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APPENDIX U 

Env i ronmenta l  Survey of  Texoma 

Br i ne D i ffuser S i tes  





EXECUTIVE  SUMMARY 

Sci ence Appli cati o ns , I nc .  i s  presently conducti ng an i nten s i ve 

envi ronmental survey of  the p ropo sed Texoma br i ne d i ffuser and s i tes . The 

p hys i ca l , chemi cal , geo l ogi cal , and b i o l ogi cal  aspects of the envi ronment 

are be i ng exam i ned .  The present document covers the fi ndi ngs of  th i s  

s urvey for the ti me peri od September-December 1977.  

Cl i matol ogy and Meteoro l ogy 

The regi on  of the proposed di ffuser s i tes  i s  a mari ti me s ubtrop i ca l  

c l i mate marked  by norma l ly  mi l d  temperatures and h um i d condi ti ons , but  

noted for  the  wi nterti me effects of storm systems from the  north , wh i ch 

p roduce sudden s h i fts i n  temperature and w i nd i n  a s hort peri od .  These 

s h i fts pers i st for s everal days wi th norma l southeasterly wi nds becomi ng 

reestab l i shed  and then once more bei ng di sp l aced by m i d- l ati tude storms 

from the north and northwest .  S ummerti me patterns are qu i te humi d wi th 

s ubtropi ca l  wi nd  systems from the Gu l f of  Mex i co bri ngi ng warm moi st ai r 

i nto the reg i o n .  Convect i ve storm acti v i ty i s  common on  many s ummer day s .  

A s  a res u l t ,  t h e  normal wi nd patterns wou l d be  ons hore wi th some s h i fti ng 

to offshore wi nds duri ng the wi ntert i me .  

Observat i on s  were taken  duri ng the Autumn o f  1977 by remote stati ons , 

and comb i ned w i th observat i on s  taken  at l and stati ons . The wi nterti me 

pattern of mi d-l ati tude storm passage became estab l i s hed somewhat earl i er 

than normal wi th a seri es  of co l d fronts and strong northwest wi nds 

begi nni ng to pass  through the area i n  l ate November , i nto December .  No 

evi dence was found of  l and- sea  c i rc u l ati on duri ng the observati on  peri od .  
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However , th i s  i s  as much a res u l t of  the methods of  i nstrument operat i o n  

a s  of  the wi nd patterns to b e  found i n  t h e  regi o n .  N o  extremes i n  water 

d i scharge from ri vers occu rred duri ng the pe r i od wi th the s i ng l e excep t i o n  

o f  a t i me i n  m i d-Decembe r when l oca l  p rec i p i tati o n  produced a s udden 

extreme i n  fresh  water d i scharge . 

P hys i ca l  Oceanography 

Between October 20  and Decembe r 18 , 1977 ,  a phys i c a l  oceanograp h i c  

f i e l d meas urement program was s ucces sf u l l y  conducted.  Th i s  e ffort res u l ted 

i n :  

o E stab l i s h i ng a characteri st i c  c urre nt record to be used 
as i nput to the M I T  Bri ne D i ffuser  Mode l . Th i s  record 
was de l i vered to CEDDA/NOAA . 

o E st i mates of  l oca l  hori zo nta l eddy d i ffus i v i ty to be u sed 
as i nput  i nto the M IT  mode l . Th i s  i nfo rmati o n  has been 
s upp l i ed to CEDDA/NOAA . 

o I dent i fi cat i o n  and a ge nera l descri pti on  of  s i gn i f i cant 
l oca l  phys i ca l  oceanograp h i c  p rocesses  occurri ng i n  the 
v i c i n i ty of  the potenti a l  b r i n e  d i ffuser s i te s .  

Measurements taken i nc l uded speed and d i recti on  of  c u rrents and wi nd , 

water l evel  f l uctuat i o n s , s i gnfi cant wave he i ght and peri od , and the areal 

and vert i ca l  d i stri buti on  of  sa l i n i ty ,  tempe ratu re , and d i sso l ved oxygen .  

Addi t i ona l l y ,  a Lagrang ian  pro f i l e  study was conducted to dete rm i ne 

est i mates of  hori zontal  eddy d i ffus i v i ty as a functi o n  of  a spat i a l  sca l e 

and to s upp l ement E u l er i an measurements . 

I n i t i a l res u l ts from two months of  observat i ons  suggest that: 

o T i de s  i n  the area are m i xed , wi th approx i mate l y  equal  
amp l i tudes of the d i urnal  and semi - d i urnal  components . 

o T i dal currents i n  the area ( away from t i dal passes ) are 
o f  l ow magn i tude and thus  pro v i de o n l y  a re l at i ve ly  sma l l 
amount  of  the total current variabi l i ty .  
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o Under certai n cond i t i o n s  whi c h  are more preval ent duri ng 
s umme r ,  a l oca l  sea- breeze system can deve l op .  

o Wi nds typ i ca l l y  had a compone nt d i rected toward the west 
and north . For o n ly  a smal l porti on  of  the study peri od 
was a component of  the wi nd toward the east.  

o The dom i nant energy bands of  wi nds and currents i s  at 
approxi mate l y  0 . 1 cyc l es/day , wi th l esser  concentrati ons  
at  about 0 . 25- 0 . 33 cyc l es/day . 

o For l ower frequency vari ati ons , a pattern of cross
corre l at i ons  exi st wh i ch s uggest that near bottom currents 
are i n  part dri van by a s l op i ng sea s urface whi c h  i s  
produced d i rect l y  or i nd i rectl y  by wi nd s hear at the 
s urface . 

o Al ongshore coherence of  the a l ongshore currents i s  very 
h i gh , s uggesti ng that the dom i nant l ow frequency processes  
have  a l ongs hore spati a l  sca l e wh i c h  exceeds the  l ateral 
extent of  the study area .  

o There i s  a pre l i m i nary evi dence of  seasona l i ty of  wi nds , 
currents , and the den s i ty f i e l d . 

o Loca l  verti cal  dens i ty structure responds seasonal l y  and 
to events wh i ch cause the we l l -mi xed l ayer to extent 
throughout the verti ca l  co l umn . 

o V i sua l  observati ons  and some S ,  T ,  D data i ndi cate that 
at l east at the Cal cas i eu Pass and West Hac kberry s i te ,  
t i da l  d i scharge p l umes and assoc i ated fronts have a d i rect 
i mpact on the l oca l  envi ronment.  

The conti n u i ng f i e l d program present ly  underway wi l l  a l l ow for bette r 

i denti f i cati on  of  i nte rre l at i on s h i p s .  Two months of  data prov i des  o n ly  

s i x  repeti t i ons  of a ten- day cyc l e .  A s  t he  total record l ength i ncreases , 

conf i dence i nterva l s i n  the computed parameters wi l l  converge . Add i t i on-

a l l y  expected meas urements wi l l  a l l ow for c haracteri zati on of  seasona l  

patterns associ ated wi th the  end  of the  ocean i c  and atmospheri c s ummer 

season , trans i t i on to the wi nter season , the wi nter season , and the wi nter 

to s ummer trans i t i on .  
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B r i ne P l ume Modeli ng 

As descri bed i n  Secti on  4 . 3 . 2 . 1 ,  Append ix  C . 3 . 1 . 2 . 1 , and Append ix  D . 25 ,  

the M I T  Trans i ent Plume Mode l has been used to esti mate the changes i n  

s ali n i ty i n  the Gulf o f  Mex i co i n  the v i c i n i ty o f  the b r i n e  d i sposal  s i tes 

for the West  Hackberry, B lack Bayou , and B i g  H i l l  s i te s .  Current and 

d i ffus i o n  observat i ons  were obta i ned i n  the v i c i n ity of  these d i sposal  

s i te s .  These  data have  been used by NOAA as i np uts i nto the MIT Mode l to 

generate esti mate s of sal i n i ty d i stri b uti ons . Test cases correspondi ng 

to stagnat ion , typ i ca l  curre nt ,  and storm passage have been run for each 

s i te as data perm i tted .  

N i ne test  cases have been carri ed  out by NOAA as fol l ows: 

Ti me Per i od 
Run # Current Mete r Covered Condi t i o n  

WH- 1  West Hac kberry Contro l 1200,11/2/77 I n i t i a l  data 
to 2100, 11/2/77 

WH- 2 Ca l cas i e u  Pass 1300' 11/2/77 I n i t i al data 
to 2200, 11/2/77 

WH-3 West  Hac kberry 1200 , 1/3/78 Typ i ca l  
Rep l acement to 0000, 1/6/78 current 

WH-4 West Hackberry 0000, 1/23/78 Storm 
Rep l acement to 0000, 1/25/78 passage 

BB-1  B l ac k  Bayou 0600 , 11/5/77 Stagnat ion  
to  0000 , 11/8/77 

BB-2  B lack Bayou 0000, 11/18/77 Typ i ca l  
t o  0000 , 11/22/77 current 

BB-3  B l ac k  Bayou 0600 , 1/24/78 Storm 
to 0000 , 1/26/78 passage 

BH-1 B i g  Hi ll Secondary 0000 , 1/20/78 Typ i ca l  
to  0600 , 1/23/78 c urrent 

B H- 2  B i g  Hi l l  Secondary 0000 , 1/25/78 Storm 
to 0600, 1/27/78 pas sage 
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For  Runs WH-1 and WH-2 approxi mate l y  two weeks of  current data were 

avai l ab l e  and the ti me per i od covered by each run was taken near the end 

of  the correspondi ng two-week per i od .  For Runs WH- 3 and WH-4 a ti me s er i es  

cons i st i ng of  approxi mate l y  62 days of c urrent data was  avai l ab l e .  The  

t i me peri od covered by Run WH-3  commenced on  the  34th day of th i s  s er i e s  

and corresponds to  a typ i cal  current cond i ti o n .  T he  ti me peri od covered 

by Run WH-4 commenced o n  the 54th day of  the same seri es  and corresponds 

to the passage of  a storm through the reg i o n .  

A ti me seri e s  cons i sti ng of  approxi mate l y  103 days of  curre nt meter 

data was avai l ab l e for Runs #BB- 1 ,  #BB-2  and #BB- 3 .  The ti me peri od 

covered by Run #BB-1  commenced o n  the 16th day of the s er i es  and corres

ponds to a stagnati on  cond i ti o n .  For Run #BB-2 the ti me peri od commenced 

o n  the 29th day and represents a typ i ca l  current condi ti o n .  Run  #BB-3  

commenced on  the  96th day and  corresponds to  the  pas s age of  a storm front.  

A t i me s eri es  cons i sti ng of approxi mate l y  63 days of  c urrent meter 

data was avai l ab l e for Runs BH-1 and BH- 2 .  The t ime  peri od covered by 

Run BH-1 commenced on  the 52nd day of  the ser i es  and corresponds to a 

typ i cal current condi ti o n .  For Run BH- 2 the ti me peri od commenced o n  the 

57th day and corresponds to the pas sage of  a storm front.  

The res u l ts presented for Runs WH- 1  through WH-4 are based on  actual 

measured currents i n  the v i c i n i ty of the s i te for the West Hac kberry br i ne 

d i ffuser .  The meas ured c urrents for Runs WH-1 and WH- 2  were s omewhat 

smal l er than those  for Runs WH-3 and WH-4  but i n  general the meas ured 

c urrents for the four runs were of the same order of magni tude as the 

earl i er meters correspondi ng to the f i rst  two runs were further removed 

from the d i ffuser s i te than was the l ocati on  of  the current meter used i n  
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the l ast two runs. The tota l t i me i nterva l s  for the current data , upon 

wh i ch the f i rst two runs were based , were a l so rel at i vely short ( approx i 

matel y 13 days) compared to the t i me i nterva l  upon wh i c h  the l ast two runs 

were based ( approxi matel y 62 days) . 

The p l umes produced i n  Runs WH- 1 and WH- 2 were genera l ly  ori ented 

a l ong the onshore-offshore ax i s  wh i l e  those produced i n  Runs WH- 3  and WH-4 

tended to be  or i ented a l ong the l ongshore ax i s. In both types of ori enta

t i o n  reversal i n  the p l ume d i rection  was observed . For predi cted sa l i n i t i es 

o f  l ess than 1 ppt the bottom areas covered by the WH-1  and WH-2 p l umes 

were l ess than the correspond i ng areas for the earl i er Base Case based on  

esti mated currents. For predi cted sa l i n i t i es greater than  1 ppt  the bot

tom areas of the WH- 1 and WH- 2 p l umes genera l l y  equa l l ed or exceeded the 

correspond i ng areas of the Base Case. Wi th the excepti on of  the 1 ppt 

above amb i ent contour for Run #WH-4 al l sa l i n i t i es pred i cted i n  the far 

f i el d  for the WH- 3 and WH-4 p l umes covered areas greater than the cor

respond i ng areas for the Base Case. 

In general the p l umes of Runs WH-3 and WH-4  appear most representat i ve 

o f  the West Hac kberry d i ffuser si te. Such  p l umes tend to be or i ented a l ong 

the l ongshore ax i s , most l i kely dri ft i ng to the west . For excess sa l i n i 

t i es greater than 1 ppt the exposed bottom area amo unts to about 8 . 1 x 107 

ft2 or 1860 acres. The exposed bottom area for excess sa l i n i t i es above 

3 ppt amounts to abo ut 9 . 0 x 106 ft2 or 207 acres. In order to determ i ne 

the bottom area exposed to h i gher sa l i n i ti es ,  a near- fi el d model must be  

u sed wh i c h  takes i nto account the i n i ti a l  d i ffuser j et momentum and  the  

effects o f  buoyancy . 

The  resu l ts presented for Runs BB- 1 ,  BB- 2 , and BB-3  are based on 

actua l measured currents i n  the v i c i n i ty of  the si te for the B l ack Bayou 
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br i ne  di ffuser . The tota l t i me i nterval  for the current data , upon  wh i ch 

t h e  three runs are based , extended for 103 days. 

The p l umes produced i n  Runs BB- 1 ,  BB- 2 , and BB-3 tended to be  ori ented 

a l ong the l ongshore ax i s  w i t h  both westward and eastward dr i ft i ng p l umes 

bei ng observed . Reversa l  i n  the d i recti on  of  the p l ume dri ft was observed 

under cond i ti ons  correspondi ng to the passage of a storm front .  

Compari ng the B l ac k Bayou runs (#'s BB- 1 , BB-2 and BB- 3 )  wi th  the 

West Hackberry base case ( Run  #7 ) some d i fferences i n  areal extent of  the 

p l ume were noted .  Run  #BB-1  ( stagnat i o n )  most c l osel y approxi mated the 

West Hackberry base case ,  wi th  a sma 1 1  er areal coverage for  the 1 ppt 

above amb i ent p l ume. A si m i l ar si tuat i o n  was seen for #BB-3 ( storm 

passage) but here,  the  3 ppt coverage was greater than for WH Run #7 . 

For #BB-2 , ( typ i ca l ) both the 3 and 1 ppt above amb i ent contours encom

passed l arger areas than the West Hac kberry base case. These B l ack Bayou 

p l umes were approxi matel y the same si ze as those pred i cted for West Hac k

berry based on the measured currents for Runs  WH- 3 and WH-4 .  For excess 

sa l i n i t i es greater than 1 ppt the exposed bottom area amounted to about 

1960 acres. The bottom exposed to excess sa l i n i t i es greater than 3 ppt 

amounted to l ess than 104 acres. 

I n  genera l the p l umes of Run  BB-1 , BB-2 and BB-3  appear representat i v e  

of t h e  B l ac k  Bayou d i ffuser si te. T h e  p l ume pattern most frequent ly  ob

served was ori ented a l ong the l ongshore ax i s. 

The resu l ts presented for Runs  BH-1  and BH-2  are based on  actual  

measured currents i n  the v i c i nity of the si te for the B i g  H i l l  bri ne  di f

fuser. The total t i me i nterva l  for the  current data , upon  w h i c h  the two 

runs  were based , extended for 63 days. 
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The plumes produced i n  Runs BH-1 and BH-2 tended to be or iented along 

the longs hore axi s .  Reversal i n  the d i rect ion  o f  plume dri ft was observed 

i n  both runs,  w ith both eastward and westward dri fti ng  plumes be i ng present .  

In add i t i on to the i r  pri mary longshore or i entat i o n  the plumes to a les ser 

degree showed a tendency to dri ft along  the onshore- offs hore axi s .  

For all predi cted excess  sali n i t i e s  the BH-1 and BH-2  plumes covered 

les s  bottom area than covered by the p l umes generated i n  the earli er  B i g  

H i l l  Ana l ys i s  (1) .  The bottom area exposed to excess  sa l i n i t i e s  greater 

than 1 ppt amounted to about 724 acre s .  The bottom area exposed to 

excess sa l i n i t i e s  greater than 3 ppt amounted to about 52 acre s .  

In general the p l umes of  Runs BH-1 a n d  BH-2 appear representati ve o f  

the B i g  H i ll di ffuser s i te .  These p l umes are smal l er than those a t  West 

Hackberry due pr imari ly  to the l ower b r i ne d i scharge rate . 

Chemi cal Oceanography 

As a part of  the i n i ti a l env i ronmental baseli ne s urvey o f  the b r i ne 
d i sposal s i tes  l ocated o ffshore of  the Texas- Lo u i s i ana border, a geochem i 
ca l  samp l i ng and analys i s  program was carr i ed out i n  an e ffort to charac
ter i ze the amb i ent , pre-ope rat i onal  cond it i ons  at spec i fi c candi date 
l ocat ion s . The parameters chosen  for assessment i nc l ude (1) trace heavy 
metals i n  sed i ments,  sed iment pore wate r ,  s e l ected mac ro b i ota, as  d i s s o l ved 
i n  the water column and associ ated w ith s uspended parti c u l ate matter; (2) 
h i gh mo l ecu l ar we i ght (petro l e um-re l ated) hydrocarbons i n  sedi ment , 
s e l ected mac rob i ota and d i ssolved i n  the water co l umn; ( 3 )  peri pheral 
geochemi cal parameters s uch  as  total organ i c  carbon ,  ca l c i um carbonate 
and gra i n  s i ze d i str i b uti on  i n  sedi ments , and d i s so l ved/pa rti culate organ i c  
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carbo n ,  total s uspe nded l oad, nutr i e nts and major i o n i c  spec i es i n  the 

water col umn . 

Speci f i cal ly  the samp l i ng focused o n  two candi date di sposal  s i tes :  

West Hac kberry , l ocated "'13 km  southwest of Cal cas i eu Pass,  and  B i .g H i l l , 

l ocated "'30 km southwest of  the Sab i ne R i ver .  A l so i nc l uded i n  s i gn i f i cant 

samp l i ng was a contro l s i te for West Hac kberry ,  l ocated "'16 km southeast 

o f  Cal cas i eu Pas s .  Both West Hackberry and B i g  H i l l  are under the 

i nf l uence of  materi a l  f l uxes from the run-off sources ( Cal cas i eu and 

Sab i ne )  nearest them as evi denced by essenti a l ly a l l of  the geoc hemi ca l  

data obtai ned.  T he  des i gn of  th i s  program was made i n  an effort to 

descr i be spati a l  vari ati ons i n  water co l umn and sedi ment chemi cal  qua l i ty ,  

and to beg i n  a survey o f  chemi cal  distri buti ons  and l i m i ts o f  vari ati on 

i n  b i o l ogi cal  members of  the ecosystems under observat i o n .  An i mportant 

aspect i s  the reveal i ng of tempora l  vari ati ons  as we l l  and th i s  can begi n 

to be done after one or more add i ti ona l  samp l i ngs are performed duri ng 

the course of  at l east one year. 

West Hac kberry and B i g  H i l l  s i tes are d i sti ncti ve ly  d i fferent i n  

s ed imentary geochemi stry .  The B i g  H i l l  s i te,  off the Sab i ne, i s  c haracter

i zed by a s i gn i fi cantly f i ner-gra i ned materi a l  hav i ng correspo ndi ng ly  

h i gher tota l organ i c  carbon ,  heavy metal and heavy hydrocarbon contents . 

I nteresti ng l y ,  however, p l ots of metal ( Cu ,  Cr, Cd, Pb , N i , Zn, Mn , A l ) 

v s .  Fe  for both s i tes  reveal s that the B i g  H i l l  sedi ments are actua l ly  

dep l eted somewhat i n  metal burde n re l at i ve to  West Hac kberry .  T he d i ffer

e nce  i s  smal l enough that the probab l e  mechan i sm i s  sedi mento l ogi ca l  

d i fference rather than  an  i ndi  cat ion  of e nr i c hment at West Hackberry 

( i . e . ,  poss i b l e pol l ut i o n  effect from Cal cas i eu ) . From th i s  data meta l 

to- Fe predi ct i on i nterval s were constructed a s  usefu l  too l s i n  compari ng 
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post-operati o nal mon i tori ng data so that any perturbat i on m i ght be  

reveal ed .  

In contrast t o  the West Hackberry si te, the si te chosen for i ts 

contro l ( to the east of  Cal casi eu ) contai ns  si gnfi cantl y coarser sedi ments 

and l ower metal and hydrocarbon l evel s. However , o n  a metal -to- i ron  p l ot 

the co ntro l samp l es fal l wel l i nto the same pop u l at i on  as the West 

Hackberry sed i ments. The d i fference i n  sed i mentary reg i me i s  contro l l ed 

by prox i m i ty to major run-off and by l oca l i zed c urrent regi mes. 

The water co l umn suspended l oads al so ref l ect  the sed i ment patterns 

just desc r i b ed .  The coarsest West Hac kberry contro l  si te has by far the 

l owest suspended l oad , wi th West Hac kberry i ntermed i ary and B i g  H i l l  hav i ng 

the h i ghest . Suspended l oad i s  a h i gh l y  vari ab l e  ( both spati al l y  and 

temporal l y ) , parameter , however , i ts general d i stri but i ons  ref l ect at 

l east part of  the mater i al transport cond i t i ons  ( th i s  c l ose to shore ,  bed 

l oad movement cannot be  i gnored , a l tho ugh i t  i s  very di ff i c u l t to assess) . 

G i ven the i n herent short- term tempora l and spati al  vari abi l i ty i n  

the water- c o l umn chemi stry i n  such  near- shore setti ngs ,  the heavy metal 

burdens of  the d i sso l ved and part i c ul ate phases of all th ree l ocat i ons  

were fo und to  be remarkab l y  si m i l ar .  The  major  f l uctuati ons  i n  part i cul ate 

metal  burdens are co rrel ated w i t h  vari ab l e amounts of o rgan i c  carbon 

present. 

B i o l ogi cal  t i ssues exami ned were from wh i te sh r imp , croaker , zoop l an k

ton , and squ i d .  The meta l b urdens of  these organ i sms were aga i n remarkab l y  

si mi l ar amo ng t h e  th ree samp l i ng l ocati ons  and a l so corresponded q u i te 

wel l fo r a l l meta l s  to h i stor i c  data gathered fo r the same spec i es from 

other parts  of the Northern Gu l f of Mexi co .  An i mportant aspect to 

remember i n  effo rts to character i z e  the food chai n wi th respect to c h em i ca l  
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burdens i s  that natural popu l at i ona l  vari abi l i ty wi l l  be  si gn i fi cant and 

has to be del i neated i f  an  adequate basel i ne i s  to be  estab l i shed. 

Based on  the i n i t i a l anal yses of sedi ments ,  the domi nant co ntr i b ut i ng 

hydrocarbon  so urce i s  weathered petro l eum , fo l l owed by terrestri a l h i gher 

p l ants and mari ne i nfau na .  (Total average co ncentrati o ns for B i g  H i l l ,  

West Hackberry i ntensi ve  and co ntro l are 35  µg/gm , 14 µg/gm , and 6 µg/gm , 

respecti vel y. ) The petro l eum component i s  l argel y ref l ected i n  the prom i 

nent  occu rrence o f  the unreso l ved comp l ex m i xture (UCM) i n  both the hexane 

and benzene fracti ons  where i t  comp ri ses 80 to 90 percent of the total 

hyd rocarbons detected. The con centrati o n s  of the un reso l ved comp l ex 

m i xtu res of p l ant wax paraff i ns i ncrease w i th the mud ( si l t  p l us  cl ay) 

and organ i c  carbo n co ntent of the sedi ments. However , the l evel s at the 

B i g  H i l l  si te  are h i gher than wou l d  be expected by the i ncrease i n  TOC 

content. The mari ne  component co n si sts of a comp l ex seri es ( 10-15 com

po unds) of C25 and C 21 po l yo l ef i ns el ut i ng between nC20 and nC22. The 

rel ati ve magn i tude of the mari ne component  i ncreases w i th coarser texture. 

