 

f l u x e s  th rough  t h e  a p p r o p r i a t e  c e l l  f a c e s  of c e l l  
(n ,m).  Form i s  dependent upon t h e  f i n i t e  d i f f e r e n c e  
f o r m u l a t i o n  

We observe  from Equa t ion  V.27 t h a t  t h e  d i f f e r e n c e  between t h e  h i g h e r  and lower 

o r d e r  scheme a t  (n,m) may be w r i t t e n  a s  f o l l o w s :  

Note t h a t  t h i s  d i f f e r e n c e  can be expressed  a s  a n  a r r a y  of f l u x e s  between a d j a -  

c e n t  g r i d  p o i n t s  and i s  t h e  c o n d i t i o n  r e q u i r e d  f o r  f l u x  c o r r e c t i o n .  We n e x t  
H L 

develop t h e  f l u x  e x p r e s s i o n s  f o r  t h e  h i g h e r  (F ) and lower (F ) o r d e r  schemes. 

I n  o r d e r  t o  a i d  i n  n o t a t i o n ,  we make t h e  f o l l o w i n g  d e f i n i t i o n  f o r  an  a r b i t r a r y  

v a r i a b l e ,  F  . 



(V. 29) 

38. For the higher order scheme we employ the FTCS scheme written in 

Equation V.11 in which the factorization terms developed in the multiopera- 

tional method are not shown. Equation V.11 may be written in the form of V.27, 

where the total fluxes are presented as the srm of advective and diffusive 

fluxes. 

39. From Equation V.11 one then ob-tains for the advective fluxes: 

Note the subscript A denotes advection. The diffusive fluxes are then given 

by the following relations. 

H k  H k  ki.112 + dk+-1/2 
( S  + S - ( S  + S In+l, 

- n-i-l,m n , m  - 
-- X ---- 

2 
(V.  32) 

'"2 ('2)n-i-l/2 - 

H k  H k  k+1/ 2 
( S  + S  - ( S  + In,mt 

- =',m 
x . . n (V. 33) 



Note the subscript 0 denotes diffusion. 

40. For the lower order scheme, the FTUS scheme written in Equation V.25 

is employed, Factorization terms generated by the multioperational method are 

not considered. Equation V . 2 5  is written in the form of V . 2 7 .  The total 

fluxes are presented as the sum of advective and diffusive fluxes. 

41.. From Equation V , 2 5  one obtains the following set of advective 

fluxes. 

(V. 34) 

(V. 35) 

(V. 36) 

k+1/2 > O  k+1/ 2 
Un,m-1/2 - Un,rn-1/2At(u2)nAU2 

(V. 37)  

k+1/2 < k+1/ 2 
Un,m-1/2 

The diffusive fluxes are obtained from Equations V.32 and V.33 with H re- 

placed by E . 
42. The antidiffusive fluxes are then computed as follows. 



(V. 38) 

In computing the difference between the diffusive fluxes (third and fourth 

terms in the above expressions), note that the terms with S are of oppo- n,m 
site signs and drop out of the equations. 

43. Next the maximum and minimum cell. values are determined. 

B k  L sn = max \sn 9 m s ~ n , m  
n 9 m  

(V. 40)  

Smin = min b b b  b b 
n 9 m 

9 S n-I ,m9Sn9m9Sn+~ ,m n,m-I 9Sn,m+l 

( V .  41)  

(V. 42) 

4 4 .  Next the sum of all antidiffusive fluxes into cell (n9m), P' 
n9m 

is determined. 

The maximum allowable mass into the cell, Qt , is then computed as follows: 
n9m 

(V. 44) 

45. Similarly, the sum of all antidiffusive fluxes into cell (n,m), 
- 

P is determined. 
n9m 

- 
P = mar t09An+1/29m 1 - min (09An-1/2,m 
n,m 

1 

' (OpAn9m+1/2 ) - min (O,A n9m-112 1 (V.45) 

- 
The maxi.mum allowable mass to leave the cell, Q*,, , is then computed 



(V.  46) 

4 6 .  The following ratios are next computed for use in determining the 

limiting coefficients. 

m i n  "- /+ 
9 Q n 9 m  n 9 m  

l&"- = 
n 9 m  

0 

The limiting coefficients are then given by 

(V .  48) 

( V .  49) 

4 7 .  The antidiffusive fluxes in Equations V . 3 8  and V . 3 9  are limited by 

multiplying by the limiting coefficients and the solution is advanced to the 

next time level. 



48. The coding of the flux-corrected transport procedures is contained 

in Subroutine CONC in the numerical model. 

Three Time Level Explicit scheme -- - 

49.  In order to avoid the averaging of hydrodynamic quantities which is 

performed when employing a two time level transport scheme, with a three time 

level velocity scheme, a three time level explicit scheme is considered. 

50. It is instructive to observe the form of the continuity equation 

employed in the multioperational (alternating direction) hydrodynamic scheme. 

X - Sweep 

(V.51) 

- v 
k - l  ] = 0 at. (n,rn) 

n-1/2,m 

with 

and 

Y - Sweep: 



where 

At = time step length 

q* = water surface elevation at intermediate time levelik 
k-1 - 
'In9m 

- water surface elevation at time level k - 1 at cell (n9m) 
Aal = a spare increment 

1 
ACi2 = a space increment 

k+ 1 2 
u = x - a velocity component at time level k + 1 at cell (n,m) 
n,m+1/2 1 
k- 1 

U 
n,m+1/2 = x - a velocity component at time level k - P at cell (n,m) 1 

v 
k+ 1 
n+1/2 ,m = y - a2 velocity component at time level k + 1 at cell (n,m) 

v k- P 
n+1/2 ,m 

= y - a velocity component at time level k - 1 at cell (n,m) 
2 

dk = water depth at time level k at cell n,m 
n9m 

If we eliminate the intermediate level ; e.g., solve for in Equa- 

tion V.51 and substitute in V.52, we obtain: 

Since dk = - h  Equation V.53 is a full three time level scheme. 
n,m 'In,m n9m 

In order to develop a three time level volume consistent transport scheme, we 

replace d in Equation V.53 with dk sk and thereby obtain: 
n9m n9m n,m 

(V. 54) 



The srhem~ in Equation V.54 employs centered space differencing of the ad- 

vective terms (FTCS). Alternatively, one may employ upwind differencing 

(FTUS). The two schemes FTCS and FTUS might then be employed in a flux- 

corrected transport procedure 

51. In order to analyze the stabiJ-ity of these schemes, we consider the 

linear case, dk = d , u k = u ,  v le = v ,  Kte1 = Kx and 
n,m n,mkl/2 nkli/2 ,m 1 

= K Also = (p2) = 1 . 
Y m m 

52. Let us consider the followi~lg general three time level transport 

scheme written in operator form, where 

k-l = 0 at (n,m) (V.55) 
- ~ ~ 6 2  (SnkrD - 'y6y (Sn , m) 

with ( - 1  0 , 1) 

Note: If g = o , central differencing of the advective terms is affected. 
If u,v > o g = -1 (backward differencing) is employed. If u,v < o , g = +1 

(forward differencing) is employed. This method constitutes upwind 

differencing. 

53. We note that Equation V.55 is a three time level scheme, thus in 

order to perform a stability analysis we set up a second variable vk and 
n,m 



V k c l  
s e t  k  = S  , t h e n  Equa t ion  V.55 may be w r i t t e n  i n  m a t r i x  form a s  f o l l o w s :  

n,m n9m 

5 4 .  Equa t ion  V.56 i s  i n  t h e  r e q u i r e d  format  f o r  a  s t a b i l i t y  a n a l y s i s .  

Fol lowing s t a n d a r d  p r a c t i c e ,  assume S  k - - e  kaAtenyAyemf3Ax 
n,m 

55.  Thus we may deve lop  t h e  f o l l o w i n g  supp lementa l  r e l a t i o n s :  

2g 2  s i n  $Ax - - s i n  ax 

k  
Ty ('n, m s i n  y ~ y  - AY 3 s i n 2  W)S;,, 2  

2 k  - 4 
Sy(Sn,m) - --- s i n  2 @  

AY 
2  

Thus we o b t a i n  f o r  Equa t ion  V.56, t h e  fo l lowing  m a t r i x  e q u a t i o n :  

w i t h  

I n  o r d e r  t o  ach ieve  s t a b i l i t y  a l l  t h e  e i g e n v a l u e s  o f  A must be l e s s  t h a n  1 

i n  magnitude.  To compute t h e  e i g e n v a l u e s ,  t h e  f o l l o w i n g  c h a r a c t e r t i s t i c  equa- 

t i o n  i s  u s e d .  



sin FAX - 4g sin2 @@) + cy(Zi sin yAy - 4g sin 2 (Ve59) 

sin2 + 8D sin2 &) = 0 
2 Y 2 

In considering Equation V.59, let us introduce the foll.owing supplemental 

variables: 

a = C (Zi sir1 FAX - 4g sin 2 
i sin yay - 4g sin 

X 

PAX + D sin b = 8D sin -- 2 l!L!JY. 
X 2 Y 2 

Then Equation V.59 becomes 

Using the quadratic equation formula: 

(V. 60) 

(V. 61) 

(V. 62) 

56. To find restrictions on C C Dx , and D suck that 
x Y 9  Y 

I hlY21 < appears to be difficult for this case. 

57. Instead, we consider the ranges of C x y '  
D x 9 a n d  D f o r  

Y 
the Mississippi Sound case. Consider the following maximum velocity and 

dispersion conditions in Mississippi Sound: u = v = 3 fps, K = K 
2 x Y 

= 100 ft /sec. Since on the global grid the minimum cell dimensions are 

Ax = Ay -- 3500 ft and a time step At = 360 sec is employed, bounds on the 

supplemental relations in Equation V.53 become C < 0.3 and 
Cx ' y 

D < 0.003 . 
Dx ' y 

58. Let us introduce @ = 2n/mAx and yn = 2n/nAy and consider the m 
wave numbers n and m to vary from 2-9 over 3 log cycles. We compute the 

eigenvalue for each set of wave numbers n and m as follows: 



2n a = C 2i sin - - 4g sin 
x ( rn m n ') + cy(2i sin i-2 - 4g sin2 E) 

sin2 + D sin - 

a = - -  
2 

c 
192 

59. The computer program employing Equation V.62 shown in Table V-3 was 

used to compute the eigenvalues for the general transport scheme, The results 

are shown in Table V-4 for the cases considered. Case I11 represents the con- 

ditions to be considered within Mississippi Sound. Since the upward scheme is 

unstable, it may not be employed as the lower order scheme in the flux- 

corrected transport method. 

60. Although it is possible to flux-correct the three time level center- 

ing of the advective terms scheme, this was not undertaken in this study. 

This three level scheme with the advective terms centered in time was coded as 

Subroutine COWCE within the model, thereby allowing the model user an alternate 

scheme to employ in the transport calculations. This scheme may be employed 

for transport simulations in wh.ich the constituent levels are reasonably uni- 

form. For sharp front problems, the Flux-Corrected Transport Scheme should be 

used. 

Dispersion Coefficient Formulation 

61. To close the numerical approximations to the two-dimensional depth 

averaged transport equation, relations for the effective dispersion coef- 

ficients must be developed in terms of flow field properties. 

62. The effective dispersion coefficients are assumed to have the fol- 

lowing forms : 

(V. 64) 

where 

K* = effective dispersion coefficients in the x and y directions 
x '  Y 

g = acceleration due to gravity 

u , v = velocity components in the x and y directions, respectively 



Table V-3 

Comouter Program for Determination of the Eigenvalues 

for the General Three Time Level Explicit Scheme 

PROGRAM EIGEN 
PARAMETER (m=5, ~6=6) 
COMPLEX A9B,LM1,LM2 
DATA PI/3.141592654/ 

5000 FEAD(ND91)ICYC,CX,CY9DX9DY 
1 FOWT(15,4F10.0) 

IF(ICYC.LE.Q)STOP 
~ITE(N6,250)ICYC,CX,CY9DX9DU 

250 FOWT(IN1) ,56X ,i'iTIBEE TIHE LEVEL TRANSPORT SCHEPES*, / / / /  , 
1 25X915,+ WAVE NUMBER CYCLES*,/, 
2 25X,G8.3,9; X C O W T  MJMBER*,/, 
2 25X,G8.3,* Y C O W N T  NUMBERiV,/, 
2 25X,G8.3;% X DIFFUSION NUITBER *,/, 
2 25X,G8,3m* U DIFFUSION NUMBER*,/) 
IF(CY+DY)3,3,4 

3 ICYCl=l 
LIM1-1 
LIM2=1 
GO TO 5 

4 ICYCl=ICYC 
LIMl=2 
LIM2=9 

5 G=-1. 
5005 WRITE (N6,56)G 
56 FORMAT(lH1 ,20X,fiG=*7F66 3,/) 

DO 200 I=l,ICYCl 
DO 200 J=LIMl,LIM2 
N= Ji'; 1 Oi'ci': ( I - 1 ) 
DO 200 K=l,ICYC 
DO 200 L=2,9 
M=I,*1Oi'c? (K- 1) 
A=CMPLX(-4 ,~G*(CX~SIN(PI/M)"SIN(PI/M)+CY~~SIN(FI/N)~SIN(~I/N) ) , 

I 2 ,*CX$iSIN(2,. ~ P I / M ) + C Y j ~ S I N ( 2 ~ ~ P I / N ) ) )  
B=CMPLX(I . - 8 .  ~ ~ ( ~ X ~ ~ ~ I N ( P I / M ) ~ : S I N ( P I / M ) ; ' : D Y + ~ S I N ( P I / N ) + ~ S I N ( P I / N )  ) , 0 . ) 
14M1=CSQRT((A/2. )+i(A/2 .)+B) 
LM2=-A/2.-LMl 
LMI.=-A/2, +LM1 
AMAGl=CA%S (LM1) 
AHAG2=CABS(LM2) 

200 WRITE(N6.55)N9M,AMAG1,AMAG2 
55 FORMAT(20X,216,9X9F6,3,14X,F6.3) 

IF(G.GTe,5)G0 TO 5000 
G=G-f-1, 
GO TO 5005 
END 



Table V-4 

Eigenvalue Analysis Results for the General 
Three Time Level Explicit Scheme 

- 
Magnitude of Largest 

Advective Term Eigenvalue 

Case I: C = C = 0. B = D = 0.125 (Diffusion Only) 
X v X v 

Centered (g = 0) 
Upwind (g = -1) 
Forward (g = 91) 

Case I I :  C = C = 0.5 D = D = 0,125 
X v X v 

Centered (g = 0) 
Upwind (g = -1) 
Forward (g = +I) 

Case 111: C = C = 0,3 D = B = 0.003 
X v x v 

Centered (g = 0) 
Upwind (g = -1) 
Forward (g = +I)  



h = water depth 

C = Chezy coefficient 

C , C = dispersion factors in the x and y directions, respectively 
x Y 

D , D = dispersion offsets due to wind effects in the x and y 
Y directions, respectively, (Dx Dy > 0) 

63. Elder (1959) has determined the longitudinal and lateral dispersion 

coefficients in open channel flow experiments to be given by the following 

relations 

KL = 5.93 hu* KLA = 0 . 2 3  hu* 

where 

K~~ r lateral dispersion coefficient 

K r longitudinal dispersion coefficient L 
h r water depth (hydraulic radius) 

u* 5 shear (friction) velocity 

For open channel flow, the following relations hold: 

where 

u;? friction velocity 

g Z acceleration of gravity 

h r water depth 

S % slope of energy grade line 
e 
C E ~heiy coefficient 

As a result, we obtain: 

where 

u r velocity 

g - gravity 
C r Cheiy coefficient 

Therefore, Equation V.65 becomes 

(V. 66) 

(V. 67) 

(V. 68)  



64. Tay lor  (1954) h a s  conducted p i p e  flow exper iments  t o  determine t h e  

l o n g i t u d i n a l  d i s p e r s i o n  c o e f f i c i e n t .  By assuming t h e  h y d r a u l i c  r a d i u s  a s  h a l f  

t h e  p i p e  r a d i u s  i n  t h e  p i p e  exper iments  and e q u a l  t o  t h e  w a t e r  dep th  i n  a  un i -  

form s t e a d y  flow open c h a n n e l ,  t h e  c o e f f i c i e n t  i n  t h e  l o n g i t u d i n a l  d i s p e r s i o n  

c o e f f i c i e n t  e q u a t i o n  (V.68) i s  determined t o  be 20.2  r a t h e r  t h a n  5 .93.  

65. For  one-dimensional  f low i n  t h e  x d i r e c t i o n ,  C E (5.93, 20 .2 )  
X 

and C = 0.23 . I n  o r d e r  t o  e x t r a p o l a t e  t h e s e  r e s u l t s  t o  a  two-dimensional 
Y 

f low a s  occurs  i n  M i s s i s s i p p i  Sound C 9 D x 9  
Cx ' y  

D a r e  s p e c i f i e d  f o r  
Y 

each  g r i d  c e l l .  The c e l l  f a c e  c o n d i t i o n s  f o r  each c e l l  a r e  examined indepen- 

d e n t l y  i n  each c o o r d i n a t e  d i r e c t i o n .  For  a  no-flow ce l l .  f a c e  c o n d i t i o n ,  C 
x 

and D o r  C and D a r e  s e t  t o  z e r o .  (No d i s p e r s i o n  may occur  a c r o s s  a  
x  Y Y 

s o l i d  boundary. )  For  a f low c e l l  f a c e  c o n d i t i o n  on t h e  u - v e l o c i t y  c e l l  f a c e  

( s e e  F i g u r e  A - I ) ,  t h e  second d i g i t  i n  t h e  u - v e l o c i t y  c e l l  f a c e  f l a g  i s  ex- 

amined, If a d v e c t i o n  i s  n o t  a l lowed ,  C i s  reduced by a  u s e r  spec i - f i ed  f a c -  
x  

t o r ,  F  . For  a f l o w  c e l l  f a c e  c o n d i t i o n  on t h e  v - v e l o c i t y  c e l l  f a c e  ( s e e  

F i g u r e  A - I ) ,  ana1ogou.s p rocedures  a r e  employed. 

66.  I n  o r d e r  t o  c a l i b r a t e  t h e  e f f e c t i v e  d i s p e r s i o n  c o e f f i c i e n t s ,  
Cx 

Dx 9 C D s p e c i f i e d  on a  c e l l - b y - c e l l  b a s i s ,  and F a r e  a d ~ u s t e d  u n t i l  
Y 9  Y 9  

s i m u l a t e d  s a l i n i t y  l e v e l s  correspond t o  measured s a l i n i t y  l e v e l s ,  Based upon 

exper imenta l  r e s u l t s ,  C C r (5 .93 ,  20 .2 )  F  - 0 .23 /5 .93  = 0.0388 . The 
x 9  Y 

wind e f f e c t  terms D and D a r e  more d i f f i c u l t  t o  de te rmine .  Leender t se  
x  Y 

(1970, 1971) i n  a  s i m u l a t i o n  o f  Jamaica Bay sugges ted  D r (25i9 45) ft2/ 
Dx ' y  

s e c .  S i n c e  t h e  v e l o c i t y  magnitudes u and v  i n  Equa t ion  V.64 w i l l  i n -  

c r e a s e  w i t h  i n c r e a s i n g  wind s p e e d s ,  t h e  e f f e c t i v e  d i s p e r s i o n  c o e f f i c i e n t s  w i l l  

i n c r e a s e  w i t h o u t  c o n s i d e r i n g  D and D For  t h i s  r e a s o n ,  D and D 
X 97 x Y 

w i l l  be s e t  t o  z e r o ,  and C 
C x 9  y 9  

and F w i l l  be a d j u s t e d  d u r i n g  t h e  c a l i -  

b r a t i o n  p r o c e s s ,  



PART VI: DEVELOPMENT OF A GLOBAL GRID FOR MISSISSIPPI SOUND 

67. The hydrodynamic salinity model developed in this study employs a 

variable (exponentially stretched) computational grid. In transforming real 

space to computational space, each coordinate axis is mapped independently 

using Program MAPIT. Thi-s enables the specification of partition points along 

each axis. These partition points coincide with th.e 1-ocation of barrier island 

passes and the shoreline. 

68. The grid spacing along the southern and eastern exten-ts of the 

global grid as shown in Figure VI-1 was set to correspond to the 15-min lati- 

tude and longitude uniform grid employed in the GTM. In this manner, inter- 

polation in only one space dimension is required in developing the global 

grid boundary conditions. This consideration established an upper bound on 

the grid spacing in each direction. The lower bound in grid spacing was ob- 

tained such that grid cell aspect ratios would be no larger than 20 and ex- 

plicit time-step limitations would not be severe. Considerable engineering 

judgment and consultation with the Mobile District was exercised in developing 

the global grid. 

69. The grid developed extends in geographical extent from the western 

end of Lake Borgne to Santa Rosa Island in the west-east orientation and from 

the Mississippi River Delta to above Mobile Bay in the north-south orientation. 

The east-west extent employs 116 lines and the north-south 60 lines, resulting 

in a grid of 6785 (115 x 59) computational cells as shown in Figure VI-2. Min- 

imum spatial resolution of approximately 3500-4000 ft is obtained within the 

p3sses into Mississippi Sound and within the Sound itself. Depths within Mis- 

sissippi Sound are relatively shallow (10-20 ft), except in the navigation 

channels, which are normally maintained at 30-35 ft. As a result, the gravity 

wave speed within the sound is (38 fps, resulting in an explicit time-step lim- 

itation of approximately 100 sec. All numerical simulations employ a 360-S~C 

(6 min) time step, resulting in a maximum spatial Courant number of less than 

4 within the Sound. The mapping for the horizontal (east-west) orientation is 

presented in Table VI-1. The mapping for the vertical (north-south) orienta- 

tion is given in Table VI-2. The grid obtained is presented in Figure VI-2. 

In Tables VI-I and VI-2, the real space values are in map inches as measured 

from the maps shown in Table VI-3 below. 
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Table  V I - 3  

Global  Grid Char t s  

No. D e s c r i p t i o n  S c a l e  

MI 15-6 Baton Rouge 1 : 250000 

NH 15-9 New Or leans  1 : 250000 

MI 16-4 Mobile 1 : 250000 

MI 16-7 Bre ton  Sound 1 : 250000 

NH 16-5 Pensaco la  1 : 250000 



I n i t i a l  Depth Assignment 

70.  Program TGRID was employed t o  p l o t  s u b g r i d s  cor responding  t o  g r i d  

a r e a s  shown on t h e  i n d i v i d u a l  n a u t i c a l  c h a r t s  a s  shown i n  Tab le  VI-4. Each 

s u b g r i d  was n e x t  o v e r l a i d  on i t s  cor responding  n a u t i c a l  c h a r t .  For  most g r i d  

c e l l s ,  t h e  ass igned  depth. r e p r e s e n t e d  an average dep th  o v e r  t h e  c e l l .  I n  

o r d e r  t o  r e p r e s e n t  f low r e s t r i c t i o n s  i n  some c e l l s ,  t h e  minimum dep th  i n  t h e  

c e l l  was more h e a v i l y  cons idered  i n  t h e  averag ing  p r o c e s s .  The a s s i g n e d  

d e p t h s  a r e  p r e s e n t e d  i n  Table  VI-5, which were d i r e c t l y  o u t p u t  from WIFM. I n  

i n t e r p r e t i n g  Table  VI-5, a l l  w a t e r  d e p t h s  a r e  i n  f e e t ,  preceded by a  minus 

s i g n ,  and a r e  w i t h  r e s p e c t  t o  l o c a l  mean s e a  l e v e l  (LMSL), which was t a k e n  

1 f t  above MLLW. (Land e l e v a t i o n s  were a s s i g n e d  a  v a l u e  of + l o . )  

I n c o r p o r a t i o n  o f  Hydrographic Survey I n f o r m a t i o n  

71. I n  o r d e r  t o  p r o p e r l y  model c i r c u l a t i o n  w i t h i n  M i s s i s s i p p i  Sound, t h e  

d e p t h  f i e l d  must be a c c u r a t e l y  s p e c i f i e d  a long  t r a n s e c t s  a c r o s s  b a r r i e r  i s l a n d  

p a s s e s  and bay e n t r a n c e s .  Raytheon Ocean Systems was c o n t r a c t e d  by t h e  Mobile 

D i - s t r i c t  t o  o b t a i n  soundings a t  5 0 - f t  i n t e r v a l s  f o r  t h e  t r a n s e c t s  shown i n  F ig -  

u r e  11-5.  Shallow wate r  a r e a s  and l and  o b s t r u c t i o n s  were avoided and soundings 

were p l o t t e d  i n  s t a t e  (Louis iana ,  M i s s i s s i p p i ,  and Alabama) c o o r d i n a t e  sys tems 

a t  a  s c a l e  of 1:8000. 

