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Abstract 

After an exploratory  oil  well (IXTOC I )  blew out 
in  the Gulf of Mexico in  June  1979,  three  million 
gallons  of  oil were estimated  to  impact  the  Texas 
coast,  primarily  along  Padre  Island. Booms, e i t h e r  
complete  or  staggered, were placed  across   the  inlets  
to   prevent   oi l  from entering  the  environmentally sen- 
s i t i ve   e s tua r i e s ,   i nc lud ing   t he  Laguna Madre. These 
estuar ies   are   important   nest ing  areas   for   birds  and 
nursery  areas   for   f ish and other  marine  l ife.   There 
was concern that   subsurface  oi l  o f  subs tan t ia l  
q u a n t i t i e s  was enter ing  the  es tuar ies  under the  booms 
during  f lood  t ides.  

Diving inves t iga t ions   a t   t he  booms to  observe and 
quantify  the amount of subsurface  oil   entering  the 
estuar ies   indicated  that  between zero and 100 kg of 
weathered o i l  was enter ing  the Laguna  Madre per  day. 
Except f o r  some small  deposits on the  shores  of  the 
i n l e t  and f la t s   in   the   es tuary ,   the   o i l  had no obvious 
impact. 

Introduction 

An exploratory  oil   well ,  IXTOC I ,  being d r i l l e d  
80 km off  Campechi, Mexico in  50 meters o f  water blew 
o u t  on  t he   t h i rd  of June  1979.  This blowout resul ted 
in one of the   wor ld ' s   l a rges t   o i l   sp i l l s ,   wi th   o i l  
flow  estimates  ranging from 8,000 to   30,000  barrels  
of oil  per  day,'.*  eventually  covering  approximately 
one-tenth of t h e   e n t i r e  Gulf  of  Mexico.' By e a r l y  
August roughly  three  million  gallons  of  oil began t o  
come ashore on the south Texas beaches  (Fig. 1) .  

The lighter  petroleum  hydrocarbons, upon reaching 
the  surface,   spread  rapidly and produced a very  large 
b u t  extremely  thin  ( in  the  order  of  micrometers)  sl ick 
or  "sheen". The heavier  hydrocarbons  spread much  more 
slowly  than  the  l ighter  fractions and  became thickened 
into  "pancakes" of o i l ,  one to  ten  meters  in  diameter. 
Oil  in  emulsions,  containing u p  t o  601 water, were 
created  during  periods of rough weather and were ca l led  
mousse after  the  chocolate  dessert   they  resembled. As 
the  oil  weathered, i t  became  more dense and l e s s  
buoyant. The neut ra l ly  buoyant o i l  became d is t r ibu ted  
t h r o u g h  the upper  water column due to  the  attachment 
of  heavier  debris  or  through wind act ion and sub- 
sequent Langmuir c i rcu la t ion .  Tar b a l l s  and flakes  of 
t a r  began t o  break away from the   l a rge r  pancakes and 
mousse patches and were observed a s  deep as 12  meters 
in  the  water column. Af te r   t rave l l ing  between 600 and 
800 km the   o i l  was well  weathered and largely  in   the 
form  of ta r   ba l l s ,   pancakes ,  mousse and conglomerates 
of tar and organic  debris.  

Padre Is land,  a sand barrier  beach,  runs  north 
from the  Brazo Santiago  Pass  about 200 km and separates  
the  environmental ly   sensi t ive Laguna  Madre from the  
Gulf of Mexico. A t  the  northern end  of Padre Is land,  
a s imi l a r   ba r r i e r  beach, Mustang Island,  continues  for 
30 km and terminates a t  Aransas  Pass. 

GULF OF 
MEXICO 

Fig. 1. Trajectory  of   oi l  from the IXTOC I blowout 
and associated  passes. 

The Laguna Madre, a shal low  high  sal ini ty   es tuary,  
i s  an important  nesting  area  for  birds and nursery 
area for f i s h ,  shrimp and other   marine  l i fe .  When the  
s l i c k   h i t   t h e  sand of Padre  Is land  the  tar   bal ls ,  
mousse and pancakes combined t o  produce  lengths  of 
tarred  beach.  Although  the  oiled  barrier  beaches were 
cer ta in ly   una t t rac t ive  and hurt the   reg ions '   tour i s t  
industry,  they  functioned  extremely  well  in  their 
capaci ty   as   barr iers  by preventing  the  oil  from 
enter ing  the  es tuar ies .   Figure 1 shows three  of   the 
four  passes  or  cuts t h r o u g h  Padre and Mustang Is lands 
which allow  ship and b o a t   t r a f f i c  between the  mainland 
c i t i e s  and the  Gulf of Mexico. 