The comp l ex i ty and vari ab i l i ty of these mari ne component i s  greatest at 

the  West Hackberry i ntensi ve  si te w i th the l east vari ab i l i ty occurri ng at 

B i g  H i l l .  The water anal yses show concentrati on  trends wh i ch are si m i l ar 

to those of the sedi ments. Severa l di st i nct i ve  patterns of apparent 

b i ogeni c (pr i mary product i v i ty)  sources have been i dentifi ed i n  addi t i on  

to petrogen i c  sources. These b i ogenic ' ' pop u l ati ons" appear pr imari l y  at 

the West Hackberry i ntensi ve and contro l si tes. Sel ected co n sti tuents 

( p r i mari l y  o l efi n s) are coll ected i n  the f i sh but  do not appear to be 

preserved i n  the sedi ments. The hydrocarbon  content of the b i ota samp l es 

were predomi nantly b i ogenic wi th o n ly  trace anth ropogen i c (pesti ci des) 
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and petroge n i c  ( UCM) detected i n  the wh i te shr i mp samp l e .  A l ky l -benzenes 

and th i ophene we re notab l e  l ow l evel  const i tuents i n  the anchovy samp l e .  

B i o l og i ca l  Oceanography 

The present repo rt presents data on  the p hytop l ankton,  zoop l ankton, 
macrobenthos and demersal  nekton , fo r the Texoma reg i on co l l ected from 
September through December 197 7 .  I n  general the commun i ty composi t i on of  
these groups of  organ i sms is  c haracte ri st i c  of  the  coasta l waters and  i n  
part i cu l ar o f  the wh i te shr i mp grounds, o f  the northern G u l f o f  Mex i co .  
I n  terms o f  standi ng crop the phytop l an kton , zoop l an kton and demersa l  
n ekton are comparab l e  to or  somewhat h i gher than reported e l sewhere i n  
the northern Gu l f . The benthos, howeve r ,  shows marked l y  l ower standi ng 
crops than reported e l sewhere . The zoop l ankton show l i tt l e i n  the way of  
si te spec i f i c  trends. The benthos is  a l so re l at i ve l y  constant except that 
the B i g  H i l l  si te seems to be severe l y  depressed .  Th i s  appears to be 
assoc i ated wi th the f i ner sed i ments i n  th i s  area. P hytop l an kton and 
deme rsal nekton show some ev i dence for a westward l y  i ncreasi ng stand i ng 
crop .  No obv i ous  exp l anat i on for th i s  i s  p resent ly  apparent .  

A l l four commun i t i es showed marked c hanges i n  stand i ng crop from 
month to month . The p hytop l an kton standi ng crop genera l l y  i ncreased from 
October to Decembe r .  Zoop l ankton fe 1 1  from Septembe r to November w i t h  
some recovery i n  December .  T he  benthos fe l l from September to  October ,  
a nd  then rose from October to  D ecember .  T he  deme rsa l  nekton i ncreased 
through November and then fe l l off sl i ght ly .  These trends seem to be  
re l ated . The  phytop l an kton , zoop l an kton and  benthos show a consi stent 
patte rn of m i n imum stand i ng crops i n  October with  restorat i on or maxi mum 
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standi ng crops i n  December .  T h i s may be re l ated to seasonal and/or 

c l i mati c phenomenon marki ng the onset of  autumnal envi ronmental cond i t i o n s .  

T h e  demersal  pattern i s  exp l i cab l e  i n  th i s  context a s  an  expres s i on of  

the  autumnal m i grati on  cyc l e .  At  any event  overa l l changes i n  standi ng 

crop seem to s upport a general deteri orati on  i n  the env i ronment duri ng 

the Septembe r-October  t i me frame . Change s i n  spec i es compos i ti on for the 

benthos , p hytop l ankton and zoop l an kto n a l so s upport th i s  v i ew .  Whether 

the source of th i s  deteri orati on  i s  c l i mati c or  anthropoge n i c  i s  at th i s  

p o i nt uncertai n .  

Conc l u s i ons  

Dur i ng the t i me frame September - December 1977 currents i n  the Texoma 

reg i on  were predom i nant l y  l o ngshore of s l i ght ve l oc i ty .  Resu l tant bri ne 

p l umes predi cted by the MIT Mode l for s e l ected sets of c urre nt observati ons 

were correspond i ng ly  ori ented i n  the l o ngshore d i recti o n .  Reversal  of  

p l ume d i rect i o n  was noted at  a l l s i tes , but the  tendency was for  we stward 

f l ow .  For rep re sentat i ve cases the bottom area exposed to sa l i n i t i es i n  

excess of 3 ppt ranged from about 207 acres at We st Hac kberry, and B l ack 

B ayou , to 52 acres at B i g  H i l l , the di fference be i ng due to l ower d i scharge 

rate at B i g  H i l l .  

Geochem i ca l l y  the West Hac kberry and B i g  H i l l  s i tes  were di sti ncti ve ly  

d i fferent e nti t i e s . B i g  H i l l  was c haracteri zed by  a s i gn i f i cant l y  f i ner 

grai n materi a l  wi th correspondi ngly h i gher total organ i c  carbon , heavy 

metal and heavy hydrocarbon contents . The domi nant hydrocarbon source at 

a l l s i tes  was weathered petro l eum fo l l owed by terrestr i a l  h i gher p l ants 

and mari ne fauna .  
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Water co l umn suspended l oads refl ect the sed i ment patterns. Sed i ment 

l oad at West Hackberry was marked ly  l ower than B i g  Hi l l .  Heavy metal 

b urdens of  the d i sso l ved and part i cu l ate phase were a l so remarkab l y  si m i l ar 

for all si tes. 

B i o l ogi cal t i ssues from sel ected organ i sms showed metal burdens 

remarkab l y  si m i l ar for a l l si tes. They a l so correspo nded wel l for h i stori c 

data fo r the same spec i es from other parts of  the G u l f of  Mex i co .  

I n  terms of standi ng crop the phytop l ankton , zoop l ankton and demersa l 

nekton are comparab l e  to somewhat h i gher than reported el sewhere i n  the 

no rther G u l f .  The benthos shows marked l y  l ower stand i ng crops than el se

where reported . The benthos stand i ng crop at B i g  Hi l l  i s  si gn i f i cant ly  

l ower than  observed at  the  other si tes. Th i s  appears to  be due to  the  

f i ner gra i n si ze d i stri buti on  at B i g  H i l l .  

The phytop l ankton and demersa l nekton show evidence of  westward l y  

i ncreasi ng stand i ng crop . Apart from t h e  depressed benth i c  stand i ng crop 

at B i g  H i l l ,  the benthos or zoop l ankton show l i ttl e i n  the way of si te 

spec i f i c  trends. 

Al l four commu n i t i es showed marked changes i n  standi ng crop from month 

to month . The demersal nekton show max i mum  standi ng crops i n  November. 

Th i s  may be an expressi on of  the autumna l  m i grat i o n cyc l e. P hytop l ankton , 

zoopl ankton and benthos show m i n i mum standi ng crops i n  October or November . 

Th i s  suggests a genera l deteriorati o n i n  the env i ronment dur i ng the 

September-October t i me frame. Changes i n  spec i es composi t i on for the 

benthos,  phytop l ankton and zoop l ankton support th i s  v i ew. 

xi v 



TABLE OF  CONTENTS 

Sect i on T i t l e Page 

1 .  0 I NTRODUCT ION  U . 1-1  

2 . 0  PHYS I CAL ENV I RONMENT U . 2- 1  

3 . 0 CHEMI CAL OC EANOGRAPHY U . 3-1 

4 . 0 B IOLOGI CAL OCEANOGRAPHY  U . 4- 1  

5 . 0  SYNTHES I S  AND CONCLUSIONS  U . 5 -1  

6 . 0 PHYS I CAL PARAMETERS , SEPTEMBER- DECEMBER  1977 U . 6-1  

xv 





1.0 INTRODUCTION 

Upon i mplementati on of the SPR program, large scale di sposal of 
bri ne can be expected to i mpact the coastal waters of the northern 
Gulf of Mexi co. Sci ence Appli cati ons, Inc. (SA!) i s  currently carryi ng 
out an i ntensi ve envi ronmental baseli ne study of each of the three 
di sposal si tes associ ated wi th the Texoma salt domes. In addi ti on, 
two other control si tes are bei ng evaluated: Bi g Hi ll Control and 
West Hackberry Control. All fi ve si tes are si tuated at the 30 -foot 
depth contour at di stances of three to fi ve nauti cal mi les from shore. 
A set of i ntegrated studi es of the benthos, demersal organi sms, 
plankton, water column and sedi ment chemi stry, meteorologi cal con
di ti ons, and current and wave-ti de regi mes are bei ng conducted. The 
present report detai ls the fi ndi ng of those studi es duri ng the fi rst 
tri mester peri od (September 1977 to December 1977) of the study. 

The pri mary goal of thi s study i s  the deli neati on of the basi c 
structure and functi oni ng of the near offshore Gulf of Mexi co eco
system at each bri ne di sposal si te, i ncludi ng the bi ologi cal, chemi cal, 
and physi cal realms, stressi ng the relati onshi ps between these ecosystem 
components. In addi ti on to the goal of provi di ng adequate baseli ne 
envi ronmental data, the results of the study should serve as the 
foundati on upon whi ch a di scharge-phase study could be structured. 

The focus of any envi ronmental perturbati on i s  the bi ota. Thi s i s  
especi ally true i n  the Gulf Coast area where certai n bi oti c elements 
are of di rect economi c concern. Basi c deli neati on of the faunal and 
flora components of an ecosystem i s  the essenti al fi rst step, and has 
accordi ngly recei ved strong emphasi s. Bi ologi cal data has been 
collected monthly si nce September 1977 at each of the fi ve bri ne 
di sposal si tes. The bi oti c components whi ch are expected to recei ve 
the major i mpact are those non-moti le forms found i n  the i mmedi ate 
area of the bri ne di ffuser. For thi s reason, parti cular emphasi s 
has been placed on characteri zi ng the benthos (both megafaunal and 
mei ofaunal components) for each si te. 

The free movi ng demersal nekton of the northern Gulf i ncludes a 
vari ety of regi onally-i mportant commerci al and recreati onal speci es. 
These speci es i nclude the whi te and brown shri mp and numerous speci es 
of fish. Whi le the nekton wi ll probably be able to �voi d the area of 
bri ne di scharge, thereby escapi ng di rect i njury, such avoi dance would 
eli mi nate a substanti al porti on of thei r breedi ng and feedi ng grounds. 
For thi s reason, extensi ve trawl data has been collected from each 
si te on a monthly basi s. 

Extensi ve plankton sampli ng has also been performed monthly duri ng the 
course of the study. The i mplementati on of offshore bri ne disposal i s  
most li kely to i mpact the planktonic groups {phytoplankton, zooplankton, 
and meroplankton) whose di stri buti ons are dependent on current regi me 

U.1-1 



and would drift through the area of discharge. Many important 
commercial speices of fishes and crustaceans of the Gulf Coast have 
meroplanktonic larval stages which must pass through the near shore 
area on their way to the estuarine nurseries from offshore spawning 
grounds. This migratory pattern may utilize salinity gradients as 
an orientation cue. The existence of a down-stream brine plume 
during the discharge phase may influence such migratory patterns. 

While focus of the study has been on the biotic characterization of 
the area, SAI recognizes that a satisfactory understanding of an eco
system can only come with an understanding of the physical/chemical/ 
geological environment. For this reason, an intensive effort has been 
made to describe the non-biotic elements of the system. Basic water 
column characterizations (vertical salinity, temperature, dissolved 
oxygen and pH profiles, surface and near-bottom nutrient, chlorophyll, 
or phaeophytin determinations) were done concurrently with biological 
sampling. All benthic samples were processed for grain size distri
bution, carbonate content and total organic matter. Since a large 
part of the foodbase in the benthic habitat is detritus (especially 
in the near-shore Gulf where high turbidity prevails) , ATP analyses 
were performed on selected samples as a tool in evaluating microfloral 
activity in the sediment system. 

Spatial variations in water column and sediment chemical quality are 
necessary in delineating the overall composition of the system. In 
order to assess the potential impact of various osmotic effects, 
ionic imbalances, and toxic element distribution during discharge, 
the important chemical elements in the dissolved and particulate phases 
of both the water column and sediments have been determined. The 
background levels of chemical elements can the be compared with 
concentrations in various biota (plankton and nekton) as determined 
from tissue assays. The chemical parameters which were monitored 
include trace elements, hydrocarbons, bulk anions and cations, nutrients, 
TIC, TOC, POC, DOC, and ATP. 

Much of the spatial variability of biota and water quality parameters 
depend directly on the physical oceanography. This necessitated 
a detailed analysis of this component. Such data was also necessary 
as input into the MIT transient plume model utilized to delineate the 
area of impact. For these reasons, data on current regime, wave-tide 
conditions, and regional meteorology was collected. 
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2 . 1  C LIMATO LOGY AND METEORO LOGY 

2 . 1. 1  General C l i matol ogy 

The s ubtrop i cal cli mate of the d i ffuser  s i tes  i s  i nfl uenced by the 

relati vely warm waters of the Gulf of Mexi co and by the conti nental land 

mas s to the north and  west of the study area .  Rai nfall and h um i di ty are 

typi cally h i ghest i n  the s ummer on  a monthly average bas i s , wi th late 

s ummer and fall peri o ds of i ntense  rai nfall due to convecti ve sto rms and 

trop i cal  h urr i canes . 

Spri ng and  s ummer i n  the proposed di ffuser s i tes  areas are domi nated 

by the Bermuda H i gh ,  an  extens i ve semi -permanent h i gh pressure system 

centered i n  the Atlanti c Ocean off the so utheastern U n i ted  States whi c h  

causes a southeaster ly  fl ow i n  the general c i rculati on i n  the d i ffuser  

area.  There i s  generally li ttle vari at i on i n  these  s easons,  wi th h i gh 

h um i d i t i es , smal l d i urnal temperature vari ati ons , and convecti ve acti v i ty 

occurri ng , espec i al ly i n  the summert i me .  Seabreeze c i rcu l ati ons  are 

someti mes p resent duri ng peri ods of li ght wi nds . However , analys i s  of 

stati on  data from the fi eld stati on  located ons i te has revealed  no 

s i gn i g i cant energy at the di urnal or semi d i urnal peri od , i ndi cati ng that 

large- scale synopti c c i rc ulati ons  domi nate the wi nds i n  the area and mas k 

any small- scal e land- sea breeze c i rculati o n s .  

Trop i cal cyc l ones  a n d  attendant strong wi nds occur i n  th i s  reg i on , 

normal ly i n  late s ummer  and early fall. Most app roach from the southeast 

and the equatorial Atlanti c ocean . More than one  half of the trop i cal 

cyclones  become hurri canes , that i s , storms with s ustai ned wi nd speeds 

exceed i ng 74 mph (6 4 knots ) .  
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Wi nters are ge nera l l y  s hort and m i l d  wi th pers i ste nt l ow stratus 

ce i l i ngs and ra i n .  I t  i s  common for co l d  fronts represent i ng the edge of 

Conti nental m i d- l ati tude c i rcu l at i ons to pe netrate the coastal reg i o n  on 

a per i od i c  bas i s ,  especi a l l y  i n  the per i od of November through February 

or early March . Th i s  passage of co l d  fronts i s  marked by a s udden drop 

i n  a i r  temperature and the s h i ft of preva i l i ng wi nds from the eastern 

quadrant , that i s ,  northeast through south , to the northwestern quadrant , 

that i s ,  west  through north . Such wi nd s h i fts wi l l  pers i s t  for one  to 

three days bri ng i ng i n  co l de r ,  dri er a i r . The prevai l i ng southeast 

s ubtropi ca l  ci rcu l at i o n  wi l l  then be re-estab l i s hed unti l the next fro nt 

passes . Ana l ys i s  of stat i o n  data from the Beaumont/Port Arthur weather 

stat i on  i nd i cates a drop of 50°F i n  18 hours , duri ng the per i od of 

January 6-8 , 1978 .  Th i s  is  one i nd i cat i on of the seve r i ty and  sudde nness  

wh i ch the protrud i ng po l ar a i r  masses and co l d  fronts can change the 

w i ntert i me c i rcu l at i o n .  Such occas i onal  i ntrus i ons  of po l ar a i r brought 

a i r  temperatures be l ow freez i ng and down as l ow as the 20's duri ng the 

per i od of  obs ervat i o n .  Advect i ve- rad i at i ve fogs can a l so res u l t from 

thi s i ntrus i o n  of a i r  masses duri ng the wi nte rti me per i od .  

2 . 1 .  1. 1 Meteoro l ogy: General Observat i ons  

Over 100 years of meteoro l og i ca l  data have been recorded at 

Ga l veston , Texas ( d i rect ly  west  of the s i tes ) , and nearly 70 years are 

recorded at Port Arthur, Texas ( n orth of the s i te s ) ;  a shorter per i od of 

record is avai l ab l e  at Lake Charl es , Lou i s i ana ( northeast of the s i tes ) .  

A l l of these stat i o n  l ocat ions  are mari t i me s ubtropi ca l cl i mates , wi th 

l i ttl e man-made i mpact on  the observed meteorol ogy and cl i mato l ogy , and 
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hence are somewhat appl i cab l e  to the descri pti on  of the general 

meteorol ogy of the d i ffuser si tes . 

2.1. 1 .  2 Ai r Tempe ratures 

Mode rate tempe rature vari ati ons prevai l i n  the reg i on due to the 

dom i nance of so utheaster ly  s ubtropi ca l circu l ations  and the mode rating 

i nf l uence of the Gu l f  of Mexi co wate rs . The re s u l t i s  warm hum i d 

s ummers , m i l d  winters , wi th few days be l ow freez i ng ,  and a number of days 

i n  the upper 80's and l ower 90 1 s .  Summe r temperatures around  the s i tes 

average in the m i d  80's . C l i mato l ogica l l y-observed winte r temperatures 

are i n  the 50's and 60's , a l though these winte rti me averages are not 

repl icative of dail y co ndi tions  because  of the pe ri odic i ntrus i ons  of 

co l d  fronts . Tab l e 2 . 1- 1 il l ustrates month l y  val ues of  mean temperature 

for two l and stati ons , Gal veston , Texas and Lake Charl es , Louis iana .  

2 . 1 . 1. 3  Precipi tat i o n  

Tab l e 2 . 1 -2  s ummar i zes long term mean month l y  precipi tat i o n  amou nts 

at Gal veston  and La ke Charl es . Al though total rainfa l l i s  not h i gh l y  

variab l e  from month to month , the type a n d  frequency of  occu rre nce , and 

the extreme va l ues are l arge l y  functions  of the season or month of the 

year.  The l argest total  amount of rai nfa l l occurs duri ng the s ummer , 

u sua l l y  assoc i ated with e i ther l oca l  thunderstorms , tropi ca l storms , or  

h urri canes . Local  convective activity often causes severe thunderstorms 

and prec i pi tatio n .  I n  winte r ,  prec ipitation  frequency i s  increased 

because  of mid l atitude frontal passage and the attendant frontal 

activity , i nc l uding strong i ntermittent precipi tati on. This 
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Table 2.1-1 Long-term, Monthly Average and Extreme Air Temperatures for Galveston, 

Texas/Lake Charles, Louisiana 

(Observations and periods of records for the two stations are separated by a 

slash; hence, •6s/s9• means Galveston: 65, Lake Charles: 59) 

TEMPERATURE (to nearest degree) 

Normal a Extremesb 

Month Average Average Average Record Year Record Year 

Daily Daily Monthly Highest Lowest 

Maximum Minimum (OF) 

(OF) (OF) 

J 59/62 48/43 53.9/52.3 77 /79 1969/1972 11/20 1886/1970 

F 62/65 51/46 56.2/55.1 83/83 1932/1972 8/26 1899/1970 

M 66/70 56/51 61.0/60.3 85/86 1879/1974 27/29 1943/1968 

c A 73/78 65/59 69.2/68.9 92/92 1953/1965 38/34 1938/1971 

M 80/84 72/66 75.9/75.2 93/93 1911/1972 52/50 1954/1971 N I J 85/90 77/72 81 .3/80. 7 99/98 1918/1969 57/58 1903/1974 +> 
J 87/91 79/74 83.2/82.4 101/99 1932/1970 66/61 1910/1967 

A 88/91 79/73 83.3/82.2 100/97 1924/1976 67/61 1966/1967 

s 85/88 75/69 80.0/78.4 96/96 1927/1964 52/47 1942/1967 

0 78/82 68/58 73.1/70.0 94/91 1952/1971 41/36 1925/1964 

N 69/71 58/49 63.5/60.2 85/86 1886/1971 26/23 1911/1976 

D 63/64 52/44 57.1/54.3 80/82 1918/1966 18/24 1880/1973 

YR 74.5/78.0 65.0/58.6 69.8/68.3 101/99 
Jul./Jul. 
1932/1970 8/20 

Feb/Jan 
1899/1970 

Source: U.S. Department of Commerce, 1976 
a1931 - 1960/1964 - 1976 
bperiods of -records: Galveston: 106 years (1870 - 1976)/Lake Charles: 12 years (1964 - 1976) 
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Table 2.1-2 Long-term, Mean Monthly Precipitation Amounts Measured at Galveston, 

Texas/Lake Charles, Louisiana 

(Observations and periods of records for the two stations are separated by 

a slash; hence, "15.49/8.90" means Galveston: 15.49/Lake Charles 8.90) 

Month 

J 
F 
M 

A 
M 

J 

J 
A 
s 
0 
N 

D 

YR 

Normal 

Total a 

{inches) 

3. 02/4. 04 

2.67/4.47 

2.60/3.84 

2.63/4.33 

3.16/5.06 

4.05/5.04 

4.41/6.55 

4.40/4.75 

5. 60/4 .13 

2.83/3.48 

3.16/4.08 

3.67/5.70 

42.20/55.47 

Precipitation 

Maximum 

Monthlyb 

(inches) 

10.39/12.69 

8.29/6.75 

9.49/7.40 

11.04/10.95 

10.50/11.01 

15.49/8.90 

18.74/10.06 

19.08/17.36 

26.01/19.96 

17.78/17.28 

16.18/7.30 

10.28/13.27 

26.01/19.96 

Year 

1899/1974 

1881/1969 

1973/1973 

1904/1973 

1929/1974 

1919/1968 

1900/1969 

1915/1962 

1885/1973 

1871/1970 

1940/1974 

1887/1967 

1885/1973 

Source: U.S. Department of Commerce, 1976 
a1931 - 1960/1964 - 1976 

Minimum 

Monthly 

(inches) 

0.02/0. 78 

0.09/0.80 

0.06/0.27 

0.01/0.64 

TC/0.57 

TC/0.84 

TC/0.48 

0.00/0.77 

0.04/1.01 

TC/TC 

0.03/0.11 

0.23/2.07 

0.00/TC 

bperiods of records: Galveston: 106 years (1870 - 1976)/ 

Lake Charles: 15 years (1961 - 1976) 
cT =�Trace, an amount less than 0.01 inches 

Year 

1909/1971 

1954/1962 

1953/1971 

1887/1963 

1889/1963 

1907/1969 

1962/1962 

1902/1976 

1924/1962 

1952/1963 

1903/1967 

1889/1975 

1902/1963 



p rec i p i tati on  may occur any t ime o f  day s i nce i t  i s  not caused by 

convect i ve acti v i ty ,  and conti nue  i ntermi ttently for several days . 

Year ly  mean prec i p i tati on  leve l s  for Galveston , Houston and Port Arthur 

are :  44 . 7 i nches ,  47. 3 i nches , and 52 . 8  i nches  respect ively .  S nowfa l l 

i s , as expected , q u i te li ght i n  th i s  reg i o n .  For the three or  four  

menti oned stati ons  the  average yearly s nowfall from 1970- 1977 wi nter 

seaso n s  was app roxi mately 0 . 4 o f  an  i nch  total for the enti re year .  