7 2 .  The method of i n c o r p o r a t i n g  t h e  hydrographic  su rvey  d a t a  i n t o  t h e  

p r e v i o u s l y  developed dep th  f i e l d  i s  developed i n  t h e  c o n t e x t  of a  j o u r n a l  a s  

p r e s e n t e d  below. 

J o u r n a l  s e t u p  

73.  P l o t s  of t r a n s e c t s  were i d e n t i f i e d  and l a b e l e d  w i t h  r e s p e c t  t o  t h e  

g e n e r a l  l o c a t i o n  map (F igure  11-5). Requested t r a n s e c t s ,  no ted  on s m a l l  c r a f t  

c h a r t s  11367, 72,  44,  and 78, were c o n t r a s t e d  t o  a c t u a l  t r a n s e c t s  by checking 

beg inn ing  and ending p o i n t s  i n  s t a t e  c o o r d i n a t e s  of t r a n s e c t s  on t h e  p l o t s  and 

on t h e  c h a r t s ,  I n  c a s e s  where d i f f e r e n c e s  d i d  e x i s t ,  a c t u a l  t r a n s e c t s  were 

added t o  t h e  c h a r t s .  L a t i t u d e  and l o n g i t u d e  o f  end p o i n t s  o f  t h e  su rveys  were 

t h e n  i n t e r p o l a t e d  from t h e  s m a l l  c r a f t  c h a r t s .  

74. A j o u r n a l  was p r e p a r e d  (Table  VI-6) i d e n t i f y i n g  a s s i g n e d  l a b e l s  f o r  

t h e  v a r i o u s  t r a n s e c t s ,  g i v i n g  l a t i t u d e / l o n g i t u d e  and s t a t e  c o o r d i n a t e s  of t h e  

end p o i n t s  of each t r a n s e c t ,  and i d e n t i f y i n g  p e r t i n e n t  n a u t i c a l  c h a r t s .  



Table  V I - 4  

Program TGRID Subgr id  P l o t s  

--- 
Grid I n d i c e s  

M N N a u t i c a l  Char t  S c a l e  

15-35 1-30 11371 22nd Ed. 4/80 1 : 80000 

11371 22nd Ed. 4/80 
11363 2 0 t h  Ed. 1/80 
11364 23rd Ed, 2/80 

11361 40 th  Ed. 6/78 
11363 2 0 t h  Ed, 1/80 
11364 23rd Ed. 2/80 

15-36 31 -78 11373 2 5 t h  Ed. 6/80 1 : 80000 

11360 2 4 t h  Ed. 2/80 

11363 2 0 t h  Ed. 1/80 

1-36 79-109 11376 33rd Ed. 9/79 1 : 80000 

15-36 110-115 11382 23rd Ed. 11/77 1 : 80000 













Table  1171-3 
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Procedure for transferring 
&rid lines to sounding plots 

75. The various documents used and their scales are: (a) small craft 

charts - 1:40000; (h )  nautical charts - 1:80000; (c) sounding plots - I:BQQO; 
and (d) subgrids - 1:80000. All measurements were taken using a scale divided 

into sixtieths (I/$O) of an inch. 

7 6 .  The transects as actually surveyed were transferred to the nautical 

charts from the small craft charts using latitude/longitude in combination 

with common land feature identification, the 2:1 scale rel-ationship serving as 

a control for accurate placement. 

77.  The nautical charts were overlaid with the corresponding subgrid to 
@ 
identify the affected cells. A 1:lO scale factor was used to transfer the 

grid lines to the sounding plots. Each cell was then identified and labeled 

by its grid coordinates. As each nautical chart contained several transects, 

it was possible to identify in terms of state coordinates at least one lateral 

grid line to serve as a control for consistent lateral line placement. Ver- 

tical line placement was controlled by visual comparison of the chart and 

sounding plot. 

Assigned Depths to Surveyed Depth 

78. The nautical chart with subgrid overlay and depth grid (Table VI-5) 

was used to refine cell identification with regard to model features to ac- 

count for related cells and special cases. 

79. The overl.aid nautical charts had been used in assigning initial 

cell depths, thus their use in comparing survey depths with previously as- 

signed depkhs would serve as a control so that the isho1.e cell could be viewed 

in conjunction with the transect. 

80. The depth grid (Table VP-5) was used to list individual cell depths 

along each transect. Then each sounding plot was examined to determine a rep- 

resentative depth range in each cell, The representative range was compared 

with the previously assigned depth together with the specific cell on the 

overlaid nautical chart to determine if a cell depth needed to be corrected, 

A table was prepared to show the results of these comparisons (Table VI-7). 



Table VI-7 

Com~arison of Initial Cell to 

Survey Range Depths (ft) 

Initial Depth Revised Depth 
Transect Grid Cell (MLLW) Depth Range Survey (MLLW) 

1 A (15,391 7 7.0-31.6- 5.7 (P) + 

3 (25,341 4 9.6-15.0- 9.0 (P) i- 

3 (26,331 10 18.4- 7.0- 9.6 + 
3 (26,321 19 17.1-22.0-18.4 + 
3 (26,311 13 13.7-21.0-16.7 18 
3 (26,301 6 11 .O-13*7 (PI + 

5 (31,29)* 8 9.5-11.2 (PI + 
5 (31 30);: 12 11.4-14.7 + 
5 (32,301 I1 14.5-16.9 14.5 
5 (33,311 17 18.0-24.3 + 
5 (34,311 2 7 24.4-36.8-32.7 (P) c 

(Continued) - 

Note: MLLW - Model Depth +l; (P) - Partial transect of cell; + - Indicates no 
revision in previously assigned model depth. 
Indicates cells considered together. 

-9-J- Related cells. 
t Special case, transect 8; survey halved. 
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Tabl-e VI-7 (Continued) 

-- 
Initial Depth 

Transect - Grid Cell (MLLW) 

I OA (46,291 18 
(Cant'd) (47,253) 8 

(48,291 11 
(49929) 1 1 

1 0B&C (42,28) 11 

Revised Depth 
De* Range Surve.;y___ (MLLW) 

4.1- 6.5 (B) 
5.9-14.6 (C) 
7-2-18.9- 9.4 (B) 

5.9- 4.5-16.9-13.4 (C) 
17.1-34.3- 7*1 + 
8.5-20.7-13.5 (el 
16.2- 6.8-10.1 (B) 
8.1- 8.7 7.5 
8.1-10.2 (B) 8 
8-2- 8.5 ( C )  

(Continued) 
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Table VI-7  (Concluded) 

Initial Depth Revised Depth 
Transect Grid Cell (MLLW) De th Range Survey - 

-____I- - I _ _ _ -  ___lL__lL_._----- (MLLW) -- 

(91,341 17 23 .5 -20 .0 -42 .6  
(92,341 22 44 .5 -17 .7 -20 .8  
(93 9 34) 2 1 20.0-34.5 (P) 
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B a r r i e r  I s l a n d  C o n f i g u r a t i o n  

81. A l l  b a r r i e r  i s l a n d s  were l o c a t e d  on c e l l  f a c e s  w i t h  a  l and  e l e v a -  

t i o n  of I0  S t .  The b a r r i e r s  were modeled a s  exposed b a r r i e r s ;  no over topp ing  

occur red  a t  any b a r r i e r s  i n  any o f  t h e  s i m u l a t i o n s .  The b a r r i e r  i s l a n d s  a r e  

given i n  Table  V I - 8 ,  The o r i e n t a t i o n  l a b e l e d  Z i n d i c a t e s  a  u-face  b a r r i e r ,  

whi le  t h e  o r i e n t a t i o n  l a b e l e d  2 repsesenLs t h e  b a r r i e r  o b s t r u c t i o n  t o  be  a long  

t h e  v - face  o f  t h e  c e l l  a s  shown i n  F i g u r e  A-1. 

Flow I n p u t s  - - 

8 2 .  The major f low i n p u t s  ( s e e  Table  VI-9) and t h e i r  l o c a t i o n s  i n  t h e  

g r i d  w i l l  be c o n s i d e r e d .  Average d a i l y  f low v a l u e s  a s  ob ta ined  from t h e  

Uni ted S t a t e s  Geolog ica l  Survey (USGS) a r e  employed i n  t h e  numerical  model. 

CaLibra%ion/Verification S t a t i o n s  

83. I n  o r d e r  t o  compare s imula ted  w a t e r  s u r f a c e  e l e v a t i o n s  w i t h  t h e  ob- 

se rved  v a l u e s ,  t h e  l o c a t i o n  of t h e  wa te r  s u r f a c e  e l e v a t i o n  s t a t i o n s  must be 

l o c a t e d  on t h e  g r i d .  R e s u l t s  a r e  shown i n  Tab le  V L - 1 0 ,  

84.  The p1acen;ents o f  t h e  m e t e o r o l o g i c a l  and v e l o c i t y / s a l i n i t y  s t a t i o n s  

a r e  g iven  i n  Tab les  V I - 1 1  and VI-12, r e s p e c t i v e l y .  



No. .- 

Table VI-8 

Barrier Configuration 

Location 
Orientation N - M - 

(Continued) 
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Table VI-8 (Continued) 

No. 
Locat ion 

W -- M - 

(Continued) 
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Table  V I - 8  (Concluded) 

No. - 
8 1 
8 2 
83 
8 4 
85 

Loca t ion  
O r i - e n t a t i o n  RT - M - 

( S h e e t  3 of  3)  
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Table  V I - 9  

Flow I n g u t s  i n  t h e  Global Grid 

Tnf low -- Grid C e l l  

Mobile R i v e r  System 

E a s t  Pascagoula  R i v e r  

Pascagoula  R i v e r  

P e a r l  R i v e r  

Jourdan  and Wolf R i v e r s  

B i l o x i  R i v e r  System 





Table VI-11 

Meteorological Stations 

Station No. WIFM Grid Coordinates 

Velocity/Salinity Continuous Stations 

Station No. T e  WIFM Grid Coordinates 

V1 V (15,39)* 
v2 v (16,371, (16,381 
v3 v (16,35) 
v4 v (27,321, (26,311 
v5 v (29,221 

Note: V = Velocity; VS = Velocity and Salinity. 
Refer to Figure 11-1 for station 
locations. 



PART V I I :  SELECTION OF TllE CALIBRATION AND 
PERIODS 

85. I n  o r d e r  t o  unders tand  t h e  g e n e r a l  b e h a v i o r  o f  t h e  hydrodynamics 

and s a l i n i t y  d i s t r i b u t i o n  i n  M i s s i s s i p p i  Sound o v e r  t h e  sampling p e r i o d ,  r i v e r  

i n f l o w s ,  m e t e o r o l o g i c a l  s t a t i o n  wind i n f o r m a t i o n ,  and s a l i n i t y  t r a n s e c t  d a t a  

were t a b u l a t e d .  A b r i e f  d i s c u s s i o n  of t h e  s i g n i f i c a n t  f i n d i n g s  and t h e  t a b l e s  

themselves  a r e  p r e s e n t e d  i n  t u r n  f o r  each d a t a  group.  P e r i o d s  f o r  numerical  

s t u d y  a r e  s e l e c t e d  based upon t h e s e  f i n d i n g s  and on modeling requ i rements ,  

The s e l e c t i o n  p r o c e s s  i s  p r e s e n t e d  i n  d e t a i l  i n  t h e  f i n a l  s e c t i o n .  

R iver  Inf lows 

86.  Uni ted StaLes  Geolog ica l  Survey (USGS) d a i l y  average s t reamflows 

were t a b u l a t e d  from April-September 1980 f o r  t h e  major s t reams  t o  be cons idered  

i n  t h e  numerical  model a s  shown i n  Table  V I I - I . ,  Flow f o r  t h e  B i l o x i  River  

System c o n s i s t e d  of f lows i n  t h e  Tchoutacabouffa and B i l o x i  R i v e r s  and Bayou 

Bernard.  Total. d r a i n a g e  a r e a s  f o r  t h e s e  t h r e e  sys tems t o t a l e d  588.68 s q u a r e  

m i l e s  ( B e t t a n d o r f f  1972) .  D a i l y  mean flows f o r  t h e  BiLoxi River  a t  Wortham, 

Miss . ,  ( S t a t i o n  02481000) were o b t a i n e d  from t h e  USGS. The d r a i n a g e  a r e a  a t  

Wortham, M i s s . ,  was g i v e n  a s  96.11 square  m i l e s .  The t o t a l  f low f o r  t h e  B i l o x i  

River  System was e s t i m a t e d  by m u l t i p l y i n g  t h e  Wortbam, M i s s . ,  gage r e a d i n g  by 

6.1251 = 588.68/96.11.  Th.e f low f o r  t h e  Jourdan and Wolf Systern was o b t a i n e d  

s i m i l a r l y .  The d r a i n a g e  a r e a s  t o t a l e d  759.20 s q u a r e  m i l e s  f o r  t h e  two r i v e r s  

a t  M i s s i s s i p p i  Sound ( B e t t a n d o r f f  1 9 7 2 ) .  D a i l y  mean f lows a t  S t a t i o n  02481510 

on t h e  Wolf River  n e a r  Landon, M i s s . ,  ( d r a i n a g e  a r e a  308.28 s q u a r e  m i l e s )  were 

m u l t i p l i e d  by 2.4627 = 759.20/308.28 t o  e s t i m a t e  t h e  t o t a l  in f low t o  t h e  

Sound. 

87 .  The t o t a l  d r a i n a g e  a r e a  o f  t h e  Pascagoula  R i v e r  System a s  g iven  by 

t h e  USGS i s  9498 square  m i l e s .  D a i l y  mean f lows a t  S t a t i o n  02479000 a t  

M e r r i l l ,  Miss . ,  gage ( d r a i n a g e  a r e a  6590 s q u a r e  m i l e s )  were m u l t i p l i e d  by 

1.4413 = 9498/6590 t o  e s t i m a t e  t h e  t o t a l  in f low i n t o  M i s s i s s i p p i  Sound. Based 

upon USGS Water Supply Paper  No. 1763 (Harvey e t  a l ,  1965) ,  t h i s  f low was d i -  

v ided  between t h e  West Pascagoula  and Pascagoula  R i v e r s  a s  f o l l o w s .  The West 

Pascagoula  River  r e c e i v e d  0 . 6  of t h e  f low w i t h  t h e  remaining 0 . 4  of t h e  f low 

be ing  ass igned  t o  t h e  Pascagoula  River .  



Table V I I - 1  

Daily Discharges (USGS) into Mississippi Sound, in CPs 

April-September 1980 

River Systems - 
Jourdan West 

Wolf -- B i l o x i  a c a o a  a s g o  Mobile - Date 

A p r i l  
a 
2 
3 
4 
5  

May 
a 57 ,532  
2 54 ,786  
3  51 ,779  
4 [+6,548 
5 42 ,364  
6  38 ,703  

(Continued) 
(Sheet 1 of 5) 





Table V I I - 1  (Continued) 

River Systems 
Jourdan West 

Date Pearl Wolf Biloxi Pascagoula PascagouBa .- Mobile 

June 
(Continued) 

1 1  6 ,015 566 208 6 ,797 4 ,531  50,183 
12 5 ,570 520 190 7 , 2 8 1  4 ,854 37,022 
1  3  5 ,269 475 172 7 ,169 4,779 33,919 
14 5 ,086 446 159 6 ,685  4,456 23,273 
15 4 ,890  419 147 6 , 0 5 3  4,036 23,112 

July 
1 9 ,022 539 123 5 ,578  3,718 73,509 
2  9 ,218 529 98 4,817 3,211. 57 ,994 
3  9,676 396 86 4 ,255 2,836 37,450 
4  10,434 342 7  3  3 ,943  2,629 29,746 
5  11,519 313 67 3 ,701  2,467 21,775 

(Continued) 
(Sheet 3 of 5) 





Table V I I - 1  (Concluded) 

-- 
River Systems 

Jourdan West 
Date - Pearl wolf - .  Biloxi Pascagoula Pascagoula Mobile 

August 
(Continued) 

22 3 ,033  239 92 1 ,816  1 ,210 14,905 
23 2 ,981  214 80 1 ,747 1,165 12,487 
24 2,916 209 6 7 1 ,626  1 ,084 13,857 
2 5 2,877 195 6 1 1,565 1 ,043 15,322 
26 2 ,864 190 5 5 1 ,522 1,015 13,568 

September 
1 3 ,491  239 43 2 ,335 1 ,557 12,380 
2 3 ,387 25 1 39 2 ,473  1,649 12,498 
3 3 ,203  303 3 4 2 ,274 1 ,516 11,652 
4 3 ,073  293 3 3 2 ,050 1 ,366 11,042 
5 3 ,034 342 3 2 1 ,903 1 ,268  11,577 

1 ,349 899 9 ,213 
1 , 4 4 4  963 9 ,309  
1,427 95 1 9,512 
1 ,384 922 10,112 
2,067 1 ,378 11,010 

(Sheet 5 of 5) 



88.  The development o f  t h e  Mobile River  System was t r e a t e d  a s  d e s c r i b e d  

by Schroeder  (1979).  The t o t a l  in f low t o  Mobile Bay was assumed t o  be e q u a l  

t o  1 .07 t imes  t h e  sum o f  t h e  gage r e a d i n g s  f o r  t h e  Tombigbee R i v e r  a t  Coffee-  

v i l l e ,  A l a . ,  S t a t i o n  02429761 and t h e  Alabama R i v e r  a t  C l a i r b o r n e ,  A l a . ,  S t a -  

t i o n  02429500. To a l l o w  f o r  t h e  t r a v e l  t i m e ,  t h e  r e s u l t i n g  i n f l o w  t ime s e r i e s  

was lagged by 5 days t o  e s t i m a t e  t h e  i n f l o w  t ime s e r i e s  a t  Mobile Bay. 

89 .  The t o t a l  d r a i n a g e  a r e a  r e p o r t e d  by t h e  USGS f o r  t h e  P e a r l  R i v e r  a t  

i.ts mouth i s  8669 s q u a r e  m i l e s .  To e s t i m a t e  f low i n t o  M i s s i s s i p p i  Sound, 

d a i l y  mean v a l u e s  a t  S t a t i o n  02489500 n e a r  Bogalusa ,  La. (d ra inage  a r e a  6630 

s q u a r e  m i l e s )  were m u l t i p l i e d  by 1.3075 = 8669/6630, 

90.  R iver  in.flows were h i g h  i n  t h e  s p r i n g  months ( A p r i l  and May) and 

receded duri-ng June and were r e l a t i v e l y  low i n  J u l y ,  August ,  and September .  

T o t a l  average  d a i l y  i n f l o w s  f o r  a l l  s i x  r i v e r  sys tems were 518,000 c f s ,  

258,000 c f s ,  77,500 c f s ,  39,150 c f s ,  23,900 c f s ,  and 16,900 c f s  f o r  A p r i l ,  May, 

J u n e ,  J u l y ,  August ,  and September,  r e s p e c t i v e l y .  

Meteoro log ica l  S t a t i o n  Wind Data 

91.  D a i l y  maximum h o u r l y  averaged wind speeds  and d a i l y  maximun~ (2-sec  

g u s t )  wind speeds  were t a b u l a t e d  over  t h e  su rvey  p e r i o d  a t  S t a t i o n  4  on Horn 

I s l a n d  a s  shown i n  Tab le  VTI-2. For  p e r i o d s  i n  which d a t a  a t  S t a t i o n  4 were 

n o t  a v a i l a b l e ,  d a t a  were t a b u l a t e d  f o r  S t a t i o n  2  a t  Sh ip  I s l a n d  a s  shown i n  

Tab le  VII-3 t o  p r o v i d e  a  r e c o r d  o f  wind i n f o r m a t i o n  a s  complete  a s  p o s s i b l e .  

The range o f  d a i l y  maximum h o u r l y  averaged wind speed was 5 . 6  ( J u l y  10)  t o  3 1 . 7  

( A p r i l  13)  mph. The range of d a i l y  maximum winds speed was 10.7  ( J u l y  10) t o  

45.4  ( A p r i l  13) mph. T y p i c a l  d a i l y  maximum h o u r l y  averaged  windspeeds were 20,  

12 ,  10 ,  15,  13 ,  8-28, and 8-24 mph f o r  A p r i l ,  May, J u n e ,  J u l y ,  August, Sep- 

tember ,  and October 1980. A p r i l  and e a r l y  May c o n s t i t u t e d  a  p e r i o d  o f  r e l a -  

t i v e l y  h i g h  winds.  F a l l  s torms occur red  i n  September and October .  The gages  

were removed d u r i n g  H u r r i c a n e  A l l e n  ( 7  August-17 August) .  