The Aransas and Brazo  Santiago  Passes  could  not 
be boomed completely due to   t he   l a rge  volume of ship 
traffic  using  these  deepwater  accesses  to  the Gulf so 
staggered booms were ins ta l   l ed .  These booms were 
secured  to   the  shore  a t  one end and the   o ther  was 
anchored  in  the  pass a t  an angle so t h a t  the   currents  
would effect ively  concentrate   the  oi l   in   the apex 
between boom and shore. Skimmers and tanker  trucks 
were then used t o  remove t h e   o i l .  
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Mansf ie ld   Cut   and  F ish  Cut which  connect   the 
G u l f   w i t h   t h e  Laguna  Madre  and  Corpus C h r i s t i  Bay 
r e s p e c t i v e l y ,   a r e   r e l a t i v e l y   n a r r o w   a n d   s h a l l o w ,   b e i n g  
u s e d   p r i m a r i l y   f o r   s m a l l e r   f i s h i n g  and  p leasure  boats .  
Both  cuts  were boomed comple te ly   f rcm  shore- to -shore  
w i t h  a r e g u l a r   o i l  boom fo l lowed  by   two booms con- 
t a i n i n g  an o i l  absorbant.  

Due t o   t h e   o b s e r v a t i o n   b y   U n i v e r s i t y   o f  Texas 
d i v e r s   o f   t a r   p a r t i c l e s   i n   t h e   w a t e r   c o l u m n   o f f s h o r e  
(personal   communicat ion) ,   there was c o n c e r n   t h a t   o i l  
may e n t e r   t h e   i n l e t s   u n d e r   t h e  booms and move i n t o  
t h e   e s t u a r i e s .  The S c i e n t i f i c   S u p p o r t   C o o r d i n a t o r  
r e q u e s t e d   t h e   a s s i s t a n c e   o f  a team o f   s c i e n t i s t / d i v e r s  
f rom  the   Na t iona l   Ocean ic  and Atmospher ic  Admini-  
s t r a t i o n  (NOAA) t o   i n v e s t i g a t e   a n d   q u a n t i f y   t h e  
problem. We made t h e   d e c i s i o n   t o   c o n c e n t r a t e   o u r  
i n v e s t i g a t i o n  i n  M a n s f i e l d   C u t  as i t  connected   w i th  
t h e   m i d d l e   o f   t h e  Laguna  Madre, t h e  beaches n o r t h  and 
s o u t h   o f   t h e   i n l e t  were s u b s t a n t i a l l y   o i l e d  and t h e  
phys i ca l   and   hyd rog raph ic   f ea tu res   o f   t he   cu t   cou ld  
be adequate ly   and  qu ick ly   descr ibed.  

S i t e   D e s c r i p t i o n  

A s a m p l i n g   s t a t i o n  was e s t a b l i s h e d   a t   t h e   w e s t e r l y  
end o f   t h e   c u t   n e a r  dayshape 14, approx imate ly  2 km 
f r o m   t h e   G u l f .   T h i s   s t a t i o n ,   d e s i g n a t e d   s t a t i o n  14, 
was about 50 m e a s t   o f  where t h e   c u t  opens i n t o   t h e  
Laguna  Madre, t h e r e f o r e   a n y   o i l   m o v i n g   p a s t   t h i s  
s t a t i o n  was c o n s i d e r e d   t o  have  reached  the  estuary.  
A NOAA s u r v e y   u n i t   e s t i m a t e d   t h e  maximum d e p t h   a t  
s t a t i o n   1 4   t o  be 5 m a n d   t h e   c r o s s   s e c t i o n a l   a r e a   t o  
be  360 m2 w i t h  maximum t i d a l   v e l o c i t i e s   a p p r o a c h i n g  
102  cm/sec ( 2 . 0   k t s ) .  The s u r f a c e   t i d a l   v e l o c i t i e s  
d u r i n g  maximum f l ood   were   usua l l y   abou t   82  cm/sec 
(1 .6   k ts )   caus ing   appr i .x imate ly   100 m3 of   water   per  
second t o   e n t e r   t h e   e s t u a r y .  