2 . 1 . 1 . 4  Wi ndspeed and D i rect i o n  

Surface Wi nds*  

Surface wi nds along  the Gu l f Coast are  dom i nated throughout most of  

the  year by the Bermuda H i gh .  Thu s ,  p revai li ng wi nds are from the south,  

southeast, and east quadrants i n  the January through June peri od .  Wi nd 

s h i fts through a more easterly d i rect ion  duri ng July and August as the 

Bermuda H i gh m i grates north , and then becomes more southe rly aga i n as the 

h i gh then moves further south duri ng the fall per i od .  Duri ng the 

November to February peri od , as menti oned above , th i s  p revai li ng w i nd 

d i recti on  i s  greatl y modi f i ed by the passage of  m i d l ati tude fronts 

pas s i ng through the area. 

Tab l e  2 . 1-3  summari zes the percent of  frequen c i e s  of  w i nd d i recti o n  

and speed for Galveston ,  o n  a yearly bas i s ,  over a ten year per iod  o f  

observati o n .  Note the occurrence of  strongest ( c l ass  6 )  wi nds from the 

northwest through northeast wh i c h  i s  the res u l t of wi nterti me frontal 

pas sage . 

*NB-Meteoro l ogy conve nti on  for wi nd d i rect i on i s  used throughout i . e . , 
w i nd di rect i on i s  stated as beari ng from wh i c h  wi nd i s  blow i n g .  Th i s  i s  
u n i versal convent i o n .  

U.2-6 



Table 2.1-3 Percentage Frequencies of Wind Direction and Speed, Galveston, 

Texas - Annual Observations, 19 51-1 9 6 0  (87,672 obs.) 

Speed Class 1 2 3 4 5 6 Total 

Knots 0-3 4-6 7-10 11-16 17-21 >21 

Direction 

N . 2 .8 1. 7 2. 0 1. 3 .6 6.7 
NNE .1 .6 1. 7 1.8 1. 0 .4 5.6 
NE . 2 .8 2.2 1. 9 .6 .2 5.9 
ENE .1 .6 1.4 1.3 . 5 .1 4.0 
E . 2 . 9 2.2 1. 9 .6 .1 5.9 
ESE .1 1.1 3.7 3.3 .6 .1 8. 9 
SE .2 1. 7 6.0 4.0 .6 .1 12.3 
SSE .1 1. 4 6.1 4.9 .6 0 13.2 
s • 3 1. 6 6.1 5.1 .9 .1 14.0 
SSW .1 . 7 2.4 2.5 .7 .1 6. 4 
SW .2 .7 1. 5 1.1 .4 .1 4.1 
WSW .1 . 5 .8 . 3 . 1 0 1.8 
w . 1 . 5 .7 • 3 .1 0 1. 8 
WNW .1 .4 .8 . 5 . 2 .1 2.1 
NW .1 . 5 .9 .8 • 5 . 2 3.1 
NNW .1 . 3 .7 .8 • 7 • 5 3.0 

1.1 1.1 
Total 3.5 12.8 39.0 32.5 9.5 2.9 
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Extreme Wi nds 

Tab l e 2 . 1-4 summar izes the mean speed and prevai l i ng di rect i o n , and 

fastest recorded speed and,..,. d i rect ion  a�d year of occurrence for extreme 

wi nds at Port Arthu r ,  Texas , a stat i o n  more i n l and than Gal veston but i n  

the same c l i mati c zone . The recorded speeds are i n  fact wi nds runs , that 

i s  averaged wi nds normal i zed to the 10 meter meteoro l ogi cal datum . 

Compari ng wi ntert i me means and extremes agai n shows the domi nance of 

wi nter fronts . 

2 . 1 . 1 . 5  Hurri canes and Tropi cal Storms 

Hurri canes and trop i cal  storms are commo n ly  formed i n  the trop i cal  

Atl ant i c  or on  the edge of the Carri bbean .  These often enter the Gu l f of 

Mexi co , and make l andfal l i n  the central Gu l f area .  Landfal l s  i n  the 

reg i o n  of e i ther H i gh I s l and or Cameron are l ess common than further 

east.  Hurri cane season is  typ i cal ly  from June through October , howeve r ,  

l ate s ummer and early fa l l  are more commo n peri ods for hurri cane 

occ urre nce . The ave rage number of years between occ urrences of 

hurri canes i s  3 . 2 years at Gal veston . 

Duri ng the peri od of observat i o n , th i s  i s ,  September through 

December 1977 , none of the cyc l ones or named hurri canes wh i ch fo rmed 

penetrated as far west as the study s i te .  In recent h i story , Hurri cane 

Cami l l e ,  i n  1969 , was the most severe i nci dence of trop i cal storm passage 

through the area.  The very shal l ow she l f reg i on i n  th i s  part of the Gu l f 

of Mex i co , l ow ly i ng l and areas , h i gh water tab l e ,  and frequent 

i n undat i on of l ow ly i ng areas by normal prec i p i tati on  events mean that 

s torm surge and wave run- up are a common cause of extreme damage and 
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Table 2 . 1 -4 Monthly Mean Wind Speeds ( mph ) and Fastest Recorded Wind 

Speeds , Port Arthur , Texas ( period of record 19 4 4-1976) 

Mean Prevailing Fastest Year of 

Month Speed Direction Speed Direction Occurrence 

Jan . 11 . 3 N 50 s 19 57 

Feb . 11 . 8 s 62 SE 1969 

March 12 . 2  s 66 SW 1964 

April 12 . 3  s 6 0  NW 1966 

May 10 . 6  s 74 SW 1971 

June 9 . 1 s 72 NW 19 57 

July 7 . 9  s 66 SW 1963 

Aug .  7 . 5 s 73 E 1964 

Sept . 8 . 7  NE 56 SW 1968 

Oct . 9 . 0  N 65 NW 1956 

Nov . 10 . 5  N 6 0  NE 1963 

Dec . 10 . 8  N 69 s 19 53 

Y early 

average 1 0 . 2  s 
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casualt ies onshore .  Dur i ng the cyclone of 1900 , more than 6000 people 

di ed on Galveston I sland dur i ng one of these storm surges. Extreme drops 

i n  surface pressure and extreme w i nds are common occurrences du ri ng such 

eve nts. 

2 . 1 . 2 Local Meteorology: F i eld Observat i ons 

2 . 1 . 2 . 1 I nstrumentat i on Locat i on and Ope rat i on 

A fi eld stat i o n recordi ng w i nd  speed,  wi nd di rect i on , and 

( sporadi cally) a i r  temperature was emplaced at the H i gh I sland si te and 

put i nto operat i on i n  November 197 7 .  The data under di scussi on exte nds 

conti nuously through December 3 1 ,  197 7 .  Thi s stat i on is located on  an 

offsho re drilli ng structure some e i ght m i les off H i gh I sland,  Texas. 

Data was also obta i ned from anothe r stat i on , located off Came ron , 

Lou i si ana . The West Cameron stat i o n will be referred to an AGA and the 

High I sland stat i on wi ll be re fe rred to an ARCO.  

2 . 1 . 2 . 2 September 197 7  

The pr imary synopt i c  scale feature i n  the reg i on duri ng the month o f  

Septembe r ,  19 77  was the passage of Hurr i cane Babe whi ch i nte nsi f i ed  upon 

enteri ng the Gulf of Mex i co from the South Atlant i c  where it formed. I ts 

landfall was the Lou i si ana coast , somewhat east of the site on 

September 5 .  

Afterwards i t  moved slowly  no rtheast wi th associ ated heavy ra i ns and 

storm patte rns along the coast . Babe ' s  passage was followe d by the 

normal seasonal patterns of the reg i on , that i s , prevai li ng south and 

southeast w i n ds someti mes br i ngi ng c0 nvect i ve preci p i tat i on from the Gulf 
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of Mexi co .  Bl ocki ng h i ghs to the north preve nted l ater storm tracks from 

m i d- l ati tude storms passi ng through the reg i on .  Genera l l y  h i gh 

temperatures prevai l ed .  Anal ysi s o f  temperature data for the Port Arthur 

weather serv i ce stat ion  ( U .  S .  Dept . of Commerce , 1978) for the period  

(F i gure 2 . 1- 1) i ndi cated fai rly smal l  di urnal and semi di urnal temperature 

vari at i o ns and l i ttl e i n  the way of extreme temperatures on a dai l y  

basi s. F i gure 2 . 1-2 , the wi nd rose for the AGA stati on (l ocated somewhat 

south of the si tes) i ndi cates that the wi nds were domi nant ly  from the 

south wi th some stronge r gusts from the east , these pri mari l y  be i ng the 

resu l t of Babe's passage to the east .  I n  genera l , these patterns are 

typ i ca l  of the reg i o n  for the l ate summer and early fal l peri od .  

2 .  1 .  2 .  3 October 1977 

October was marked by passage of a mi l d  co l d  front and associ ated 

frontal preci p i tati on  i n  the ear ly  part of the month , fo l l owed by 

genera l ly  west and no rthwest wi nds l ater o n .  A deepe n i n g  trough i n  

m i d-October brought heavy rai ns  to the reg i o n .  Th i s  trough moved sl owl y  

east , fol l owed by co l d  ai r passi ng through and temperatures dropp i ng i nto 

the 30's and 40's , rather unusual  for the si tes that ear ly  i n  the wi nter .  

Temperature records for  Port Arthur i ndi cate passage of these fronts 

brought more extreme di urnal vari ations i n  tempe rature as fal l patterns 

became es tab 1 i shed and mi d- 1 at i tude stornt tr:a.c.k� began to penetrate i nto 

the reg i o n .  F i gure 2 . 1-3 , al so from AGA , i ndi cates the sudden eme rgency 

of  fal l /wi nter patterns as north and northeast wi nds , and to some extent 

northwest wi nds , beg i n  to be establ i shed.  Note that the stro ngest wi nds 

are from the north , no rth- northeast and northeast and from the south . 
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Figure 2 . 1-1 Temperat ure Record ( s ix-hour running 
averages , plo t t ed every s ix hours ) , Port Art hur NWS 
Stat ion , 1 Sep tember 1 9 7 7  - 18 January 1 9 7 8  ( ° F) 
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F i g ure 2 . 1 - 2  

Speed 
C l a s s 

1 2 3 4 5 6 

Interva l 0- 3 4-6 7-10 11-16 17- 21 > 21 
( Knot s )  

Per c en t  
o f  O %  5 %  1 0 % 

Ob s erva t ions lL-���·'���--1 

W i nd Ro s e , AGA Tenn eco P l a t f o rm ,  Location 2 7  5 9 N ,  
9 3  0 2W - S ep t emb er 1 9 7 7 . 
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Spe ed 
C l a s s  

I n t e rval 
( kno t s ) 

Percent 
of 

Ob s e rva t ions 

1 2 3 4 5 6 

0-3 4 - 6  7-10 U-1 6  1 7-21 > 2 1  

0 % 2 . 5 % 5 %  

F i gur e 2 . 1 - 3  W i n d  Ro s e ,  AGA Tenneco P l a t f o rm ,  Loc a t io n  2 7  5 9 N , 
9 3  0 2 W  - October 1 9 7 7 .  
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Th i s  i n di cates the begi nn i ng of normal swi tch i ng pattern from the so uth 

and so utheast wi nds to no rth and northwest wi nds as mi d- l ati tude sto rms 

p ass through the reg i on du r i ng the l ate fal l and  wi nte r seasons. 

2 . 1 . 2 . 4  November  1977 

The month of  November began wi th a weak  trough deepeni ng to a 

stat i o nary cycl on i c  pattern  over the area by the 5th of  the month  wi th 

attendant showe rs. The trough then moved east very sl owl y ,  a l l owi ng 

genera l ly  co l d  temperatures to rema i n .  Temperatures then rose to normal 

or  sl i ght ly  be l ow .  T h i s  was fo l l owe d i n  mo d-month by an outb rea k of 

Arct i c  a i r from western Canada ,  wi th tempe ratures in  the 30 ' s and  40' s. 

Lows rema i ned stat i o nary over eastern Canada ,  and the si tes and the 

reg i on fe l t  co l d  a i r for a wee k  or more at a t i me , especi a l l y  around 

m i d-mont h .  Wi nds were general ly  from the no rthwest and west once thres  

patte rns became estab l i shed .  As the  l ow weakened ,  i t  was fol l owe d by 

h i gh temperatures i n  the normal 60  to 8 0  degree range . Near the end  of 

the month another weak  front passe d through the area and remai ned 

stat i o nary w i th m i l dl y  l owe r tempe ratures as l ate fal l and earl y w i nte r 

patte rns were reestab l i shed once more . The temperature records at Port 

Arthur show the very i ntense co l d  a i r pe netrat i o n  around mi d-month . 

Tempe ratures became much co l de r wi th passages of  fronts through the are a .  

General ly  t h e  ave rage tempe ratures over t h e  month remai ned i n  the 

normal range , but wi th much co l der temperatures at the beg i nn i ng and the 

end of  the month . F i gure 2 . 1-4 shows th i s  extreme pattern becom i ng 

estab l i shed and i s  a good examp l e of  the reg i on's wi nterti me w i nd 

patte rns,  that i s  wi nds dom i nat i ng i n  two quadrants, the southeast and 
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F i g ure 2 . 1 - 4 

Speed 
C l a s s  

1 2 3 4 5 6 

I nterva l 
( kno t s ) 

0- 3 4-6 7-10 lf-16 1 7-21 >21  

Percent 
o f  0 %  

Ob s ervations 
2 . 5 % 5 %  

Wind Ro s e ,  AGA Tenneco P l a t fo rm ,  Loc a t ion 2 7  5 9 N ,  
9 3  0 2W - ( pa r t  o f )  Novemb e r  1 9 7 7 .  
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the northwest .  Note part i c u l arly the strong domi nan�e of c l ass  6 wi nds 

i n  the north and northwest .  These are the result of  the i ntense l ow 

pressure cold front pas s i ng through i n  the ear ly  part of  the month . 

F i gure 2 . 1-5 , from ARCO , i ndi cates s i m i lar patterns . It  should be noted 

that th i s  i nstrument was not put i nto operati on  u nt i l November 20 , and 

therefore does not reflect all of the patterns for the remai nder of  the 

month . Rather , it s hows pri mari ly the peri od  of varyi ng wi nd condi t i o n s  

because of  s ubsequent pas sage of co l d fronts through the area .  Sti ck  

d i agrams ( not shown)  s how that , generally ,  wi nd cond i t i on s  were fai rly 

m i ld ,  and domi nant wi nds were from the south and southeast , wi th some 

i ntense peri ods of  north and northwest  wi nds as the fronts passed 

through . Generall y the reg i o n  and the s i tes at th i s  t ime of  year are 

sti ll south of most of the fro nts and , therefore , the estab l i shed  

patterns from the  south and southeast remai n most ev i dent.  

2 . 1. 2 . 5  December 1977 

A deepen i ng trough brought an  outbreak of Arct i c  a i r and lower 

temperatures i nto the Gulf reg i o n .  Th i s was the domi nant synopti c 

pattern for the month of  December .  The early part of  the month , that i s  

around December 5th , was marked by th i s  emergi ng front.  The  Arcti c a i r 

mass attendi ng i t  bro ught temperatures i nto the 20 ' s  and 30 1 s ,  as s hown 

by the Port Arthur temperature records . A seri es  of low further north 

brought cold a i r  i nto the south , wh i le warmer a i r and ri s i ng temperatures  

returned the  area to  normal agai n .  Temperatures dropped once more as a 

s ucceedi ng front passed through around  December 10th . Th i s  pattern 

repeated throughout the month . As wave patterns remai ned west of the 
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F i gure 2 . 1 - 5  

Spe ed 
C l a s s  1 2 3 4 5 6 
I n terval 
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Obs e rva t io n s  
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s i te blocki ng the i nflow of normally mo i st warm Gulf a i r , the temperature 

stayed somewhat lowe r than normal. Generally cooler temperatures 

prevai led through m i d- December .  S ucces s i ve fronts brought i n  cold ai r 

and abrupt temperature drops and wi nd s h i fts to the north and northwest,  

followed by a s low ri se  i n  temperature as the front passed  through .  

Wi nds then  s h i fted somewhat to  the  south agai n and were s ucceeded 3 or 

4 days later by a reestabli s hment of  colder Arcti c cond i t i ons  north of 

the s i tes and i nto the regi on . F i gure 2 . 1-6  i nd i cates th i s  pattern . 

Generally the wi nd patterns of  the month remai n from the eastern and 

southeastern quadrant , but the strongest wi nds are domi nantly from the 

northern quadrant , i ndi  cat i ng the passage of s ucces s i ve fronts through 

the regi o n .  Wi nd sti ck f i gures and Port Arthur temperature data i ndi cate 

the same pattern . T h i s  i s  the patte rn wh i ch i s  common throughout the 

reg i on ,  wi nds becomi ng establi s hed from the north and northwest fo r 2 or 

3 days at a ti me , followed by a s udden s h i ft to the so uth and southeast 

for another 2 or 3 days unt i l another front passes  through . The only 

s i gn i f i cant di fference i n  the pe r i od  of  observat i on was that i t  became 

establi s hed  somewhat early .  Th i s i s  i n  keepi ng wi th generally colder and 

more extreme condi ti ons  throughout the U n i ted State s i n  the wi nter of 

1977 and 1978 . 

2 . 1 . 3  General Observati ons  

The pe ri od of observati on  ( September 1, 1977 through December 31,  

1977 )  i s  typi cal of the  reg i on's meteo rology as observed at land 

stati ons . The mari ne stati ons  i nd i cate that wi nds are ge nerally from the 

south or so utheast through the early fall pe ri od, and exh i b i t  the 
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a l ternati ng northwest- southeast patterns associ ated wi th m i d l ati tude 

storm systems as wi nter gets underway . Murray ( 1974) i nd i cates the 

domi nance of  wi nd- i nduced current dri ft i n  the sha l l ow Gu l f of  Mex i co 

on-s hore dri ft of  s urface waters duri ng much of  the year .  The ens u i ng 

s h i ft i n  wi nd patterns to the north and northwest  wo u l d reverse th i s  

pattern .  

Spectral ana l ys i s  of  the  data from both stat i o n s  fa i l s  to  exh i b i t  

any s i gn i f i cant energy at the sem i d i urnal  per i od that wo u l d be associ ated 

wi th l and- sea breezes . Wi nd roses  i nd i cate q u i te strong and pers i stent 

wi nds throughout the peri od , as do sti c k  d i agram s .  S i nce the l and-sea 

breeze patte rn i s  general l y  qu i te weak  and eas i l y mas ked by l arger scal e 

c i rcu l ati o ns , i t  i s  not poss i b l e  wi th the gi ven  data to observe s uch 

patterns .  There are no Nat i o nal  Weather Serv i ce l and-sea breeze stat ions  

i n  the  area to g i ve i ndependent observati o n s .  I n  add i ti on , the way i n  

wh i ch data i s  taken at each stati on , that i s ,  Port Arthur , Gal veston , and 

La ke Charl es , NWS Stati ons , AGA remote stat i o n  and ARCO stati on , pos s i b l y  

precl ude detai l ed spectral analys i s  i n  a way that wo u l d show exi stence o r  

nonexi stence of  l and- sea breeze s .  

Hydro l og i c  data for the per i od ( U . S .  Geo l og i ca l  Survey , 1978 , 

pri vate commun i cati o n )  for the Neches R i ver Bas i n  i nd i cate no extremes i n  

di scharge except for the t i me per i od around December 15 , marked by 

a passage of a front thro ugh the area and associ ated prec i p i tati o n  beh i nd 

the front .  Ge nera l ly  the wi nter-ti me pattern of prec i p i tati on  for 

extended peri ods had not been estab l i shed by the pe r i od  of  observat i o n .  
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2 . 2 . l _§_a_c_k_g_r_o_u_n_� 

2 . 2  PHYS ICAL OCEANOGRAPHY 

S i nce  ear l y  September 1 97 7 ,  a phys i ca l  oceanograph i c  study 

has  been conducted i n  the Gu l f of  Mexi co  reg i on extendi ng  from approx i mate l y  

20  km east  o f  Ca l ca s i eu Pass ( Lo u i s i ana ) to 3 0  km wes t  of  Sabi ne  Pas s (Texas ) .  

Th i s  e ffort i s  part o f  the Texoma bri ne di ffu ser  env i ronmenta l  i mpact st udy , 

des i gned to a s se s s  the i mpact on  the l ocal  eco l ogy of  the d i scharge o f  

bri ne  res u l t i n g  from l each i n g  of  s a l t domes for storage of  petro l e um reserves . 

The purpose of  the Phys i ca l  Oceanograph i c  Study i s  not o n l y  to descri be the 

phys i ca l  env i ronment i n  the reg i on , but a l s o  to prov i de i n puts  to a computer 

model  devel oped by Ma s sachusetts I n s t i tute of  Techno l ogy ( M I T )  wh i ch i s  

be i n g  u sed for predi ct i ng  character i st i c s  of  the d i s charged bri ne  p l ume . 

Beg i n n i ng October 2 0 , 1 97 7 ,  near bottom c u rrents have been 

mon i tored at s i x  s i te s  u s i ng ENDECO current meters mounted on s ha l l ow 

moo r i n g s  and pos i t i oned 2 meters a bove  the bottom . I n  addi t i on , wave , t i de , 

and wi nd records were obta i ned i n  the v i c i n i ty of  the West  Hac kberry and 

B i g  Hi l l  s i te s , and conduct i v i ty ,  temperature , depth and di s so l ved oxygen 

( C , T , D-DO ) casts  were made on a seri e s  of gri ds  centered on the s i x  i n stru 

ment s i tes . Add i t i onal l y ,  the moti on of  c l usters  of  drogues  wa s mon i tored 

by aeri a l  photography for a durat i on of four  days to characteri ze  near bottom 

and m i d-depth h or i zontal  d i ffus i v i t i es and to supp l ement Eu l eri an current 

mea s u rements  w i t h  Lagrang i a n  observati on s . 

Th i s  report presents data co l l ected from October 20 , 1 977 

to December 1 5 ,  1 977 , as  wel l as  a pre l i mi nary asses sment  o f  mec hani sms 

wh i ch wou l d appear to govern cu rrent  dynam i c s  for th i s part of  the year . 
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2 . 2 . 2  Methodol ogy 
2 .  2 . 2 . 1  Expe r i mental  S i te 

The s tudy area , i ns trumentat i on s i te s , and poten t i a l  d i ffu ser  

l ocat i o n s  are shown in  Fi g u re 2 . l .  Th i s reg i o n  extends over the i nner  

conti nental  s he l f from approxi mate l y  30 km west  o f  Sab i ne Pas s , T X  ( B i g  

H i l l  Stat i on )  to appro x i mate l y  2 0  km east  o f  Ca l cas i eu Pa s s ,  LA ( We s t  

Hackberry Control  Stat i on ) .  S i nce i t  was expected that d i ffuse rs wou l d be 

con structed at a depth of appro x i mate l y  9 m ,  measurements were concentrated 

on or about  th i s  i sobath , wh i ch i s  8- 1 0 km offshore , and runs genera l l y  

paral l el to the  s l i ght l y arcuate coast . Over t h i s s he l f area , l oca l  bathy

metry shows l i tt l e rel ati ve rel i ef and a gent l e offs hore s l ope . 

2 . 2 . 2 . 2  Expe r i menta l  Des i gn 

The n umber , l ocati on , and spac i ng  of i n s trument stat i o n s  requ i red 

for mon i tor i ng  c urrents , w i nds , water l evel , and waves  were s e l ected to 

pro v i d e  s uffi c i en t  data to descr i be the phys i ca l  processes  wh i ch occ ur  i n  

the s tudy area . I n  addi t i on , the  des i gn was devel oped to prov i de n eeded 

i n put  to the M IT  Bri ne  D i ffuser Model run by the Center for Exper i mental  

Des i gn and Anal ys i s /NOAA .  