S a l i n i t y  T r a n s e c t  Data 

92.  Throughout t h e  180-day survey  p e r i o d  a t  approx imate ly  3-week i n t e r -  

v a l s ,  s a l i n i t y  t r a n s e c t s  were o b t a i n e d  a t  l o c a t i o n s  shown i n  F i g u r e  11-4.  Sa- 

l i n i t y  v a l u e s  were measured a t  5 - f t - d e p t h  i n t e r v a l s .  I n  o r d e r  t o  c h a r a c t e r i z e  



Table VII-2 

Wind Characteristics for Meteorological Station 4, Horn Island 

Maximum 
Hourly Maximum 

Julian Average Speed Gust 
Date Day mph mph 

May 8 129 12.6 20.0 
9 130 24.0 31.4 
10 131 10.6 18.7 
11 132 11.5 22.0 
12 133 10.8 18.7 

Jun 1 153 
2 154 
3 155 
4 156 
5 157 

Maximum 
Hourly Maximum 

Julian Average Speed Gust 
Date Day mph mph 

Jul 1 183 14.3 28.7 
2 184 11.3 19.4 
3 185 11.2 20.7 
4 186 8.3 13.4 
5 187 8.7 15.4 

10 192 5.6 10.7 
Out of Service 

31 213 8.0 14.0 

Aug 1 214 7.7 14.0 
2 215 8.8 17.4 
3 216 9.1 28.1 
4 217 8.4 16.7 
5 218 8.3 15.4 
6 219 13.4 18.7 

Out of Service (Hurricane Allen) 

(Continued) 
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Table  VII-2 (Concluded) 

- 
Maximum 
Hourly Maximum 

J u l i a n  Average Speed Gust 
Da te  D a y -  ml?h rnpb 

Hourly Maximum 
J u l i a n  Average Speed Gust 

Date Day -- mph 
. 

mph 

O c t  1 275 
2 276 
3 277 
4 278 
5 279 

6 280 
7 281 
8 282 
9 283 
10 284 

Nov 1 306 
2" 307 
3" 308 
4 309 
5* 310 

I. - 
7 Gage p o s s i b l y  mal func t ion ing .  



Date 

May 1 
2 
3 
4 
5 

Table VII-3 

Wind Characteristics for Meteorological Station 2, Ship Island 

Maximum 
Hourly 

Average Speed 
Naxim~m 
Gus 83 
mgh 

127 18,O 24.0  
128 1 8 - 5  24.0 
129 17.7 29.4  

Out of Service 

Maximum 
Hourly Maximum 

Julian Average Speed Gust 
a t  9 -- - mph 2&- 

2525 207 

2625 208 
2775 209 
287y 21.0 
29" 211 
30 212 
31 213 

Aug 1 214 
2 215 
3 216 

Gage possibly malfunctioning. 
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t h e  g e n e r a l  h o r i z o n t a l  s a l i n i t y  d i s t r i b u t i o n ,  middepth s a l i n i t y  c o n d i t i o n s  f o r  

IS s t a t i o n s  a r e  shown i n  Table  VJI-4 w i t h  t h e  range over  d e p t h s  l i s t e d  under- 

n e a t h  t h e  middepth v a l u e ,  S t a t i o n s  T26, T28, T30, T36, and T42 c h a r a c t e r i z e  

t h e  wes te rn  p o r t i o n  o f  t h e  Sound. S t a t i o n s  T2, T52, and T54 r e p r e s e n t  t h e  

c e n t r a l  p o r t i o n  of t h e  Sound, whi le  s t a t i o n s  T60, T70, and T80 p o r t r a y  cond i -  

t i o n s  i n  t h e  e a s t e r n  s e c t i o n  o f  t h e  Sound. I n  r e f e r e n c i n g  t h e  t a b l e ,  i f  one 

goes a c r o s s  t h e  t a b l e  a t  any one d a t e ,  t h e  h o r i z o n t a l  s a l i n i t y  d i s t r i b u t i o n  i s  

o b t a i n e d .  If one goes down a  column, t h e  change i n  c o n d i t i o n s  o v e r  t i m e  a r e  

r e p r e s e n t e d  f o r  each  s t a t i o n ,  group,  o r  f o r  t h e  e n t i r e  Sound. I n  A p r i l  and 

May 1980, t h e  e n t i r e  Sound, p a r t i c u l a r l y  t h e  wes te rn  end and t h e  e n t r a n c e  t o  

Mobile Bay, e x h i b i t e d  v e r y  low s a l i n i t y .  A s  June  p r o g r e s s e d ,  s a l i n i t y  l e v e l s  

i n c r e a s e d  o v e r a l l ,  Th i s  t r e n d  con t inued  th rough  J u l y ,  By August,, c o n d i t i o n s  

i n  t h e  Sound had s t a b i l i z e d  t o  a  summer p a t t e r n .  Mote t h a t  t h e  8/22-23 t r a n -  

s e c t  v a l u e s  correspond v e r y  c l o s e l y  t o  t h e  9/24-25 v a l u e s .  

93.  H o r i z o n t a l  s a l i n i t y  g r a d i e n t s  a r e  l a r g e s t  i n  t h e  S p r i n g .  However, 

l o c a l  g r a d i e n t s  may be found throughout  t h e  p e r i o d  i n  t h e  h i g h l y  t r a n s i e n t  

Lake Borgne (T26) and Mobile Bay (T80) e n t r a n c e s .  

C a l i b r a t i o n  -- and V e r i f i c a t i o n  P e r i o d s  

94.  I t  i s  d e s i r a b l e  t o  c a l i b r a t e  and v e r i f y  t h e  hydrodynamic p a r a m e t e r s  

(bottom s t r e s s )  and s a l i n i t y  pa ramete rs  ( d i s p e r s i o n  c o e f f i c i e n t s )  s e p a r a t e l y  

but  o v e r  t h e  same p e r i o d s ,  The fo l lowing  c r i t e r i a  a r e  used t o  s e l e c t  t h e  c a l i -  

b r a t i o n  and v e r i f i c a t i o n  p e r i o d s :  

a .  Streamflow must remain r e l a t i v e l y  c o n s t a n t .  Storm o r  f l o o d  - 

p e r i o d s  e x h i b i t i n g  t ime-vary ing  f low c h a r a c t e r i s t i c s  a r e  d i s -  
carded from c o n s i d e r a t i o n .  

b .  I n  o r d e r  t o  minimize wind e f f e c t s ,  p e r i o d s  f o r  which wind - 
speeds  a r e  minimum a r e  t o  be c o n s i d e r e d .  

c .  S i n c e  con t inuous  s a l i n i t y  l e v e l s  a r e  a v a i l a b l e  a t  o n l y  s i x  s t a -  - 

Lions (VS s t a t i o n s  i n  F i g u r e  XI - I ) ,  it w i l l  be n e c e s s a r y  t o  em- 
p l o y  s a l i n i t y  t r a n s e c t  v a l u e s  i n  d e f i n i n g  t h e  i n i t i a l  condi-  
t i o n s .  T h e r e f o r e ,  t h e s e  p e r i o d s  must beg in  i n  a  t r a n s e c t  day .  

95. By c o n s i d e r i n g  r i v e r  in f lows  (Tab le  V I I - I ) ,  wind c o n d i t i o n s  

(Tables  VII-2 and VIJ-31, and s a l i n i t y  t r a n s e c t  c o n d i t i o n s  i n  Table  VI I -4 ,  a  

g e n e r a l  unders tand ing  o f  t h e  dynamics o f  t h e  Sound may be o b t a i n e d .  

96.  I n  t h e  ntunerical  s t u d y  of t h e  Sound, it i s  n e c e s s a r y  ( f o r  r e a -  

sons  of computa t iona l  c o s t )  t o  c o n s i d e r  a  5- t o  6-day p e r i o d .  Th is  c o n s t r a i n t  
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coupled with the previous three criteria is sufficient to determine the pe- 

riods for numerical study. 

97. Consider Table VII-4; the 4128-4/29 period is eliminated due to 

excessive wind and highly transient flood flow conditions. The 5121-5/22 pe- 

riod, although relatively calm, exhibits transient flow conditions and is dis- 

carded. The 7/23-24, 8/22-23, and 918-9 periods exhibit excessive wind and 

are eliminated. The 912-3 transect is in.complete and therefore this period is 

not considered 

98. The 6-day period, 9/20-9/25, was selected for further study as a 

potential. calibration period for both hydrodynamics and salinity mechanisms. 

From the hydrodynamic perspective, the astronomic tide characteristics at 

Pascagoula as shown by Outlaw (1983, Plate 42) indicate that during 9/23 and 

9/24 the semidiurnal constituents M2 and S2 assume increasing importance 

as the tidal range is reduced on entering a neap tide period. From the 

salinity perspective, values are relatively constant in time over this period. 

Therefore, salinity transect values obtained over the 2-day period, 20-21 Sep- 

tember may be used to define initial conditions. In addition, the 24-25 Sep- 

tember values may be used as values to compare with the numerical results. 

Maximum daily hourly averaged wind speeds are less than 9.0 mph over the en- 

tire period. Therefore, wind effects should be small. 

99. The 5-day period, 6112-6/16, was selected for further study as a 

potential verification period for both hydrodynamic and salinity mechanisms. 

From the hydrodynamic viewpoint, the astronomic tide characteristics at 

Pascagoula as shown in Outlaw (1983, Plate 39) indicate that the diurnal con- 

stituents O1 K1 , P1 dominate and determine the character of the tide. 

The tide range is characteristic of a Spring tide. From the salinity view- 

point, this period exhibits a relatively large horizontal gradient. Vertical 

salinity gradients are significant in the middle and eastern station groups in 

Table VII-4. The maximum daily hourly averaged wind speed declines from 16.1 

to 11.4 mph from 6/12-6/13 and to less than 8.0 mph for the 6114-6/16 period. 

The vertical salinity gradients indicate that the middle and eastern sections 

of Mississippi Sound are partially mixed, while the western section is rea- 

sonably well mixed, The vertically integrated two-dimensional modeling con- 

cept employed for salinity may not be applicable during this period. As a re- 

sult, salinity was not considered. The hydrodynamic mechanisms were verified 

using this Spring tide period. 



PART VIII: CALIBRATION PERIOD 20-25 SEPTEMBER 1980 

100. In order to obtain a more detailed understanding of the dynamics 

of the Sound prior to simulating this period, hourly values of wind speed and 

direction and salinity are considered in turn below. A complete set of sa- 

linity transect values are presented in order to investigate the degree of 

stratification. Based upon the results of the harmonic analysis, the pre- 

dicted values of water surface elevation and currents are developed and com- 

pared versus the unfiltered (raw) data. 

Wind Information 

101. Hourly wind speeds and directions are as shown in Table VIII-1. 

At most stations average hourly wind speeds are below 10 mph, with daily maxi- 

mum wind speeds (2-sec gust) below 20 mph. Wind direction and velocity are 

relatively uniform spatially at each hour over the period. The wind effects 

should be relatively small on water surface displacements over this period. 

Instantaneous Salinitv Information 

102. Hourly values of salinity meters nearest middepth were considered. 

Middepth locations were selected as being the most appropriate to compare with 

the vertical averaged model results. The range for each day at each station 

as located in Figure 11-1 is given in Table VIII-2. Salinity levels are nor- 

mally within a range of approximately 1-2 parts per thousand for all days. 

The maximum spatial difference over the Sound is approximately 5-6 parts per 

thousand. 

Salinity Transect Information 

103. Representative middepth salinity values are shown in Figure VIII-1 

The salinity range over depth is given to indicate the degree of stratifica- 

tion. Stratification effects even within the navigation channels were not 

significant during this period. Therefore, the well-mixed assumption appeared 

to be valid during this period. 

104. In order to investigate the reliability of the instantaneous 
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20 S E P T E M B E R  1950 21 S E P T E M B E R  1980 
MID-DEPTH SALINITY RANGE 

STATION SALINITY,  PPT OVER DEPTH, PPT MID-DEPTH SALINITY RANGE 
STATION S A L I N I T Y .  PPT OVER DEPTH, PPT  

T2  26.1 
T 4  

26.1-26.3 
25 .2  

T44 
25.3-25.2 

23 .6  
T46 26 .9  

22.4-24.3 

T 6  24.0  23.8-24.0 
27.0-27.2 

23.9-24.9 

25.7-22.7 
27.8-28.1 
28.C-28.7 
24.6-27.2 
25.0-25.2 
23.5-23.9 
13.7-19.2 
15.5-16.2 
15.9-17.3 
16.0-'17.1 
1 7 . 5 - l i . 5  
18.9-i9.2 
22.3-23.4 
22.2-22.2 
22.2-22.5 
23.5-23.8 

GULF OF MEXICO 

Figure VIII-1. September 20-21 salinity transect data 



salinity and temperature data obtained using the deployed conductivity- 

temperature sensors, the salinity and temperature transect values obtained 

using a field salinometer were compared at common times and spatial locations 

as shown in Table VIII-3. 

105. In most instances, temperature values were extremely close. Wow- 

ever, the salinity values obtained from the conductivity-temperature sensors 

tended to be 2-3 parts per thousand lower than the field salinometer values. 

Raytheon Ocean Systems Company (Parker 1981) indicated that there were bio- 

logical fouling problems with the conductivity probe. Antifouling paints can- 

not be used on the sensor because the metal ions released by such paints affect 

the conductivity readings. Therefore, in analyzing the salinity data, the in- 

stantaneous salinity data should be considered less reliable  the^ the salinity 

transect data. Since salinity transect data were available for 20-21 September 

and 24-25 September these data were used to establish initial conditions and 

as calibration data, respectively. 

Water Surface Elevation Information 

106. Program TIDE (Appendix B) was developed to predict the tidal eleva- 

tions presented in Part I11 after Schureman (1940) based upon the constituent 

amplitudes and phases. Astronomic data are calculated in order to determine 

constituent node factors and equilibrium arguments at the start of the pre- 

diction period. Based upon specified amplitudes and local epochs for the 

O1 , K1 PI , M2 , and S2 constituents, as given previously in 

Tables 111-2 and 111-3, the program reconstructs the water surface elevation 

for each station. Subroutine TAPE accesses the edited hourly elevations as 

provided by NOAA and the filtered elevations input to the harmonic analysis so 

that these elevations may be printed next to the reconstructed elevation at 

each hour of the prediction period. 

107. Table VIII-4 presents the astronomic data with reference to Green- 

wich Mean Time (GMT). By employing local epochs, the time reference is trans- 

formed directly to Central Standard Time (CST). Consider the Pascagoula sta- 

tion, 874-1196; tidal constituents are given in Table VIII-5. Since 1-ocai 

epochs are used, the water surface elevations given in Table VIII-6 are in CST 

beginning at 20 September, hour 00. Elevations are given for the first 2 days 

of the 5-day period. The unfiltered (UF) and filtered (F) columns present the 



S t a t i o n  

T a b l e  VIII-3 

Comparison o f  20-21 Sep tember  S a l i n i t y  T r a n s e c t  Data  w i t h  

I n s t a n t a n e o u s  S a l i n i t y  D a t a  

-- 
L o c a t i o n  Water  Measurement 

CST L a t i t u d e  L o n g i t u d e  Dep th  Dep th  S a l  i n i t y  T e m p e r a t u r e  
Da te - Ju l i a11  Day d e g  - d e g  f t f t PP t O C 

20 Sep  ( 2 6 4 )  2222 3016.6  8905.2  13 5 . 0  23.70 27.80 
10 .0  23.8 27.90 

20 Sep  ( 2 6 4 )  2230 3015.6 8908.54 13 5 . 0  20 .42  28 .70  
8 . 0  18.68 2 8 . 5 8  

21 Sep  ( 2 6 5 )  1500 3014.55 8846.6 42 5 . 0  2 8 . 2 0  28 .10  
2 0 . 0  28.20 28 .10  

21 Sep  ( 2 6 5 )  1500 3014.90 8846 .4  2  4  5 . 0  25.40 28 .45  
19.0 25 .72  28.41 

21 Sep  ( 2 6 5 )  1608 3015 .3  8836.25 13 5 . 0  27 .20  28.1  
10 .0  27.40 2 8 . 0  

21 Sep ( 2 6 5 )  1600 3016.14 8840 .8  14 5 .0  24.76 28.27 
9 . 0  25 .14  28 .25  

21 Sep  ( 2 6 5 )  1728 3012 .42  8830.7  42 5 . 0  29.6  2 8 . 7  
15 .0  29.5  28.6  

21 Sep  ( 2 6 5 )  1730 3012 .00  8831.00 28 5 . 0  25 .43  28.88 
1 5 . 0  25 .98  28.88 

21 Sep  ( 2 6 5 )  2045 3013.9  8819.5  16 5 . 0  28.50 28 .3  
10.0  28 .70  28 .5  

21 Sep ( 2 6 5 )  2100 3013.73 8819.72 15 7 . 5  24.66 28.6  

21 Sep  ( 2 6 5 )  2222 3017 .1  8808.25 16 5 . 0  22.8  2 9 . 3  
1 0 . 0  22 .9  2 8 . 2  

21 Sep  ( 2 6 5 )  2230 3017 .64  8807.3  10 5 . 0  20.46 2 9 . 1 3  



Table  VIII-4 

V e r i f i c a t i o n  P e r i o d ,  Astronomic T ide  Condi t ions  -3 

20 September 1980, Hour 0000 

a. Astronomic Terms a t  Greenwich: 

Term -- - 
Longi tude of l u n a r  node 
Mean l o n g i t u d e  of sun 
Longi tude of s o l a r  p e r i g e e  
Mean l o n g i t u d e  of moon 
Longi tude of l u n a r  p e r i g e e  
I n t e r s e c t i o n  of l u n a r  o r b i t  and e q u a t o r  
Longi tude i n  t h e  l u n a r  o r b i t  
Longi tude i n  t h e  c e l e s t i a l  o r b i t  
V pr ime 
V double  prime 
S o l a r  hour a n g l e  

Degrees 

b.  Node F a c t o r s  and Equi l ib r ium Arguments:. 

T i d a l  
Con- Node Equi l ib r ium Argument Components 

st  i t u e n t  F a c t o r  (V + u) --- V U 

- C 2 lr('2E. 1F9 .55  110 .98  3 5 8 e 5 P  
S r =--"--- ( r b L  ~ 8 0 1  L e p 1 O  
N 2 1 , 2  2 F  1 F 4 e 7 9  1 9 6 ~ 2 1  3 5 e c 5 9  
K 1 < 9 2 [  262.3' 2 6 3 . 9 4  353 .33  
N 4 I.?:? 2 1 9 0 1 1  2 2 1 * 4 ~  9 5 7 ~ 1 6  
0 9 . e7 r  2 1  3.66 2 " l o S  8473  
P6  1 . f 8 7  326 .66  - -. 3 3 2  c 9 1  3 5 5  0'74 
P'K3 . S Q t  1 1 . 7 3  2C.02 351 e '1 
S n 1 - '  c *  !.or C. G' f * > U  
p(?14 1. ;  5 7  294 .34  2 9 7 ~ 1 8  3 5 7 0 1 6  
V i TZ-2-P ' 1 4 5 . 3 ~  1 4 6 ~ 7 2  3 5 3 0 5 8  
s 6 i , ~ n ~  t t a s t  E P ~ C  0 . n ~  
U 2 1 , ~ 2 F  22C.53 2 2 1 r 9 5  3 5 9 ~ 5 8  
2 A2 1 e c 5 F  2 6 '  e - 2  2 4 1  r 4 4  350.58 

0 0 1  ~ t 2 1  1 2 7 - 1 2  155.16  3 3 " e 9 6  

- L F 2  1 -  >2E 252131 255 .23  359 .58  
S 1 1 ~ ~ i ~ r  18 ' ;~cO  l R O q O C l  ' j . F  
HI l e 6 6 0  7 2 9 * 3 2  ' 325 r r49  3 e 8 4  
J 1 . e e 8  1 E 3 e 6 6  1 9 3 . 8 1  349 .85  
# E1 1 . \ ' 4 7  2 5 4 . 7 7  2 4.17 G e G O  
S S 4  1 ,  C L I C  35Q,L0 358 .0 '  O e  70 
S A I , hOq  1 7 9 r n 4  1 7 9  r 04 2 0  70 
MSF 1 .r47 2451622 2 4 9  r C2 . 7 . . G  
M F 1 7 3 5  228 .23  2 4 7 . 1 1  3 4 1 c 1 2  
R V O l  r R 7 0  2 4 6 e 4 L  2 3 7 a 6 7  8.79 
Q 1 0 E7i; 2 @ 5 a ? >  2 7 7 r 1 6  8 .73  
12 1 , ~ t ' C  1.13.56 1 ? 3 r 5 6  5.35 
R 2 l:te 7 6 . 4 4  76 .44  ~ . ' r  
2G1 * € 7 f /  1 . 13  3 5 2  e4(! B r  13  
P 1 IeC?L: 9 f ' eSE 90.96 0 .  *If' 

- 2 SM 2 1 e C 2 6  -- 2 5 3 1 4 5  2 4 9  r 02 3.42 
M 5 1-1.42 1 6 4 . 3 3  1 6 6  - 4 6  3 5 7  . F 7  
L 5 < & 5 ?  2 1  ".21 215 .74  3 5 4  1 4 7  

- 2 P K 3  r 9 7 3  316 .70  312 . ?1  3 053  - 
K 2 .91C 3 4 5 . 5 8  3 5 8 s f l 9  347  0 4 9 



Table VIII-5 

Tidal Constituents at Pascagoula (874-1196) - 

MGVa r +0,%8 F L  Above MSE .- -- 
Constituent h ~ ~ c l - i t u d e ,  -. ft- Local Epoch, deg 



Table VIII-6  

Pascagoula 874-1196 NGVD (1929) Water 

Surface Elevation ( f t ) ,  20 - September 1980, 

Hour 00 

Hour Unfiltered - Filtered Reconstructed 



unfiltered (edited NOAA) and filtered (harmonic analysis input) data, re- 

spectively. All elevations are with respect to NGVD (1.929). Information 

analogous to that shown in Table VIII-6 for station 874-1196 is developed by 

the program for all other statios~s shown in Ta'bls 11-3. 

208, In interpreting the ekevation table, it should be noted that. pre-  

dicted levels are based upon the five major tidal consLituents (0 .  
1. 

R. 
I B  

PI  IT and S 1,  whereas the unfiltered levels con'-ain ail t i d a l  energy. 
2 

R e i d  and mitaker (1981) note that these five t i d a l  eonstituenes contain ap- 

proximately 95 percen-t of the tidal energy. 

109. The unfiltered levels contain meteorological input in a d d i t i o n  to 

all the tidal energy. In examining Table VIII-6, the filtered and recon- 

structed Levels are usually very close (less than 0.1 ft). Unfiltered levels 

are 0.4-0-6 ft higher at each hour. The winds shown in Table VILI-1 do not 

appear to be of sufficient strength to account for all of the difference. In 

addition, this patLern in elevations holds at all other tidal stations as well. 

The majority of the 0.4- to 0.6-ft difference between unfiltered and recon- 

structed levels is believed to constitute a measure of the forerunner and far 

field surge of tropical storm Nermine, which passed through the Carribean over 

the Yucatan Peninsula and through the lower Gulf of Mexico during 20-25 Sep- 

tember as shown in the 1980 supplement to Cry (1977). The magnitude of this 

effect as noted from the data is less than 0.6 ft, which is within the range 

of magnitudes of these effects observed for other tropical storms and 

hurricanes. 