The h y d r o g r a p h y   o f   t h e   c u t   i s   c o m p l i c a t e d   b y  
t h e  Laguna  Madre b e i n g   m o r e   s a l i n e   t h a n   t h e   G u l f   o f  
M e x i c o .   T h i s   h i g h e r   s a l i n i t y   i s   t h e   r e s u l t   o f   l i m i t e d  
f r e s h   w a t e r   i n p u t   a n d   h i g h   e v a p o r a t i o n   r a t e s .  A s a l t  
wedge i s   t h e r e f o r e   p r o d u c e d   a l o n g   t h e   b o t t o m   o f   t h e  
c u t   i n   r e v e r s e   o f   m o s t   e s t u a r i e s  and, i n   t h i s  case, 
f o r c e d   t h e   l e s s   s a l i n e ,   o i l   b e a r i n g   G u l f   w a t e r   t o   t h e  
sur face  and  the  absorbant  booms. One h igh   and  one  low 
a s t r o n o m i c   t i d e  was found  to   occur   each  day  and  could 
be   p red ic ted ;   however   l oca l   me teo ro log i ca l   cond i t i ons  
c a u s e d   t h e   a c t u a l   t i d e s   t o   o c c u r   t w o   t o   s i x   h o u r s  
l a t e r ,  We added a mean o f   f o u r   h o u r s   t o   t h e   p r e d i c t e d  
a s t r o n o m i c   t i d e   i n   o r d e r   t o  sample a t   o r   a b o u t  maximum 
f l o o d   t i d e .  

Methods 

SCUBA was used t o  make a l l   o b s e r v a t i o n s  as t h e  
o i l  appeared t o  be i n   r e l a t i v e l y   l o w   c o n c e n t r a t i o n s  
a t   t h e  boom a n d   s t a t i o n  14 d i v e   s i t e s  and no t o x i c  
hazards t o   t h e   d i v e r s  were a n t i c i p a t e d .   L i g h t   c o v e r -  
a l l s  were  sometimes  worn t o   p r e v e n t   t h e   o i l   t h a t  was 
p r e s e n t   f r o m   r e a c h i n g   t h e   d i v e r ' s   s k i n .  

To m a i n t a i n   s t a t i o n   d u r i n g   t h e  maximum f l o o d  
t i d e ,   t h e   d i v e r s  swam a l i gh twe igh t   Dan fo r th   anchor  
and  chain  to   mid-channel   and  set   the  anchor .  From 
t h e   c h a i n   t h e r e  was about  seven  meters o f   l i g h t   n y l o n  
l i n e   t o   w h i c h  a buoy  (approximately 1 /3  m 3  i n  volume) 
was secured.  This  buoy was used t o   s u p p o r t   t h e   d i v e r s  
and  had  at tached a f o u r   m e t e r   s a f e t y  1 i n e  and l i f e  
r i n g .  

P r e l i m i n a r y   s a m p l i n g   a t   d e p t h   w i t h  a f i n e  mesh 
t r o p i c a l   f i s h   n e t  and s l u r p  g u n   a l l o w e d   t h e   d i v e r s   t o  
c a l i b r a t e   t h e i r   e y e   t o   w h a t  was and was n o t   o i l  
p a r t i c l e s .  The o i l   p a r t i c l e s ,   a l m o s t   e x c l u s i v e l y  i n  
t h e   f o r m   o f   t a r   f l a k e s ,   w o u l d  b e   o b v i o u s l y   t a r l i   k e  
when smeared  between t h e   f i n g e r s   o r  i n  t h e   n e t .  Non- 
t a r   p a r t i c l e s   w o u l d   e i t h e r   r e m a i n   i n   t h e i r   o r i g i n a l  
c o n f i g u r a t i o n   o r   w o u l d   d i s a p p e a r   e n t i r e l y   d u r i n g   t h e  
smear t e s t .   W i t h   t h e   v i s i b i l i t y   i n   t h e   c u t   a v e r a g i n g  
about 20 cm, t h e   d i v e r ,  i f  t h e   c u r r e n t   v e l o c i t y  was 
82  cm/sec  (1.6 k t s )  , would  have  about  one  quarter o f  
a second t o   d e t e r m i n e  i f  t h e   p a r t i c l e  he was obse rv ing  
was i n d e e d   o i l .  