I n  the or i g i na l  des i gn , meas u reme n ts were concentrated o n  the 

pri mary s i te s  of  B i g H i l l  and West  Hackberry , wh i ch were i nstrumented wi th 

two cu rrent meters p l aced 2 and 5 meters above the bottom , a wave-t i de gage , 

and a meteoro l og i ca l  package . Currents were further documented at B i g H i l l  

Contro l , B l ack  Bayo u , and Wes t  Hackberry Contro l by a c urrent �e.ter pl aced 

2 meters above the bottom . A s i xth c urrent meter was depl oyed near  Cal cas i eu 
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Pas s to a s ses s  pos s i b l e effects on reg i ona l  dynam i c s  of t i da l  and 

run-off d i s cha rge from the Cal cas i eu es tuary .  Current meter depths were 

se l ected on the bas i s  of  prel i mi nary res u l ts of  the M IT  d i scharge model , 

wh i ch i nd i cated that the br i ne  was u n l i ke l y  to ri s e  above m i d-depth , but  

rather  wou l d  s ettl e back toward the bottom fol l ow ing  an  i n i ti a l  r i s e .  

Month ly  CTD- DO cas ts were made  o n  gri ds cen tered o n  the s i x  

curren t meter s i te s  descri bed above . These  gr i d s  c o i n c i ded wi th b i o l og i ca l  

samp l i ng s tat i ons . 

Fo l l owi ng  i n i t i a t i on of the fi e l d program , i t  was dec i ded that 

mos t  i ns truments wou l d be moved s l i ght ly  away from the i r  ori g i na l  l ocati ons  

beca u s e  of  i ntense  s hr i mp trawl i ng i n  the reg i o n .  Soon after i n i t i a l  

depl oyment , i t  was c l ear that rega rd l e s s  o f  not i ce g i ven and s u rface markers 

u sed , any i nstrument  not p l aced in c l o s e  prox i m i ty to a f i xed s tructure had 

a very l ow probab i l i ty of  s u rv i v i ng the en ti re measurement per i o d .  Con s e

quent l y ,  mos t  s tat i ons  were moved , so a l l but  the Cal cas i eu Pa s s  s ta t i o n  

were wi th i n  1 50 m of an  o i l  r i g  o r  s tand p i pe , where they were better protected . 

2 . 2 . 2 . 3  I n strumentati on 

I n  o rder to u nde rstand and descr i be  the currents ' tempora l  and 

s pati a l  var i ati ons , a s  we l l  a s  the  forc i ng  mechan i sms wh i ch govern the i r 

dynam i c s , i t  i s  req u i red to conti n uo u s l y  mon i to r  c urrent  s peed and di recti on , 

wi nd s peed and di recti on , wa ve he i ght  and peri od , water l evel  f l uctuati ons , 

and the  s a l i n i ty-temperature d i stri b ut i on i n  the  v i c i n i ty of  the  pr i mary s i te s . 

The fo l l owi ng  s ecti ons  descri be the i ns trumentat i on u s ed i n  the  course  of  the 

present  program . 

U . 2 - 2 5  



C urrent  Meas u rements 

Cu rrents were meas u red wi th ENDECO Model 1 05 tethered c urren t meters . 

Th i s  i n s trument i s  a battery- powered , neutra l l y buoya n t ,  s h rouded impel l er 

type meter des i gned to mea s ure: l ) wa ter cu rrent s peed by i n tegrati ng roto r 

revo l u t i on s  over a s e l ec tab l e t ime i n terva l set by the man u facture r ,  and  

2 )  d i rec t i o n  by defi n i ng the  meter' s or i entat ion  wi th respect to  ma gnet ic  north . 

Data were recorded i n terna l l y o n  1 6  mm fi l m  at a samp l i n g  rate contro l l ed by 

a crysta l o sc i l l a to r .  The ENDECO l 05 ' s were present to samp l e currents  over 
ha l f- hour  i n terva l s .  At th i s  sa1 1 1p l i n 9  rate , the s u 9 9ested rota t i on period i s  

4 5  days . 

I t  wa s fe l t  that the ENDECO current meter wa s most  s u i ta b l e for u se  

wi th i n  t he  wa ve zone , because  th i s  i n strument i s  norma l l y  attached at  the 

end of a l . 5m ny l on tether , secu red to a ta ut moor i n g l i ne  by mean s  of a Cook 

c l amp . As a res u l t ,  the cu rrent meter i s  effec t i ve l y  u ncou p l ed from moo r i n g  

moti on  i nduced by wa ve acti on a nd  moves i n  an  or i entat i o n  determi ned by 

hydrodynam i c  forces generated on the i mpe l l er s hroud  by the mea n fl ow.  

A deta i l ed program for ensur i n g  data q ua l i ty ,  as we l l  a s  i ns trument 

re l i a b i l i ty ,  wa s ma i n ta i ned throughout the study .  P r i o r  to l eav i ng  ENDECO 

fac i l i t i es , each cu rrent meter i mpel l er wa s ba l anced i n  wa ter and  ca l i bra ted 

i n  a fl ow ta n k .  Add i t i o na l y ,  each compa s s  wa s ca l i b rated after be i n g  mou n ted 

i n  the i n strument . The se compa s s  c hecks  con s i sted of tu rn i ng the i n strument 

in known 1 5 ° a rc s . By compa r i n g  recorded or i entat ion  with  the known o r i en -

ta t i o n , a dev i a t i on c u rve can  be generated fo r each i ns trument . These i nd i 

v i d ua l s peed ca l i bra t i on and compa s s  dev i at i o n  curves are u sed by ENDECO 

d u r i n g  pre l im i nary data reducti on . 
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Moor i ngs  for the ENDECO meters were desi gned for a two -month 

study .  The i r  confi g u rat i on i s  s hown i n  F i g u re 2 . 2 . 2 .  Buoyancy i s  p rov i ded 

by three v i nyl  buoys . The Coo k c l amps sec u r i n g  the cu rrent me ter my l on 

tether are attached to a s ta i n l es s  stee l rope , 1 mm i n  d i ameter , connected 

by a cha i n  to a 360 kg ra i l road whee l . Contacts between d i s s i mi l ar meta l s  

occu rred at  two po i n t� (A ) and ( B ) . However ,  a s  ant i c i pated , corros i on 

was not  a factor i n  the two-month  study . 

I n  o rder  to fac i l i tate re l ocat i ng i n strument� a l l moor i ngs  

were equ i pped wi th a n  ENDE CO Model 883  Cont i nenta l She l f p i nger . Each of  

these  p i n gers tran smi tted a peri od i c  omn i d i rect i on acou s t i c a l  s i gna l  a t  

o ne  of  th ree known frequenc i es .  Al though  they a re des i gned to  p ro v i de 

a nomi na l  range of  3 . 2  km , i t  was a s s umed that the operat i ona l  d i stance 

between a moor i ng  and  the acou st i c recei ver wou l d be l i mi ted to 1 . 6 km 

( 1  mi l e ) , beca u se of l i ke l y  attenuati ons  due to p l an kton concentra t i ons  o r  

other s u s pended part i c u l ate matter . 

Pi ngers were l ocated wi th the a i d  of  a Burnett ' s  aco u s t i c a l  d i recti ona l  

recei v e r .  T h i s i n s trument  can  be  used  both  a s  a d i ver-he l d and o ver-the- s i de 

rece i ver , each wi th a 5° sens i t i v i ty arc . Genera l l y ,  o n l y  the d i ver-he l d un i t 

was used , s i nce the re search ves s e l  cou l d re l ocate stat i on s  to wi th i n  75  meters 

u s i n g Loran A and rada r .  U s i n g  the d i ver he l d u n i t ,  a d i ver co u l d swi m 

d i rect l y  to the moor i n g  by s i mp l y  mov i n g the recei ver t h rough  an  arc and  

dete rm i n i ng the d i rect i on o f  max i mum s i g n a l . 
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F i g u re 2 . 2 -2 Schemat i c  moor i ng used for cu rrent meter .  Contacts 
between d i s s i mi l ar meta l s  occu rred at po i nts A and B .  
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Wave and T i de Mea s u rements  

A Hydro Products Mode l 525  j_r:i_-s i tu wave- t i de gage was u sed for 

meas u r i ng wate r l eve l  f l uctuat i on s  and s u rface wave character i s t i cs at 

the two pr ima ry s i te s .  Th i s  i n strument  uses a pres s u re transducer  acti vated 

by vari ati ons  i n  the magn i tude of  the overl y i n g  water co l umn . Changes i n  

water l evel  are transfor med i nto proport i ona l  va r i at i on s  i n  an e l ectri ca l 

s i gna l , wh i c h i s  ana l yzed , averaged , and recorded every ha l f  hou r on an  

ana l og  chart . 

Wave he i ght  i s  represented by s i gn i fi cant wave he i ght , ( H1 ; 3 ) .  

wh i ch i s  obta i ned by averag i ng over 20  mi n utes the he i ght of the  h i ghest  1 / 3 

of  the  reco rded waves . I nd i v i dua l  wave pe ri ods are determi ned , u s i ng the  

zero  u pc ros s i ng def i r. i t i o n  of  peri od . Per i od i s  averaged over 20 mi nutes  

a nd  p l otted as  a freq uency ( Hertz ) .  Ti de l eve l  i s  determi ned by l ow-pass  

fi l te r i n g  the t ransducer output  over 7 .8 mi nutes , thus  e l i mi nat i n g  the  i nfl uence 

o f  h i gh frequency fl uctuat i on s  a s soc i ated wi th  wave s . Such  a pre s s u re- sen s i ng 

wave - t i de gage i s  k nown to  record wave he i ghts  l owe r than true va l ue s  

( I ppen , 1 966 ). A l l wave-t i de gages were thorough l y  dry- l ab tested accordi ng  

to the  Hydro Products  Qua l i ty Ass u rance Prog ram , p r i o r  to s h i pment  from the 

factory .  Moreove r ,  many of the i nstruments  we re prev i ou s l y  fi e l d tested and 

res u l t i ng data qua l i ty eva l uated . 

Wave-t i de qaqes were attached to a short moor i n g ,  with  the sensor  

at a depth o f  appro x i mate l y  8 meters ; i . e . , one  meter above  the bottom . 

Th i s  moori ng  con s i sted of  a l ength  of  1 /4 "  ( 0 . 6cm ) s ta i n l e s s  s tee l  w i re , 

appro x i mate l y  2 to 3 m l on g , s upported by a Norwe g i an b umper buoy provi d i ng 

68 k g  of  buoyancy , and connected to a 360 kg  rai l road wheel by a l ength of  

U . 2 -29 



3/8 "  ( 1  cm ) cha i n .  I n  p l ace , the bottom o f  the wave-t i de gage wa s attached 

to the wi re i mmedi ate l y above the whee l . An ENDECO Model  883 Cont i nental  

She l f p i n ger wa s attached fo r easy re l oca t i on o n  s u b sequent rotat i o n  

cru i ses . 

Meteorol ogi ca l  Mea s u rements 

Meteoro l o g i ca l  data wa s ta ken u s i n g a MRI  Mode l 1 07 1  a u tomat i c  

weather  sta t i on . Wi nd  s peed i s  sensed us i n g a t h ree c up  anemometer geared 

to a s pri n g  re set marker e l ement  i nterna l  to the ma ch i ne .  The e l ement  has  

a hel i ca l  r i dge whi ch, when  comb i ned wi th the  constant  chart s peed , p roduces 

a stra i ght l i ne  wi nd  run  as  the reco rded data . Each s uch separate run 

rep resents  a . 1  mi l e  t raverse . Knowi n g  the constant  chart s peed and the 

ang l e of the wi nd  run  l i ne , an  ave rage s peed o f  the tra verse can be ca l c u l ated . 

Wi nd  d i rec t i o n  i s  sen sed by a vane and  recorded i n  an a l o g  fo rm . Ori enta t i o n  

t o  n o rth i s  dete rmi ned dur i n g  i nstrument depl oyment us i n g s i ght i n g  ma rkers and 

a compa s s  to or i ent the i n strument .  

The Bi g H i l l  i n s t rument  wa s pl aced a t  a he i ght  o f  a pprox i mate l y  1 8  m 

on  a p l atfo rm appro x i mate ly  2 . 5  mi l es south  of  the B i g  H i l l  stat i on ( 29°3 1  ' N , 

94°06 ' W ) .  The second  i n s trument  wa s pl aced at  an e l eva t i on o f  a bout  1 0  m on  

a p l atform appro x i mate ly  4 mi l es east  of the West  Hac kberry s i te ( 2 9°39 ' N , 

9 3°23 ' W ) .  Res u l ts o f  a rather  comp l i cated a n a l ys i s  o f  the a na l og  records 

produced hour ly  est i mate s of  wi nd s peed and  d i rect i on .  W i n d  data for the 

experi menta l  per i od pr i o r  to dep l oyment  of the above i n struments  wa s obta i ned 

from the N at i o na l  Weather Serv i c e .  T h i s record wa s ta ken at AMOS Sta t i o n  P-00 
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i n  Wes t  Cameron B l ock  643 ( 29° 1 8 ' N , 9 3°00 ' W ) by a comp l etel y a utomat i c  

sta t i on wh i ch i denti f i e s  one mi n ute averages o f  s peed and  d i re cti on . The 

s tati on  i s  i nterrogated three ti mes  per hour . The data transmi tted o n  

i nterrogat i on are t he  mos t  recent va l ues  of  average s peed and  d i recti on  . 

.!:!t9ro l ogi cal  Mea s u rements  

Hydrograph i c  mea s u rements  we re conducted wi th a Hydro l ab Su rveyor 

Mode l 6 D  �- s i tu water q u a l i ty ana l yze r .  Th i s  fu l l y  i ntegrated system 

con s i s ts : ( 1 ) a sea l ed deck u n i t  conta i n i ng the power u n i t ,  a pane l  meter , 

and  neces sary adj u stmen t  and  ca l i brat i on s c rews ; ( 2 )  the i ns trument cab l e 

for s u pport i ng the s onde and  for transmi tti ng  the s i gnal  from the sensors 

to the deck u n i t ;  ( 3 )  a sonde ; and  ( 4 )  the probes . D i s so l ved oxygen , 

conduct i v i ty ,  pH , c h l or i n i ty ,  temperature , eH , depth , were meas ured . A 

probe wh i c h  s u pp l i ed a s tandard reference s i gna l  a l so  was on  the s onde . 

Cont i nuous  fl ow over the var i ou s  sensors  i s  a s s u red wi th the a i d  of  an  

external  motor d r i ven  fan . 

Th i s  i n strument wa s ca l i brated accord i n g  to manufacturer  

procedures  ma k i ng  use  of  a n  i nternal  s tandard reference and/or sen s i ng 

s tandard so l ut i on s .  Dur i ng  cru i ses , sensors were a l ways kept i n  a n  oxy

genated sa l i ne so l ut i o n . Verti cal l y  sequenti a l  mea s urements were made  wi th 

a l l ava i l ab l e probes on  a sys tema t i c  gri d .  At each stat i on , the sonde 

was l owered by hand and  a l l the above parameters recorded at meter i n

terval s .  Al though th i s  i ns trument has  a rated accuracy better than 1 / 1 00 

of  a s tandard u n i t ,  i t  ha s been cons ervat i ve l y  a s sumed that the p rec i s i o n  

o f  the measu remen ts i s  o n l y  1 / 20  o f  a standard u n i t ;  i . e . , 0 . 05 °C  o r  

0 . 0 5ml / L  fo r DO . 
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Surface Buoys 

As ment i oned i n  Sect i on 2 . 2 . 2 . 2 , the ori g i na l  des i gn ca l l ed for 

dep l oyment of  s urface buoys at  a l l i n strumen ts not i n  c l ose prox i m i ty 

o f  a permanent structure . These  buoys, wh i ch had dayma rks  of  t hree  hori zonta l 

o range refl ecti ve str i ps on a wh i te background , were float i ng 1 . 2  meters a bo ve 

water l evel , thus  offer i ng good day t i me v i s i b i l i ty .  They cou l d  a l s o be 

ea s i l y l ocated at  n i ght , as  they were eq u i pped wi th a l i ght fl a s h i ng  w i th 

a sequence o f  0 . 5  sec . on , 2 . 5  sec . off . 

These  b uoys proved to be of  l i ttl e use  as  protecti on  for i n struments  

s i nce most d i sappeared s ho rt l y  a fter dep l oyment and the moor i ngs  beneath 

them were d i sturbed . I n  v i ew of th i s  s i tuati on , those  i n struments dep l oyed 

away from a permanent structu re were moved c l ose to an o i l  r i g or standp i pe .  

2 . 2 . 2 . 4  F i e l d Operat i o n s  

Mar i n e  ope rat i on s  re l ated t o  the depl oyment/ rotat i on of  c urrent 

meters , anemometers , a nd wave-t i de gages , and a s soc i ated wi th mon i to r i n g  

by a er i a l  photography the mot i on of  c l u sters o f  drogues i n  order  t o  determi ne 

hor i zonta l  d i ffu s i v i t i es at  the pr ima ry s i te ,  a re descri bed i n  the fo l l ow i ng 

two secti on s . 

Depl oyment/Rota t i on o f  F i e l d  I n s trumen tat i on 
The i n i t i a l  depl oyment c ru i se took p l ace from October 1 9- 2 1 , 1 977 . 

A total  of  e i ght current  mete rs , two wave-t i de gages , and  fi ve s u rface markers 

were depl oyed at  l ocat i on s  shown i n  F i g u re 2 . 2 - 1 .  The cu rrent meter and  wa ve

t i de gage moor i n gs were l a unched accord i n g  to a free  fa l l  procedure . Once 
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the whee l s were rest i n g  o n  thei r s i de ,  the i ns truments were attached to 

the taut l i ne by d i vers . None of  the anchors s an k  deep l y  i nto the bottom , 

as  a l ayer of  s he1 1 fragments wa s often found  bel ow a s urface l ayer of  s i l ts 

and c l ays . 

The fi rst  rota t i o n  cru i se was conducted from November 2 -4 ,  1 97 7 .  I t  

h a d  been ant i c i pated , d ur i ng the des i gn phase of  the program , that  as  a pre

caut i onary mea s u re , a l l i ns trumentat i on wou l d be retri eved and redepl oyed 

after a two-week  peri od , i n  v i ew of the potenti a l  ri s k  of b i ofou l i ng i n  an  

area  where b i o l og i ca l  acti v i ty was  s u s pected to  be h i gh .  The  moor i ng  s i tes  

were reocc up i e d , u s i ng the s h i p ' s  Loran-A  and  radar  capabi l i ty ,  and  the  p i nger 

attached to the i ns trumentat i on  l ocated by mean s  of  the  d i ver-hel d aco u s ti c 

rece i ver  descri bed i n  a pre v i o u s  secti on . I t  was determi ned that for c urren t  

meters treated w i t h  Woo l sey 1 7 1 ant i - fou l i ng pa i nt ,  rac i ng fi n i s h , b i o fou l i ng 

wou l d  not  i nfl uence the data return , and  that  a nomi na l  rotati on per i od of  

30 days cou l d be establ i s hed wi thout  j eopard i z i ng the q ua l i ty of  the data . 

Thi s schedu l e co i nc i ded  wi th the s ampl i ng i nterva l s  for the b i o l og i ca l /chemi ca l 

oceanography s tudy and the req u i red rotat i on per i od o f  the wave-t i de gages . 

A s ummary o f  cru i s e acti v i t i es i s  presented i n  Tabl e 2 . 2 - 1 . 

I t  i s  ant i c i pated that  a s i mi l a r  rotat i on  wi l l  be mai ntai ned unti l 

program compl eti on . 

Drogue Study 

I n  add i t i o n  to E u l e r i a n  meas urements descri bed i n  pre v i o u s  s ecti ons , 

mot i on of  c l u s ters of  drogues , prov i d i ng  Lagra n g i a n  vel oc i t i es at  var i o u s  
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Cru i se 1 
1 0/ 1 9- 1 0/2 1 /77 

Cru i se 2 
1 1  /2- l l  /4/77 

Cru i se 3 
1 1  / 1 9- l l  / 2 1  /77 

Cru i s e  3a  
l l  /30- 1 2/ 1  /77 

Cru i s e  4 
1 2/ 1 7- 1 2/ 1 8/77 

o Depl oy cu rrent meters at  \�est  Hac kberry Contro l , 
Ca l ca s i eu Pas s , Wes t  Hac kberry ,  Bl ack  Bayou , 
Bi g H i l l  Control , and B i g H i l l .  

o Dep l oy wave-t i de gage at W .  Hackberry and  B i g H i l l .  

o Depl oy s urface ma rkers at  each s tat i o n  except 
B l ack Bayou . 

o Retr i eve and  redepl oy c u rrent  meters at  Wes t  
Hac kberry Contro l , Ca l ca s i e u  Pas s .  

o Dep l oy B i g  H i l l  rep l aceme n t .  

o Retri eve a n d  redepl oy lfos t  Hackberry wave-ti  de  gage . 

o Retri e ve and  redepl oy cu rrent meters at Ca l cas i e u  
Pas s , B l ack  Bayou a n d  B i g H i l l  rep l aceme n t .  

o Depl oy wave-t i de gage a t  B i g H i l l  repl acemen t .  

o Depl oy current meters at B i g  H i l l  secondary an d 
Wes t  Hac kberry repl aceme n t .  

o Retr i eve and  redep l oy wave-t i de gage at B i g  H i l l  
repl aceme n t .  

o Retri eve a n d  redepl oy current meters at  Ca l cas i e u  
Pas s , Wes t  Hac kberry repl acement , Bl ack  Bayou , 
B i g H i l l  rep l acement ,  and  B i g H i l l  secondary .  

Tab l e  2 . 2 - 1 .  Summary of phys i ca l  oceanograph i c  c ru i se acti v i ty .  
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depth s , was mon i tored by aeri a l  p hotography for a d urati on of four days , 

i n  order to characteri ze the hori zontal  d i ffu s i vi ty prevai l i n g  at  the s i te .  

These va l ues were to be used i n  the MIT Bri n e  Di ffu ser model . A tota l of 

20  drogues were constructed wh i ch con s i sted of a s urface fl oat and  a s u b

merged drag e l ement .  The s u rface u n i t ,  s hown i n  F i g u re 2 . 2 -3 , i s  compo sed 

of  a vert i c a l  PVC tube conta i n i n g  dye , s u rrounded by s i x cy l i nd r i c a l  fl oats 

t i ed together by metal s traps . Add i ti ona l  fl ota ti on i s  provi ded by a 

s urface col l ar ,  bel ow whi c h  fou r  hori zontal , u n i que ly  co l or-coded arms are 

attached . When the drogue was depl oyed i n  the fi e l d ,  these arms fl oated 

j us t  bel ow the s urface , wh i ch permi tted easy i denti f i cati on  i n  aer i a l  

photographs .  I n  addi t i on , dye conta i ned i n  the central  cyl i nder wou l d  

s l ow ly  l ea k  out  thro u gh h o l es  dri l l ed i n  the PVC tu be , j us t  bel ow the 

co l l ar f l otati on  and  hence c l ose to the s u rface water l eve l , and  wou l d  

generate eas i l y  d i scernab l e s treaks  of dye on  the sea s urface . 

The drogue d rag  e l ement con s i s ted of  a th i n ,  1 . 2 m X 1 . 2 m 

meta l b l i nd ,  we i gh ted on  the  l ower edge wi th  a p i ece of  bar  i ron , and  

s us pended be l ow the s urface fl oats  at a predetermi ned depth . 

The d ro gues  were depl oyed i n  the v i c i n i ty of  the Wes t  Hackberry s i te ,  

from October 26 -29 , 1 977 , accord i n g  to pattern s des ig ned to prov i de i n form

a ti o n  on  hor i zonta l  d i ffus i v i t i es at var i ous  depths , a s  we l l a s  Lagran-

g i an  ve l oc i ty profi l es .  The fo l l owi n g  tabl e s ummar i zes  the purpose of the 

f i e l d i nves t i gati ons  d ur i ng  these fou r  days . 
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F i g u re 2 . 2-3 .  Su rface fl oat u sed with  d rogues . Rad i os were o n l y  
i nc l uded i n  5 fl oats  dur i ng  the l ast  2 4  hou rs o f  
the study . 
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Date 

October 26  

October 27  

October  28 

October 29  

P urpose  of  Drogue Mot i on Mon i tor i ng 

Determ i nati on o f  hor i zon ta l  d i ffus i v i ti es near 
bottom and  at  m i d -depth 

Determi nati on o f  hor i zontal  d i ffi s i v i ti es near 
bottom and at  mi d-depth 

Determi nati on  of  nea r bottom hori zonta l  d i ffus 
i vi t i es and  meas u rements  o f  La gran g i an vel oc i ty 
profi l es ( s hort-term ) 

Mea s u remen t  o f  Lagra ng i an  vel oc i ty profi l es ( l ong
term ) . 