Current Component Information 

110. Program TIDE may also be used to reconstruct tidal currents as 

well. Tidal currents are represented in E-W and N-S component form, with the 

E and N directions considered positive. The same astronomic data as given in 

Table VIII-4 are employed. The time reference is again CST since local epochs 

as shown in Table VIII-7 for station V10-S are used for each current component, 

111. The unfiltered (edited), filtered (harmonic analysis input), and 

reconstructed currents for the first day of the 5-day period are given for sta- 

tion VIO-S in Table VIII-8. Since a vertically integrated two-dimensional 

modeling approach is being employed, the meter nearest middepth was considered 

for stations shown in Table 111-5, for which meters were placed at various 





Table VIII-8 

S t a t i o n  V10-S V e l o c i t y  ( f p s )  Comparisons 

Hour - -Unfiltered Filtered Predicted 

. 5 ~  ; 3 3 , , ~ - r l  e l i  ( C  . - F 1; 
7 * 1 4 " R ; :  e l f  ' ? c .  , 3 4 3 4 7 1  
2  * I E  ',(,!I, S I C  i? : .??33:4 
3 . 3 ?  C C O t  *55;'rJ; . i 1 ? 1 2 8  - 
4  e32';CO; e 2 2 - L ; .  , 9 & . ' 5 i . .  
* 
4 .- ~ 2 6 S t O ;  " 2 4  ' 5 1  1 t1121'62 
C * 2  ,f';",, e 2 2  L ' :  r 7 7 7 1 2 E C - l  1 
7  - 3  , < J C . E - 3 1  e l 6  ; ' .  .5E 4 5 9 ? E - " 1  
C - , 3 , , t  C!?, ,E- l ' i  S F  ; ?  : - , I  - - . E ? ? E 7 5 E - ' 2  
3 - e 3 i  i C Q b E - 2 1  - e t " . i ? b E - l ~ l  - s 5 2 $ 5 9 3 t - C 1  

1' - .25 r .0~ ,  -c2? .5 ' ,CY -e%l665E 
11 - c 3 ] b ? G O ;  - * 3 6  ' 30 - o l ? % 2 8 C  
7 - .46*:i iC. .  - e 4 ?  r .  0 ~ 2 6  P C 8 4  

2 6 o 1 7 L 3 : L  e l "  c: .  e295658 
2 7 . 1225?>  e l 7 1  IL- a 2 5  I n 4 4  
2 E a lF f iC0 ,  + 1 7 t  ~ 1 7 8 5 0 ,  
2 9 s 2 ~ 6 C C u  ' e l C 6 , ~ i .  6 1 3 5 3 4 3  
3 .llS 1.2 ,ILL- * 4 1  2 1 6 3  
3 1 .2  ; 9 n , ~ - r l  a l l  2 '. . 7 t  1 ' 2 3 E - 1 1  
3 2  2 .  r 7  1 5 C  E - , l  p4Q62%.E -1 !  
3 3  - . 7 ~ 3 0 3 ~ E - b P  6 1 ,  t u 3 Y E - 5 1  s i 4 7 9 1 4 E - $ 1  - 
3 4  - r 5 $ 0 0 ?  +E-Cl - o 7  ;: C O u E - c l  - e 3 4 1 0 7 7 E - C 1  
3  5 - . % ~ l t e o ~  -.I51 C Q J  - 0 9 P 1 4 3 1 E - ! f l  
3 6  -.15,,iQ~, - ~ 2 4  1. , - * I  7 2 0 6 5  
3 7  - . 2 " r n 5  - a 3 2  d C  J - * 2 4 7 ? 5 5  

(Continued) 
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Table VIII-8 (Concluded) 

Hour Unf f l  t er ed  F i l t e r e d  P r e d i c t e d  
k 

0 r 1 3  ( t 3 ~  e l :  :!'. *19ftf?3 
1 .14"F, - 1 5  ,' G d ,371573 



depths.  The subse t s  of s t a t i o n s  considered a r e  i nd ica t ed  by a s t e r i s k s  i n  

Table 111-5. 

112. Predic ted  cu r r en t s  a r e  recons t ruc ted  from t h e  f i v e  major t i d a l  con- 

s t i t u e n t s  (01 , K1 , P1 , M2 , and )  The Kl  i n  Table 111-7 conta ins  

both K l  and P1 energy. I n  o rde r  t o  s epa ra t e  K1 and P , a t  l e a s t  a 
182 days of record a r e  necessary.  Since cu r r en t  meters were removed during 

t h e  shrimp season and during Hurricane Al len ,  a  complete 182-day record was 

not  a v a i l a b l e  f o r  any of t h e  c u r r e n t  s t a t i o n s .  As a  r e s u l t  t h e  K1 con- 

s t i t u e n t  repor ted  i n  Tables 111-6 through 111-9 conta ins  
PI 

energy and i s  

v a l i d  only  during t h e  a n a l y s i s  pe r iod .  Therefore,  t h e  t o t a l  t i d a l  cu r r en t  

s i g n a l  may be p red ic t ed  a t  a  given s t a t i o n  only during the  per iod  given i n  

Table 111-5. 



PART IX: VERIFICATION PERIOD 12-16 JUE 1980 

113. In order to obtain a more detailed understanding of the behavior 

of the Sound prior to simulating this period, hourly values of wind speed and 

direction and salinity are considered. A complete set of salinity transect 

values is also presented i.n order to investigate stratification effects Sound- 

wide. Based upon the results of the harmonic analysis, the predicted values 

of water surface elevation and currents are developed and compared with the 

unfiltered (raw) data. 

Wind Information 

114. Hourly wind speeds and directions are as shown in Table IX-1. At 

most stations average hourly wind speeds are below 15 mph, while daily maximum 

wind speeds (2-sec gust) are below 20 mph. Wind direction and velocity are 

spatially uniform at any one hour over the period. 

Instantaneous Salinity Information 

115. Hourly values of salinity at meters nearest middepth appear to ex- 

hibit tidal variations at most stations. In order to investigate the temporal 

variations, the maximum and minimum values are given in Table IX-2, such that 

their difference (W) is maximum for the day given. Maximum daily variations 

in salinity range from 4.18 ppt at station 6S to 11.0  ppt at station 20M. The 

maximum spatial difference in salinity over the entire Sound is greater than 

13 ppt as shown in Table IX-2. This period exhibits highly variable salinity 

conditions both in space and in time. 

Salinity Transect Information - 

116. Representative middepth salinity values are shown in Figure IX-I. 

The range over depth is given to indicate the degree of stratification. 

Stratification effects are quite significant over the mid and eastern section 

of the Sound, even outside navigation channels during this period. The well- 

mixed assumption does not hold over these areas during this period. As a re- 

sult, a two-dimensional vertically averaged approach may not hold for salinity. 



Table  ,IX-1 

Hourly M e t e o r o l o g i c a l  Data (Wind Speed and D i r e c t i o n ) ,  12-16 June  1980, S t a t i o n s  MI-M5 

-- - -. - - .- 
S t a t i o n  M2 S t a t i o n  M3 S t ? t i o n l -  S t a t i o n  M4 S t a t i o n  M5 

J u n e  D i r e c -  24-hr  Di rec -  24-hr  Di rec -  24-hr  Di rec -  24-hr Di rec -  24-hr  
1980 J u l i a n  Speed t i o n  Max Speed Speed t i o n  Max Speed Speed t i o n  Max Speed Speed t i o n  Max Speed Speed t i o n  Max Speed 
Day Day Hour mph MAG mph rnph MAG mph - mph MAG mph mph MAG rnph mph MAG mp h 

(Cont inued)  

* Meter  change. ( S h e e t  1 of 3 )  



T d h l e  IX-1 ( C o n t i n u e d )  

. -. .. . -- . - .- - - .- .- -. . -- .- 
S t a t i o n  El5 S t a t i o n  1'14 . . -  _ - -- - - - -. - . - - - 

D i r e c -  2 4 - h r  D i r e c -  2 4 - h r  

- - - - . -- - - - - - - 
S t a t i o n  1'11 - - - - - -. -- - - -- - 
D i r e c -  24 -h r  

- -~ - -- - 
S t a t i o n  ?I2 S t a t i o n  M3 . . . . -. - - -. . . . -. - -- - -- - --- - 
D i r e c -  2 4 - h r  D i r e c -  24-Irr 

Speed  Lion Max S p e r d  Speed t i o n  Max Speed  
mp h _I~E!L & G  - . m p h  2. MAG 

J u n e  
1980 J u l i a n  

Day 
Speed  t i o n  i'lax Speed  Speed  t l o r l  Clax Speed  

. m p h  1%- me-. xh. -EIAC - m L  

Speed  t i o n  Max Speed  

3ph MAG m p h  

1 3  165 15 
( C o n t i n u e d )  16  

I 7  
1 8  

( C o n t i n u e d )  
( S h e e t  2 o f  3) 
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12 JUNE 1980 13 JUNE 1980 
MID-DEPTH SALINITY RANGE 

STATION SALINITY,  PPT OVER DEPTH, PPT 
MID-DEPTH SALINITY RANGE 

STATION SALINITY,  PPT O V E R  DEPTH, PPT 
T 2  16.6 13.5 13.3- 15.9 
T 4  

16.7-18.1 
16.9 

1 4 4  
16.86-16.96 

T6 22.3 14.5-25.1 
T46 16.6 13.9-19 8 
T48 21.5 16.6.21 9 

17.7-24.7 
20.9-25.0 
18.3-27.0 
19.8-28.0 
20.4-20.9 
19.0-19.5 

12.9-14.6 
13.2-?3.a 
15.5-16.7 

GUIX' @dR MEXICO SCALES 

20,000 0 2 0 , W  40,000 80,000 FT 

Figure PX-1. 12-13 June s a l i n i t y  t r a n s e c t  data 



117. It should also be mentioned that the biological fouling problem 

associated with the conductivity probe was also evident during this period. 

Instantaneous salinity values were consistently 2-3 ppt lower than correspond- 

ing salinity transect values. As a result, salinity transect values should be 

considered to be more reliable than the continuous salinity levels determined 

at the conductivity-temperature (CT) stations. However, the time and spatial 

variability characteristic of the continuous salinity data shown in Table IX-2 

is considered valid. As a result, the initial salinity conditions cannot be 

specified using the transect data, since these data were obtained over 2 days 

and do not constitute a snapshot of the system. As a result salinity will not 

be simulated during this period. 

Water Surface Elevation and Current 
Component Information 

118. The astronomic data, constituent node factor, and equilibrium argu- 

ments are shown in Table IX-3 for conditions at the start of the verification 

period. The major constituents at Pascagoula station 874-1196 are as pre- 

viously given. The water levels are presented for this station in Table IX-4 

from 20 September, hr 0, CST, for the first 2 days of the verification period. 

119. In interpreting the elevation table, predicted levels are based on 

the five major constituents ( 0  
1 

K1 , P1 , M2 , and S ) ,  whereas the fil- 
2 

tered levels contain all tidal energy. The unfiltered levels contain meteoro- 

logical input in addition to all the tidal energy. In examining Table IX-4, 

the filtered and predicted levels are usually within 0.1 ft. Unfiltered 

le-vels are within 0.3 ft of filtered levels. This difference is consistent 

with the wind information shown in Table IX-1. No tropical storms or hurri- 

canes influenced Mississippi Sound during this period. Current data for sta- 

tion 10s were not available for this period; as a result station VlOS was not 

considered. 



Table IX-3 

Verification Period Astronomical Tide Conditions, 6 June 1980, Hour 0000 - 

a. Astronomic Terms at Greenwich: 

Term 

Longitude of lunar node 
Mean longitude of sun 
Longitude of solar perigee 
Mean longitude of moon 
Longitude of lunar perigee 
Intersection of lunar orbit and equator 
Longitude in the lunar orbit 
Longitude in the celestial orbit 
V prime 
V double prime 
Solar hour angle 

b. Node Factors and Equilibrium Arguments: 

Degrees 

Tidal Node Equilibrium Argument Components 
Constituents Factor (v + u) V -- U 

V 2 I . .>  27.86 2 9 0 1 3  358.73 
c -- I...[ O r 3  ' O e 3 a  0.90 - 

N 2 1 % - 3 -  329.5- 
K 1 r l -  

3 3 0 0 8 6  3 5 8 a 7 3  

I-' 4 101 € 2  
LC '  A- - 225.6.' 218.65 7 - 9 5  

F4 L 1 e m C 4  83.57 
C T C  

87038  3 5 6 ~ 1 9  
i“,K3 13?.39. 1 9 Y c 6 8  . 352.70 
S 4 - 
v 2 
Sc 1*!'!3C ?.bn 0.00 C e O O  

U 2 1eL3" 56.98 5 8 r 2 5  358.73 
2 h 2 le(130 271.3' 272.57 358.73 
C C 1  r 5 E 5  275.52 
L F.7 

S 1 
Pi - l o 6 5 5  lt3c48 104.56 35Re91  
J 1 r P75 219.53 228.75 350.78 
P tJ l a 1 1 5  5 e 0 2 7  5 8 9 2 7  0 0 0 6  ___ 

1 a i n ?  2 6 2 . 5 6  1 6 6 ~ 9 6  0.00 
I s ~ D ,  %G,yt  8 0 e 4 8  OeB0 
I s 1 0 5  3 3 2 r 8 7  930 e 87 O a C B  

v 6 - e71L 114r66 1 3 1 ~ 8 3  342.83 
RHO1.  o ? C S  31Pa9L) 906.04 ' 7.95 
6 1 o 856 1 6 8 r 3 3  160.38 7 s 9 5  
T 2 202.12 
R 2 
2 (  1 
F 1 l e b C G  189m52 1 8 9 0 5 2  0.00 
2 S M i  leC3ii 732.14 3 3 6 . e ~  .1.27 
V 5 lei 46 2 2 l r 7 F  2 2 3 ~ 6 9  358.10 
L i eP47 266.53 267.39 359.14 
2t 'K. j  s c C ;  2 5 1 r 2 h  247.77 3.49 
K 2 c7 5 5  149.76 1 6 9 ~ 9 6  3 4 8 0 8 0  
tJ c -- 1.127 111.42 . 1 1 6 0 5 9  354.92 
WS4 1.162 27.86 

i 
29.13 358-7; 



Table  IX-4 

Pascagoula  874-1196 Water S u r f a c e  Elevation97 -- 

-- 
Hour Unf i b t e r e d  F i l t e r e d  Recons t ruc ted  - -  - -  

r 2 . ,  li:.j~. 2  t *: :! :. .. s 4 " 7 i ? L  
i $4;. ‘(,q ; e 4  2 ., .\I . . 5 z ' J 1  ? 
L s 4 7 ,  i?t.. ~ 5 7  : > C U  s 5 7 2 3 1 6  
9 
4 . 5 4 ~ ' , u .  e 72.- .*b <r .! 3 6 5 9 2  
4 . ,79<<;9,  . S z :  V ." > 2- S'3E.5935 
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E l e v a t i o n s  w i t h  r e s p e c t  t o  NGVD (1929)  i n  f e e t .  



PART X: GLOBAL GRID HYDRODYNAMIC CALIBRATION AND VERIFICATION 
AND SYSTEM MODIFICATION 

120,  I n  t h i s  p a r t ,  hydrodynamic s i m u l a t i o n  r e s u l t s  o v e r  t h e  g l o b a l  g r i d  

developed i n  P a r t  V I  a r e  p r e s e n t e d .  Bottom f r i c t i o n  mechanics (Manning's n  

v e r s u s  s t i l l e d  wa te r  d e p t h )  a r e  c a l i b r a t e d  c o n s i d e r i n g  t h e  p e r i o d  20-24 Septem- 

b e r  1980, The p e r i o d  12-14 June  1980 was employed t o  v e r i f y  t h e  bottom f r i c -  

t i o n .  I n  o r d e r  t o  c o n s i d e r  t.he s p a t i . a l  e x t e n t  of system induced changes i n  t h e  

hydrodynamics,  a  h y p o t h e t i c a l  sys tem m o d i f i c a t i o n  i n  t h e  v i c i n i t y  o f  Sand Is- 

l a n d  was made and a  hydrodynamic s i m u l a t i o n  performed o v e r  t h e  p e r i o d  20-24 Sep- 

tember .  S a l i n i t y  was n o t  c o n s i d e r e d  i n  any o f  t h e s e  t h r e e  s i m u l a t i o n s .  A s  a  

r e s u l t ,  m e t e o r o l o g i c a l  e f f e c t s  (wind, s u r g e  s e t u p ,  p r e s s u r e  anomaly) were n o t  

c o n s i d e r e d .  The s i m u l a t i o n s  corresponded t o  s o l e l y  as t ronomic  c o n d i t i o n s .  

121.  Program TIDE (Appendix B) was in .corpora ted  i n  WIFM a s  a  s e t  o f  sub- 

r o u t i n e s  i n  o r d e r  t o  develop wate r  su - r face  e l e v a t i o n s  a t  t h e  boundary of t h e  

g l o b a l  g r i d .  Harmonic c o n s t a n t s  (mean ampl i tude  and Greenwich epoch) developed 

by t h e  GTM were i n p u t .  Astronomic arguments,  node f a c t o r s ,  and e q u i l i b r i u m  a r -  

guments a r e  computed a t  t h e  s t a r t  o f  t h e  s i m u l a t i o n  p e r i o d .  C o n t r i b u t i o n s  from 

e a c h  o f  t h e  f ive  c o n s t i t u e n t s  (0 , K1 P1 M2 , and S  ) a r e  summed t o  
2  

produce t h e  p r e d i c t e d  o r  r e c o n s t r u c t e d  t i d a l  e l e v a t i o n  a t  t h e  boundary,  S i n c e  

GTM g r i d  s p a c i n g  d i d  n o t  correspond t o  g l o b a l  g r i d  s p a c i n g s ,  it was n e c e s s a r y  

t o  employ an  i n t e r p o l a t i o n  p r o c e d u r e ,  The ampl i tudes  (cm) and phases  (OGreen- 

wich) a r e  shown i n  Table  X - l  f o r  t h e  14 t i d a l  s i g n a l s  l o c a t e d  on t h e  GTM g r i d  

a s  shown i n  F i g u r e  V I - I .  The convec t ive  a c c e l e r a t i o n  and eddy d i s p e r s i o n  terms 

i n  t h e  motion e q u a t i o n s  were s e t  t o  z e r o  on t h e  s o l i d  and open boundar ies  of 

t h e  g l o b a l  g r i d ,  t h e r e b y  l i n e a r i z i n g  t h e  motion e q u a t i o n s  a t  l o c a t i o n s  around 

t h e  boundary.  The same approach was employed around b a r r i e r s .  Subrou t ine  

ADVBAR (Appendix D )  was developed i n  o r d e r  t o  perform t h i s  t a s k  f o r  t h e  model 

u s e r  a u t o m a t i c a l l y .  For  g l o b a l  g r i d  boundary c e l l s  (XIS, 22-59),  v a l u e s  were 

i n t e r p o l a t e d  l i n e a r l y  on c e l l - c e n t e r e d  d i s t a n c e s  between t h e  a p p r o p r i a t e  s i g -  

n a l s  1-5. For  g l o b a l  g r i d  boundary c e l l s  (31-114, 59)  v a l u e s  were i n t e r p o l a t e d  

l i n e a r l y  on c e l l - c e n t e r e d  d i s t a n c e s  between t h e  a p p r o p r i a t e  s i g n a l s  6-14. 

122. Zero o f f s e t  was assumed s o  t h a t  t h e  r e c o n s t r u c t e d  t i d a l  s i g n a l  

o s c i l l a t e d  abou t  l o c a l  mean s e a  l e v e l  (LMSL), which was s e l e c t e d  a s  t h e  model 

datum. Based upon Table  111-1, 1 f t  was added t o  a l l  soundings  t o  c o n v e r t  

t h e i r  r e f e r e n c e  Gulf Coast  Low Water Datum (MLLW) t o  t h e  model datum (LMSL). 



Table  X-1 

Gulf T ide  Model Boundarv I n ~ u t s  

C o n s t i t u e n t  -- Amplitude,  c m  Phase ,  O G  Ampl. Mult .  -- F a c t o r  

S i g n a l  I ,  GTM L a t  1, Global  Grid C e l l  (115,  59)  - 

O 1  1 2 . 4  1 8 . 1  1 , 1 5  

I 3 , 6  24 .2  1 - 1 9  

K 
1 12 .6  25.4 1 .12  

M2 1 . 8  136.4 0 .72 

2  0 .7  120.6 1 . 0 0  

S i g n a l  2 ,  GTM L a t  2 ,  Global  Grid  C e l l  (115,563 

* 1 1 2 , 4  28.3 1 .15  

P 
1 3 . 4  24.5 1 . 1 9  

12 .7  25.7 

1 . 8  136.8 

0 . 8  0 .72  

S i g n a l  3 ,  GTM & a t  3 ,  Global  Grid C e l l  (115, 50)  

1 2 . 4  18 .5  

3 . 6  2 4 , 8  

12.7 25.9 

1 . 8  137.5 

0 . 8  120.1  

S i g n a l  4 ,  GTM L a t  4 ,  Global  Grid C e l l  (115,  37)  

1 2 . 5  18 .6  

12.8  26.1  

1 - 8  137.2 

0 . 8  119.2 

Si@ 5 ,  GTM L a t  4 ,  Global  Grid C e l l  (115,  22) - 

1 2 . 5  18 .6  

3 . 6  25.0 

12.8  26.1  

1 . 8  137.2  

0 . 8  119.2 

(Continued) 
(1 of 3  s h e e t s )  



Table X-1  (Continued) 

Constituent Amplitude, cm Phase, OG Ampl. Mult. Factor 

Signal 6, GTM Long. 1, Global Grid Cell (31,  59)  

1 1 2 . 3  17.8  1 . 0 0  

P 3.6  22.4  1 .00  

1 12.5 25.1 1 .00  

M2 1 . 4  147.2 1 - 0 0  

2  0 . 6  124 .8  1 .00  

Signal 7, GTM Long. 1, Global Grid Cell (42,  5 9 )  

O 1  
1 2 . 3  17.8  1 .00  

1 3 . 6  2 2 - 4  1 . 0 0  

12.5  25 .1  1 .00  

1 .4  147.2  1 - 0 0  

2  0.6 124.8  1 - 0 0  

Signal 8 ,  GTM Long. 2 ,  Global Grid Cell (57,  59)  

1 1 2 . 3  17.8  1 . 0 8  

1 . 4  144 .3  

0 .7  123 .3  

Signal 9 ,  GTM Long. 3 ,  Global Grid Cell (73, 59)  

1 2 . 3  17.8  

3 . 6  22.8  

12.5  25.1  

1 . 4  141 .3  

0 .7  121.7 

Signal 1 0 ,  GTM Long. 4 ,  Global Grid Cell (87,  59)  -- - -- 

1 2 . 3  17.8  

3.6 2 3 - 0  

(Continued) 
(2 of 3 sheets) 



Table  X - 1  (Concluded) 

C o n s t i t u e n t  Amplitude,  cm Phase ,  OG hpl. Plult .  F a c t o r  - 

S i g n a l  11, GTM Long. 5 ,  Global  Grid  C e l l  (103, 59)  - 

1 1 2 . 3  17.9 1 .10  

1 3 . 6  23 .2  1 . 2 4  

1 1 2 . 5  25 .1  1 .12 

M2 1 . 5  137.5 0 .76 

S2 0 .7  119 - 9  0 .95 

S i g n a l  12,  GTM Long. 6 ,  Global Grid C e l l  (110, 59)  -- 

S i g n a l  1 3 ,  GTM Long. 7 ,  Global  -. Grid C e l l  (112, 59)  

1 . 6  133.5 0 . 7 2  

2  0.7 1 1 9 - 4  1 . 0 0  

%n.al 14,  GTM Long. -rid C e l l  (115, 58) 

O 1 
12 .3  1 8 - 0  1 .15  

3 . 6  2 3 . 8  1.19 

K1 
12 .5  25.2  1 .12  

(3  o f  3  s h e e t s )  



123. All water surface elevations and velocity components were initial- 

ized to zero. A cubic polynomial feathering routine (Appendix C) was developed 

to smoothly transition the boundary elevations from zero to their reconstructed 

levels. The convective acceleration and eddy dispersion terms in the motion 

equations were set to zero on the solid and open boundaries of the global grid, 

thereby linearizing the motion equations at locations around the boundary. The 

same appro?& was employed arotrnd barriers. Subroutine ADI7BA.R (Appendix D) 

was developed in order to perform this task for the ~xodel user automatically. 

124. During the calibration process, it was necessary to adjust the 

amplitudes 0% t.:bdal constituen-ts from the values tabulated in Table X-I. The 

GTM aaaplitudes were multiplied by the factors shown in the last column. 