A method t o   q u a n t i f y   t h e  amount o f   s u b s u r f a c e   o i l  
e n t e r i n g   t h e   i n l e t  was deve loped   and   cons i s ted   o f  
c o u n t i n g   t h e  number o f   o i l   p a r t i c l e s  moving  through a 
volume o f   w a t e r  10 cm h igh ,  10 cm deep,  and  20 cm wide 
i n  one minute.  The b o t t o m   o f   t h i s   b o x  was o f   w h i t e  
p l a s t i c   t o   f a c i l i t a t e   v i s i b i l i t y ;   t h e   s i d e s  and  top 
were o u t l i n e d  i n  w i r e .   F o r   c a l c u l a t i o n   p u r p o s e s   t h e  
box was cons idered a v e r t i c a l   p l a n e  of 200 cm2. The 
h o r i z o n t a l   d i m e n s i o n   o f   d e p t h   p r o v i d e d   t i m e   f o r  
c o u n t i n g   t h e   p a r t i c l e s .  Due t o   t h e   l i m i t e d   v i s i b i l i t y  
one d i v e r   w i t h   t h e   c o u n t i n g  box  would  descend  along  the 
l i n e   t o   t h e   b o t t o m  and s t a y   a t   t h e   l i n e .  The second 
d iver   remained  on   the   sur face   a t   the   buoy   and  s tandard  
l i n e   s i g n a l s  as promulgated i n   t h e  NOAA D i v i n g  Manual4, 
were  used f o r  communication. The d i v e r   c o u n t i n g  
made dup l i ca te   one   m inu te   coun ts   on   t he   bo t tom,   a t  
mid-depth,  and j u s t  under   the   sur face   (approx imate ly  
!/3 m). When t h e   f i r s t   d i v e r   f i n i s h e d   c o u n t i n g   t h e  
d i ve rs   exchanged   ro les .  The anchor ing  apparatus was 
then moved hal fway  between  mid-channel   and  the  shore 
(about  2.5 m o f   water )   and  the   sampl ing   reg ime was 
repeated. 

S i m i l a r   t a r   p a r t i c l e   c o u n t s   w e r e  made i n   M a n s f i e l d  
C u t   d u r i n g   t h e   f l o o d   t i d e  7 meters  seaward o f   t h e  
boom, u n d e r   t h e  boom i t s e l f  and  approximately  20 m 
west o f   t h e  boom. 

The  number o f   p a r t i c l e s   p a s s i n g   t h r o u g h   t h e  
coun t ing   p lane   pe r   m inu te   were   ave raged   fo r   a l l   dep ths  
at   both  the  mid-channel   and  2 .5 m s i t e s   a n d   m u l t i p l i e d  
by 18,OOO;the number o f   c o u n t i n g   p l a n e s   i n   t h e   c u t s  
c r o s s   s e c t i o n   a t   s t a t i o n  14. Thus, t h e  number o f  
p a r t i c l e s   p a s s i n g   t h r o u g h   s t a t i o n  14 pe r   m inu te  was 
es t imated.  I assumed t h e   p a r t i c l e s   t o   h a v e   s l i g h t  
pos i t i ve   buoyancy   and be n e a r   t h e   d e n s i t y   o f   f r e s h  
water.  By c o n v e r t i n g   t h e   o b s e r v e d   v o l u m e   o f   t h e  
p a r t i c l e s   t o   w e i g h t   u s i n g   t h e   d e n s i t y   o f   f r e s h   w a t e r  as 
t h e   c o n v e r s i o n   f a c t o r   a n d   i n t e g r a t i n g   t h e   i n f l u x   o f  
p a r t i c l e s   o v e r   a n  assumed n i n e   h o u r   f l o o d   t i d e   t h e  
amount o f   o i l ,  b y   w e i g h t ,   e n t e r i n g   t h e   e s t u a r y  was 
c a l c u l a t e d .  

Sediment  and  sea  grass  samples  f rom  the  bottom 
were   taken  and  examined  by   the   op t ic ,   o l fac to ry   and 
t a c t i l e  human sensors f o r   t h e   p r e s e n c e   o f   o i l   a n d   t a r .  