Tabl e 2 . 2 -2 . Drogue Project Act i v i t i e s  

Duri ng  the fi rst two days , two c l u sters  o f  1 0  drogue s , separated from one  

a nother , were re l ea sed wi th the i r  d rag e l eme n t  at  depths o f  4 . 6  and  7 . 6  m ,  

respecti ve l y ,  accord i n g  t o  a s trai ght l i ne pattern e i ther paral l el o r  per

pend i cua l r to  the l oca l  i sobath . I n i t i a l  drogue spac i n g  was 50 m o r  l es s .  

Mon i tor i ng  o f  the i r  re l at i ve d i s p l acement  was accomp l i s hed by aeri a l  photo

grap hy , u s i n g  two 87° l en s , 70  �m Hasse l b l ad MK-1 0 cameras wh i ch provi ded 

s i mu l taneou s  pos i t i ve and negati ve col o r  trans parenc i es of the same fi e l d o f  

v i ew . F l i gh t  parameters o f  the camera bear i n g  Cessna-337  ( a l t i tude , 

atti tude , head i n g ,  l at i tude , and  l ong i tude ) were d i s pl ayed on a data panel  

and  photographed when  a vert i ca l  p i cture o f  the d rogue f i e l d was taken . Th i s  

i n fo rma ti on , i n  turn , cou l d be used  i n  the  data reducti on  to c orrect for 

vari at i on s  i n  p l ane  or i entat i on .  Photograph i c  runs  were made every 1 0  to 

1 5  mi n utes for a pprox i mate l y  5 hours . Res u l ts of  t h i s study are presented 

i n  Sect i on 2 . 2 . 4 . 1 . 

Vert i c a l _  C urrent Vel oc i ty Profi l e  Mea s u rements  

Dur i n g  the l a s t  two days of  the d rogue s tudy , vert i c a l  profi l es of  

hori zontal  cu rrent  vel oc i ty were obta i ned u s i n g  an over-the-s i de 
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cu rrent mete r .  The s h i p  was moored fore and aft wi th a s l i ght b i as t o  the 

wi nd , s o  that the s h i ps moti o n  wou l d  be m i n i ma l . I n  add i t i o n , a tri pod 

support i ng a cu rrent meter sensor  wh i c h  cou l d  be set at depths of l to 7 

feet ( . 3 to 2 .  l m ) from the bottom was depl oyed to document the vert i ca l  

profi l e  preva i l i ng i n  the  near  bottom l ayer . Care wa s taken i n  construc 

t i o n  o f  the tri pod to mi n imi ze effects of  the frame on  the current fi e l d .  

Data co l l ected by both method s a re prov i ded i n  Sec t i on 2 . 2 . 4 . 1 . 
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2 . 2 . 3  Data Ana l ys i s  

Methodo l ogy fo l l owed to reduce and  ana l yze c u rrent meter , meteor

o l o g i ca l , wave/water l evel , and  hydrogra p h i c  data i s  descri bed i n  the fo l l ow

i ng secti on s . 

� . 2 . 3 .  I .  C urrents  and W i nd Data 

Hal f-hour  est ima te s  of  c u rrent s peed and d i rect i on  were made w i th 

ENDECO 1 05 c urrent meters and  were recorded o n  photogra p h i c  f i l m .  These 

f i l m s  were proces sed by ENDECO and data transferred to a computer-c ompati 

b l e ma gnet i c  tape . Upon recei pt of  these tapes at  SAI , current vectors 

were corrected for magnet i c  var i at i o n  a nd then res o l ved i nto o rthogona l  

vel oc i ty components . I n  the  coord i nate system u sed , cu rrents are pos i t i ve 

a l ongshore towards the east  - - a nd pos i t i ve offs hore and  perpen d i c u l ar  to 

l oca l  i sobath s .  Rotat i on  of  the a l ongshore component from true north i s  

a i ven i n  Tabl e 2 . 2-5 . As  they became ava i l ab l e .  records a t  a a i vP n  s t a t i nn fnr 
s ucces s i ve mon i tor i ng  per i ods  were j o i ned to create a s i ng l e cont i n uous  

t i me ser i es . W i nd  date ( speed and  d i recti on ) were treated i n  the s ame 

manner  a nd  u sed the s ame d i rect i o n  conven t i on a s  for c urrent meter data . 

For th i s  d i sc us s i on , w i n d  d i rect i on i s  the d i rec t i o n  toward wh i ch the wi nd  

was b l ow i n g  ( i . e . , the  oceanograph i c  d i rec t i o n  conven t i on ) . T ime seri es were 

f i l tered u s i ng a l ow pas s  symmetri ca l  cos i ne f i l ter devel oped or i g i na l l y  by 

Oregon State U n i vers i ty .  F i l ter i ng of t ime ser ie s  res u l ts i n  remo v i n g  var i a t i o n s  

i n  a parti c u l a r  frequ ency range wi thout affec t i n g  t h e  mean va l ue o r  f l uctua t i o n s  

o u ts i de t h e  des i red range . T h e  f i l ter  u s ed i n  th i s  a n a l ys i s  has  a c ut-off 
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frequency o f  . 6  cyc l es per day , wh i ch effecti ve l y  e l i mi nates any t i da l , 

di u rna l , or  i nerti a l  fl uctuat i o n s , i n  the fi l tered t i me seri es . Use  of  

th i s  fi l ter  causes  2 . 5  days to be l os t  from the end o f  each  fi l tered t i me 

ser i es . From both unf i l tered and  fi l tered t i me seri es , energy s pectra were 

produced wh i c h  prov i de a partiti on i ng of var i ance on  the bas i s  of freq uency . 

I f  the vari ab l e be i ng exami ned i s  vel oc i ty ,  then vari ance of  the s i gna l  

i s  d i rec t l y  re l ated to k i ne t i c  energy . I n  addi t i on , pha se  and coherence 

between t i me ser i es ( i nc l udi ng  wi nd ) were ana l yzed . Coherence i nd i cates 

the degree of  corre l ati on of  two t i me seri es  as a funct i on of frequency 

whe re 1 = pe rfect corre l at i on ,  and 0 = no corre l a t i on . Phase i nd i cates , 

a s  a functi on of  frequency , any l ag wh i c h  may occ u r  between two t i me seri es . 

In  add i t i on , stat i st i ca l  vari ab l es  ( mean and var i ance ) were ca l c u l ated 

from the o ri g i n a l  t i me ser i es . Sti c k  p l ots of c u rre nt  and wi nd vel oc i ty 

were con s tructed for v i s u a l  repre sentati on  o f  the i r  tempo ra l  va ri a b i l i ty ,  

and easy i nte rcompar i son  between records . These graphs con s i st of  a t i me 

s e r i e s  o f  ve l oc i ty vecto rs res u l t i ng from l ow pas s  fi l te r i ng o f  raw data 

and sampl i ng at 6-hour  i nterva l s .  These vectors  po i nt i n  the d i rect i o n  o f  

the currents , wi th a mag n i tude proport i on a l  t o  the i r  s peed . L i kewi se , to 

fac i l i tate compa r i son  between  reco rds , o rthogon a l  a l ongs hore and  offshore 

ve l oc i ty components  were p l otted i n  the form o f  a s t i ck p l ot .  I n  these 

f i g u re s , each l i ne  i s  p roport i o na l  to the magn i tude o f  the cu rrent componen t  

a n d  po i nts u pward or  downward , dependi ng  on  the s i gn o f  that componen t .  

Fi n a l l y ,  a t i da l  hodograph was a l s o  prepared . Th i s  geometri c fi g u re 

represents the pattern wh i c h  wo u l d be seen i f  end po i n ts of  hou r l y  t i da l  

cu rrent  ve l oc i ty vectors for 24 hours  were j o i ned . 
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Fi gures generated dur i n g  a na l ys i s  of  the two-month  record s  

col l ected i n  t h e  co u rs e  o f  t h i s study are pre sented i n  Sect i o n  2 . 2 . 4 .  I t  s hou l d  

be noted that two records ( Ca l cas i eu Pass  and  B i g  H i l l  Repl acement ) s eemed 

to have s hort i nterva l s d uri ng  wh i ch the c urren t  meter i mpel l er was obs tructed , 

probabl y due to debri s .  These i nc i dents u s ua l 1 y  d i d not  l a s t  for more than 

s i x  hours and occurred d u ri ng  per i ods  of  rel ati ve l y  h i gh currents ; thus they 

are eas i l y  d i st i ng u i shab l e .  Rea sonab l e correct i ons  can  u s ua l l y  be made to 

mi n i mi ze effects of these i n terrupt i on s . Other than these mi nor  breaks , 

data col l ected dur i n g  the f i rst two months  are of  h i gh q ua l i ty and  es sen

ti a l l y  conti n u o u s  from the t i me of depl oyment .  

2 . 2 . 3 . 2  W.ater Level a nd  W aves 

Water l evel and  wave data were tran scr i bed from ana l og records . 

Water l evel var i at i o n s  were ana l yzed for t i dal  components , pri mar i l y  d i u rna l  

a nd  s emi d i u rna l . T i de i nduced fl uctuati ons  were s tored a nd  removed from the 

water l evel record , and  the  rema i n i n g res i dua l  water l evel vari ati ons  graphed 

and used i n  i dent i f i cat i o n  of  dynam i c  processes  wh i ch a re produc i ng the 

observed cu rrents . 

2 . 2 . 3 . 3  C onducti v i ty, Temperature , and  Di sso l ved oxygen 

An e s t i mate of  s a l i n i ty can be obta i ned from conduct i v i ty and  tempera 

ture meas urements , u s i ng s tandard Naval Oceanograph i c  Offi ce con vers i on tabl es . 

Sal i n i ty and temperature , i n  turn , can  be combi ned to descr i be the vert i cal  

den s i ty f i e l d .  Contour i ng  of  each dens i ty component and  d i s so l ved oxygen 

often prov i de i nd i cat i ons  of l ocal  dynami c  processes . 
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2 . 2 . 4  Resu l ts and D i s c u s s i on 

Resu l ts of  the one -t i me d rogue study of  d i ffu s i on  and Lagrang i an 

ve l oc i t i es . and the gene ra l  phys i ca l  oceanograph i c  program wi l l  be pre sented 

separate l y  s i nce these two stud i es genera l l y  exam i ne proces ses  of d i st i nct l y  

d i fferent t i me sca l es .  

2 . 2 . 4 . 1 D i ffus i on Coe ffi c i ent Determi nat i on 
Fa i l u re of  the F i c k i an equat i o n  to pred i ct ocea n i c  d i ffu s i on has  

been e v i dent s i nce the ear l y  part of  th i s  centu ry .  The c l as s i ca l  paper by 

Stamme l ( 1 949 ) d i scu s s es fundamenta l a spects of hor i zontal  d i ffus i on  and 

s hows that the semi -emp i r i ca l  1 1 4/3 11 powe r  l aw dependence o f  the eddy d i ffu s i on  

coeffi c i ent on l ength can be deduced from tu rbu l ence theo r i es . S i nce that t ime , 

many exper i menta l res u l ts have been made ava i l a b l e i n  the l i te rature . Ozm i dov  

( 1 960 ) has  made  more prec i se the " d i s s i pati on "  con s tant  in  the re l at i on s h i p  

( 1 ) 

where C 1 = ( 4  x l o-2 ) ,  a u n i versa l constant , E i s  the rate of  d i s s i pati on o f  

k i net i c  energy , L the l ength sca l e ,  a n d  KH the hor i zontal  eddy d i ffus i on co 

effi c i en t .  

A s  devel oped by Stamme l , t h e  ne i gh bo r  d i ffus i v i ty method for es t i -

mat i ng the coeff i c i ent o f  eddy d i ffus i on i nvo l ves mon i tor i ng the re l at i ve 

d i s p l acement o f  a c l u ster of  d rogues . I f  a pa i r  of  d rogues  i s  separated by 

a d i stance L at t ime t=t0 and by L+6L at t=t0+6t , then the rel at i ve d i s p l ace

ment , 6L , can be u sed as  a mea s u re o f  the i n ten s i ty of  d i ffus i on at a l ength 

s ca l e  of  L .  
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The one d i men s i on a l  d i ffus i on equat i on i s  

OS - Kh ( 1 )  ��S
2 Dt - o 

( 2 )  

whe re S= represents  l oca l concentrat i on .  A s o l u t i o n  to Eq . 2 for the ne i gh-

bor d i ffu s i v i ty ca l cu l at i ons  i s  g i ven by 

s = Constant exp - (( 6L ) 2 � 
( 6t ) 1 / 2  46tKh ( L ),,) 

i . e . , a Gau s s i an d i str i b u t i o n  w ith  a var iance , o2 , expres sed by 

Eq . 4 can  be wri tten a s  

( 6L ) 2 where ( 6L ) 2 = o2 
26t 

( 3 )  

( 4 )  

( 5 ) 

Thu s , s pread i ng of  the drogues i s  s i mi l ar to hor i zontal  s pread i ng  of a 

dye patch . As s een above , for a co l l ect i on of  drogues at a g i ven depth , 

every6L and 6t for each pa i r  of d rogues  def i nes  an  e st imate of Kh ( L ) . Va l ues  

of  K ( L )  a re part i t i oned o n  the  bas i s  of s eparat i o n , L ,  a nd  a l l d i ffu s i v i ty 

e st imates wi th i n a range of  va l ues  of L a re en s emb l e averaged . For th i s 

experi ment , va l u es of K ( L )  were averaged for 1 20 m i ncrements of L ;  i . e . , 

60m - 1 80m , 1 80 m - 300 m ,  etc . Ensemb l e averaged d i ffus i v i t i es , K were 

next p l otted aga i n st  L to produce an emp i r i ca l  funct i on a l  rel a t i on s h i p be-

tween  Kh and  L .  These p l ots  of ensembl e averages of  hori zontal  eddy d i ffu -

s i v i ty ,  Kh , a s  a funct i o n  of  a l ength  sca l e ,  L ,  are g i ven i n  F i g u res  2 . 2 -4 , and 

2 . 2-5 . Al s o  g i ven a re two power l aws of  the form 

( 6 ) . 

U se  of th i s functi onal  rel a t i o ns h i p of K and L i s s ugges ted by Equat i o n  ( 1 )  

where A i nc l udes  the effects of f and  C .  
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I n  a l east  sq ua res fi t o f  Eq uat i on ( 6 )  to the data , two va l ues o f  

the exponent  B were tri ed , B = 1 . 1 5  as tentati ve l y  s u ggested and  u s e d  by 

NOAA ( 1 97 7 ) and  B = 1 . 33 ( =  4/ 3 )  as  s uggested by Equati on  ( 1 ) .  For each 

va l ue of  B ,  va l ues o f  A co u l d  be computed and are g i ven i n  Tabl e 2 . 2- 3 fo r deep 

and mi d-depth e s t i mates of  hor i zontal  d i ffus i v i ty .  

De pth 

M i d  

Deep 

B = l . 1 5  

5 . 0  x 1 0 -3  

3 . 1  x 1 0- 3  

B = 4/ 3 

1 . 2 x 1 0 -3  

9 . 1  X l 0 -4 

Ta bl e 2 . 2 - 3 .  Va l ue o f  A i n  Equat i on ( 6 )  

Both fi ts presented i n  F i g u res 2 . 2 -4  and 2 . 2 - 5  seem to pro v i de a t  l east  

adeq uate representati on i n  the  far  f ie l d ,  i n  parti cu l a r for the  dee p 

drogues . l t  seems that va l ues  of  hori zonta l eddy d i ffus i v i t i es used  

by CEDDA/NOAA in  pre l i mi nary runs o f  the M IT  Bri ne Di ffu ser model a re 

appropri ate for the env i ronment exami ned by th i s  drogue study .  

As seen i n  equati on  ( 1  ) ,  an i mportant  pa rameter i n  the l oca l  fl ow 

i s  f wh i ch i ndexes the rate of l o s s  at k i neti c ene rgy . Compa ri n g  equati ons  

( 1 ) and  ( 6 )  y i e l ds f = ( A;c 1 )
3 . 

Va l u es of  ( wh i ch res u l t from app l i cat i o n  of t h i s formu l a  and  

val ues g i ven i n  Ta bl e 3 are 1 .  1 X 1 0-2 CM2 S EC3 fo r deep  drogues and  
- 2 2 - 3  2 . 5  X 1 0  CM  SEC  for  · mi d -depth drogues . Th i s  s u ggests that the 

KE i s  d i ss i pa ted at  mi d -depth at  twi ce the near bottom rate . 
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Lagran i an and E u l eri an Vert i ca l  C urrent P ro fi l es 

Duri ng  the l ast  two days of  the drogue experi ment ,  Lagran g i an 

vel oc i ty profi l es were mea s u red . Th i s i nvo l ved p l a c i ng  s ub s u rface d rag  

e l ements  of a group  of  d rogues  at  1 . 5 m i ncreme n ta l  depths  ( 5 ' , 1 0 ' , 1 5 ' , 

20 ' , and 25 ' ) .  Res u l ts of  these exper i ments are summa r i zed i n  F i g ure 2 . 2-6 .  

The movement  of these  drogue u n i t s  i nc l udes advecti on , a s  we l l  a s  d i ffus i ve 

and  d i s pers i ve movement .  

The Lagrang i an ve l oc i ty profi l e  i n  F i gure 2 . 2 -6 i nd i cates the exi s -

tence of l a rge , vert i c a l  vel oc i ty gra d i ents and  s i gn i f i cant  vari at i o n s  i n  

current d i rect i o n  throughout  the col umn , i n  parti c u l a r ,  the upper 2 . 4  meters 

( F i g u re 2 . 2 -6 ) . I f  an arb i trary coord i nate sys tem or i ented approx i mate l y  NE  

to SW i s  u sed , then  between 1 . 2 mete rs and  2 . 4  meters a vel oc i ty grad i ent  of  

27 cm/ sec/meter ex i sts . Shear  i n  th i s  l ayer i s  therefore parti c u l a r l y  stron g .  

D i vers work i ng  i n  the same area o n  several  i n strument rotat i on cru i ses con-

fi rmed that f i n d i ng . 

Res u l ts of Eu l e r i a n  current profi l i ng  ta ken dur i ng  the above 

d rogue  study are g i ven i n  F i g ure 2 . 2 -7 .  The i n strument used  in  mea s u ri ng  

thes e  current mag n i tudes d id  not  i nd i cate curren t  d i recti on . However , by 

exami n i ng synopt i c  d rogue d i s p l acements , the general  d i rect i on of the  

Eu l er i an vel oc i ty vector can be deduced . F i gure L . 2 -7  i s  rep l otted i n  

F i gu re 2 . 2 -8 wi th d i recti on , i n ferred from d rogue d i s p l acements , taken i n to 

con s i derat i on . 
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CURR ENTS AS M EASUR E D  BY DROGUES AT VAR IOUS D E PTHS 

27 OCT 1977 

CENTER OF MASS 
O F  D I F FUSION DROG U ES 

<o� 

;;,�� 
N 

w__J 
CURR ENT MAG N ITUDES 
IN CM si:c-1 

28 0CT 1 977 

CENTER OF MASS 
OF D I F FUSION DROGUES 

., 
�c, 

�1.?>"'-

"PRO F I L I N G "  D ROGUES 

F i g ure 2 . 2 -6 , Lagra n g i a n  Cu rrents at Var i o u s  Depths . Numbers at  the 
end of  vectors  i nd i cate the depth in meters of the ma i n  
d rag  e l ement . The n umbers a l ong  s i de the vectors , 
i nd i cate the ve l oc i ty i n  cm/ sec . 

..... � 
(£)· 

A .re � 



� 

x 
I-c: a.. 
w N I Q 

� \.0 

0 

5 

BR IN E D I SPOSA L STUDY 
M EAN C U R R EN T  PR O F I L E 
28 OCTO BER 1977 

( BOTTOM 
101 .r-' I I l I I I I I 

0 5 1 0  1 5  20 25 30 35 40 45 
CU R R ENT MAGN I T U D E  (cm sec- 1 ) 

F i gure 2 . 2- 7 .  Mean Eu l er i an Profi l e  of Cu rrent  Magn i tude Meas ured On  28 
Oc to ber  1 977 . Th i s repre sentat i on  does not  ta ke i nto 
cons i dera t i on c u rrent d i recti o n .  
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Fi gure 2 . 2 -8 .  Mean Eu l er i an  p rofi l e  of  hori zonta l c u rrents meas u red on  28 
October 1 977 , rep l otted to ta ke i nto con s i dera t i o n  c u rrent 
di rect ion  i nferred from d rogue d i sp l acements . 
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Eu l er i an a nd Lagrang i an v e l oc i ty profi l e s ( F i g ures 2 . 2 -8 and 2 . 2 - 1 0 

res pect i ve l y ) , a l though  s i m i l a r ,  present  some d i spar i t i e s .  However , i t  

mu st  be remembered t hat t he b l i nd s  u sed a s  p r i ma ry drag e l ements  were acted 

upon by c urrents span n i n g  appro x i mate l y  1 . 5  meters . I f  certa i n  non l i near 

types  of  vert i ca l  p rofi l e  ex i s t ,  net  d rag on  the bl i nd and hence d rogue  

vel oc i ty wi l l  not  be  rep resenta t i ve of cond i t i on s  preva i l i ng a t  the mi dpo i nt 

of the  drag e l ement .  F u rt he rmore , a l thoug h t he drogues  u sed i n  t h i s  s tudy 

were des i gned to mi n i mi ze the rat i o  of dra g  on  s u rface f l oat to drag on  

t he  s ub surface e l ement , some s u rface fl oata t i on drag  d i d  occur . F i g u re 2 . 2 -9 

pres ents  a n  e s t i ma te of t h i s  i n fl uence a s sumi ng  a 25  cm/ sec SW d i rected 

s u rface c urrent and that  a l l drogue  ve l oc i t i es were o r i e n ted SW - NE . I t  

can  b e  s hown that  t he observed negat i ve s urface currents  cou l d  cau se drogue 

d i s p l acements to undere s t i mate by approxima te l y  4- 5cm/ sec the  NE d i rected 

currents meas u red bel ow a depth of 3m . Thi s effect of the s u rface fl oata

t i on accounts  for a t  l ea s t  50% of the d i screpancy between Lagran g i a n  and 

Eu l er i a n  ve l oc i ty profi l es s hown i n  F i gu res  2 . 2 -8 and 2 . 2 - 1 0 .  

U . 2 - 5 1  
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Po ss i b l e  i mpac t of  drag o n  the s u rface u n i t  i n  comb i na t i o n  w i th s tron g s u rface  cu rrents  and s hea r .  u 0  = vel oc i ty of  t h e  drogue u n i t ;  u2 - water ve l oc i ty i n  the v i c i n i ty o f  the s u bmerged prima ry drag el emen t .  The upper cu rve occurs when the drogue u n i t  ( i nc l ud i ng s u rface fl oat ) moves w i th  the vel oc i ty at  depth U? . The l ower cu rve s hows the re l at i on s h i p  between u0 and u2 wnen a cu rrent  o f  -25  cm/ sec i s  act i ng  on the su rface fl oa t .  
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Bottom Turbu l ent  L aver and Vert i ca l  D i ffu s i v i ty 
As co rro borated i n  the Lagrang i a n  profi l e ,  E u l e r i a n  ve l oc i ty records 

from the bottom three meters s how re l at i ve l y  sma l l vari ati o n s  i n  di recti on . 

Thus , i n  the fo l l owi n g  d i scus s i on ,  i t  wi l l  be a s s umed that these mea s u red 

ve l oc i t i es are i n  the same d i rect i on . I t  i s  further a s s umed that a turbu l ent , 

cons tant  stre s s  l ayer exi sts  i n  the bottom three meters . 