Phases, as reported by the GTM, were used directly. In order to develop the 

appropriate amplitude multiplication factors, the harmonic analysis results 

obtained by Outlaw (1983) and those reported by Reid and Whitaker (1981) for 

the GTM were compared at the three deep sea pressure gages as shown in 

Table X-2. As can be observed, the Outlaw (1983) results were approximately 

10-15 percent higher for the three major di.urn.al. constituents. Pressure sta- 

tion 22 diurnal amplitude factors as reported in Table X-2 were used to modify 

the diurnal constituents of signals 8 and 9 in Table X-1. Pressure station 23 

diurnal amplitude factors of Table X-2 were used to modify the diurnal con- 

stituents of signals 10 and 11 in Table X-1, while diurnal factors in Table X-2 

for pressure station 24 were used to modify the diurnal constituents of sig- 

nals 1-4, and 12-14 in Table X-1. Since simulation results employing the GTM 

results at the boundary are compared with the tide reconstructed from the 0 
3 

K I  , P1 M2 , and S constituents given by Outlaw (1983) in Tables 111-2 
2 

and 111-3, the use of the multipLication factors to make the GTM results con- 

sistent with Outlaw's (1983) results is warranted, 

125. Initial attempts at employing this same procedure for the semi- 

diurnal factors resulted in simulated tide exceeding reconstructed tides dur- 

ing the last 2 days of the 5-day (20-24 Sep 2980) calibration period, when the 

semidiurnal components were most importan$ in determining the structure of the 

tide. In order to obtain the best fit between simulated and reconstructed 

tides during this period of the simulation, it was necessary to reduce the am- 

plitudes of these constituents as shown in Table X-1 slightly below the levels 

reported by Reid and Whitaker (1981). The M2 constituent was effectively 

reduced by 25 percent, while the S2 component was essentially unchanged, In 



Table X-2 

Com~arison of Outlaw (1983) Analvsis and 

Reid and Whitaker (1981) GTM Results 

Amplitude, ft Phase, O G  

Constituent - Outlaw -- Reid Factor Outlaw Reid -- Difference 

Deep Sea Pressure Station 22 

Deep Sea Pressure Station 23 

0.46 0.420 1.0955 297.5 294.86 2.6 

0.48 0.430 1.1168 308.1 295.75 52.3 

0.15 0.121 1.2356 304.3 294.15 10.1 

0.09 0.059 1.5228 312.0 328.22 -16.2 

0.05 0.026 1.9084 321.9 302.90 19.0 

Deep Sea Pressure Station 24 

0.47 0.41 1.1463 296.4 294.86 

0.47 0.420 1.1193 309.9 295.65 

0.14 0.118 1.1854 300.5 295.25 

0.09 0.062 1.4446 311.0 324,62 

0.06 0.026 2.2901 321.5 301,30 



t h e  immediate n e a r s h o r e  r e g i o n s ,  t h e  GTM r e s u l t s  were used d i r e c t l y .  

126.  The d e p t h  v e r s u s  Manning's n  r e l a t i o n s h i p  shown i n  Tab le  X-3  was 

c a l i b r a t e d .  S i m u l a t i o n  r e s u l t s  employing t h e  c a l i b r a t e d  r e l a t i o n . s h i p  a r e  p r e -  

s e n t e d  i n  F i g u r e s  X - l  t h rough  M - 1 1  f o r  wa te r  s u r f a c e  e l e v a t i o n s  and i n  F ig-  

u r e s  X - l 2  th rough  X - 1 8  f o r  u and v c u r r e n t  components f o r  120 h r  s e a r t i n g  

aC 20 September hour 0000 CST. R e s u l t s  a r e  p r e s e n t e d  from wes te rn  t o  e a s t e r n  

H i s s i s s i . p p i  Sound. S imula ted  w a t e r  s u r f a c e  e l e v a t i o n s  correspond more c l o s e l y  

t o  p r e d i c t e d  ( r e c o n s t r u c t e d )  v a l u e s  e a s t  of G u l f p o r t .  Although s i m u l a t i o n  r e -  

s u l t s  a r e  a c c e p t a b l e  i n  w e s t e r n  Miss i s s i .pp i  Sound, i.mpr.overncne;s cotlld be  made 

by i n c l u d i n g  t h e  e f f e c t s  o f  t h e  Lake P o n t c h a r t r a i n  ays~en8.i. The s i m u l a t e d  

d e p t h  averaged c u r r e n t  components r e v e a l  t h e  same s-t-ructizre; i , e . ,  ebb and 

Table  X-3 

C a l i b r a t e d  Depth Versus Manliingqs n  R e l a t i o n s h i p  

Manning's n  
Category L -. D 2 t h  Range ._I f t *  Roughness F a c t o r  - 

* If t h e  c e l l  w a t e r  dep th  w i t h  r e s p e c t  t o  model datum 
i s  g r e a t e r  t h a n  o r  e q u a l  t o  WL and l e s s  t h a n  
t h e  c a t e g o r y  L Manning's  n  v a l u e  i s  a s s i g n e d  

U& 

t o  t h a t  c e l l .  
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F i g u r e  X-1. Water s u r f a c e  e l e v a t i o n s ,  s i m u l a t e d  and p r e d i c t e d ,  a t  
s t a t i o n  874-7437,  20-24 September 1980 
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F i g u r e  X-2. Water s u r f a c e  e l e v a t i o n s ,  s i m u l a t e d  and p r e d i c t e d ,  a t  
s t a t i o n  876-0742,  20-24 September 1980 
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F i g u r e  X - 3 .  Water s u r f a c e  e l e v a t i o n s ,  s imula ted  and p r e d i c t e d ,  a t  
s t a t i o n  894-6819, 20-24 September 1980 
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F i g u r e  X-4. Water s u r f a c e  e l e v a t i o n s ,  s i m u l a t e d  and p r e d i c t e d ,  a t  
s t a t i o n  874-4586, 20-24 September 1980 
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Figure X-5. Water surface elevations, simulated and predicted, at 
station 874-3735, 20-24 September 1980 
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Figure X-6. Water surface elevations, simulated and predicted, at 
station 874-3081, 20-24 September 1980 



Figure X-7. Water surface elevations, simulated and predicted, at 
station 874-2221, 20-24 September 1980 

HOURS I 

Figure X-8. Water surface elevations, simulated and predicted, at 
station 874-1196, 20-24 September 1980 



Figure  X - 9 .  Water su r f ace  e l e v a t i o n s ,  s imulated and p r e d i c t e d ,  a t  
s t a t i o n  874-0405, 20-24 September 1980 
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Figure  X-10. Water su r f ace  e l e v a t i o n s ,  s imulated and p r e d i c t e d ,  a t  
s t a t i o n  874-0199, 20-24 September 1980 
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Figure X-11 .  Water su r face  elevations, simulated and p r e d i c t e d ,  at 
s t a t i o n  873-5587,  20-24 September 4980 
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Figure X-12. Velocity components, simulated and predicted, at 
station V2-M, 20-24 September 1980 
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F i g u r e  X - 1 3 .  V e l o c i t y  components, s imula ted  and p r e d i c t e d ,  a t  
s t a t i o n  V4-S, 20-24 September 1980 
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F i g u r e  X-14. V e l o c i t y  components, s imula ted  and p r e d i c t e d ,  a t  
s t a t i o n  V7-S, 20-24 September 1980 
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Figure X-15. Velocity components, simulated and predicted, at 
station V I I - M ,  20-24 September 1980 
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F i g u r e  X - 1 6 .  V e l o c i t y  components, s i m u l a t e d  and p r e d i c t e d ,  a t  
s t a t i o n  V13-S, 20-24 September 1980 



V - - X  76 25 V19-S N-S 
3.0 

2.0 

0 
1.0 '. 

b. 
G 

za 0.0 
tr: 
0 
w 
_I 
W -1.0 
> 

-2.0 

-3.0 
0 12 24 36 48 60 72 96 I20 

HOURS 

HOURS 

Figure X-17. Velocity components, simulated and predicted, at 
station V19-S, 20-24 September 1980 
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F i g u r e  X - 1 8 .  V e l o c i t y  components, s i n ~ u l a t e d  and p r e d i c t e d ,  a t  
s t a t i o n  V20-M, 20-24 September 1980 



f l o o d  p a t t e r n ,  a s  t h e  p r e d i c t e d  ( r e c o n s t r u c t e d )  middepth v e l o c i t y  s t a t i o n s .  

S i n c e  t h e  K1 and PI t i d a l  c u r r e n t  components cou ld  n o t  be s e p a r a t e d  and 

t h e  c a l i b r a t i o n  p e r i o d  i s  o u t s i d e  t h e  p e r i o d  f o r  which K1 and P1 was d e t e r -  

mined f o r  a l l  s t a t i o n s  ( r e f e r  t o  Table  111-5) ,  t h e  middepth v e l o c i t y  s t a t i o n  

p r e d i c t e d  ( r e c o n s t r u c t e d )  d a t a  should be  i n t e r p r e t e d  o n l y  i n  terms o f  g e n e r a l  

s t r u c t u r e .  

1 2 4 .  I n  o r d e r  t o  v e r i f y  t h e  ad jus tments  t o  t h e  GTM c o n s t i t u e n t  ampl i -  

t u d e s  and t h e  c a l i b r a t e d  d e p t h  v e r s u s  Manning's n  r e l a t i o n ,  a  second p e r i o d  

12-14 Sun 1980 was c o n s i d e r e d .  During t h i s  t i m e ,  t h e  s t r u c t u r e  of t h e  t i d e  

was determined by t h e  t h r e e  major d i u r n a l  c o n s t i t u e n t s .  S i n c e  t h e  c h a r a c t e r  

o f  t h e  t i d e  remained r e l a t i v e l y  c o n s t a n t ,  o n l y  3 days were s imula ted .  I n i -  

t i a l l y  a l l  wa te r  s u r f a c e  e l e v a t i o n s  and c u r r e n t  components were s e t  t o  z e r o .  

A f t e r  t h e  f i r s t  day ,  s i m u l a t e d  l e v e l s  corresponded q u i t e  f a v o r a b l y  t o  p r e -  

d i c t e d  l e v e l s ,  P l o t s  o f  s i m u l a t e d  v e r s u s  p r e d i c t e d  ( r e c o n s t r u c t e d )  wa te r  s u r -  

f a c e  e l e v a t i o n s  a r e  shown i n  F i g u r e s  X - 1 9  th rough  X-29 f o r  t h e  72-hr p e r i o d  

s t a r t i n g  12 June hour  QOOO CST. The s i lnula ted d e p t h  averaged c u r r e n t s  a r e  

compared w i t h  p r e d i c t e d  ( r e c o n s t r u c t e d )  middepth v a l u e s  i n  F i g u r e s  X-30 

th rough  X-36. Simulated wa-Cer s u r f a c e  e l e v a t i o n s  correspond more c l o s e l y  t o  

p r e d i c t e d  ( r e c o n s t r u c t e d )  v a l u e s  e a s t  o f  G u l f p o r t ,  a s  i n  t h e  c a s e  o f  t h e  c a l i -  

b r a t i o n  p e r i o d .  

S m a r y  of c a l i b r a -  
t i o n  and v e r i f i c a t i o n  

128. The c a l i b r a t i o n  and v e r i f i c a t i o n  p e r i o d s  comprise two d i f f e r e n t  

t i d a l  regimes,  During t h e  c a l i b r a t i o n  p e r i o d ,  th.e c h a r a c t e r  o f  t h e  t i d e  i s  

changing from d a i l y  t o  s e m i d a i l y  and t h e  range i s  l e s s  t h a n  1,2 f t  (neap t i d e ) .  

During t h i s  pe r iod  t h e  semidiurna:h t i d a l  ronxaponents dominate ,  During t h e  v e r i -  

f i c a t i o n  p e r i o d ,  t h e  c h a r a c t e r  o f  the t i d e  i s  r e l a t i v e l y  c o n s t a n t  and i s  d a i l y  

w i t h  a range g r e a t e r  than  1 . 9  f t  ( s p r i n g  t i d e ) .  During t h i s  p e r i o d  t h e  d i u r n a l  

t i d a l  components dominate .  

129.  S i n c e  t h e  s i m u l a t e d  t i d a l  l e v e l s  correspond w e l l  t o  t h e  p r e d i c t e d  

( r e c o n s t r u c t e d )  r e s u l t s ,  t h e  model may be c o n f i d e n t l y  used t o  p r e d i c t  t i d a l  

e l e v a t i o n s  and c u r r e n t s  o v e r  t h e  complete t i d a l  ( l u n a r )  c y c l e .  

H y p o t h e t i c a l  Sand I s l a n d  Re- 
g i o n a l  Dredge M a t e r i a l  D i s p o s a l  S i t e  

130. Consider  a  h y p o t h e t i c a l  r e g i o n a l  dredge m a t e r i a l  d i s p o s a l  s i t e  i n  

t h e  v i c i n i t y  o f  Sand I s l a n d .  The wate r  dep ths  w i t h  r e s p e c t  t o  l o c a l  mean s e a  
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Figure X-19. Water surface elevations, simulated and predicted, 
at station 874-7437, 12-14 June 1980 
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Figure X-20. Water surface elevations, simulated and predicted, 
at station 876-0742, 12-14 June 1980 
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Figure  X-21. Water s u r f a c e  e l e v a t i o n s ,  s imulated and p r e d i c t e d ,  
a t  s t a t i o n  874-6819,  12-14 June 1980 
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Figure  X-22. Water su r f ace  e l e v a t i o n s ,  simulated and p r e d i c t e d ,  
a t  s t a t i o n  874-4586,  12-14 June 1980 
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F i g u r e  X-23. Water s u r f a c e  e l e v a t i o n s ,  s i m u l a t e d  and p r e d i c t e d ,  
a t  s t a t i o n  874-3735, 12-14 June 1980 

WSEL 47 17 874-308 1 

HOURS 

F i g u r e  X-24. Water s u r f a c e  e l e v a t i o n s ,  s i m u l a t e d  and p red i -c ted ,  
a t  s t a t i o n  874-3081, 12-14 June 1980 
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F i g u r e  X-25. Water s u r f a c e  e l e v a t i o n s ,  simul-ated and p r e d i c t e d ,  
a t  s t a t i o n  874-2221, 12-14 June 1980 
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F i g u r e  X-26. Water s u r f a c e  e l e v a t i o n s ,  s imula ted  and p r e d i c t e d ,  
a t  s t a t i o n  874-1196, 12-14 June 1980 
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F i g u r e  X-27. Water s u r f a c e  e l e v a t i o n s ,  simulat-ed and p r e d i c t e d ,  

a t  s t a t i o n  874-0405, 12-14 June 1980 
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F i g u r e  X-28. Water s u r f a c e  e l e v a t i o n s ,  s i m u l a t e d  and p r e d i c t e d ,  
a t  s t a t i o n  874-0199, 12-14 June 1980 
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Figure X-29. Water surface elevations, simulated and predicted, 
at station 873-5587, 12-14 June 1980 
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Figure X-30. Velocity components, simulated and predicted, at 
station V2-M, 20-24 September 1980 
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F i g u r e  X - 3 1 .  V e l o c i t y  components, s imula ted  and p r e d i c t e d ,  a t  
s t a t i o n  V4-S, 20-24 September 1980 
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Figure X-32. Velocity components, simulated and predicted, at 
station V7-S, 20-24 September 1980 
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F i g u r e  X - 3 3 .  V e l o c i t y  components, s imula ted  and p r e d i c t e d ,  a t  
s t a t i o n  V11-M,  20-24 September 1980 
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F i g u r e  X-34. V e l o c i t y  components, s imula ted  and p r e d i c t e d ,  a t  
s t a t i o n  V13-S, 20-24 September 1980 



F i g u r e  X - 3 5 .  V e l o c i t y  components, s i m u l a t e d  and p r e d i c t e d ,  a t  
s t a t i o n  V19-S, 20-24 September 1980 
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Figure X-36. Velocity components, simulated and predi-cted, at 
station V20-M, 20-24 September 1980 



level are modified as shown in Table X-4 in the vicinity of Sand Island to re- 

flect accumulated dumping of dredged materials. The regional site encompasses 

an area of approximately 4.35 square miles. The modified depths over this 

area reflect a disposal of approximately 1.27 billion cubic feet (47.03 mil- 

lion cubic yards) of dredged material. To place this figure in perspective, 

over the 8-year period (1970-1979) an average of 13.4 million cubic yards per 

yeas were removed from Mississippi Sound (USACE, Mobile District 1979). 

131. The 20-24 September 1980 period as employed in the hydrodynamic 

calibration was simulated assuming the hypothetical Sand Island regional dis- 

posal site was in place. Simulated water levels under this alternative at 

II stations were con~pared with the calibration simulation levels previously 

determined. Water levels within the Sound are unaltered by this hypothetical 

offshore disposal site even at grid cell (87, 27). 

132. The detailed flow patterns in the vicinity of Sand Island are 

shown in Tables X-5 and X-6 for the present conditions at hr 72 and 120, re- 

spectively. The flow patterns in the vicinity of the hypothetical site are 

shown in Tables X-7 and X-8 at hr 72 and 120, respectively. Comparing Tables 

X-5 and X-6 and Tables X-7 and X-8, one notes that the' detailed flow structure 

is changed only in the immediate vicinity of the hypothetical dredge material 

disposal site. Changes in flow structure induced by system modifications in 

Mississippi Sound and adjacent waters similar to the hypothetical Sand Island 

site will be felt only in the immediate vicinity and will not propagate to the 

boundary. Therefore, these modifications may be effectively studied using the 

global grid developed in this study. 



Table X-4 

Global Grid Alternative - 
(Sand Island Complex) 

Original Depth Alternative 
Grid Cell f t;'; -- DepLh, f t 9 ;  

- 

With respect to local mean sea level, 



SUPPLEMENTAL NOTES FOR TABLES X-5 THROUGH X-8 

IN  ORDER TO lNTERPRET TABLES X-5 THROUGH X-8 CONSIDER THE GRID 
NOTA'TION IN THE FOLLOWING FIGURE. 

THEREFORE iN TABLE X-5 FOR COMPUTATIONAL CELL (95, 6), THE Y 
VELOCITY COMPONENT IS -0.1 FPS, WHILE THE X VELOCITY COMPONENT 
IS -0.5 FPS. 

OBSERVE IN TABLESX-7 AND X-8THE HYPOTHETICAL DREDGE DISPOSAL 
SITE IS SKETCHED AS A SOLID LINE IN THE LOWER LEFT HAND CORNER. 

NOTE: IN THE COMPUTATIONS ALL VELOCITIES NQRMAL TO 'THIS LINE 
ARE ZERO. 



Table  X-5 

Simulated Global  Gr id  V e l o c i t y  Components ( f p s  x 1 0 )  f o r  

t h e  O r i g i n a l  Sand I s l a n d  C o n f i g u r a t i o n  a t  Hour 7 2  



T a b l e  X-6 

Simulated Globa l  Grid V e l o c i t y  Components ( f p s  x 10) f o r  

t h e  O r i g i n a l  Sand I s l a n d  Conf igura t ion  a t  Hour 120 -- 





Table X-8 

Simulated Global Grid Velocity Components (fps x 1.0) for 

the Sand Island Alternative at Hour 120 
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PART X I :  REFINED GRID METHODOLOGY AND APPLICATION 

133. The g l o b a l  g r i d  p r e v i o u s l y  developed i s  t o  be used t o  p r o v i d e  

boundary i n f o r m a t i o n  f o r  a  s e t  o f  r e f i n e d  g r i d s .  Each r e f i n e d  g r i d  i s  t o  b e  

l o c a t e d  around a  p o t e n t i a l  channel  a l t e r a t i o n  p r o j e c t .  D e t a i l e d  c i r c u l a t i o n  

i n  t h e  v i c i n i t y  of t h e  proposed channel  m o d i f i c a t i o n s  i s  t o  be  s t u d i e d  w i t h i n  

t h e  r e f i n e d  g r i d .  The assumption u n d e r l y i n g  t h i s  approach i s  t h a t  a l t e r n a t i v e  

channel  a l ignments  and /or  deepening e f f e c t s  w i l l  be l o c a l i z e d  and w i l l  a f f e c t  

c i r c ~ a l a t i o n  o n l y  w i t h i n  t h e  a r e a  covered on t h e  re f i l l ed  g r i d .  

134 ,  The width  o f  t h e  p r i n c i p a l  n a v i g a t i o n  channe l s  w i t h i n  M i s s i s s i p p i  

Sound i s  from 220 t o  350 f t ,  I t  i s  d e s i r e d  t o  use  space s t e p s  on the  same 

crdet. i n  t h e  r e f i n e d  gr i .d ,  S i n c e  t h e  maxj.mmn dep th  even under proposed deep- 

en ing  a l t e r n a t i v e s  i s  approx imate ly  40 f t ,  t h e  g r a v i t y  wave speed I n  t h e  re- 

f i n e d  g r i d  a r e a  i s  l e s s  t h a n  38 f p s .  T h e r e f o r e ,  t h e  e x p l i c i t  t ime  s t e p  l i x n i - %  

i s  l e s s  t h a n  9 s e c .  We a t t e m p t  t o  employ a n  i m p l i c i t  t ime s t e p  o f  60 s e c .  

135. Consi.der a  r e f i n e d  g r i d  sys tem such t h a t  when a  given t i m e  p e r i o d  

i s  s i m u l a t e d ,  t h e  computat ional  c o s t  : incurred w i l l  n o t  exceed t h e  amount r e -  

q u i r e d  t o  s i m u l a t e  t h e  same t ime  p e r i o d  on t h e  g l o b a l  g r i d .  Observe on t h e  

6785-ce l l  g l o b a l  g r i d  a t i m e  sRep of 360 s e c  was u t i l i z e d .  Thus t o  advance 

t h e  s imrr la t ion one t ime  s t e p  on t h e  g l o b a l  g r i d ,  s i x  time s t e p s  w i l l  need t o  

be performed on t h e  r e f i n e d  g r i d .  

136, The c o s t  invo lved  i n  i n v e r t i n g  a  rnatri-x by t h e  Thomas algoritkun a s  

employed i n  WIFM i s  approx imate ly  p r o p o r t i o n a l  t o  i t s  rank cubed. E s t i m a t e  

t h e  rank of t h e  m a t r i x  t o  be i n v e r t e d  f o r  a  g i v e n  g r i d  s e t u p  a s  t h e  s q u a r e  root. 

o f . t h e  nwnber o f  c e l l s  i n  t h e  g r i d ,  N , and 0btai.n t h e  f o l l o w i n g  r e l a t i o n s h i p  

assuming a u n i t  p r o p o r t i o n a l i t y  f a c t o r :  

n -- (N) 3 / 2  

where 

W = c o s t  invo lved  i n  i n v e r t i n g  t h e  m a t r i x  f o r  a  g iven  g r i d  system 

N = number of c e l l s  i n  t h e  g r i d  sys tem 

The t o t a l  s i m u l a t i o n  c o s t ,  C , i s  t h e n  g i v e n  by t h e  f o l l o w i n g  r e l a t i o n  



where 

C = total simulation cost 

M = number of time steps in the simulation 

W = cost involved in inverting the grid system matrix 

Let us equalize simulation cost in considering a given time period on each 

grid. In so doing, an upper bound on the number of grid cells to employ in 

the refined grid is obtained as foLlows 

Therefore if approximately 5000 cells in the global grid are involved in the 
3/2 

computations : = 1 and H a 1500 . Thus a refined grid involving 

approximately 1500 cells in the computations must be constructed. 

137. Let us now consider the general orientation of the principal navi- 

gation channels to the axes in the global grid as shown in Figure XI -1 .  As 

may be observed, the navigation channels do not run parallel., throughout their 

extent, to the global grid axis. If the refined grid orientation corresponds 

to that of the global grid, stair-stepping is normally employed to resolve the 

channel sections nonparallel to the grid systems. This approach, however, 

would n.ecessitate the reduction of t-he space step by more than 100 percent. 