A d d i t i o n a l   d i v i n g   i n v e s t i g a t i o n s   w e r e  made 96 km 
n o r t h  and 8 km s o u t h   o f   M a n s f i e l d   C u t   f r o m   t h e   P a d r e  
I s l a n d   b e a c h ,   o f f s h o r e   t o   j u s t  beyond t h e   t h i r d  and 
l a s t   s e t   o f   b r e a k e r s   ( a p p r o x i m a t e l y  300 m). The t a r  
b a l l s   i n  a qua r te r   square   me te r   o f   bo t tom  and   bo t tom 
8 cm o f   water   were   counted   and  pu t   on  a square  meter 
basis.   Counts  were  taken i n  t h e  swash  zone  and i n   t h e  
two  t roughs  between  the  bars.  
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Oil particle  counts  averaged  over  al l   depths,  
seaward of the  boom were almost  twice  that a t   s t a t i o n  
14 (57.1 and 28.4 kg of oil   per  nine hour  f lood   t ide  
respect ively)   apparent ly   indicat ing t h a t  the  booms 
were e f fec t ive   in   p revent ing   a t   l eas t   par t   o f   the  
subsurface  oil  from reaching   the   es tuar ies .   This   i s  
probably n o t  the   case,  however, as the booms reach 
only  about  one  neter below the  surface and during 
strong  tidal  currents  objects  approaching  the  lower 
t h i r d  of  the booms were swept  under i t .  I believe 
t h a t  t h e   o i l   p a r t i c l e s  seaward  of the  boom passed 
in to   the   cu t  b u t  surfaced  in  the  cut  during  periods 
of low t i d a l   v e l o c i t i e s  and were blown by t h e  
pers is tent   southeaster ly  winds onto  the  north  shore 
of  the  cut.   This  hypothesis  is   supported by d i r e c t  
observations of t a r  and o i l  p a r t i c l e s  on the  north 
shore of the   cu t .  

In the swash zone 8 km south  o f   t he   i n l e t  we 
observed tar  balls  (conglomerates  of  sand and o i l )  
ranging  in  diameter from 1 mtr - 4 cm ( w i t h  most around 
1-2 cm) in  concentrations  of 20-32 per m 2 .  Ninety- 
s i x  km north  of  the  inlet ,  where t h e  beach was more 
heavi ly   oi led,   the   tar   bal l   concentrat ion  in   the swash 
zone  approached 600/m2 with a s ize   range of 1-5 cm. 
A t  both s i t e s  no t a r   b a l l s  were located beyond the  
l a s t   s e t  of breakers and t h e   t a r   b a l l s  were being 
t ransported t o  the  n o r t h  i n   t he   l i t t o ra l   cu r ren t .  

There was  no obvious  effect  by the   o i l  on the  
animals  of  the  estuary  as  crabs,   f ish,  b o t h  l a rge  and 
small, and dolphins were observed swimming and 
feeding among subsurface  oil  conglomerates and t a r  
b a l l s .  

Conclusions 

1. The o i l  booms, while   effect ive  in   prevent ing 
sur face   o i l  and oil  conglomerates from enter ing  the 
i n l e t s ,  had no e f f e c t  on the  influx  of  subsurface 
o i l   p a r t i c l e s .  

2. The amount of   oi l   enter ing the Laguna Madre 
ranged  from  zero t o  100 kg per  nine  hour  tidal  cycle, 
was almost  completely  in  the form of t a r   f l a k e s  and 
var ied  direct ly   with  the  sporadic   oi l ing  of   the 
b a r r i e r  beach. 

3. No o i l  was observed  incorporated  into  the  sediments 
of   the  cut   or   a t tached  to  submerged d r i f t i ng   s ea  
grasses .  

4. There was  no observable   effect  on the  marine and 
e s tua r ine   l i f e   i nd ica t ing   t he  amount of o i l   en te r ing  
the  es tuary was probably  insignificant.  

5. The slick,   after  impacting  the  beaches  of  Padre 
and Mustang Islands,   incorporated sand p a r t i c l e s ,  
causing i t  t o  be negatively  buoyant  once washed back 
to   sea by s torm  or   t ida l   ac t ions .  Heavy concentrations 
of   these   t a r   ba l l s  (600/m2) were observed moving i n  
t h e   l i t t o r a l   c u r r e n t .   I t  i s  hypothesized  that  these 
conglomerates  reached rip cur ren ts  and were t rans-  
ported back offshore  probably  creating  the  "asphalt" 
patches which have s ince been reported.  
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