Wi th i n  the con s tant  stress  l ayer ,  the ve l oc i ty profi l e  i s  l ogar i thmi c .  

u ( z )  

where u ( z )  i s  cu rrent  ve l oc i ty a s  a func t i on o f  depth , k i s  von Ka rma n ' s  

consta nt ( 0 . 4 ) ,  z0 i s  roughnes s he i gh t  wh i ch i s  a s s umed to be s ome i ndex 

of  b o undary roughne s s , and u* i s  fr i ct i o n  or s hea r ve l oc i ty ,  defi ned by 

where 1'-b i s  bo ttom s h ea r  stres s ,  and , /#' ,  i s  wa ter den s i ty .  

A l ea s t  squares  f i t  o f  observed ve l oc i t i es to a l ogar i thm ic  profi l e  

pro v i des  est i mates o f  u* and z . Fi gure 2 . 2 - 1 1 s hows two such  l i nes : ( A ) wh i c h 0 
i nc l udes the upper n i ne mea s u rements , and ( B ) wh i ch i nc l udes o n l y  the bottom 

fou r  mea s u rements . Each l ea s t  squares f i t had a corre l ati on  coeffi c i en t  o f  

. 82 o r  h i ghe r .  Thus , the l ogari thmi c representation  accounts for at l east  82% 

of observed vert i c a l  var i a t i on i n  ve l oc i ty .  

U . 2 -54 
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Fi gure 2 . 2 - 1 1 . Current Speed VS l n ( z )  28 October 1 977 . 
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Us i ng va l ues  of  fr i c t i on ve l oc i ty dete rm i ned from thes e l east  

squares  f i t ,  it  i s  poss i b l e  to  ma ke some order  of  magn i tude e st imates of  

the  near  bottom vert i ca l  eddy coeffi c i en t ,  K ( z ) , 

K ( z )  = ku*z 

whe re K ( z )  i s  vert i ca l  eddy coeff i c i ent and a l l other symbo l s  are a s  

defi ned pre v i ou s l y .  I f  u* l cm/ s ec then K ( 20 cm ) = 8 cm2/ sec . I f  u* = 

. 6 cm/ sec then K ( 20  cm ) = 4 . 8  cm2/ sec . These a re to be  con s i dered a s  order 

of magn i tude  e st imates for that reg i on nea r the boundary and w i th i n  the 

constant s tres s  l ayer .  Actual  br i ne d i ffu s i on wou l d  have s i gn i f i cant  

impact on l oca l  vert i ca l  mi x i n g  proces se s  and therefore other  e st imates 

of  K ( z )  wou l d have to be made for the d i scha rge env i ronment . 
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2 . 2 . 4 . 2 Regi onal  P hysi cal Oceanograph i c  Processes 

P arts of the i n i t i al two-month data set consi sti ng of  curre nt 

speed and di recti on ,  wi nd  speed and di recti on , water l eve l  f l u ctuati ons ,  

t i des, waves, sa l i n i ty ,  temperature and di sso l ved oxyge n can be i ntegrated 

i nto a coherent scheme whi ch descri bes some of the major processes occur-

r i ng wi th i n  the study area .  

W i nds, Curre nts and Water Leve l s 

Fi gure 2 . 2-12  show p l ots of magn i tu des of orthogo na l  ve l oci ty 

components from Bl ack Bayo u .  From such records, i t  i s  di ffi cu l t  to di sce rn 

any processes wh i ch may govern near bottom currents. However , compari sons 

of  st i ck p l ots of l ow pass f i l tered data suggest certai n  i nteracti ons 

between cu rrents at successi ve a l o ngshore stati ons (F i gures 2 . 2 - 13 , 2 . 2 - 14 

and  2 .  2'" 15 ) . 

I n  F i gure 2 . 2 - 14 , i t  i s  apparent that the a l ongshore,  1 1 v 1 1 , 

component of current at each stat i o n i s  h i gh l y  co rre l ated, even between 

Bi g H i l l  Rep l acement and Cal casi eu Pass wh i ch are approx i mate l y  60 km apart . 

T h i s si mi l ari ty suggests that the a l o ngshore sca l e of  l owe r frequency 

cu rrent vari at i o ns i s  at l east measured i n  hundreds of ki l ometers. Note , 

howeve r ,  that the a l ongshore wi nds do not v i sual l y  corre l ate as we l l  w i th 

the a l ongshore currents, al though th i s  i mproves afte r day 330  and  becomes 

good afte r day 340 . Note al so that resi dua l  water l eve l  co rre l ates we l l 

wi th  a l ongshore cu rre nts. 

I n  F i g ure 2. 2-15 , the transse l f  currents at the vari ous  si tes 

are not as we l l co rre l ated,  no r do they show as much correspondence i n  a 

consi stent manner w i t h  the transshe l f wi nds or w i th resi dua l  water l eve l . 

These character i sti cs wi l l  be quant i f i ed. 
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ha v i n g t h e  s a m e  s c a l e a s  g i v e n  fo r B B . 



I c: 
N I t-z w 

er:: 

O"I 
0 

er:: 
:::::> 
u 

RIA. 

woo 

B>fl 

BHS 

W>fl 

WIC 

c p 

8 B 

sa WH B H R  

-5a 

1 11 di. 1!!1 ·I · L 1 111111' lllill'.1!1'!!!1 11' 1 

2Qt 

" 1 • 11111· 11 1 
1il!l!llli1llll11i 'II' !Iii, IJJll 'lll!JliJI' iJlli. 'llJll' ''illilllJll!lfliillllJJllll I 11111 jl ijj ii ''lllil' • 11111 

, ,  '"' ,,,,, 
I' lj 

o']llo ' , , 'I I• l!Jlli!IJI' 1' ' 1 il1 • : : i J ! ! i , , ,l i : ' 
Jll 11 1,;·i!•iili, 11111 11,:1 '11"111: il.:i:lo 1 '1:,1• 1 1 1 1 1 111 1 1 ·11 111 

-2• 

ii 1 ,1. 

Ii ,Iii sal 
_:J 

I 111 I I!" l.1 .i!i1 , ' ! 1\ 1  
·1 1 I '  

. 1 ' "i i '  • ,, , , ,, , . •!llJI 111 I l · ii 11 1 
1111 .. nrr, 

,J/ 1ll:i!li1:: ::1i!1 i!11il1 . 1 i l" ' l j1ii,i1;rJ'' r:r:n;1w�� 
11 l ' ' ' ' ' i ii l i ' 

�e �t--��-.-��-,--��--.·��
�,-��-.-��-r-��--.���,-��-.-��-,--��-.,r-��...-��� 200 295 300 :ie5 3 1 0  3 1 5  329 325 339 335 3<0 3<5 350 355 

Jl.l.IAN D4. YS I Q77 

DAY �llll IS I 7 1 1 0/ 1 Q77 V-COHPONENT 

F i gu re 2 . 2-i 4 Sti c k  p l ots o f  " v "  components o f  eac h  o f  the va r i a b l e s  presented 
i n  F i gure 2 . 2-1 3 .  Res i d u a l  wa ter l eve l i s  a l s o presented . 
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F i g ure 2 . 2- 1 5  St i c k  p l o ts o f  " u "  compo nen ts of  eac h var i ab l e presented i n  
F i gure 2 . 1 3 . Res i du a l  water l evel  i s  a l s o  presented . 



Cross co rre l at i ons  between these vari ous  st i ck di agrams i s  g i ven 

i n  Table 2 . 2-4 , whi ch presents l i near co rrelat i o n coeff i ci ents between 

the i ndi cated ser i es. Fi ltered resi dua l  water l evels exh i b i t  l ow frequency 

fluctuat i ons whi ch are associ ated i n  large part w i th vari at i ons i n  wi nds 

and  atmospher i c pressure (i nve rse ba rometer effect) . S i nce atmosphe r i c  

p ressu re i s  not co nsi dered i n  thi s study, some pressure effects wi l l  produce 

erro r vari ance i n  any corre l at i o n of  w i nds and water leve l s, and some p res

sure effects w i ll be accounted for i n  thi s co rrelat i on ,  because reg i ona l  

pressure systems are ofte n associ ated w i th characte r i st i c  wind patte rns. 

As seen i n  Tab le 2 . 2-4 , resi dua l  wate r levels show a systemat i c  

co rrelat i on w i th both components o f  wi nds and cu rrents. Thi s correlat i o n  

i s  negat i ve f o r  wi nd, so an offsho re or eastward di rected w i nd i s  associ 

ated w i th a depresse d sea surface and an  onsho re or westward di rected w i nd 

i s  associ ated w i th a l ocally  ra i sed sea su rface .  Wate r l evels co rre l ated 

negat i ve l y  w i th alongsho re cu rrents and positive l y  w i th transshelf cu rrents. 

Thus, a depresse d sea su rface was associ ated w i th both an eastward di recte d 

and an onsho re di rected near bottom cu rrent . An  e l evated sea surface was 

associ ated w i th both a westward and offsho re di rected near bottom cu rrent .  

A l ongsho re compone nts of  current ve l ocity all co rrelate at  better 

than  the . 90 level.  The transshelf component of  cu rrents co rrelate l owe r 

averag i ng about . 5 0 .  Co rre l at i o n  of  w i n d  and currents ma i nta i n  the same 

patte rn,  - a l ongsho re components hav i ng hi gher  co rre l at i ons. However, at 

a max i mum, alongsho re components of wi nd exp l a i ns 5 9% of the tota l var i a

t i on  of  a l ongsho re cu rre nts. 

U . 2-62 



T i me Ser i es Li-Component V-Component 

Water 1 eve1  vs W i nd* - . 67 - . 67 

Water 1 e ve1 vs B l ack Bayo u c ur . *  . 42 - . 6 2 

\�ater 1 eve1  vs Ca l . Pass  cur . *  . 49 - . 70 

W i nd vs  BB  . 36 . 59 

Wi nd vs CP . 1 6  . 59 

W i nd vs  BHR  . 39 . 50 

BB vs CP . 52 . 9 1  

BB  vs BHR . 53 . 92 

CP  vs BHR . 47 . 90  

*The mag n i tude o f  the  res i dual  water l e vel  i s  corre l ated wi th  
the  i nd i cated vel oc i ty component .  

Tabl e 2 . 2-4 .  Max i mum cro s s -corre l a t i on coeff i c i ents fo r l ow pass  
f i l tered t i me ser i es . 
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Abso l ute and  re l a t i ve ma g n i tudes of  means  and va r i a nces pro v i de i m

po rtan t i n formati on on l oca l dynami c proces s es  ( Ta b l e 2 . 2-5 ) . I t  shou l d be 

noted  that these va l ue s  represent  t i me ser i e s  hav i ng  d i ffer i ng l engths  and 

d i fferi ng s tart i ng  t i mes . I n  a l mo s t  each case , the mea n a l ongsh ore c u rrent  was 

towa rds the west  ( - ) .  The d i fferences i n  magn i tude can be  exp l a i ned by the 

i n terva l s samp l ed .  Wes t Hac kbe rry Contro l  records represent o n l y  two weeks  

du r i ng  the beg i n n i ng of  the s tudy when  cu rrents were qu i te l ow and may have  

had  a m i no r  eastward t rend . Ca l ca s i eu Pas s and Bl ack  Bayou have record s 

cover i n g  the enti re program and  B i g  H i l l  Rep l acement  covers a l l but  approx i 

ma tel y two wee ks at  the beg i n n i ng of the s tudy . These  l a tter three  records  

have q u i te s i mi l a r va l u es  of  the i r  means  ( - 5  cm/sec ) .  West Hac kberry Re

P l aceme nt and B i g  H i l l  secondary have s i gn i f i cant ly  l a rger wes twa rd cu rrents . 

However , these  reco rds  refl ect con d i t i on s  d u r i n g  o n l y  the l a s t  month  of  the 

pro g ram . Th i s  pattern seems to i nd i cate that westwa rd mov i ng cu rrents become 

more i ntense  and  pers i stant as the mea s u rement  program con t i n u ed . Such a 

s u ppo s i t i o n  i s  s u pported by i n s pect i on of  the s t i c k  p l ots of  a l ongsho re 

cu rrents . 

Da i l y means  for near  bottom cu rrents at Ca l cas i eu Pass , B l ack  

Bayou , B ig  H i l l  Repl acement  and for  w i nd are g i ven in  F i g u re 2 . 2 - 1 6  through 2 . 2 - 1 9 .  

Ca l cas i eu Pass  had l a roer and  more vari ab l e mean s t hn n B l ack  Bayou and B i g  H i l l  

Rep l acement , pos s i b l y  i l l u s trat i ng the effect o f  t i da l l y  contro l l ed estua r i ne 

d i scha rge i n  the v i c i n i ty of  the  pass . Westwa rd d i rected fl ows were pre-

domi nate at  a l l s tat i o n s  wh i l e  w i nds  tend to  s how a s l i g ht  predomi nance of  

the  on -offshore vel oc i ty .  At  B l ack  Bayou and B ig  H i l l  Rep l ac emen t ,  there 

was a s l i ght  predomi nance o f  o n s hore d i rec ted mean trans s he l f fl ows , i n  

parti c u l ar , for the l arger  a l ongs hore ve l oc i t i es . 
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F i gure 1 6a .  P l ots  o f  da i l y mean currents at  Ca l ca s i eu Pas s .  Each cross  
i denti f i es the  end po i nt of  the mean c u rrent vector .  The  a l ongs hore  
ma gn i tude i s  mea s ured on  the vert i c a l  ax i s and the tra n s s he l f component 
i s  meas u red by the  hori zonta l axi s .  Thus , vectors term i na t i ng in  the 
l ower l eft quadrant a re or i ented toward the  wes t and o n s ho re . 
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F i g u re 1 6b . P l ots o f  da i l y mea n currents o f  B l ack  Bayou .  Each  c ros s 
identi f i es the end poi n t  o f  the mean  c urrent vecto r .  The a l ongs hore 
ma gn i tude i s  mea s u red on the vert i ca l  ax i s  and the tran s s he l f  component 
is  mea s u red by the hor i zonta l ax i s .  Thu s , vec tors term i na t i ng in  the 
l ower l eft quadrant are o r i e nted towa rd the wes t  and o n s ho re . 
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F i gure 1 6c .  P l ots  of  da i l y mean c u rrents of B i g  H i l l  Rep l aceme n t .  Each cros s 
i dent i f i es the end po i nt of t he mean c urrent vec to r .  T he a l ongs hore 
mag n i tude i s  mea s u red on the vert i c a l  ax i s  and the trans s he l f component 
i s  mea s u red by the hor i zontal  ax i s .  Thu s , vectors term i na t i ng i n  the 
l ower l eft quadrant are or i e nted towa rd the west  and  o n s hore . 
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F i gure  1 6d .  P l ots  o f  da i l y mean w i nd vec tor . Each cro s s  i den t i fi es the 
end po i nt of  the mea n w i nd vector . The a l ong shore ma g n i ture i s  mea 
s u red o n  the vert i ca l  ax i s a nd the tra n s s he l f component  i s  mea sured by 
the hori zonta l ax i s .  Thus , vec tors termi nat i n g  i n  the l owe r l eft 
quadrant  are or i ented towa rd the west  and o n s ho re .  



U-Component  cm/ S V- Component Ang l e  Ro ta t i o n  
Mean S . D .  Mean S . D .  o f  V component  

B l ack  Bayou BB  - 1 . 3 3 . 3  - 5 . 2  1 0 . 8  79° 

Cal cas i eu Pass  C P  0 . 4  4 . 8  - 6 . 4  1 3 .  l 1 06° 

West  Hackberry WHC  - 1 . 6 2 . 5  l .  7 2 . 5 84° 
Control  

Wes t  Hac kbe rry WHR 0 . 2 4 . 4  - 1 0 . 6  1 1 .  2 1 00° 
Rep l acement  

B i g H i l l  BHR - 3 .  l 5 .  - 6 . 2 1 0 . 4  83° 
Repl acement  

B i g  H i l l  BHS l .  6 6 . 2 - 1 1 . 6 l o .  l 83° 
Secondary 

W i nd - 0 . 4  m/ s 5 . 3  m/ s - 1 . 2  m/ s 3 . 24 m/ s 8 0° 

Tabl e 2 . 2-5 . Mean s  var i ances  and a z i muth  ang l e o f  a l o n gs hore component  

Tran s s he l f currents had  u n i forml y l ow mean s  w ith  var i a t i o n s  i n  

d i rect i ons . The  wi nd  s peed has  a very l ow mean and vari ab i l i ty ,  i n  pa rt i cu-

l ar i n  the  on-offshore d i rect i on . However , va r i a b i l i ty of the on -offshore 

w i n d  i s  con s i derab ly  more than the a l ongshore vari a b i l i ty .  

Spectra for currents are g i ven  i n  F i g u res  2 . 2- 1 7 ,  2 . 2 - 1 8 ,  2 . 2- 1 9 ,  2 . 2 -20 , 

2 . 2 -2 1  and 2 . 2-22 , a l thouqh on l y  the l onger  records a re u sed to p roduce fi l te r

ed s pectra . Exam i na t i o n  of these f i g u res  s h ow unfi l tered s pectra had wea k 

energy pea ks  at d i u rna l  a nd semi d i u rn a l  peri ods . These  a re expected becau se : 

• The i ne rt i a l  peri od i n  the study area i s  a ppro x i mate l y  

25  hours  
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On the r i ght a re spectra and  constant  energy spectra of l ow 
p a s s  f i l tered t i me seri es . 
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F i gure 2 . 2 - 2 1 . Energy spec tra for B i g  H i l l Repl aceme n t .  Unfi l tered spectra 
are on the l eft , wi th " v "  component on top and " u "  component  
on the  bottom_ On the r i ght  are spec tra and constant  energy 
s pectra of l ow pa s s  f i l tered t i me ser i es . 
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t A l oca l  d i u rna l sea -breeze sys tem proba b l y  occurs d ur i � g  

part of  the mea s u rement  per i od .  

• Dom i nant  t i da l  per i ods  on  th i s  port i on o f  the coast  

a re d i u rna l ( K1 and  o 1 ) and sem i -d i urna l  ( M2 ) .  

Th us , there are seve ra l  cou p l i n gs wh i ch may exp l a i n these  s pectra peaks . The 

s h ort record l ength  and  avai l ab l e  tech n i que  prec l ude re s o l v i ng these vari ous  

contri b ut i o n s . The  mu l t i p l i c i ty of  proces se s  at  about  the d i u rn a l  peri od may 

exp l a i n i n  part why the d i u rn a l  peak i s  s l i gh t l y  broade r than  the fa i rl y  we l l  

res o l ve d  s emi -d i u rn a l  peak . 

U nf i l tered wi nd spectra d o  not have we l l  reso l ved d i u rna l and s emi d i u r

Ral  peak§  ( � � �ure 2 : 2� 2 3 ) . However , exami nati on  of  s ub s ets of  the total  wi nd  

reco rd suggest that d u r i ng the f i rst  segment  of  the s tu dy ,  the s e  d i urna l  sys tems 

we re fa i rl y  we l l  deve l oped . I n  s uch  a sys tem , w i nd vectors d i s p l ay a counter  

c l oc kwi se  rota t i on w ith  s tron gest  w i nds  be i ng o n s ho re d u r i ng m i d-day and 

genera l l y  l owe r mag n i tude w i nd s  b l owi ng  offs hore at  n i gh t .  Between these 

extreme s , a l ongs hore wi nds  of  genera l l y l ow ma g n i tude ex i s t .  Such  sys tems are 

fa i r l y  common on  the coa s t  of the Gu l f  of  Mex i co and  have been documented 

severa l  t i mes  ( Son u , et a l . 1 973 ) . Wi nd s pectra from s u c h  a sys tem s h ou l d  exh i b i t  

va r i a nce a t  s emi -d i u rna l  a nd d i u rn a l  pea ks wi th the on-offs hore components  

of  var i a nce  exceed i ng the a l ongs hore component .  Such  a pattern wa s obs erved 

i n  the fi rst  ha l f of the s tudy .  I t  i s  pos s i b l e  that d u r i n g  the l a tter port i on 

of  the study ,  i . e .  m i d  November  to m i d  Decembe r d i fferen t i a l  d i urna l  heat i ng  and  

coo l i ng between adjacent  l and  and  water no  l onger  occu rred . Hence , no pre s s u re 

grad i en t  wa s c reated  to dr i ve th i s  w i n d  sys tem . 
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Computed t i d a l  coeff i c i ents i n  Tab l e 2 . 2-6 , s how that  for the l oca l  

mi xed t i des , d i u rna l and  s em i -d i u rna l components  are of  s i m i l a r magn i tude . 

Al so  i n d i cated i s  a trend towa rd s l i ght ly  l a rger  t i d a l  f l uctu a t i o n s  when 

go i ng from Ca l ca s i eu Pa s s  to Sa b i ne Pa s s  and beyond .  U s i ng i nforma t i o n  

from wa ter l eve l  a na lys i s , c urren t records c a n  be s im i l a r ly  ana l yzed . A 

t i da l  hodograph for th i s  data i s  g i ven i n  F i gure 2 . 2 -24 . Wh i l e  the d i urna l  

t ida l  cu rrent can  not  be d i fferent i ated from other  processes  produc i ng 

cu rrents at  th i s  frequency , the l ow magn i tudes  i nd i cate tha t M2 and  K1 
t i d a l  cu rrents produce o n l y  a sma l l amount  of  the tota l va r i ab i l i ty s een 

i n  cu rrent records . Cons i de r i n g  that t i da l  cu rren ts ( away from the Pa s ses ) 

a re sma l l ,  and  from the exami na t i on of  l ow pa s s  fi l tered s t i c k  p l ots , i t  

mu st  be concl uded that f i l tered cu rrents a re domi nated by l onger  period  

os c i l l a t i o n s  character i s t i c  of w i nd d ri ven fl ow in  s ha l l ow wa ter ( Al l en ,  

1 9 73 ) . 

Ampl i tude ( cm )  
Ti de Pe ri od \·le s t  Hackberry B i g  H i  1 1  Re pl acement  Ca l ca s i e u  Pas s 

( 2 3  days ) ( 1 7  days ) Channe l  ( Zet l er  
and  Hansen  1 9 70 ) 

M2 1 2 . 5  h r .  1 2 . 5  1 8 . 5  1 6  

Kl 24 h r  1 2 . 8  20 . 1 4  

Tabl e 2 . 2-6 T i d a l  Components 

In  F i g u res  2 . 2 - 1 8 ,  2 . 2 -20 , and  2 . 2-2 1 ,  l ow frequency spectra o f  the  � on y -

er  cu rrent records  s how that for a l ongs hore cu rrents , energy i s  dom i nated by 

broad pea ks at  approx i mate l y  O .  l cyc l es/day and between 0 . 3  and  0 . 4  cyc l es/day . 

Fo r on- offs hore cu rrents , energy seems to be mo re concen trated between 0 - 2  and 

0-4 cycl es/ day wi th l es s  ene rgy at h i gher and l ower frequenc i es .  Low frequency 

U . 2 - 78 
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wi nd spectra s hows the same s i tuat i on , b ut  wi th components reversed . There

fo re , i t  i s  the  on-offs hore component  wh i c h  has  a n  energy pea k at  0 .  l cyc l es/day 

and l ongs hore component has  a broad pea k between 0 . 2  and 0 . 4  cyc l es/day . Th i s 

i s  an u n u s ua l  s i tua t i o n  for a sys tem dr i ven by l oca l  wi nds . Accord i ng to 

bo th theory and observat i ons  off the coast s  of  Was h i ngton and Oregon i n  

s uch  w i nd -dr i Jen §ys tems , a l ongs hore currents are u s ua l l y  h i g h l y  coherent  

w i th l oca l wi nds  (A l l en ,  1 973 ; Ku ndu et a l . ,  1 9 75 ; Huyer , et a l . ,  1 9 76 ) . 

Th i s  d i fference may imp l y  th0 t part of the response  of observed currents may 

be due  to a a l ongs hore propagat i n g  trapped coasta l  wa ve ( G i l l  and  Schumann , 

1 976 ) . We note tha t d u r i ng the even t o f  day 340 to day 349 , a l ongshore 

cu rrents do mi rror a l ongs hore wi nd s . Th i s  i s  the  more u s u a l  s i tuat i on  for 

l oca l l y  wi nd-dr i ven fl ows . 