Y 

B E-W 

GULFPORT 

N-S 

Figure X I - 1 .  General orientation of major navigation 
channels in Mississippi Sound 



As a result less than 750 cells could be used in the refined grid system to 

maintain a simulation cost for a given time equal to that of the global grid. 

This number of cells would probably be insufficient to resolve the chann.el 

properly in the refined grid. Therefore, it is necessary to idealize the 

channel systems somewhat within the refined grid. In order to demonstrate the 

refined grid approach on a typical navigation channel, the Pascagoula Channel 

was selected for further study. A refined grid was constructed in the ideal- 

ized manner shown in Figure XI-2. By utilizing this channel idealization it 

was possible to employ the same orientation in the refined grid as in the 

global grid and use two dense vertical bands in the vicinity of the vertical 

channel sections and a single dense 'band of cells in the vicinity of the 

horizontal channel section. The derails of the development of this refined 

grid system in the vicinity of the Pascagoula Channel are now presented, 

Pascagoula Channel refined - grid 

138. Nautical Chart 11374 at a scale of 1:40000 was used $11 mapping the 

refined grid. 

N-S N -S 

Figure X I - 2 .  Pascagoula Channel configuration 

139. The mapping for the horizontal (east-west) orientation is pre- 

sented below in Table XI-1. 



Table  X I - 1  

East-West O r i e n t a t i o n  

The mapping f o r  t h e  v e r t i c a l  ( n o r t h - s o u t h )  o r i e n t a t i o n  i s  g i v e n  i n  Table  XI-2. 

Table  X I - 2  

North-South O r i e n t a t i o n  

WEC LPW 
$ 4  
2 2 
3 a 
4 a 
5 2 
6 2 
7 2 

The g r i d  o b t a i n e d  c o n t a i n s  49 x 28  = 1372 c e l l s  and i s  p r e s e n t e d  i n  F ig -  

u r e  X I - 3 .  I n  t h e  above t a b l e s ,  t h e  r e a l  space  v a l u e s  a r e  i n  map i n c h e s .  

140.  Program TGRID was employed t o  p l o t  t h e  r e f i n e d  g r i d  a t  a  s c a l e  o f  

1:40000 s o  t h a t  i t  would be o v e r l a i d  on Char t  11374,  The average  dep th  over  

t h e  c e l l  was a s s i g n e d  a s  t h e  c e l l  d e p t h  i n  most c a s e s .  The b-ydrographic su rvey  

i n f o r m a t i o n  was a l s o  used t o  modify channel  dep ths  and c h a r t  d e p t h s  i n  t h e  v i -  

c i n i t y  o f  t h e  p a s s e s .  The a s s i g n e d  d e p t h s  a r e  p r e s e n t e d  i n  Tab le  XI-3, which 

was d i r e c t l y  o u t p u t  from t h e  model. A l l  w a t e r  d e p t h s  a r e  i n  f e e t  preceded by 

a  minus s i g n  and a r e  w i t h  r e s p e c t  t o  l o c a l  mean s e a  l e v e l .  A l l  l a n d  i s  r e p r e -  

s e n t e d  a s  +I0 f t .  

B a r r i e r  I s l a n d  c o n f i g u r a t i o n  

141. A l l  b a r r i e r  i s l a n d s  were l o c a t e d  on c e l l  f a c e s  and a s s i g n e d  a n  











e l e v a t i o n  o f  10 f t  above l o c a l  mean s e a  l e v e l .  The b a r r i e r s  were typed  a s  ex- 

posed s i n c e  no over topp ing  occur red .  The b a r r i e r  i s l a n d  c o n f i g u r a t i o n  i s  

shown i n  Table  XI-4 below. The o r i e n t a t i o n  numbered 1 cor responds  t o  a  b a r r i e r  

on t h e  u - c e l l  f a c e ,  w h i l e  o r i e n t a t i o n  2 r e p r e s e n t s  a  v - face  b a r r i e r .  

Table  XI-4 

B a r r i e r  C o n f i g u r a t i o n  

Loca t ion  
No. - O r i e n t a t i o n  - N M - 

Flow i n p u t s  and c a l i b r a t i o n  s t a t i o n s  

142 ,  Two Plow i n p u t s  f o r  t h e  Pascagoula  R i v e r  System a r e  cons idered .  

The Pascagoula  River  i s  a s s i g n e d  a s  i n p u t  t o  c e l l  (8,1) and t h e  E a s t  Pascagoula  

R i v e r  i s  a s s i g n e d  a s  i n p u t  t o  c e l l  ( 1 6 , 1 ) .  Average d a i l y  USGS f lows c o r r e c t e d  

by d r a i n a g e  a r e a  r a t i o s  were used t o  s p e c i f y  i n p u t  f lows  i n  c f s .  

143. The l o c a t i o n  o f  t i d a l  s t a t i o n s ,  v e l o c i t y  s t a t i o n s ,  and s a l i n i t y  

t r a n s e c t  s t a t i o n s  on t h e  r e f i n e d  g r i d  system a r e  shown i n  Table  X I - 5 .  



Table XI-5 

Calibration Station Locations on the Refined Grid - 

Tide Station 1 i - Z  

Velocity Station W I F M  Grid Coordinates 

v12 (3,201 
V13 (35,20) 
V14 (24,251 
V15 (30,27), (33,261 
V16 (49,22), (49,231 

Salinity Transect Station - W I F M  Grid Coordinates 

Global grid boundary interface 

144. A subgrid of the global grid encompassing the Pascagoula Channel 

system was plotted at a scale of 1:40000. The global grid subgrid was over- 

laid the refined grid and boundary cells in the global grid surrounding the 

area were assigned to the nearest corresponding cell center of the refined 

grid. The assignments are shown in Table XI-6. During execution of the 

global grid simulation water surface elevations are written to logical unit 

number 25 and salinities to logical unit number 35. During execution of the 

refined grid simulation these two files are accessed, and linear in time and 

cell-centered linear in distance interpolations are performed to determine the 

refined grid water surface elevation and salinities at the boundary. 



Table  X I - 6  

Global Grid Ce l l -Ref ined  Grid C e l l  Boundary Assignment 

T i d a l  Global  Grid Ref ined  
S i g n a l  No. C e l l  Grid  C e l l  - -- 

T i d a l  Global  Grid Ref ined 
S i g n a l  No. C e l l  Grid C e l l  



PART XII: REFINED GRID HYDRODYNAMIC CALIBRATION AND 
CHANNEL MODIFICATION 

145. In this part, two hydrodynamic simulations over the Pascagoula 

Channel refined grid developed in Part XI are considered. Water surface ele- 

vations computed on the global grid for the 20-24 September 1980 calibration 

period were accessed to define the boundary conditions along the refined grid. 

The convective acceleration and eddy dispersion (advective terms) in the motion 

equation were not considered along the open and closed boundaries and around 

barriers (Appendix B) as well as in the two dense vertical bands used to de- 

scribe the Pascagoula Channel and in the one dense horizontal band used to 

represent a section of the Pascagoula Channel. The sudden discontinuity in 

the depth profile outside the navigation channel was thought to perhaps cause 

problems in the advective calculations. For this reason, advection was not 

considered in the vicinity of the navigation channels. 

146. In simulation one, the same Manning's n versus water depth rela- 

tions considered in the global grid hydrodynamic calibration are used. The 

computed (A) versus predicted (reconstructed) water surface elevations are 

presented in Figures XII-1 through XII-4 for the 120-hr period starting 20 Sep- 

tember hour 0000 CST. Simulated currents are shown in Figures XII-5 through 

XII-11. No predicted (reconstructed) currents are shown, since for this pe- 

riod, due to the K -P separation problem, they cannot be determined. The 
1 I 

simulated water surface elevations match very closely the predicted (recon- 

structed) levels. From this we may infer that the global grid boundary eleva- 

tions are accurate and that the I,-shaped representation of the Pascagsula Chan- 

nel is sufficient to describe water surface elevations within the overall chan- 

nel system. 

Channel modification 

147. In simulation two, the Pascagoula Channel was considered to be ia- 

creased in width from 330 to 660 ft. The depth of the widened channel was 

maintained at 39 ft with respect to local mean sea level (model datum). The 

changes in depth required to update the original channel width are shown in 

Table XII-1. Hydrodynamics was considered over the same 5-day period used in 

simulation one. No wind effects were considered and salinity patterns were 

not simulated. 

148. Simulated water levels for the channel modification are presented 
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Figure XII-I. Simulated versus reconstructed water surface elevations 
at station 874-0199, 20-24 September 1980 (330-ft channel) 
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Figure XII-2. Simulated versus reconstructed water surface elevations 
at station 874-0405, 20-24 September 1980 (330-ft channel) 
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Figure XII-3. Simulated versus reconstructed water surface elevations 
at station 874-1196, 20-24 September 1980 (330-ft channel) 
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Figure XII-4. Simulated versus reconstructed water surface elevations 
at station 874-2221, 20-24 September 1980 (330-ft channel) 
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b.  V-X 

Figure X I I - 5 .  Simulated current velocities at station 48 2 2 ,  
20-24 September 1980 (330-ft channel) 
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Figure XII-6. Simulated current velocities at station 48 23, 
20-24 September 1980 (330-ft channel) 
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Figure XII-7. Simulated current velocities at station 30 27, 
20-24 September 1980 (330-ft channel) 
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Figure XII-8. Simulated current velocities at station 33 26, 
20-24 September 1980 (330-ft channel) 
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Figure X I I - 9 .  Simulated current velocities at station 24 25, 
20-24 September 1980 (330-ft channel) 
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Figure XII-10.  Simulated current velocities at station 35 20, 
20-24 September 1980 (330-ft channel) 
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Figure XII-11. Simulated current velocities at station 3 20, 
20-24 September 1980 (330-ft channel) 



Table XII-I. 

Pascagoula Channel Widening 

Grid Cell Range Channel Depth, - ft 

(16, 1-15) 38.0 

(17, 2-15) 38.0 

(18-34, 14) 38.0 

(18-34, 15) 38.0 

(35, 15-28) 38.0 

versus predicted (reconstructed) levels for the unmodified system in Fig- 

ures XII-12 through XII-15. Water surface elevations with the widened channel 

corresponded to the predicted (reconstructed) levels for the unmodified system 

and hence to the simulation one results. 

149. The simulated current structure at hr 72 of the 5-day simulation 

period is presented in Table XII-2 for the 330-ft channel (simulation one) and 

in Table XII-3 for the 660-ft channel (simulation two). In considering 

Tables XII-2 and X I I - 3 ,  the reader should consult the note on page 174 ,  Ob- 

serve the outline of the channel is indicated as a set of solid lines in both 

tables. The impact of widening the channel is felt locally in the vicinity of 

the channel (2-3 cells in wid-th), and generally the changes are extremely 

small. 

150. Based upon these results, the nested (refined grid) approach is 

appropriate for studying or identifying the extent of channel alterations on 

the local circulation pattern, To study circulation patterns within the cban- 

nel area, a three-dimensional or two-dimensional laterally averaged model is 

needed. 



Figure XII-12. Computed and reconstructed water surface elevations 
at station 874-2221, 20-24 September 1980 (660-ft channel) 

Figure XII-13, Computed and reconstructed water surface elevations 
at station 874-1196, 20-24 September 1980 (660-ft channel) 



WSEL 49 27 874-0405 
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Figure  XIT-14, Computed and recons t ruc ted  water su r f ace  e l eva t ions  
a t  s t a t i o n  874-0405, 20-24 September 1380 (660-f t  channel) 
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Figure Xll-15. Computed and recons t ruc ted  water su r f ace  e l e v a t i o n s  
a t  s t a t i o n  874-0199, 20-24 September 9980 (660-f t  channel) 
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PART XIII: SALINITY CALIBUTION ON THDE GLOBAL AND 
REFINED GRID SYSTEMS 

I S I ,  The simulation of salinity requires the consideration of meteoro- 

logical as well as astronomical effects. Atmospheric pressure anomalies were 

not considered in this study. Predominate meteorological effects in most 

cases are due to wind, Therefore, the wind pattern must be studied for the 

period of consideration. The wind pattern is applied to develop a surface 

shear stress, which affects the hydrodynamic computations. Wind effects were 

not considered in the GTPI simulatinns used to specify elevations along the 

boundary of the global grid, In performing combined global and refined grid 

simulations, the same wind pattern applied over the global grid is applied 

over the refined grid to develop the water surface shear stress effects over 

this grid. During the global grid simulation, water surface elevations and 

salinities are saved at various points within the global grid, which encompass 

the refined grid area. During the simulation on the refined grid, the pre- 

viously saved water surface elevations and salinities are accessed to develop 

the appropriate boundary conditions. 

Wind stress relations -- 

152. The following form of wind stress is employed 

where 

Zw 
= wind stress on the water surface 

C = dimensionless drag coefficient D 
V = wjnd speed at the anemometer level 
W 

pa = air density 

153. Several relationships are available for the determination of e~ + 
Wilson (1962) employs CD = 0.0025 for light wind conditions. Van Dorn (1953) 

employs CD = 0.000923 for winds Xess than or equal to 14 knots. 

154. Garret (1977)  suggests the following power law relation 

(XIII .2) 



where Vw is measured at the anemometer level in knots. (Note: P knot 

= 1.6884 fps = 0.5146 mps.) Evaluating XIII-2 at 14 knots, one obtains C D 
b= 0.00126 . 

155+ We observe the units of stress in Equation XIII-I above are force 

per unit area (M/LT~). In the motion equations in the x and y directions, 
2 the units are in terms of acceleration (L/T ) .  Thus, in applying Equation 

XIII-l to a motion equation, one divides the stress by the product of water 

density and depth; e.g., (L/T2) = (M/LT~)/(M/L~) . Formally, 

(XIII. 3) 

where 

a = acceleration induced by wind stress w 
D = water depth 

Pa = air density 

p = water density 

V I= wind speed at the anemometer level 
W 

K = dimensionless coefficient 

If we u s e  
- 6 CD = 0.001 , we obtain K = 1.191 x 10 I f  we employ British 

units (slug, ft, sec), and V is given in mph , we multiply K by (1.4667) 2 
w 

to obtain 2.562 x a This is the coefficient employed in the computer 

code. 

D i s ~ i o n  -- coefficients 

1.56. The effective dispersion coefficients are ass~mmed go have the form 

given i.n Equation V .  6 4 .  The dispersion offsets du.e to wind are assr~med equal 

to zero. 

Global Grid Salinity Simulations 

12-16 June 1980 -- 
157. This period was originally considered as a verification of the 

salinity computations. Initial conditions in Mississippi Sound were developed 

on the global grid based on salinity transect data. In order to verify the 

effective dispersion coefficients, model results were to be compared with con- 

tinuous salinity data at the end of the 5-day period. Upon further study of 

the continuous salinity data and comparison with the salinity transect data 



at common time and spatial location, it appeared that the continuous data were 

always lower than the transect data. Raytheon Ocean Systems acknowledged a 

biological fouling problem with the conductivity-temperature probe. Continu- 

ous salinity values always increased drastically after the meters were ser- 

viced. As a result of these data uncertainties, it was decided not to con- 

sider this period in the salinity study. 

20-24 September -- 1980 

158. This period was selected for calibration of the dispersion coef- 

ficients in the salinity algorithm. Salinity transect values were available 

on 20 and 21 September. These values were located on the global grid and two 

rectangular areas were set up in which salinity values were visually inger- 

polated from the located transect values. National Marine ~isheries (1981) 

data were obtained for cruises #I06 (April 4980) and #I12 (November 9980) of 

the OREGON II .  These data provided a general understanding of salinity pat- 

terns in the vicinity of the Mississippi Delta. A deep sea vertically aver- 

aged value of 36 parts per thousand was employed. 

159. Initial conditions were assigned in a three-step process as shown 

in Table Xlll-1. In step one, values were assigned based on cell water depth. 

In step two, salinity values were specified within Mississippi Sound based on 

salinity transect data. In step three, initial salinity values within Lake 

Borgne were specified in a zone format. Xn this process each succeeding step 

overrides the previous step. 

0 Salinity boundary condit.ions which remained constant over time are 

shown in Table X I I I - 2 .  A cell-centered spatial interpol.ation analogous to that 

employed for water surface elevations was used to determine salinity values 

along the seaward boundary. 

161. Meteorological effects were treated in the following manner. The 

surge setup due to tropical storm Hermine was approximately in the range 

0.1-0.5 ft. The effect causes an increase or shift in the nodal datum cor- 

responding to local. mean sea level equal to the setup, which i-s less than 

0.5 ft. Since soundings are not known to this accuracy in most areas of the 

Sound, the surge setup effect is negligible and was not considered. However, 

if one attempts to compare simulated water levels with the unfiltered (raw) 

elevation data, then the datum of simulated levels must be adjusted by this 

surge setup. Wind data over the period are presented in Table XXII-3. Based 

upon a study of the spatial and temporal wind variations shown in Table XIIT-3, 



Table  X I I I - 1  

I n i t i a l  S a l i n i t y  Condi t ions  on 

t h e  Global  Grid  

-- 
Water Depth I n i t i a l  S a l i n i G  

-- f t - Value,  pp t  

S a l i n i t y  Grid Ce l l  by Grid  C e l l  -- 

I n t e r p o l a t e d  L i m i t s  

P a t c h  
Global  Gr id  C e l l  Range 

M FI -- 

S a l i n i t ~  Zone S p e c i f i e d  I n i t i a l  Condi t ions  

Zone - 

1 

Global C e l l  R a x e  S a l i n i t y  
N I?! --EEL- 

1 - 15 33 - 50 15.0 



Table XIII-2 

Global Grid Boundary Salinity Conditions 

Tidal Global Salinity 
Signal Grid Cell Value, ppt 

Fresh- 
water Global Salinity 
Inflow Grid Cell;" Value, ppt 

Refer to Table VI-9. 
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wind speed and direction were spatially averaged at 6-hr intervals. 

162. A time step of 360 sec was employed 1200 times in order to simu- 

late a 120-hr period starting at hour 0000 CST, 20 September. In order to re- 

move the effects of transients in the hydrodynamics from the salinity compu- 

tations, salinity computations were initiated after 240 time steps (1 day pro- 

totype time), Thus salinity computations were performed over the period 

21-24 September. The initial conditions specified over the western portion of 

the Sound corresponded to the transect data taken on 20 September. Since 

salinity time variations in salinity were extremely small during this period, 

it was assumed that conditions on 21 September were effectively equal to con- 

ditions on 20 September. Simulation results at the end of the simulation 

(hour 2400 CST 24 September) were compared with transect data obtained over 

the western half of the Sound during the day of 24 September and over the 

eastern half of the Sound during the day of 25 September. Since time varia- 

tions in salinity were extremely small, this was felt to be a valid procedure. 

Wind information input at 6-hr intervals was interpolated in time at each time 

step. Both salinity schemes were considered using the effective dispersion 

coefficient parameters shown in Table XIII-4. Note that Cx and C are in 
Y 

the interval of experimentally determined values (5.93, 20.2) as developed in 

Part V. The reduction factor, F = 0.0388 , employed equals the ratio of the 
lateral to longitudinal dispersion coefficient as determined by Elder (1959) 

as reported in Part V. Therefore, the values of the calibrated dispersion CO- 

efficients are within the range of or are equal to experimentally determined 

values. The scheme 1 FCT results and the scheme 2 three-time level results 

ape compared with measured data as shown in Table XIII-5. In most regions of 

the Sound, the scheme 1 and scheme 2 results are nearly identical and are in 

agreement with measured salinity values. However, in the vicinity of the Up- 

per Mobile Bay freshwater inflow the results diverge as shown in Table XIII-6. 

The scheme 1 results are nonnegative and exhibit no oscillations. The scheme 2 

results exhibit oscillations behind the freshwater front. Thus in order to 

study sharp front problems, scheme 1 is recommended. 

Refined Grid Salinitv Simulation 

163. The 20-24 September period was simulated on the Pascagoula Channel 

refined grid using the Scheme 1 FCT approach. Boundary salinity and elevations 



Table XIII-4  

Cal ibra ted  Dispers ion  Coef f i c i en t  Parameters 

C = C  = 1 0  
x Y 

D = D  = O  
x Y 

Reduction f a c t o r  (F) = 0.0388 



Table  XIII-5 

Global Grid S a l i n i t y  ( p p t )  C a l i b r a t i o n  

20-21 Sep i980  24 Sep 1980 
T r a n s e c t  Global I n i t i a l  Computed 
S t a t i o n  Grid C e l l  Measured Condi t ion  Measured - 1 -- 2 

* 28 Sep 1980. 
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were accessed from the scheme 1 FCT global grid simulation for this period at 

the locations shown in Table XI-6. Temporal and spatial interpolation were 

employed to develop the boundary information at intermediate cells along the 

refined grid boundary, Initial. conditions over the refined grid were deter- 

mined from transect data collected on 20 and 21 September and were specified 

on a cell by cell basis. Since salinity variations in time were extremely 

small, it was assumed that the initial conditions were representative of con- 

ditions at hour 2400 CST on 20 September. In order to study the behavior of a 

purely freshwater inflow, zero values of salinity were specified for cells 

(8,l) and (16,l) representing the West Pascagoula and Pascagoula River inflows. 

Flows during the period were taken from Table VII-1 and were approximately 

1600 and 1000 cfs for the West Pascagoula and Pascagoula. The surge setup 

generated by tropical storm Hermine was not considered. 

164. A 60-sec time step was employed 7200 times in order to simulate 

the 120-hr period beginning hour 0000 CST 20 September. In order to allow 

hydrodynamic transients associated with initial conditions to dissipate, the 

salinity computations were initiated at time step 1440 (hour 2400 CST 20 Sep- 

tember). Wind information employed for the global grid simulation at 6-hr in- 

tervals was interpolated in time at each time step. The calibrated effective 

dispersion coefficient parameters in Table XIII-4 were used to determine 

dispersion. 

165. The growth of the freshwater influence is represented by computing 

the 24-ppt contour after 48, 72, 96, and 120 hr shown in Figures XIII-1 through 

XIII-4. Initial salinity values were larger than 24 ppt. Therefore, fresh- 

water must dilute the water in any given cell to obtain a cell concentration 

less than or equal to 24 ppt. Salinity values in the shaded areas in Figures 

XIII-1 through XIII-4 are less than 24 ppt. Tidal conditions at 48, 72, 96, 

and 120 hr correspond to a mean level between high and low tides as shown in 

Figure XIII-5, which represents the water surface elevation at Pascagoula ob- 

tained during the global grid simulation. At 72, 96, and 120 hr, the tide is 

a lower high tide in a semidiurnal (neap) period. 

166. Figures XIII-1 through XIII-5 indicate that the growth of the 

freshwater influence is a complicated function of wind loading (wind magnitude 

and direction his-tory), freshwater flow rate, and tidal condition. It appears 

that salinity conditions are beginning to stabilize at the end of this 5-day 

period. However, the tidal range is relatively low corresponding to a neap 



48 HOURS 

CELL NUMBER 

M 
LEGEND 

SALINITY TRANSECT STATION 

-24- SIMULATED SALINITY 24 PPT CONTOUR 

F i g u r e  XIII-I. Ref ined  g r i d ,  24-ppt s a l i n i t y  c o n t o u r ,  48 h r  



72 HOURS 

CELL NUMBER 

M 
LEGEND 

SALINITY TRANSECT STATION 

-24- SIMULATED SALINITY 24 PPT CONTOUR 

Figure XIII-2. Refined grid, 24-ppt salinity contour, 72 hr 



96 HOURS 
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LEGEND 

SALINITY TRANSECT STATION 

-24- SIMULATED SALINITY 24 PPT CONTOUR 

Figure XIII-3. Refined grid, 24-ppt salinity contour, 96 hr 
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f i g u r e  XITI-4, Refined g r i d ,  24-ppt s a l i n i t y  contour ,  120 h r  



HOURS 

Figure X I L I - 5 .  Simulated global grid water surface elevation. at 
Pascagoula including wind effect 

tide and the Pascagoula River system i-nflows correspond to a late summer low 

flow condition. For higher tidal ranges and inflows it may require a signifi- 

cantly longer period in order to stabilize the salinity distribution. 

167. Simulated velocity levels at 120 hr (24 September hour 24 CST) are 

compared with transect values measured on 24 and 25 September in Table XIII-7 

at locations indicated in the darkened cells in Figures XIII-1 through XIfI-4, 

As may be noted from these figures, the fresklwater influence does not reach 

any of the transect stations. Therefore, the specification of inflow salinity 

values does not influence the simulation results at these locations. Simu- 

lated salinity levels at the transect station location correspond closely to 

observed values and further verify the dispersion coefficient parameters 

employed. 

168. In order to study the behavior of refined grid simulation results 

in the neighborhood of the Pascagoula Channel inflow on a cell by cell basis, 

the initial salinity levels are compared with simulated levels at 120 hours 

(24 September hour 24 CST) in Table XIII-8. The simulated results appear to 



Table  X I I I - 7  

S a l i n i t y  Condi t ions  on t h e  Ref ined  Grid 

----- 
24 Seg 1980 

20-21 Sep 1980 Computed 
T r a n s e c t  Ref ined I n i t i a l  Scheme 
S t a t i o n  Grid  C e l l  Pleasured Condi t ion  Measured - 1 -- 

28 Sep 1980. 

22 1 



Table XIII-8 

Behavior of Refined Grid Salinity Simulation in the 

Vicinity of the Pascagoula River Inflow 

Initial Conditions, 24 hr, Salinity (ppt) 
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exhibit spurious fluctuations in cells (15-17, 2-6). This area of cells is 30- 

cated within the Pascagoula River i-tself as shown in Figure XIII-4. Although 

simulated salinity values are nonnegative, the behavior of the simulation in- 

dicates that the refined grid cannot be used effectively to predict salinity 

levels within the Pascagoula River itself. The numerical di.fficulties are due 

to the averaging process employed in coupling a two time level salinity finite 

difference scheme with a three time level hydrodynamic scheme. In practice, 

these difficulties would be resolved by employing an even more refined grid in 

the vicinity of the Pascagoula Channel inflow. 



aJ 
k
 

0
 

s 
W

a
J

V
J

a
J

 
a
 

A
 

Z 
a

d
 a

J
c

,
 
0
 

';J 
g 

d
 

.d
 

c
,

d
Q

 
M

 
k
 

c, 
m

 
a

k
.

~
c

,
 

r
l 

0
 

3
 

m
 

m
o

w
 

% 
c, 

a
 

m
 

aJ 
c, 

r
i

m
s

u
m

 
C

4
a

J
.

d
 

h
a

 
3
 

M
 

a
J

z
m

m
k

 
4
 

5
 

5
a

J
5

m
o

 
k

E
d

W
 

d
 

0
 

m
"

d
Q

 
3
 

m
 

m
k

5
m

 

'
C

$
&

 
.

r
l

E
 

M
r

l
 

c, 
aJ 

a
J

+
 

m
c

,
a

 
$

l
,

a
J

a
J

o
 

Z
a

J
d

U
 

8
-

l
m

.
r

l
m

a
 

aJ 
w

 
w

 
.d

 
l

n
a

J
k

&
 

a
J

h
l

k
5

c
,

 
U

 
I
 

rn 
.d

 
m

o
m

 
W

 
(\I 

k
 

3
 

k
 

k
 

aJ 
0
 

1
a

O
O

+
J

 
m

o
w

 
rl 

k
k

V
1

 
m

 
d
 

c
u

c
u

d
a

a
,

 
c

,
P

I
O

a
J

 
r
l
 

3
 

3, 
S

d
c

,
C

a
r

l
 

o
m

r
l

 
a
 

.r( 
5
 

5
 

a
J

c
,

$
E

a
,

 
c

,
n

f
r

l
.

d
c

,
 

m
k

a
~

m
u

 
r
i 

3
 

2 
1
 

k
 

E
r

l
.

3
 

.
r

l
m

m
a

 
m

U
a

o
z

 
G
 

r
l
 

0
 

a
J

a
J

E
1

L
-

I
U

 
aJ 

aJ 
P

I
k

 

LQ 
3
 

m
 

k
 
-
a
 o

 
m

 
~

d
 

I
 
A
 

L) 
C1 

- m
 

c
j 

ffl 



within the refined grid, An L-shaped idealization was em- 

ployed to represent the branching of the Pascagoula Channel. 

Based upon these results, the idealization of the chan- 

nel represented the actual system in sufficient detail to ef- 

fectively simulate reconstructed levels on the refined grid. 

c. In the hydrodynamic simulation outlined in a and b, astronomic - - - 

tide conditions were considered. Meteorological effects, 

namely, pressure anomaly, and long-wave setup must be con- 

sidered if one attempts to compare simulated hydrodynamic 

water bevels and currents with the observed (unfiltered) data. 

For the calibra-Lion period, the long wave setup clue to tropical 

storm Nermine is estimated to be approximately 0 , 3  Et. 

d. It was necessary to increase the amplitude of the diurnal - 
(01 K1 PI) and decrease the amplitudes of the semidiurnal 

(M2 , S ) tidal constituents from the values produced by the 
2 

GTM in order to achieve hydrodynamic calibration and verifica- 

tion on the global grid and hydrodynamic calibration on the 

refined grid. 

e.  Since - M2 and S2 were dominant during the calibration pe- 

riod and 0,  9 KI ,and PI were dominant during the verifi- 

cation period, effectively all five constituents were con- 

sidered during the calibration and verification process. 

Therefore, the hydrodynamics for any period may be effectively 

simulated on the global grid and refined grid. 

f. A hypothetical regional dredge disposal site in the vicinity - 

of Sand Island studied on the global grid appeared to alter 

the tidal pattern only in lower Mobile Bay. Since the tidal 

pattern was not changed near the boundary, the boundary condi- 

tions supplied by the GTM remain valid and regional disposal 

alterations of this nature may be effectively studied on the 

global grid. 

g. The hydrodynamic effects of doubling the present channel width 

of the Pascagoula Channel as studied on the refined grid are 

localized to a narrow band of cells outlining the channel and 



do not propagate to the boundary. As a result, adjustments to 

the navigation channels (minor adjustments in alignment, deep- 

ening, and widening) will induce changes in the flow pattern 

only in a narrow band of cells surrounding the area in which 

the adjustments are made. Flow changes will not propagate to 

the boundary, and the ineegrity o f  the global grid supplied 

boundary conditions will be maintained. This finding indi- 

cakes that proposed changes in navigation channels may be 

studied on a case by case basis by developing individual re- 

fined grids around the appropriate channels. Boundary condi- 

tions for each of these refined grids may be developed using 

the global grid developed in this study, 

i. Salinity data were collected a-t 40 stations encompassing His- - 

sissi.ppi Sound over a 2-day period at regular intervals over 

the period April-November 1980, Conductivi ty- ten~perature 

readings were recorded and converted to salinity on a contin- 

uous basis at si.x locations over the entire Sound during the 

same period. Due to biological fouling of the conductivity- 

temperature probes, continuous salinity data could not be con- 

sidered reliable and were not used to calibrate the salinity 

component of the model. 

As a result, no observed time-varying salinity data were 

available. Transect data on 20-21 September and 24-25 Sep- 

tember were used to establish initial conditions and provide 

conditions to compare with simulated salinities. Both ehe FCT 

scheme 1 and full three-time local explicit scheme 2 were con- 

sidered on the global grid. Meteorological effect due to wind 

only was considered. Within Mississippi Sound simulation re- 

sults for both schemes were nearly identical and corresponded 

to observed levels to within 1 ppt. In upper Mobile Bay, 

within the freshwater influence, scheme 2 results oscillated 

behind the freshwater front. The scheme 1 FCT results were 

nonnegative and nonoscillatory. Although due to the nonavail- 

ability of time varying salinity data, the global grid salinity 

calibration is not as rigorous as the hydrodynamic, the 



calibrated dispersion coefficient parameters are within experi- 

mentally determined ranges. 

. The simulated water surface elevations and salinity levels on 

the global grid for the calibration period 20-24 September 

were used to provide boundary conditions for a refined grid 

simulation for the same period. Temporal and spatial distribu- 

tions of freshwater fronts associated with the Pascagoula 

River system were studied using the FCT scheme 1 approach. 

Meteorological effect due to wind only was considered. During 

the 21-24 September period, the freshwater front associated 

with the Pascagoula River inflow (PO00 cfs) extended along the 

channel and into the middle of the Sound. In contrast, the 

freshwater front associated with the West Pascagoula River in- 

flow (1600 cfs) was confined to an area near the shoreline. 

This front appeared to be driven to the west by the prevailing 

winds which were from the south-southeast. Simulated salinity 

levels corresponded to within 2.3 ppt of measured transect 

values at all eight stations, which all were located outside 

the region of freshwater influence. 

As a result of the closeness of the comparison, the cali- 

brated values of effective dispersion coefficient parameters 

were substantiated further. 

k. The growth of the freshwater fronts associated with the Pasca- - 
goula and West Pascagoula Rivers was influenced by the wind 

magnitude and direction, the magnitude of the freshwater in- 

flows, and the astronomic tide. 

As a result, in considering alternatives to the Pasca- 

goula Channel, care must be taken in developing representative 

conditions for these phenomena. 

170. The following recommendations are made based upon study results. 

a. In the development of additional refined grids for study of -- 

alternate channel systems, an implicit time step in the neigh- 

borhood of 60 sec can be economically employed with a minimum 



space step on the order of the channel width and a grid with 

1000-1500 computational cells. 

b. - In studying the effects on salinity of dredge practices on 

either the global or refined grid, the FCT scheme 1 is pre- 

ferred over scheme 2 for sharp front problems, Mowever, 

scheme 1 is on the order of three times slower than scheme 2, 

Thus, if fronts are not sharp; i. e. , if one specifi-es the same 
value of salinity for the flow input as is found in the neigh- 

boring cells of the inflow, scheme 2 may be effectively 

employed. 

c. Additional research is warranted to flux correct the three - 

time level explicit scheme (scheme 2). This research would 

produce a reasonably fast (approximately SO percent faster 

than the present scheme 1) but accurate transport scheme and 

eliminate the averaging of the hydrodynamic variables used in 

scheme 1 FCT. 

d. Due to the dependence of the salinity'distribution associated - 

with freshwater fronts on wind, flow rate, and astronomical 

tide, it is recommended that additional simulations be per- 

formed in order to develop the sensitivity of the salinity 

distribution with respect to each of these influences. The 

results of this sensitivity analysis would provide useful in- 

formation in developing design scenarios for each channel al- 

teration project. 
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APPENDIX A: GUIDE TO WIFM MODEL INPUT REQUIRElfENTS 

1. The preparation of the necessary input data required by WIFM is con- 

sidered in light of the need to develop additional refined grids in the vicin- 

ity of navigation channels (Gulfport and Biloxi). This appendix is not in- 

tended to be a complete user guide but to outline in detail the requirements 

necessary in developing an input data deck for a refined grid system. The 

basic requirements are presented in Table Al. Each item in this table is dis- 

cussed in terms of WIFM-SAL input requirements using the Pascagoula Channel 

refined grid system developed in this study. A complete description of model 

input variables and required data formats is reported by Schmalz (1984). 

Table A1 

WIFM Input Requirements for a Refined Grid 

I, Plot global subgrid encompassing the refined grid region 

II, Map the refined grid system 

III. Specify the depth field 

IV. Specify the barrier characteristics 

V, Specify flow input locations and discharges 

VI. Specify tidal signal input 

VII. Specify initial salinity conditions 

VIII. Specify wind information 

IX. Specify simulation control variables 

Mapping the Global Subgrid of Pascagoula Region 

2. Initial development of the refined grid required reproducing the com- 

plete global grid of Mississippi Sound. 

3 .  Program MAPIT was executed using the table of input variables pre- 

viously prepared in generating the global grid. Once this file was stored a 

subgrid of the region selected (in this case, Pascagoula Channel) was plotted 

at the same scale ( 1 : S O O O O )  as that chosen for the refined grid. The global 

subgrid was overlaid on the project map (chart 11374) for the refined grid in 

order to facilitate commonality of feature specification. 



Hling_of Pascagoula Channel -- 

4 .  The first effort to map a grid of approximately one thousand (1000) 

cells having three ( 3 )  bands of high resolution was maccept.abl.e. 

5 *  The aspect ratio (cell width versus length) exceeded desirable 

limits. Aspect ratios should be Less than 2 0 .  

6. To reduce the aspect ratio and total number of cells required, the 

second effort eliminated two of the high resolution bands, This grid, while 

only 1034 cells (47  x 2 2 ) ,  once plotted and overlaid chart 11374 was clearly 

inadequate (with only one high resolution band) to model t h e  branching channel 

into Pascagoula. 

7. The third effort attempted increasing the number of cells, decreas- 

ing the region to be mapped and adding a fourth band of high resolution. This 

produced a grid of 2058 cells (49 x 42). While the grid would allow better 

idealization of the channels and rivers it was considered too large for eco- 

nomical computation. 

8. Using this third grid as a guide, the following decisions were made 

with regard to producing the final grid: 

a. Left boundary of refined grid coincided with global grid, - 

N = 5 3 .  

b. - Bot.tom or seaward boundary of the refined grid coincided with 

global grid M = 33 . 
c. Three high resolution bands whose cells, 0.1 map inches in width - 

(300 ft in nature), were positioned to achieve an idealized chan- 

nel. Two dense bands were mapped in the y direction, at the 

main channel and at the west river, and one band was mapped in 

the x direction at the channel junction. 

d, The right boundary of the refined grid extended to approximately - 

global grid M = 67 . 
e. The upper (land) boundary extended to approximately global grid - 

M = 1 8 .  

9. The final grid covered an area from near Bellafontaine Point to near 

Point Aux Chenes Bay. Tables A2 and A3 show the Y , Y '  , and a and X , 
X '  , and a for the Y direction and the X direction, respectively. These 

input variables for Program MAPIT produced a grid of 1372 points (49 x 28). 

The scale is 1:40000 and the file is ordered as follows: Y direction 



Table A2 

Y - Direction Mappingiy 

Y 
Map in. 

1.0  
8 .0  

10.5 
12.25 
14 .1  

Y' 
Map in. 

2.10 
1-56  
1 .00  
0.75 
0.50 

* The Y direction was mapped from west 
to east (left to right), thus the WIFM 
numbering convention was followed. 

Table A3 

X Direction Mapping* 

X X ' 
Map in. Map in. - a 

1.0  1 .5  1 
4.0 1 .5  2 

11.1 0.75 7 
12 .3  0.5 2 
12 .8  0 . 1  2 

The X direction was mapped south to 
north ('bottom to top). The WIFM n m -  
bering convention was not observed, 
thus &he file is ordered i.n the oppo- 
site direction, i.e. refined grid cell 
M = 2 is global cell number M = 27 . 



followed by X direction. The refined grid was then plotted on paper and 

mylar by using the DOGRIB procedure. 

10. The stretching coefficients were also punched using the DOGRID pro- 

cedure for subsequent input to WIFM-SAL, 

11. The depth field was digitized from nautical chart 12374 (Ed IS) 

dated November 1980. All cells designated as the idealized channel were set 

to depth -38 (project channel depth). Cel1.s representing land were set to 

depth +10. The datum was MLLW, Gulf Coast Datum. 

12. The bathymetric surveys (Raythean Ocean Systems Co. June/July 1980) 

for Worn Island Pass (Transect 1 P A ,  R g  C) was reviewed to ensure that depths 

assigned Lo the band of high resolution ce l l s  in the pass would reflect the 

survey, The depth field comprises Card Group 13 .  

Barrier Specification 

13. Barriers were specified for the refined grid based upon the island 

configuration and shallow depth areas. Fur barrier specification all the bar- 

riers were assumed to be exposed throughout simulation and barrier elevations 

were set to 4-10 ft. 

14. Barriers are located on either the u or v face of each cell, 

Figure A - l  shows this orientation. 

-5- v FACE 

r 
u FACE 

Figure Al. Barrier cell face orientation 



15. To code t h e  b a r r i e r  l o c a t i o n ,  IDIR i s  s e t  t o  1 f o r  a  u  f a c e  b a r -  

r i e r  and s e t  t o  2 f o r  a  v  f a c e  b a r r i e r .  IDIR i n d i c a t e s  f low d i r e c t i o n .  

16.  F u r t h e r  t o  l o c a t e  t h e  b a r r i e r  it has  t o  be  s p e c i f i e d  by i t s  r e f i n e d  

g r i d  i n d i c e s  and t h e i r  r ange .  The f o l l o w i n g  examples i l l u s t r a t e :  

A b a r r i e r  on t h e  u  c e l l  f a c e s  of c e l l s  ( 4 ,  24) ( 5 ,  24) 

and ( 6 ,  24) i s  coded t h u s :  

ITYP INDX IDIR I1 I 2  I 3  

I1 i s  t h e  M row of  t h e  u  f a c e  b a r r i e r  l o c a t i o n .  I 2  and I 3  correspond t o  

t h e  range o f  columns ( N '  s )  t h a t  t h e  b a r r i e r  e x t e n d s  a l o n g  row M i l l ) .  

17 .  A l t e r n a t e l y ,  a  b a r r i e r  on t h e  v  c e l l  f a c e s  o f  c e l l  ( 7 ,  2)  and 

( 7 ,  3 )  i s  coded: 

ITYP INDX I D I R  I1 I 2  I3 

I1 i s  t h e  N column of  t h e  u  f a c e  b a r r i e r  and I 2  and I 3  correspond t o  t h e  

range of rows t h a t  t h e  b a r r i e r  ex tends  a long  column N (11) .  B a r r i e r  l o c a t i o n  

codes a r e  t h e  f i r s t  s e t  o f  i n p u t  v a r i a b l e s  i n  Card Group 17.  

Flow S p e c i f i c a t i o n  

18.  F reshwate r  i n f l o w  l o c a t i o n s  were no ted  f o r  t h e  Pascagoula  and West 

~ a s c a ~ o u l a  R i v e r s  i n  t e rms  o f  t h e  r e f i n e d  g r i d  c o o r d i n a t e  system. 

19 .  Loca t ion  i n f o r m a t i o n  i s  s p e c i f i e d  i n  t h e  boundary i n p u t  Card 

Group 17.  For  t h e  West Pascagoula  t h e  i n p u t  i s  s p e c i f i e d  a s  f o l l o w s .  

Ref ined  Grid I n d i c e s  

ITYP INDX I D I R  M 1 N2 
9 1 1 1 8  8 

ITYP = 9 f o r  a  f low input. .  I D I R  = 1 f o r  a v e r t i c a l  o r i e n t e d  x  a x i s  o r i -  

e n t e d  i n f l o w .  INDX s p e c i f i e s  t h e  d i s c h a r g e  a r r a y .  S i n c e  t h i s  i n f l o w  i s  t h e  

f i r s t  in f low s p e c i f i e d ,  INDX = 1 . 
20. Note i n  s i m u l a t i n g  s a l i n i t y ,  s a l i n i t y  v a l u e s  a s s o c i a t e d  w i t h  t h e  

g i v e n  in f low must a l s o  be  s p e c i f i e d  i n  Card Group 21.  



Tidal Signal Input Specification 

21. To specify the locations for the tidal signal inputs, where the 

global and refined grid interface, the cell centers of the g loba l  grid cells 

on the refined grid boundaries must be referenced in their respective refined 

grid indices. To accomplish this, all cells in the global grid where tidal 

inputs would be made to the refined grid were identified and numbered, Forty 

(40) global grid cells lie along refined grid (water) boundaries. To iden- 

tify their centers in optimum refined grid indices, .Lhe refined grid was 

overlaid the global grid. Table A4 lists the tidal signal inputs and their 

N, M indices in both the global and refined grid. The refined grid M indices 

are the IGX array; the N indices are the IGY array (Card Group 3 a ) .  

22. The forty cells in the table are assigned botnndary values based 

upon the results obtained a% their corresponding locations in %be g l o b a l  grid, 

For int-ermediate refined grid points interpolation is required. To specify 

interpolation along the x-axis for cells (1, 6)  through (1, 8) in the refined 

grid the following data are required. 

I1 I2 I3 I 4 I5 I 6  

Refined Grid Boundary Sweep Tide Iguts -- 

ITYP INUX IDIR N M1 M2 Orientation Signal Signal A B 
8 1 2 1 6  8 0 1 2 

Note I4 = 0 for a lower sweep boundary and IBIR = 2 far x interpolation 

ITYP = 8 for a tidal elevation boundary. Observe i n  Table A4 that signals 1 

and 2 correspond to cells (1, 6) and (1, 8) in the refined grid. Thus values 

at refined cell (1, 7) will be interpolated from the values of tidal signal 

inputs 1 and 2 (based upon x distance). 

23. To specify interpolation along the y-axis for cells (5,28) 

through (8,28) in the refined grid the following data are required. 

11 I2 I3 14 I5 16 

Refined Grid Boundary Sweep Tide Inputs 

ITYP I M I X  IDIR M N1 
N2 Orientation SignalA SignalB 

8 1 1 28 5 8 1 29 30 



Table  A4 

Global  Grid Cel l -Ref ined Grid C e l l  Boundary Assignment 

T i d a l  N , M  I n d i c e s  T i d a l  N ,M I n d i c e s  --. 

S i g n a l  No. Global Grid Ref ined Grid  S i g n a l  NoO Global  Grid Ref ined  Grid 

1 5 3 ,  2 1  1 , 6  / 2 1  
67 ,  29 4 9 ,  2 4  

Freshwate r  
Flow I n p u t s  

1 West Pascagoula 

2 Pascagoula  5 9 ,  19 1 6 ,  1 

Reference t o  Card Group 3a - T i d a l  s i g n a l  i n p u t  l o c a t i o n s  

1. Each M index  o f  t h e  r e f i n e d  g r i d  i n d i c e s  i s  an  e lement  o f  the  I G X  
a r r a y  

2. Each N index of t h e  r e f i n e d  g r i d  i n d i c e s  i s  an  e lement  o f  t h e  IGY 
a r r a y  

Reference t o  Card Group 1 7 .  

1. The t i d a l  s i g n a l  numbers a r e  I5 and 16. 
2 .  The N ,  M i n d i c e s  l o c a t e  where t h e  t i d a l  s i g n a l s  o r  f lows  a r e  i n p u t  

on t h e  r e f i n e d  g r i d .  



Note I4 = I for an upper sweep boundary and I D I R  = I for y interpolation. 

ITYP = 8 for a tidal boundary. Observe in Table A4 that signals 29 and 30 cac- 

respond to cells (5, 28) and (8, 28) i n  the refined grid. Thus values at re- 

fined cells (6, 28) and ( 7 ,  28) will be interpolated from the values af tidal 

signals I and 2 (based upon y distance). 