Deta i l ed corre l a t i ons  between l on ger t ime ser i e s  ( BB ,  CP , BHR , and  

W i nd ) are exami ned quan t i tat i ve l y  by cal cu l at i ng phase  a nd  coherence at  each 

freq uency ( F i gu res  2 . 2 - 2 5 ,  2 . 2-26 , 2 . 2 - 27 ) . F i g ure 2 . 2-25  s h ows h i g h  co her

ence and  l ow pha se  d i fference between a l ongs hore cu rrents  a t  B l ac k  Bayou a nd  

Ca l ca s i eu Pa s s  a nd B l ack  Bayou a nd  B i g  H i l l  Repl acement a s  m i g h t  be  expect

ed from the s t i c k  d i agrams . Co herence between a l ongs hore cu rrents and  w i n d s  

i s  n o t  a s  h i gh a s  i nd i cated i n  Ta b l e  2 . 2 -4 . 

F i g ure 2 . 2- 26  s hows the re l at i on s h i p  between vari ous  on -offs hore 

components  of w i n d  and  curre n t .  Coherence i s  q u i te l ow a t  a l l freq uenc i es , 

i nd i ca t i ng  that  the a l ongs hore l ength  sca l e  i n  the  offs hore component  of  the 

c urren t i s  swal l .  Th i s  may res u l t ,  in  pa rt , from the i nfl uence of  brac k i s h  

water p l umes rl i scharged from l oca l t i da l  pa s ses . The f i n a l  co herence fi gure 

( F i gu re 2 . 2 - 2 7 )  i s  fo r re l at i on s h i ps between the a l onqshore and  o n-offs hore 
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components . Aga i n ,  coherence i s  l ow between 11 u 11 and  1 1 v 11 components o f  the 

w i nd and the current ; however ,  the 1 1 v 11 component o f  the current at B l ack  

Bayou s hows s ome coherence wi th the 1 1 u 11 component of  the w i nd bel ow 0 . 1  cpd 

and between  0 . 3  and 0 . 4  cpd . Thes e  frequency ba nds rough l y  co i nc i de wi th 

peaks i n  the o ffs hore w i nd  and the l ongs hore current power spectra ( F i gures  

2 . 2- 1 5  and 2 . 2 - 1 9 )  M urray ( 1 975 )  has  proposed a mechan i sm by wh i c h  an  o ff

shore wi nd cou l d  dr i ve a l ongshore cu rrent  i n  very s ha l l ow water wh i c h  may 

app l y  here ; or as ment i oned above , the c urrents cou l d  be i nf l uenced by west

ward propaga t i ng  coastal  trapped waves . Wi thout i nformat i o n  on  the currents 

a nd w i nd at greater a l ongshore s epa rat i ons  ( more or l es s  1 00 km ) mea s u red i n  

th i s  proj ect , th i s  ques t i on cannot b e  answered . 

Den s i ty ,  Sa l i n i ty ,  Tempera ture , and D i s s o l ved Oxygen  
Sa l i n i ty ,  temperature , and d i s so l ved oxygen were mea s u red at appro x i 

mate l y  month l y  i nterva l s  over a s e r i e s  o f  gri d s  centered around each o r i g i 
nal  c urrent meter stat i o n .  Us i ng th i s  data , sa l i n i ty- temperature ( S-T) , 
d i agrams were constructed for a l l s tati ons  around  the Wes t  Hackberry s i te 
( Fi gu re 2 . 2- 28a ) and a l l stat i on s  around the B i g  H i l l  s i te ( F i gu re 2 . 2-28b ) . 
Both d i agrams c l ear l y s how a seasonal  trans i t i o n  from s ummer  toward w i nter 
cond i t i on s  wh i ch pro duced a decreas e  in  mean temperatures o f  1 4- 1 5°c .  Ex
c l u d i ng Cru i se 4 at Wes t  Hackberry ,  s a l i n i t i e s  s howed ne i ther pronounced , 
s equent i a l  s easona l , nor  w i th i n  s i te vari at i o n .  Genera l l y ,  between cru i se 
var i a t i o n  i n  s a l i n i ty was comparabl e to w i th i n  cru i se var i ati on . 

I n  any deta i l ed compar i so n  of  data from d i fferent s tat i ons , cons i dera 
t i on  must  be  q i ven  to the t ime between mea s ureme nts . I n  mos t  s uch  compar i sons , 
obs ervat i ons  are a s s umed to by synopt ic ; however ,  for th i s  a s s umpt i on to be  

u . 2 -8tJ. 



S-T BIG HILL SITE 
30 

[ + 

2 8  + -H+ +  -H+ + 
Cr u i se 1 + ++ + + ++ ++  + 

+ + + +++++ + ++++ + + 
+ 

2 6  

r'\ 
u 2 4  D8FiBi111t1�Ei:J 0 l v C r u i se 2 
w 
a::: 2 2  :::> <?S t-< oii� a::: Cr u i se 3 w 2 0  a.. 
� 
w 
t-

1 8 

1 6  !::. bn. l::.111 Cr u i se 4 l::.t::.i�l::.l::. 
1 4  

1 2  
1 2  1 4  1 6  1 8  2 0  2 2  2 4  26 28 30 

SAL:!:NITY C P PT )  

F i g u re 2 . 2-28a S-T d i agrams i nc l ud i ng a l l observati on s  i n  the v i c i n i ty o f  the 
Wes t  Hac kberry S i te .  Observati on s  for each  of the 4 cru i ses  
be i n g  d i scu s sed a re i dent i fi ed . Cru i s e l wa s i n  9/77 , Cru i se 
2 i n  1 0/77 , Cru i s e  3 i n  1 1 /77 , and  Cru i s e  4 i n  1 2/77 . 
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F i g ure 2 . 2 - 28b S-T d i agrams i nc l ud i ng a l l observati ons i n  the v i c i n i ty of the B i g  H i l l  S i te .  Observati ons for each o f  the 4 cru i ses  bei ng d i s cus sed a re i denti f i ed .  Cru i s e l was  i n  9 /77 , Cru i s e  2 i n  1 0 . 77 ,  Cru i se 3 i n  1 1 / 77 , and Cru i se 4 i n  1 2/ 77 .  
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val i d ,  the  t i me s ca l e of proces ses  bei ng  exami ned must be l onger than the  

overal  1 meas ureme n t  i nterva l . I n  most CTD  o bservati ons , the pattern of  

s amp l i ng i s  deve l oped to fac i l i tate th i s a s s umpti on . At  the Wes t  Hackberry 

s i te and B i g H i l l  s i te ,  on certa i n  cru i se s  s amp l i ng pattern and e l apsed  t i me 

were s uch  that  synopt i c i ty cou l d not  be a s s umed . 

Vert i ca l  profi l es of  sa l i n i ty ,  temperature , den s i ty ,  and  d i s so l ved 

oxyge n  can often prov i de i n s i gh t  i nto whi ch proces se s  are acti ve at the t i me 

of  me asurement . Seq uences  of  p rofi l e s  at  both Bi g H i l l  and  Wes t  Hackbe rry are 

presented to i l l u s t rate the range of cond i ti on s  wh i ch ex i s ted  at these  two s i te s . 

These profi l e s  a re representati ve of condi ti ons  found  duri n g  each cru i s e .  

Cond i t i on s  dur i ng  Cru i s e  1 ( September 1 977 ) are g i ven i n  F i g ures  � . 2-29a  

and 2 . 2-29b . At  Wes t Hack_he rr.v ,  vert i ca l  temperatu res were i sotherma l ; h owever , 

exami nati on of  mea s urements  from other nearby s ta ti ons taken at  d i fferent t i me s  

of  day s eem t o  i nd i cate that  t h e  near s urface l ayer was res pond i ng t o  so l ar  

h eat i n g  dur i n g  t he  day and cool i ng at n i ght . B i g H i l l , meas ured three  days 

l ater , had  a defi n i te two - l ayered  s tructure wi t h  both l ayers u n i form . The l ow 

sa l i n i ty read i ng at 1 1  meters probab l y  resu l ted from the  conduct i v i ty sensor  

com i ng  i nto contact wi th bottom sed iments . Th i s  a l s o  occurred i n  s ome l ater 

read i ng s . At both s tati ons , the profi l e  s tab i l i ty i s  d i cta ted by the s a l i n i ty 

d i stri but i on . 

Lack of  vert i ca l  mi x i n g  i s  best  i l l u strated i n  the d i s s o l ved oxygen 

profi l e  wh i ch i s  great ly  reduced  i n  the l ower seve ra l  meters . I f  mi x i ng  

we re occu rri ng , l ow concentrati ons at  depth wou l d  not be ma i nta i ned becau se  

oxygenated wate r from above wou l d  rep l ace near-bottom de p l et i on re s u l t i ng  

from organ i c  decay and  re sp i rat i on . 

Verti ca l l y  i sothermal  cond i t i on s  exi s ted at  both s i te s  duri ng  Cru i se 2 ;  

h owever , tempe rature s at Wes t  Hackberry were 2 . 5°C cool er  than a t  B i g H i l l  ( Fi g . 

2 . 2 - 30a and 2 . 2 -30b ) . At both s tat i on s , the  vert i ca l  sa l i n i ty d i stri but i on d i ctates 
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dens i ty s tructure , wi th  West Hac kbe rry ha v i n g  a l mo s t  vert i c a l l y u n i fo rm cond i t i on s  

a n d  B i g H i l l  exh i b i t i n g  a con t i n uou s  den s i ty grad i en t  from top t o  bottom . At 

both s i tes , d i s s o l ved oxygen concentra t i ons  were verti ca l l y  u n i form and qu i te 

s i m i l ar i n  concentrat i on . Note that  the Wes t  Hackberry s ta t i o n  was occup i ed  

two days pri or  to the B ig  H i l l  s i te .  

Duri n g  Cru i se 3 ,  the  B i g H i l l  s tat i on had  a s l i g h t l y  warmer s u rface 

l ayer wi th  i sothe rma l cond i t i ons  i n  the bottom h a l f of the  profi l e  ( Fi g u re 2 . 2 - 3 1 b )  

Sa l i n i ty was cont i n u ou s l y  a n d  stab l y  s trat i fi ed . At Wes t  Hackberry , 

mea s u rements  i nd i cate a s l i gh t l y  anoma l o u s  condi t i on wi th a s l i gh t l y  

u n sta b l e  vert i ca l s tructure . Th i s  dens i ty d i s tri but i on i s  d i ctated by 

s a l i n i ty wh i ch ha s  a s l i gh t  decrease  ( . 5°/oo ) at 4 me te rs . I f  s uch 

con d i t i ons ex i s ted , they we re epheme ra l or ma i n ta i ned  by s ome un documen ted 

dynami c proce s s . The bottom s a l i n i ty and hence at m i n i mum probab l y res u l ted 

from the probe com i n g  i n  contact wi th  bottom s ed iments . 

Two s ta b l y  s trat i f i ed l ayers exi s ted  at  Bi g H i l l  wi th s tab i l i ty domi 

nated by s a l i n i ty .  The s u rface wa s cool e r ,  yet l es s  s a l i ne than  the l ayer 

be l ow .  At the t i me of  the me a s urements , mi x i n g  between l aye rs d i d not appear 

to be i nten s e , s i nce a re l a ti ve l y  s teep s a l i n i ty gradi ent  ex i s ted  at  the 

den s i ty i n te rface . I n  addi t i on , condi ti ons  i n  the l owe r l aye r we re ra ther 

un i form . There may have been some mi xi n g  between near- s u rface and mi d-depth , 

as  s uggested by the s hape of the temperature and s a l i n i ty profi l es fo r these  

depth s . Note that the s u rface l ayer wa s cool e r  than the wa te r at depth . 

Wes t  Hackberry s howed an  i nc rease  i n  temperature w i t h  depth ; however , 

the s a l i n i ty comp l e te l y  domi nated  the den s i ty fi el d .  Dur i ng  Cru i se 4 ,  the 

mos t extreme s a l i n i ty vari at i on s  we re encounte red a round  Ca l ca s i eu Pass . 
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A d i fference of approximate ly  6°/oo from surface  to  bottom occurred at  Wes t  

Hackberry and 1 0°/ oo a t  West Hackberry control . The extreme s tab i l i ty of 

the verti cal  col umn cou l d  be of  con s i derabl e i mportance a s  an  i nh i b i tor to 

l ocal  m i x i n g  processe s , e s pec i al l y  i f  i t  co i nc i ded wi t h  a peri od of  l ow curren t  

vel oc i ty and hence l ow s hee r .  

One poss i bl e  expl anat i on o f  what appears t o  b e  a brac k i s h  water zone 

c l ose  to the coastl i ne res u l ts  from l ocal  ti des and the pos s i bl e  seas onal  

d i s c harge from Cal cas i eu Pas s . Peri odi cal l y ,  cond i t i on s  a l ong  th i s  parti c u l ar  

secti on  of  coast  comb i ne to  produce very l ow t i dal  ranges for  the l ocal l y  m i xed 

t ides . As a res u l t ,  the fl oodi n g  s tage i s  wea k  and vari abl e or compl e te l y  

i nh i b i ted . Under these condi t i on s , e ssenti al l y  ebbi ng  t i dal  currents dom i nate 

the fl ow from the t i dal passes . Becaus e  the ebb  fl ow res u l ts from fre s h  water 

i nput  to the e s tuary beh i nd the pass , the d i scharge wou l d  be con s i derab ly  l es s  

sa l i ne than when s tronger fl ood i ng  t i des  cou l d  m i x  the estuari ne  and more sa l i ne 

coastal waters wi th i n  the e stuary .  I t  i s  a l s o  poss i b l e  that duri ng  certa i n  

wi nter month s , fres hwater i nfl ow to the l ocal  e s tuary i s  s omewhat h i gher becau s e  

l es s  water i s  drawn o f f  for i rr i gati on . 

P l umes of  l es s  dense  water have been seen com i n g  from both Sab i ne Pass  

and Ca l cas i eu Pas s , al though pl umes from Cal cas i eu Pas s have been  seen i n  the  

v i ci n i ty of  the Wes t  Hackberry s i te .  Boundari e s  of the pl ume were wel l defi ned 

by fronts , s o  the pl ume extent can be read i l y  determ i ned ( Garv i n e , 1 974 ) . 

These  fronts are u sua l l y  s trong l y  converge n t  wi th  an a s s oci a ted foam l i ne 

acro s s  the front .  A d i st i nct  co l or change ex i s ted wi th more turbi d water on  

the i ns i de of  the fron t .  The i mpact of s uch  p l umes on l ocal  cond i ti ons  and  

m i x i ng proce sse s  has  not  been  documented or  exam i ned . 
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2 . 2 . 5  S ummary and Conc l u s i on s  

Between October 20 and Decembe r  1 8 ,  1 977 , a phys i ca l  oceanograph i c  

fi e l d  meas u rement program was succes s fu l l y  conducted . Th i s  e ffort resu l ted 

i n :  

t Estab l i s h i ng a character i s t i c  cu rrent record to be u sed as  
i n put to the MIT Bri ne  D i ffuser  Mode l . Th i s  record was 
de l i ve red to C EDDA/NOAA . 

t Estimates of  l oca l  hori zontal  eddy d i ffu s i v i ty to be u sed as  
i nput i nto the M IT  Mode l .  Th i s  i nformati on has been suppl i ed 
to C EDDA/NOAA . 

t Ident i f i ca t i on and a genera l  descr i pti on of  s i gn i f i cant  l oca l  
phys i ca l  oceanograph i c  proc es s es occurri ng  i n  the v i c i n i ty of  
the poten t i a l  bri ne  d i ffuser  s i te s . 

Measu rements ta ken i n c l uded s peed and d i rec t i o n  of  currents and wi nd , 

water l eve l  fl uctua ti on s ,  s i gn i fi cant wave he i ght and per i od , and the a real  

and vert i ca l  d i str i bu t i on of s a l i n i ty ,  temperature , and  d i s so l ved oxygen . 

Add i t i ona l l y ,  a Lag rang ian  profi l e  study wa s conducted to d eterm i n e  e st imates  

o f  hori zontal  eddy d i ffus i v i ty a s  a fu nc t i on of  a s pat ia l  sca l e a nd  suppl ement 

Eu l er i an measurements . 

I n i t i a l  res u l ts from two months  of  observat ions  suggest that : 

t Tides  i n  the a rea a re mi xed trop i c  t ides  wi th approximate l y  
equal  ampl i tudes o f  the d i urnal  and s emi -d i u rna l components . 

• Tida l  cu rrents i n  the a rea ( away from t ida l  pa s se s ) a re of  
l ow magn i tude and  thus  prov ide  o n l y  a rel a t i ve l y  sma l l amount 
o f  the tota l current var iab i l i ty .  

t Duri ng  c erta i n  peri ods wh i c h  are more preva l ent dur i ng  s umme r 
cond i t i on s , a l ocal  sea breeze system ex i sts . 

t W i nds typ i ca l l y  had a component d i rected toward the west  and 
the no rth . For o n l y  a sma l l porti on of the study per iod was 
a component of the wi nd toward the ea s t .  
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• The dom i nant  energy band of wi nds and c urrents i s  at  
approx i mate l y  . 1  cyc l es/day wi th l es ser  concentra t i on s  
a t  about . 2 5- . 33 cyc l e s/day . 

• For l ower frequ ency vari ati ons , a pattern of cro s s -corre l at i on s  
ex i s t wh i c h  suggest  that near  bottom currents a re i n  part 
d r i ven  by a s l op i ng sea s u rface wh i c h i s  produced d i rect l y or 
i n d i rect ly  by wi nd s hear at the s u rface . 

• Al ongs hore coherence of the a l ongshore currents i s  very h i g h , 
s uggest i ng that the domi nant l ow frequency proces se s  have 
a l ong shore spat i a l  sca l e wh i c h  exceeds the l atera l extent of 
the study area . 

• There i s  pre l im i nary ev i dence of season a l i ty of wi nds , c urrents 
and the dens i ty f i e l d .  

• Loca l vert i ca l  dens i ty structu re responds s easona l l y  and to 
events wh i ch c a u se the we l l -mi xed l ayer to extend throughout 
the vert i ca l  co l umn . 

• V i s ua l  observat i on s  and some C ,  T ,  D data i nd i cate that at l east at 
the Ca l ca s i eu Pas s and We st  Hackberry S i te ,  t i dal  d i scharge p l ume s  
and a s soc i ated fronts  have a d i rect i mpact on  the l oca l  env i ronmen t .  

The cont i nu i ng f i e l d program present ly  u nderway wi l l  a l l ow for better 

i den t i f i cati on of i nterre l a t i on s h i ps .  Two mo nths  of data pro v i des  on l y  s i x 

repet i t i on s  of a ten-day cyc l e .  As the tota l record l ength i ncreases , confi 

dence i nterva l s i n  the computed parameters wi l l  converge . Add i t i ona l l y  

expected mea s urements wi l l  a l l ow for c ha racter i zat i on o f  seasonal  patterns 

assoc i ated wi th the end of  the ocean i c  and atmo spher i c summer season , tran s i t i on 

to the wi nter season , the wi nter seaso� and a s i gn i fi cant  port i on of the wi nter 

to s ummer  tran s i t i on . 

Pre l im i nary conc l u s i on s  i nd i cate that reg i on a l  dynami cs  ar� i n  part 

systemat i ca l l y  rel ated to a wi nd - s hear- i nduced depres s i on or e l evat i on of the 

sea s u rface wh i ch c reates pre s s u re grad i ents and dr i ves  the bottom c urrents . 

Th i s  system has  a per i od of 3-4 days and 1 0  days . Re gi ona l  cond i t i on s  s u ch as  

the d i stri but i on  of  den s i ty and l and-sea breezes  may cause pertu rbat ion s  on 

th i s system , but the coup l i n g of l onger  per i od phenomena domi nates the reg i on a l  

cu rrent  var i ab i l i ty .  
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2 . 3 FAR- F I E LD MOD E L I NG 

2 . 3 . l West Hac kberry Far- F i e l d  Mode l i ng 

2 . 3 . 1 . 1  I ntroducti on  

As descri bed i n  Sect i on  4 . 3 . 2 . 1 ,  Append i x  C . 3 . 1 . 2 . 1 , and Appe nd ix  D . 25 ,  

the M I T  Trans i ent P l ume Mode l has been used  to est i mate the changes i n  

s a l i n i ty i n  the G u l f o f  Mex i co i n  the v i c i n i ty o f  the bri ne d i sposal  s i te 

for the West Hac kberry fac i l i ty .  The i n i ti a l  res u l ts obtai ned wi th the 

model , as d i scussed i n  the sect i ons  noted , were based on  esti mated va l ues 

for the currents and d i ffus i o n  coeff i c i ent .  More recent ly , both c urrent  

and  di ffus i o n  data have  been obtai ned in  the v i c i n i ty o f  the  West Hac kberry 

br i ne d i sposal  s i te ,  as part o f  P hase I o f  the Off- Shore Samp l i ng Program 

descri bed e l sewhere i n  th i s  doc ume nt . These data have bee n used by NOAA 

as i nputs to the M IT  Mode l to generate add i t i ona l  esti mates of the sa l i n i ty 

d i stri b uti on  i n  the v i c i n i ty of the bri ne d i sposa l  s i te .  

Four  add i ti onal  test cases have been carri ed out by NOAA as  fol l ows : 

T i me Period  
Run  # Current Meter Covered Condi ti on  

WH- 1 We st Hac kberry Contro l 1200 , 11/2/77 to I n i t i a l  data 
2100 , 11/2/77 

WH-2 Cal cas i eu Pass 1300 , 11/2/77 to I n i t i a l data 
2200 , 11/2/77 

WH-3 West Hac kbe rry Rep l acement 1200 , 1/3/78 to Typ i ca l  current 
0000 , 1/6/78 

WH-4 We st Hac kberry Rep l acement 0000 , 1/25/78 to Storm passage 
0000 , 1/27/78 

For Runs WH- 1 and ·WH- 2 approx i mate l y  two wee ks of  c urrent data were 

avai l ab l e  and the t i me peri od covered by each run was taken  near the end 

of  the correspondi ng two-wee k peri od .  For Runs  WH- 3 and WH-4 a ti me seri es  

cons i sti ng of  app rox i mate l y  6 2  days of  c urrent data was  avai l ab l e .  The  
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t i me per iod  covered by Run  WH- 3 commenced o n  the 34th day of th i s  seri es  

and  corresponds to  a typi ca l  current cond i ti o n .  The t i me per iod  covered 

by Run  WH-4 comme nced on  the 54th day of  the same seri es  and corresponds 

to the passage of a storm thro ugh the regi o n .  The rema i n i ng subsecti ons  

p rovi de a detai l ed descri pti on  of the  i nputs used and  the  res u l ts obtai ned 

for the four add it i onal  test  cases . 

2 . 3 . 1 . 2 I nputs to MIT Tran s i ent P l ume Mode l 

A comp l ete descr i pti on  of  i np ut vari ab l es for the ori g i nal  test cases 

i s  prov i ded i n  Appendi x D . 25 .  For the four add i t i onal  test cases ( Runs  

#WH- 1 through #WH-4)  a l l i np uts we re the  same as those  used  for  the  Base 

Case ( Run  #7) , except for the currents . 

Measured max i mum c urrents i n  the l ongs hore d i recti on  for Runs  #WH- 1  

and #WH- 2  i ndi cated a magn i tude o f  about 3 0  cm sec- 1 wh i l e  max i mum currents 

offs hore were abo ut 20 cm sec- 1 .  S uch  val ues are of  the same order of 

magn i tude as the va l ues used for the ori gi nal  test cases but the meas ured 

l ongshore val ue i s  about 60% of  the val ue used i n  the o r i g i nal cases whi l e  

the measured offshore va l ue i s  more than twi ce the va l ue ori gi nal l y  used .  