Saliaig Initial Condition Specification -- - 

2 4 ,  The calibration period (20-24 September 1980) was selected for simu- 

lating salinity on the refined grid, 

25. Initial conditions for each cell were specified by transferring the 

calibration period initial salinity values from the global subgrid to the re- 

fi.ned g r i d .  To faci.1itat.e this task, the gl.obal subgrid (scale P:80000) was 

reproduced and the initial salinity values were recorded thereon. Then the 

refined grid was reproduced at scale 1:80000 and over]-aid on the subgrid. 

26. Initial salinity conditions for the global subgrid had been speci- 

fied based upon salinity hransect surveys taken during 20-21 September 1980. 

27. See Table A5 for transect station location summary. 

28, Salinity initialization is specified in Card Group 13b. 

Specification of Wind Information 

29. The user has the option of considering wind effects on the hydro- 

dynamics and the salinity. Wind speeds are input in miles per hour and wind 

directions are in the meteorological or P'£roms' convention as opposed to the 

oceanographic or "to" convention (O0 from the N , 90Q from the E , etc). 
Wind speeds and directions may be entered in tabular form in Card Group PI. 

Development of Simulation Control Variables 

30. Simulation control variables determined by the grid and depth char- 

acteristics are DX , DH , and TAU , which are specified in Card group 4. 
31. DX is the vertical spatial stepsize, while DY is the horizontal 

spatial stepsize. These variables are determined from the scale at which the 

grid was mapped. In this case the mapping was at the 1:40000 scale, where 

1 in, equals 40,000 in. 



3 2 .  DX is the real space prototype distance (ft) represented by one 

unit (in.) in the grid in the vertical or M direction, Thus 

DX - 4000 in. 
12 in./ft or 3 3 3 3 . 3 3  ft 

3 3 .  DY is the corresponding value associated with the Y or W direc- 

tion of the grid, I n  the refined grid the same scale was used for mapping 

both directions. DX equals DY . 
3 4 .  TAU is the time-step length and was determined in the following 

manner . 

At = - AS min (ft) 

Gft/sec2)*d max (ft) 

where AS is the minimum of DX times the smallest X expansion coefficient 

(Mu) and DY times the smallest Y expansion coefficient (Nu). 

[Mu is the smallest X expansion coefficient; i.e., the smallest X prime 

chosen for the mapping = 0.101.  

[Nu is the smallest y expansion coefficient; i.e., the smallest y prime 

chosen for the mapping = 0 ,101 .  

g is the acceleration of gravity = 32.2 ft/sec. 

d is the maximum depth of water assigned to a cell in the depth 
max 

field = 50 ft. 

At is the explicit time step limit. 

Thus 

= 8 . 3  sec 

This is the maximum time step that can be used for explicit model-ing. Since 

WIFM-SAL is an implicit model, TAU can be up to 10 times larger than At . 
TAU for the refined grid was set to 60 sec. 

3 5 .  Surface elevation, velocity, and salinity stations within the region 

represented by the refined grid were plotted onto nautical chart 11374 (Ed 16). 

This put all the prototype data station location and the depth information for 

the model in one place. Station 1ocat:ions were then plotted onto the refined 



g r i d  and g l o b a l  s u b g r i d .  Tab le  A5 summarizes t h e  l o c a t i o n s  and t h e i r  N ,  Pf i n -  

d i c e s  i n  b o t h  g r i d s ,  

3 6 ,  This  t a b l e  forms t h e  b a s i s  f o r  ass ignments  t o  t h e  c o n t r o l  v a r i a b l e s  

i n  Card Groups 25, 26, and 27 which a r e  t h e  p l o t t i n g  c o n t r o l s ,  

NNPOT - number o f  s u r f a c e  e l e v a t i o n  s t a t i o n s  

W L P N  - number o f  v e l o c i t y  s t a t i o n s  

IMPOT - N i n d i c e s  o f  s u r f a c e  e l e v a t i o n  s t a t i o n s  

IMPOT - M i n d i c e s  o f  s u r f a c e s  e l e v a t i o n  s t a t i o n s  

W C O R D  -, N i n d i c e s  o f  v e l o c i t y  s t a t i o n s  

MYCORD - M i n d j c e s  o f  v e l o c i t y  s t a t i o n s  

33.  The v a l u e  of NFmQ ( inpu t  Card Group 5)  can be determined here,  

3600 s e c / b r  or  WmQ ----------------- 
Tau s e c  3600 = 6 0 / h r .  Thus hydrodynamic d a t a  w i l l  be 60 s e c  

p r i n t e d  e v e r y  60 t ime  s t e p s  o r  once p e r  hour a t  each of  t h e  d a t a  s t a t i o n s .  

3 8 .  The N ,  M i n d i c e s  o f  t h e  hydrodynamic gages  form t h e  two a r r a y s  MPOT 

and MPOT which a r e  WLFM-SAL i n p u t  Card Group 8, The t o t a l  number of hydxro- 

dynamic p r o t o t y p e  gages i s  t h e  v a l u e  of NGAGE ( input  Card Group 5 ) .  



Table  A5 

Data S t a t i o n  Loca t ion  Summary 

S t a t i o n  

V e l o c i t y  

S u r f a c e  E l e v a t i o n  

T4 Born I s l a n d  

T5 Pascagoula 

T6 P e t i t  Bois 

T7 Grand B a t t u r e  

S a l - i n i t y  T r a n s e c t  

T5 4  

T5 6  

T5 8 

T6 0 

T6 2 

T64 

T66 

T68 

- N ,  M I n d i c e s  
Loca t ion  Globa l  Grid Ref ined   rid- - 

1. S t a t i o n  V16 l o c a t e d  beyond r i g h t  of c e l l  49,22 o u t s i d e  t h e  r e f i n e d  
g r i d .  B 

2 .  S t a t i o n  T7 l o c a t e d  beyond r i g h t  o f  c e l l  49.5  o u t s i d e  t h e  r e f i n e d  
g r i d .  

3 .  S t a t i o n  T56 l o c a t e d  a t  c e l l  boundary between 33,26 and 34,26.  
4 .  S t a t i o n  T60 l o c a t e d  a t  c e l l  boundary between 32,16 and 33 ,16 ,  



APPENDIX B: PROGRAM TIDE 

1. Program TIDE i s  a  genera l  purpose program t o  p r e d i c t  t h e  t i d a l  char-  

a c t e r i s t i c s  ( e l eva t ion  o r  c u r r e n t  component) given t h e  harmonic cons tan ts  and 

p r e d i c t i o n  per iod .  The program a l s o  w i l l  access  water  su r f ace  e l e v a t i o n  and 

c u r r e n t  component t apes  conta in ing  t h e  r e s u l t s  of t h e  s tandard  harmonic analy- 

s i s  ( f i l t e r e d  and u n f i l t e r e d  va lues ) .  Based upon t h e  harmonic cons t an t s  f o r  

t h e  analyzed s t a t i o n s ,  t h e  program p r e d i c t s  t h e  s t a t i o n  t i d a l  c h a r a c t e r i s t i c s  

and ou tpu t s  t h e  va lue  next  t o  t h e  u n f i l t e r e d  and f i l t e r e d  va lues  a t  each hour .  

This se rves  a s  a check on t h e  harmonic a n a l y s i s .  The program a l s o  w i l l  w r i t e  

t o  a  WIFM compatible p l o t  f i l e  t h e  p red ic t ed  t i d a l  c h a r a c t e r i s t i c  a t  u s e r  

s p e c i f i e d  l o c a t i o n s .  During t h e  WIFM s imula t ion ,  t h i s  p l o t  f i l e  i s  accessed 

t o  enable ove rp lo t t i ng  of p red ic t ed  t i d a l  c h a r a c t e r i s t i c s  on computed r e s u l t s  

a t  common l o c a t i o n s ,  thereby  a id ing  the  hydrodynamic c a l i b r a t i o n  process .  

2 .  The input  v a r i a b l e s  a r e  def ined followed by a  l i s t i n g  of t h e  program. 

Program TIDE: 

IYEAR - Year of t h e  p r e d i c t i o n  (e .g .  1980) 

IMONTH - Month of t h e  p r e d i c t i o n  (e .g .  9 )  S t a r t  Time of t h e  
IDAY - Day of t h e  p r e d i c t i o n  (e .g .  20) P r e d i c t i o n  Period 

T H R  - Hour of t h e  p r e d i c t i o n  (e .g .  00) 

ICONST - 37 element a r r a y ,  spec i fy  1 i n  t h e  app ropr i a t e  a r r a y  element 
i f  t h e  c o n s t i t u e n t  i n  NCONST a r r a y  i s  t o  be considered i n  
developing node f a c t o r s  and equi l ibr ium arguments. 

NTIDE - Number of t i d e  s t a t i o n s  

NCOMP - Number of t i d a l  components - e l e v a t i o n  
- c u r r e n t s  

NT - Tape l o g i c a l  u n i t  number 

NCON - Nunlber of t i d a l  c o n s t i t u e n t s  t o  inc lude  i n  t h e  p r e d i c t i o n s  

TCONST(J), J = I, NCON - Number of t h e  a r r a y  element i n  NCONST 
corresponding t o  each t i d a l  c o n s t i t u e n t  considered.  

1 Access harmonic a n a l y s i s  da t a  t a p e  
IEL - Tape Access Switch 0  Don' t  access  harmonic a n a l y s i s  da t a  

t ape  

NUL - Lower hour of p r e d i c t i o n  per iod  t o  w r i t e  t o  WIFM p l o t  f i l e  

IWH - Upper hour of p r e d i c t i o n  per iod  t o  w r i t e  t o  WIFM p l o t  f i l e  

IWR - Number of s t a t i o n s  t o  w r i t e  t o  WIFM p l o t  f i l e  

NWR ( I ) ,  1 = 1, IWR - Number of t h e  s t a t i o n  t o  w r i t e  t o  WIFM p l o t  f i l e  
based on t h e  inpu t  sequence of a l l  s t a t i o n s  



NTT - Logical unit number of WIFM plot file 
Subroutine TAPE: Harmonic Analysis Data Tape Format 

TITL(J, 11, I), J = 1, 8 - Title on the harmonic analysis data tape of 
the current station information file 

Note: (I1 = 1, NST), where NST is the number of stations 

(I = 1, NR), where NR = 2* NCOMP (filtered and unfiltered files) 

JDAY - Start Julian Day 
IHR - Start Hour 
IMIN - Start Minute 
DELT - Data Interval (Minutes) 
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APPENDIX C: CUBIC POLYNOMIAL FEATHERING 

1 ,  I n  employing t i d a l  c o n s t i t u e n t  s i g n a l s  a long  t h e  g r i d  boundary, 

there i s  no g u a r a n t e e  t h a t  a t  s imula t ion  s t a r t  t ime  &hese s i g n a l s  will be zero.  

I n  f a c t ,  i n  general. t h i s  w i l . 1  not. be th.e c a s e .  S ince  wtdLejr su r f ace  e l e v a t i o n s  

and currenes are  set: t o  z e r o  a t  t h e  s t a r t  of %he simtlia-Cioxi, there i s  a discon-  

"cin~tiLy o r  imptalsc ae t h e  boundary; e , g . ,  t he  boundary level is n o t  cons i s ten t -  

w i t h  t h e  i.ni.tiai. c o n d i t i o a ~ ,  This  phenomenon may :lead to osc i l . l a t - ions  in t.he 

numer.kcal sol.u.Lion, which  may pers i s t  over several. c o i i y t i t a t i . o a a l  cycles " 

2, Iax o.r$er to a v ~ i d  ,this problem, &.he true Lidrri  s:i.;aal, g(t) , i s  

:cevl.:.,sed - by a anone !.~e.lX-'beka-~cd s ignal . ,  f(lt:.) , a t  mode% st.ar.t. nur.ii for a riium- 

-?,6-'Y *;bT . ' - - - " :, .- ;,i. :ri*.i i- 1 ;I.[ time s t eps  izi: Length At . Th.e  ell. -3ehaved s.i.gma.k i s  ze ro  at, 

sir.r?i.ilatina, :itar.t. t.ime arad aL some ti.ne T, , r O , tk~.c well- l,ehaveil s i ga~a 1 
8 

and one o r  more derivatives equal t h e  t r u e  signal and i t s  cor responding  deriv- 

a i i v e s .  Cons:ider t h e  fo l iowing  cubic  polynomin.i,  f ( T )  - u y 3  + b ~ *  + cT + d 9 

F:ro~n Equa t ions  C .  1 through 6 - 3 ,  we ob ta in  a  , b , and F: : 

Thus, we have determined a cubic polynomial wi th  value ze ro  a t  t = 0 , and 

whose functional p lus  f i r s t  two derivative values equal  those o f  t h e  true 



boundary s i g n a l .  Required information f o r  determining a  , b , and c a r e  

f(T1) , f t ( t l )  , and fU(T1) . 
3 .  Consider t h e  t r u e  boundary s i g n a l  t o  be a  p e r i o d i c  s i g n a l  a s  shown 

i n  F igure  C 1  below. 

F igure  C l .  Per iodic  boundary s i g n a l  

4 .  Since t h e  s t a r t  t ime may be a r b i t r a r y ,  t h e  v e r t i c a l  a x i s  may f a l l  

anywhere between 1 and 5 and fou r  cases  must be considered a s  shown i n  Fig- 

u re  C-2 .  A l e v e l  x > O i s  s p e c i f i e d  (XLEYEL), t h i s  enables  f(T1) t o  be 

determined i n  each case .  The fol lowing approximations a r e  employed f o r  

f t ( T 1 )  and ff t (T1)  . 

g(T1 + A t )  - g(T1 - At) 
f ' ( T  1 ) r 

2At 

g(T1 + At) + g(T1 - At) - 2g(T1) 
f W ( T  ) = - 

1 
(nt12 

(C.8) 

Note f  (TI) = $(TI) . 
5.  The flow inpu t s  were a l s o  fea thered  i n  t h e  fol lowing fash ion .  The 

u s e r  s p e c i f i e s  t h e  n w b e r  of time s t e p s  (MTID) over which t h e  f e a t h e r i n g  i s  t o  

t ake  p l ace .  The fea thered  s i g n a l  equals  zero a t  t h e  s t a r t  of t h e  s imula t ion .  

A t  each in te rmedia te  t ime s t e p  l e s s  than  NTID, t h e  fea thered  s i g n a l  i s  OR- 

t a i n e d  by l i n e a r l y  i n t e r p o l a t i n g  between i t s  zero  va lue  a t  t ime zero  and t h e  

t r u e  boundary va lue  a t  t ime s t e p  NTID. 

6 .  The f e a t h e r i n g  procedures  a r e  contained i n  Subroutine POLY, which i s  

l i s t e d  i n  Table B1.  This  subrout ine  i s  c a l l e d  i f  t h e  u ses  s p e c i f i e s  IFETR = 1 

on i n p u t .  



CASE I CASE II 

f ( t ) ,  g ( t )  

CASE D I  CASE 

Figure C 2 .  Cubic polynomial feathering conditions 



Subrout ine  POLY 
B R O U T I N E  POLY PBLY 2 

-J  7 PAR& $j'*m- -' R P R F P E R  4 ~ u ~ ~ - ~ - ( i a e i +  w o a ~ = ~ a s ~ n o r n r v r - s ~ , ~ ~ ~ ' ~ ~ - ~ o o ~  7- --2'dr"rrrT----.- 

* >+ ; Q$+ 2; W A ~ ~ d l E T E R B I F R C = 8 0 5 r I O X S ~ 2 B r I P U T ~ l 5 0 0 s  I T D S - ~ ~ ~ J P U T = I ~ O B ~ ~ F L S S ~ )  ';> .~" ,PAR#S;~~+: ,~% $3, 
G F C A b  PPAPE9IPJvPDUMj '  - - --,.- ----A _-__-.i&*-- -':$ SCALAR ---- --Llu. i .- 

COMMON I V t /  N M A X P H V A X B ~ ~ T I  D I N F L ~ ~ I ~ ~ D B  J T I D B ~ N I T L ~ N P ~ ~ N P ~ P N P R  SCALAR 9 

SCALAR 

FOLY 6 
POLY ' 3 

PRXWG 9 0 0 5 s X L E V  . . 

9 0 0 5 - - F O R H k Y ( *  ,)(LEVEL 
80 % I = % r N f % B  

% F ( S U R F E ( % ~ I ) . L  
X L = S I C W * X b E V E C  

FOLY ' 3 0 
PO 4" Y 

1 C O N T I N U E  

DC . 1 0  m=aqiuFco . . ...- . .--- - -  
P R G N ~ ' ~ ? % ~ ~ % ~ [ D C H R G E ~ ~ B P ~ ~ J ~ ~ S N T D + I ~ .  

DTP=P  P ( F L O A T ( N T D ) * T A U )  



APPENDIX D: SUBROUTINE ADVBAR 

1 .  WIFM-SAL employs a cell face flag convention to control the hydro- 

dynamic computations in each sweep of the computational grid. The cell flag 

codes are stored in two arrays: ICU for the x sweep u-face control and ICV 

for the y-sweep v-face control. The ICU array consists of a two-digit pair, 

UIU2 , while the ICV array contains the two-digit 
V1V2 

pair for each cell in 

the grid. For an open-cell face the first digit UI or V1 isasix. The 

second digit U2 or V2 controls the advection approximation employed in 

evaluating the convective acceleration and eddy-dispersion terms in the motion 

equations as tabulated below: 

0 - no advection 
1 - x-direction only 
2 - y-direction only 
3 - both x- and v-directions 

5 - normal in x-direction, approxi- 
mation in y-direction 

6 - approximation in x-direction only 
7 - approximation in y-direction only 
8 - approximation in both x- and 4 - normal in y-direction, approxi- 

y-directions 
mation in x-direction 

At the grid boundaries, solid boundaries, and cell-face barriers, no advection 

has been performed in the computations for both the global and refined grids. 

Therefore no approximations to these terms have been made (linearized motion 

equation has been considered) and codes 4-8 have not been used in this study. 

Subroutine ADVBAR, as shown in Table D-1, determines the appropriate codes for 

U2 
and V 5 (0 , 1 , 2 , 3) for linearizing the appropriate motion equations 

2 
around cell-face barriers. Prior to the development of this routine, the 

model user was required to specify these codes through input for cells sur- 

rounding cell-face barriers. In the Mississippi Sound global grid 111 bariers 

(Table VI-8) are employed, while on the refined grid 25 barriers are employed. 

The work required in developing the codes by the user would have been indeed 

substantial in this application and has been eliminated through the use of 

Subroutine ADVBAR. 



Table D-P 

Subroutine ADVBAR 
-- - - 

' \ ITC iOTT'JT-BDVZRVTIJ;lTf Gil'T* * ~ F ~ X ; W A X I F ' P T )  
C r rkjT1': Tb: i r L k \ a T F  I7VF ( T I C  r F L P J S  t r [ +  F P I R H T T V L  

L ~ I h € r . ~ . ; n f . ~  X ( Y k + A X r P " R ) o  o J ( : i ' ' f i l r h F A X ) s Z C I I ( I  P A X , F , P l A X )  r i C V t F I M R Y s f ~ " i k X l  - U I ~ I P ~ C ~ ! : I I ~ ~ ~ ~ ~ ~ I ~ W ~ ~ ~ ~ ~ K A ~ L L  . -*-----"I--- 

DO 5 N r l r V K A X  -- A a 

L )  5 ' ' = l * W M A h '  
I U - 1 I v r  1 ) 

5 J('.*I ) = I c v ( *  9 b ~ > - ~  p * ( ~ c v t r : ~ ~ ' > i ~ .  1 -- p- 

C13 f K = l r K R f  
I D I P = I E ' h a ? ( Y v l j  

- -  - ? < = 1 f 2 P 9 L ( k 9 4 )  - - - -- - --- - - - -4- 

" r l - 1 - 1  i K p 5 )  
P p:=',-l 
r ? = r  + I  

-- --- 
V P = h ' - ?  - 
!JPE'=p-? 

PP =Y+1 - - - - - 
I ' ( ~ L I ~ - ~ ) ? $ ? Q L  

C h b i  l I f l  Q Y  G F A C F  
3 I F ( J ( b  , y ) * ~ t F t , 2 ) J f f \ r h ' ) = d ( 4 e E ) - 1  - 

I F ~ J ~ C ~ F K F I E ~ T ) J ( Y ) = J  f A ' p M P  9-1 
-- 

I F  t JtF'*,qM) c W E . 2 9  J ( ? l h r P ) = J ( ' ~ l r P ) - l  

- -- - I F  IJ ( : d , \ s H P ?  ,FIE ? i  J ( ? ' N 9 ' i F  rc'(  GhrKC. I d 1  -. -- - - - -  - -  
I r ( 1  ( ' < q q a )  \ E % 2 ) 1  ( \ J ~ ' ' L  ):I ( ' * I  i ) - I  
I F ( T  ( h j , Y U )  , 4 E m 2 ) I  t ' q p Y I ' ) I I (  ' . \ " ) - I  
I F ( !  ( ' v b ~ p " )  + G T e 1  ) I ( ~ i I I o f . l ) = I  ( P , e L ' ) - ' '  -- -- 
I F ( I T ~ P I M ? . ~ T . ~ ) I  ('J~~14)=Ifr~Fvr!!-2 
60 TO 1 

C b t P u I F S  L N  V F P C i  -- -- - -- - -- - -- - - 
2 l F t ~ ~ ~ . * ~ . b ~ ~ , L T , j  ) d ( ' ~ ~ ~ * ' l = d ( r f ~ ~ ~ ~ - : ~  

X F ( J ( k r s " ) e 6 T , 1 ) J ( u r + : I ) = J (  . ' / ) - ?  
I F  1J(* v Y f ' )  h C e . 2 )  J ( Y ~ ~ ~ ' , ' J = J ( ' V X ' ~ ) - ~  
I F (  J ( \ r F 5 ) + Y E D 2 ) J ( ' J ~ Y P ) = J O i ~ ~ J I ) J ) - f  
I F ( ]  ( Y I Y ) ~ G T ~ ~ ) I ~ ' > ~ P > = I ( P I ~ ~ ) - ?  
I F ( 1 f i v c ~ I I )  4 _ G T I l ) I ( ' r P I ) P t ) ~ I  ( ' I C r : ' ) - ;  - - - - - - - - - - - - - - - - . - - - - - - - -- 
I F ( 1  ( b ' * f ' M )  < ( ? * I  ) I  (rv.P'l')=I ( > * P ' ' ) . - 2  
l F ( I ( P t  q " Y )  C T  l ~ I ( ' F 9 1 ! : ) z ! ( ~ , F 9 f * P ) - 2  

1 caP,T 1 \'I15 
C p  ADJUST FLAG A R R A Y  F t R  V a T E R  CELLS S U H P ~ ~ V ~ ~ ~ I ~ S ~  

on b ~ L = ~ ~ N P A X  

-- D o  F MEl_rfl(?2.*li _ - _ -  -- 
I T ' c F = I L J (  ' l r t  / l L  

IF ( IT t ' ! - -5 )7*0q7  
K l C U ( I  ~ " ) ~ ~ u + I T I ~ ~ + M A X C (  . * I  ( " q l * )  ) 

7  I T ~ P = X C V ~ P J P ~ I / ~ O  
I c f I ? M F - O ? G v Q q 6  

9 -- - ICMF p w )  =lb+IVYP+fiRXCf L ~ d C ' ~ p f ~ >  - - . - - 
F C O T  I Mbt 

P F T b t ' .  
E Y D  

- .- . .- - 