The actual t ime series  rep resenti ng the  1 1 U 1 1  and 1 1 V 1 1 i nput c urre nts are 

s hown i n  F i gures 2 . 3 -1  and 2 . 3-2  for Run #WH-1 .  The correspondi ng ti me 

ser i e s  for Run #WH-2 are presented i n  F i gures 2 . 3-3  and 2 . 3-4 .  

Maxi mum meas ured currents for Runs  #WH- 3  and #WH- 4  i n  the l ongs hore 

d i recti on  were 46 cm/sec wh i l e  max i mum measured c urrents i n  the offshore 

d i recti on  were 11  cm/sec . The l ongshore va l ue i s  essent i a l l y  equal to 

that used i n  the or i gi nal  test cases and the offs hore va l ue i s  s l i ghtl y 

greater than the va l ue ori g i nal ly  used .  Prese ntati ons  of  ti me ser i es  for 

Runs #WH- 3  and #WH-4 are provi ded i n  F i gures 2 . 3- 5 through 2 . 3-8 .  
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I n  add i t i on to current data , as  descri bed e l sewhe re , hor i zonta l 

d i ffus i on coeffi c i ents , Eh , were a l so measured i n  the v i c i n i ty of the 

d i sposa l  s i te .  Such  coeffi c i ents were observed to obey the power l aw 

E h = 0 . 003 L1 · 15 

Where L i s  the sca l e  of  d i ffus i on (wh i ch i s  equ i va l ent to the patc h s i ze ,  

oh ) .  Because thi s power l aw i s  i denti cal  to that ori g i na l l y  used i n  the 

mode l , no c hanges to the hori zonta l d i ffu s i on i np uts were made . 

Meas urement o f  vert i ca l  d i ffu s i o n  coeff i c i ents , Ez , was not cal l ed 

for as part of  the Phase  I o f  the Offshore Samp l i ng Program . For th i s  

reason  the vert ica l  d i ffus i on va l ues used i n  ori g i na l  test cases were 

reta i ned for the four add i ti ona l  cases .  

2 . 3 . 1 . 3  Res u l ts of  R u n s  #WH-1  a nd  #WH-2  

With  the  i nputs descri bed , Runs  #WH- 1 and  #WH-2 were u ndertake n .  I n  

general , the f i rst 1 2  days o f  data were used to a l l ow the mode l to reach 

quas i -equ i l i bri um .  For  Run  #WH- 1  outp uts were taken at  ti mes  correspond i ng 

to 1200 , 1500 , 1800 and 2100 of  the 12th day .  For Run  #WH-2 outputs were 

taken at t i mes  correspond i ng to 1300 , 1600 , 1900 and 2200 of  the 13th 

day . 

The res u l t i ng sa l i n i ty contour  ( i sop l eth ) p l ots are p resented i n  

F i gures 2 . 3-9 through 2 . 3- 16 . A compari son  o f  the ori entati on  of these 

p l ots wi th those prov i ded i n  F i gures 41a and 42 through 45 of  Append i x  D . 25 

for the Base Case i nd i cates that the p l umes generated i n  runs #WH-1  and 

#WH-2  are genera l l y  o ri ented a l ong the onshore- offshore ax i s  as compared 

wi th the ge neral  east-west  or i entat i o n of  the p l umes i n  the Base Case . 

U . 2 - 1 03 
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Figure 2 . 3 -9 Contou r s  o f  Exc e s s  S a l i n i ty Concentrations ( ppt) 

for Run #WH - 1  a t  T = 0 0 0 0  Hours on the Bo t tom . 
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F igur e 2 . 3 - 1 0 Contou r s  o f  Exc e s s  S a l i n i ty Concentrations ( ppt) 

for Run #WH - 1  a t  T = 03 0 0  Hour s on the Bottom .  
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Figure 2 . 3- 1 1 Contou r s  o f  Exc e s s  S a l in i ty Concentr a t ions ( pp t )  

for Run # WH - 1  a t  T = 0600 Hou r s  on t h e  Bot tom . 
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F i gure 2 . 3- 1 2  Contour s o f  Exc e s s  S a l ini ty Concentrations (ppt) 

f o r  Run # WH - 1  at T = 0 9 0 0  Hour s on the B o t tom . 
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Figure 2 . 3 - 1 3  Contours of Exc ess S a l inity Concentrations ( ppt) 
for Run #WH-2 at T = 0 3 0 0  Hou r s  on the Bottom . 
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F i g u r e  2 . 3- 1 4  Coutou r s  o f  Exc e s s  S a l i n i t y  Concentra t i o n s  ( pp t )  

for Ru n # WH - 2  a t  T = 0300 Hou r s  on the B o ttom . 
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Wi th regard to the area enc l osed by the vari ous  sa l i n i ty contours , 

F i gure 2 . 3-17 prov i des  a compari son between the Base Case and Run #WH-1 .  

Exami nati o n  of  th i s  f i gure i nd i cates that t he  c urre nts meas ured at  West 

Hackberry Co ntro l p roduced p l umes whi c h , fo r sa l i n i t i es i n  excess  of  

approxi mate l y  1 . 2 ppt , covered l arger areas than  covered by the  corres

pond i ng port ions  of  the  Base Case  p l ume . For sal i n i ti es l es s  than 1 . 2 ppt , 

the area covered by the Base Case was equal to or greater than that 

p roduced for Run  #WH-1 .  A s i m i l ar comparat i ve p l ot of  area versus  sa l i n i ty 

for the Base Case and Run  #WH-2 i s  provi ded i n  F i gure 2 . 3 - 18 .  I n  th i s  

case , the areas covered by the p l ume p roduced by the Cal cas i eu Pass  

currents were cons i stently l es s  than or equal  to the correspond i ng areas 

covered by the Base Case p l ume . These d i fferences i n  area coverage can 

general l y  be exp l a i ned by the fact that the meas ured c urrents seem to be 

about ha l f as strong as those used i n  the earl i er current s i mu l ati ons . 

Weaker currents wou l d  tend to p rov i de l es s  d i l uti on and h i gher concentra

t i ons  i n  the near and i ntermedi ate f i e l ds . S uch  a condi t i o n  i s  not 

cons i dered des i rab l e .  

The conc l us i on i s  reached that the resu l ts p rev i ou s l y  obtai ned wi th 

s i mu l ated currents d i ffer to some degree i n  both ori entati on and area 

from the res u l ts of Run #WH- 1  and #WH-2  wh i ch are based o n  actual meas u re-

ment.  

2 . 3 . 1 . 4  Resu l ts of  Runs  #WH- 3 and #WH-4 

The t i me seri e s  s hown i n  F i gures 2 . 3 - 5  through 2 . 3-8 represent 

porti ons  of  a s i ng l e 62-day ser i e s  measured by the West Hackberry Rep l ace

ment current meter from 12/1/77 to 2/1/78.  The enti re seri es , a l ong w ith  

U . 2- 1 1 5  
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the other parameters prev i ou s l y  note d ,  was used as  i nput to the M IT  Tran

s i ent P l ume Mode l . As be fore , the f i rst 12 days of the seri es  were used 

to a l l ow the mode l to reach qua s i - equ i l i b r i um .  Run  #WH- 3 ,  rep resenti ng a 

typ i ca l  c urrent condi t i o n , commenced at 1200 on the 33th day and extended 

for 60 hours . Run #WH-4 , representi ng the passage of a storm front , com

menced at 0000 on  the 54th day and extended for 48 hours . Outputs were 

taken for Run #WH-3 correspondi ng to 0 ,  30 , and 60 hours measured from 

the commencement t ime for the run .  L i kewi se  for Run #WH-4 outputs were 

obtai ned correspondi ng to 0 ,  24 , and 48 hours meas ured from the commence

ment t ime .  

T he  excess  sa l i n i ty contours  for  the case of  R un  #WH- 3 ,  correspondi ng 

to typ i ca l  current condi ti ons , are p resented in F i gures 2 . 3 -19 through 

2 . 3-21 .  In F i gure 2 . 3-19 at the commencement of the run , the p l ume has a 

doub l e- l obe shape wh i ch appears to be rotati ng c l oc kwi se i n  the presence 

of  a c urrent setti ng toward the southeast.  Th i rty hours l ater as shown 

i n  F i gure 2 . 3-20 , i n  the prese nce of a westward- setti ng c urre nt the doub l e

l obe shape remai ns , but the p l ume d i sp l ays westward-dri fti ng 1 1tongues 1 1  

w ith i n the  l obe surroundi ng the  d i ffuser .  I n  the  f i na l  p l ot s hown i n  

F i gure 2 . 3-21 , correspond i ng to 30 hours l ater ,  the doub l e- l obe s hape i s  

aga i n  observed.  The contours  i n  the l obe s urroundi ng the d i ffuser have a 

major ax i s  i n  e i ther the northeast or southwest d i recti o n .  Th i s  ori enta

t i o n  refl ects the recent s h i ft of the current from the northeast to the 

so uthwest .  

For Run #WH-4 , corre spondi ng to  the  passage of  a storm front , the 

sa l i n i ty contour  p l ots are presented i n  F i gures 2 . 3-22 through 2 . 3-24 . 
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At the commencement the p l ume ( F i gure 2 . 3-22)  i s  ori e nted to the west

s outhwest i n  the presence of a current setti ng to the southwest .  Twenty

four hours l ater ,  due to the passage of the storm the currents have 

s h i fted to east- northeast.  The sa l i n i ty contours s urroundi ng the di ffu

ser general l y  fo l l ow th i s  d i recti on  ( F i gure 2 . 3-23)  but some remnants of 

the earl i er pattern extend out to the west .  After twenty- four more hours 

have e l apsed , the currents have s h i fted to the southeast and the p l ume 

appears to be s h i ft i ng to a l i gn i tse l f  i n  that d i recti o n .  The 0 . 5  ppt 

contour however d i sp l ays a 11  horn" po i nti ng to the northeast ,  refl ecti ng 

the earl i er current i n  that d i recti o n .  

The res u l ts o f  Runs  #WH-3 and #WH-4 i nd i cate that under both typ i ca l  

c urrent cond i t i ons  and  storm condi t i ons  the p l ume i s  genera l l y  or i e nted 

para l l e l to the coastl i ne .  Such  an  ori e ntati on  i s  cons i stent w ith  the 

general observati on  that the l ongshore c urrent component i s  l arger than 

the offs hore/ons hore component .  

Wi th regard to the area enc l osed by the vari ous  sa l i n i ty contours , 

F i gures 2 . 3-25a and 2 . 3-25b prov i de compari sons  between the Base Case and 

Runs #WH-3  and #WH-4.  Exami nati on  of F i gure 2 . 3-25a i nd i cates that the 

c urrents meas ured wi th the West  Hac kberry Rep l acement current meter , u nder 

typ i ca l  curre nt cond i t i ons  ( Run  #WH- 3 ) , p roduced p l umes wh i c h , for a g i ven  

l evel  of  excess  sal i n i ty ,  cover areas l arger than b ut  of  the  same mag n i 

tude a s  covered  i n  the Base Case . L i kewi se , as s hown i n  F i gure 2 . 3-25b , 

the currents measured wi th the West  Hac kberry Rep l acement curre nt meter , 

u nder cond i ti ons  correspond i ng to the passage of a storm front ( Run  

#WH-4) , produced p l umes coveri ng s l i ghtl y l arger areas than those for the 

Base Case , but smal l er than those for Run #WH - 3 .  
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2 . 3 . l . 5 Conc l u s i ons  

The res u l ts prese nted for Runs  #WH-1  through  #WH-4  are based  on  

actual  meas ured c urrents i n  the v i c i n i ty of the s i te for the We st  Hack

berry b r i ne d i ffuser .  The measured currents fo r Runs  #WH-1 and #WH-2  

were s omewhat smal l e r than those for  Runs  #WH- 3  a nd  #WH-4  but  i n  general  

the  meas ured cu rrents for the four runs  we re of  the same order of  magn i 

tude as  the ear l i er e st i mates of  the cu rrents . The l ocati ons  of  the 

c urrent meters correspondi ng to the f i rst two runs we re further removed 

f rom the di ffu s e r  s i te than was the l ocati on  of  the c u rrent mete r used i n  

the l ast  two ru n s .  The  tota l t i me i nterva l s fo r the cu rrent data , upon 

wh i c h the fi rst two runs we re based , were a l s o  re l ati ve l y  s hort ( approx i 

mate l y  13 day s )  compared to the t i me i nterval  upo n wh i c h the l ast  two 

runs  we re based ( app rox i mate l y  62  days ) .  

The  p l umes p roduced i n  Runs  #WH-1  and #WH-2 were genera l l y  o r i ented 

a l ong the onshore-offshore ax i s  wh i l e  those produced i n  Runs #WH-3  and 

#WH-4 tended to be  or i ented a l ong the l o ngs hore ax i s .  I n  both types  of  

o r i e ntat i on revers a l  in  the  p l ume d i rect i o n  was observed .  For  predi cted 

sa l i n i t i es o f  l e ss  than 1 ppt the bottom areas covered by the #WH-1  and 

#WH-2  p l umes were l e s s  than the co rrespondi ng areas for the ear l i er Base 

Case based on  e st i mated currents . For  predi cted sa l i n i t i es greater than 

1 ppt the bottom areas of  the #WH-1  and #WH- 2  p l umes genera l l y  equa l l ed 

or  exceeded the correspond i ng areas of  the Base Case .  For  a l l s a l i n i t i es 

p red i cted i n  the far f i e l d for the #WH- 3  and #WH-4 p l umes the bottom 

areas covered were l arger than but  of  the same order of  magn i tude as the 

correspond i ng areas for the Base Cas e .  

I n  general  the p l umes of  Runs  #WH- 3 and #WH-4 appear most repre

s entati ve of  the West Hackberry d i ffuser  s i te .  Such  p l umes tend to be  
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o r i e nted a l ong  the l ongshore ax i s ,  most  l i ke l y  dri ft i ng to the wes t .  F o r  

excess  sa l i n i t i e s  greater than 1 ppt t h e  exposed bottom area amounts to 

l es s  than 8. 1 x 107 ft2 or 1860 ac re s .  The exposed bottom area for 

excess  sa l i n i t i es above 3 ppt amounts  to about 9 . 0 x 106 ft2  or  207 acre s .  

2 . 3 . 2 B l ac k Bayou Far- F i e l d  Mode l i ng Sect i o n  

2 . 3 . 2 . 1 I ntroducti on  

As des c r i bed i n  Secti on  C . 4 . 1 . 2 . 1 , i n  t he  case  of  t he  br i ne d i sposa l  

p rob l em at  the B l ack  Bayou s i te ,  the  changes i n  s a l i n i ty were ass umed to 

be approx i mate l y  equa l  to those  wh i ch wou l d occ u r  at the West  Hac kberry 

s i te .  More recentl y ,  due to the ava i l ab i l i ty o f  c u rrent meter data taken 

i n  the v i c i n i ty of  the B l ac k  Bayou d i sposa l  s i te ,  a separate ana l ys i s  

u s i ng the M I T  Trans i ent P l ume Mode l has  been  perfo rmed by NOAA . T hree  

test cases  were carr i ed out as  fo l l ows : 

T i me Per i od 
Run  # C urrent Meter Covered Cond i t i on 

BB-1 B l ack  Bayou 0600 , 11/5/77 to Stagnat i o n  
0000 , 11/8/77 

BB-2  B l ack  Bayou 0000 , 11/18/77 to Typ i ca l  current 
0000 , 11/22/77 

BB- 3  B l ack Bayou 0600 , 1/24/78 to Storm pas sage 
0000 , 1/26/78 

A t ime  s e r i e s  cons i st i ng of approx i mate l y  103 days of c urrent mete r 

data was avai l ab l e  for Runs  #BB-1 ,  #BB-2 and #BB- 3 .  The  t i me p e r i o d  

covered by Run  #BB- 1 commenced t h e  16th day of  t h e  ser i e s  a n d  corresponds 

to a stagnati on cond i t i o n .  For Run  #BB-2 the t i me per i od commenced on 
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the 29th day and repre sents a typ i ca l  current  condi t i o n .  R u n  #BB-3  com

menced on  the 96th day and corresponds to the pas sage of  a storm front .  

The s ubsect i o n s  wh i ch fol l ow p rov i de a detai l ed descr i pti on  of the i nputs 

used and the res u l ts obtai ned for the three tes t  cas e s .  

2 . 3 . 2 . 2 I nputs to MIT Tran s i ent P l ume Mode l 

A comp l ete descr i pt i o n  of  i nput  vari ab l es for the o r i g i na l  Wes t  

Hackberry test  cases  i s  p rov i ded i n  Append i x  D . 25 . For  the three test  

cases  at  B l ac k  Bayou a 1 1  i nputs were the  same as  those  u sed  for  West  

Hac kbe rry Base  Case  ( Run  #7 ) except for  the currents . 

Maxi mum meas ured c urrents i n  the l ongshore di rect i o n  i nd i cated a 

mag n i tude of  abo ut 36  cm sec- 1 whi l e  maxi mum meas ured currents i n  the 

offs hore d i recti on  were approxi mate l y  21  cm sec- 1 .  Such va l ues  are of 

the same order of  magn i tude as the va l ue s  used for the o r i g i na l  tes t  cases  

at Wes t  Hac kbe rry .  The t i me ser i e s  representi ng  the U and V i nput  c urrents 

are s hown i n  F i gures  2 . 3-26  and 2 . 3 - 27 for Run  #BB- 1 ,  i n  F i g ure s  2 . 3 - 28 

and 2 . 3-29  for Run  #BB- 2 ,  and i n  F i gures  2 . 3-30  and 2 . 3-31 for Run  #BB- 3 .  

2 . 3 . 2 . 3 Res u l ts of  Runs  #BB-1 , #BB-2  and #BB-3  

The  t i me ser ies  s hown i n  F i gures  2 . 3 -26  through 2 . 3-31  represent  

porti on s  of  a s i ng l e 103- day ser i e s  measured by the  B l ac k  Bayo u c urrent 

meter from 10/20/77 to 2/1/78.  The enti re ser i es , a l ong  wi th the other 

parameters  p rev i ous l y  noted , was used as i nput to the M IT  Tran s i ent P l ume 

Mode l . The fi rst  12 days of the s e r i e s  we re used to a l l ow the mode l to 

reach q uas i - equ i l i br i um .  Run  #BB- 1 ,  represent i ng a s tagnat i o n  condi t i o n , 

comme nced at 0600 on  the 16th day and exte nded for 66  hours  wi th o utputs 
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occu rri ng at 0 ,  30 , and 66 hours after commencement .  Run  #BB- 2 , repre

senti ng a typ i ca l  c urrent cond i t i on , commenced at 0000 on  the 29th day 

and conti n ued for 96 hours wi th o utputs at 0 ,  48 , and 96 hours after 

commencement .  Run #BB- 3 ,  representi ng the passage of  a storm front , 

commenced at 0600 on  the 96th day and covered 42 hours wi th o utputs at 

0 ,  24 , and 42 hours fol l owi ng commencement .  

The excess  sal i n i ty contour  p l ots res u l t i ng from stagnat i on cond i t i ons  

( Ru n  #BB-1)  are presented i n  F i gures 2 . 3-32  through 2 . 3 - 34 .  At the com

mencement of the run (0 hours ) as s hown i n  F i gure 2 . 3-32 , the p l ume i s  

re l ati ve ly  narrow and d i sp l ays an eastward dri ft . Th i s  eastward d i recti on  

re fl ects the  eastward setti ng curre nt wh i ch was  present pri or to  stagna

t i on .  Th i rty hours l ater ,  w ith  essenti a l l y  no  current present the eastward 

ori e ntat i o n  of the p l ume rema i n s , as shown i n  F i gure 2 . 3-33 , but the p l ume 

i s  con s i derably broade r ,  espec i a l l y  i n  the v i c i n i ty of  the di ffuser .  

After 66 hours the p l ume remai ns re l at i ve ly  broad but is  or i e nted to  the 

southeast as s hown i n  F i gure 2 . 3 - 34 .  At th i s  t i me the c urrent has recent l y  

s h i fted t o  t h e  northwest b u t  s u ff i c i e nt t i me h a s  not e l apsed f o r  the p l ume 

to adj ust .  

For  Run  #BB-2 , corre spond i ng to  typ i cal  c urrent condi t i on s , the  excess  

sa l i n i ty contours are  provi ded i n  F i gures 2 . 3 -35  through 2 . 3 -37 .  As s hown 

i n  F i gure 2 .  3-35 , at the commencement of  the run the p l ume covers a 

re l at i ve l y  l arge area and d i spl ays a general westward dri ft i n  response 

to the westward- setti ng c urrent .  After 48 hours , i n  response to a per

s i stent we stward- setti ng current w i th a smal l northward component , the 

p l ume i s  much  narrower wi th west- northwest  dri ft , as s hown i n  F i gure 

2 . 3-36 . The p l ume pattern after 96  hours ( F i gure 2 . 3 -37 )  i s  a l so re l ati ve l y  
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narrow , and appears to be rotati ng  counter- c l ockwi se  i n  response  to a 

current wh i ch has recent ly  s h i fted from the no rthwe st to the southeast . 

For  Run  #BB- 3 , repres enti ng  the pas sage of  a storm front , the exces s  

sa l i n i ty contour p l ots are provi ded i n  F i gures  2 . 3-38 through 2 . 3-40 . At 

the beg i n n i ng of the run  ( F i gure 2 . 3-38)  the p l ume pattern i s  re l at i ve l y  

narrow wi th a westward dri ft , re f l ecti ng the we stward- setti ng c urrent . 

Twenty- four  ho urs l ater the c urrent has s h i fted to the so utheast due to 

the passage of  the storm front .  I n  respon se  to th i s  current s h i ft the 

p l ume , as s hown i n  F i gure 2 . 3-39 , has broade ned s l i ght ly  and appears to 

be rotat i ng counter- c l ockwi s e  to a l i gn i tse l f w ith  the new current d i rec

t i o n .  After 42 hours ( F i gure 2 . 3-40)  the 0 . 5 ,  1 ,  and 2 ppt sa l i n i ty con

tours are or i e nted toward the northeas t ,  a l i gned wi th the p revai l i ng 

current d i recti o n .  The 0 . 1 ppt contour d i sp l ays an  east-west  or i e ntat i on , 

res u l t i ng from remnants of  the westward dri ft i ng p l ume p r i o r  to the c ur

rent reversal  . 

I n  terms o f  the amo unt  of  bottom area expo sed to vari ous  l ev e l s ot  

excess  sa l i n i ty ,  F i gures  2 . 3-4la through 2 . 3-4lc p rov i de a compar i son  

between the o r i g i na l  Base  Case at  West  Hac kberry , based  on  e st imated 

currents , and the res u l ts of #BB- 1 ,  #BB-2  and #BB- 3 , based on  meas ured 

cu rrent s .  Exam i nat i on of  these  f i g ure s  s hows that for obs erved current 

cond i t i ons  rangi ng from stagnat i o n  to storm- i nduced maxi mum , the p re

d i cted bottom coverage for  sa l i n i t i es greater than  1 ppt excess  and  

g reater than  3 ppt  excess  are s i m i l ar to , but l arger than , corre spo ndi ng 

bottom coverage areas prev i o u s l y  p redi cted us i ng est i mated currents (We st 

Hac kbe rry Base Case ) .  For excess  sa l i n i ti es greater than 1 ppt , i n  a l l 

three  cas es  the max i mum expo sed bottom area amounted to l es s  than 8 . 5 x 

107 ft2 or  1960 acres , and for excess  sa l i n i t i e s greater than 3 ppt , the 
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max i mum exposed bottom area amo unted to l es s  than 4 . 5 x 106 ft2 or  104 acres . 

For  the West  Hackberry Base Case , p rev i ou s l y  p redi cted bottom coverage 

ranged up to 1200 acres for excess  sa l i n i ti es greate r than 1 ppt and up to 

70  acres for greater than 3 ppt .  Among observed cond i t i ons  at B l ack  Bayou ,  

the  enve l ope of curves  generated for stagnat i on  and storm- i nduced currents 

general l y  fe l l  wi th i n  the enve l ope of c u rves  generated for the typ i ca l  event . 

2 . 3 . 2 . 4  Concl u s i ons  

The re s u l ts presented for Runs  #BB - 1 , #BB-2  and #BB-3  are based o n  

actual mea s u red currents i n  t he  v i c i n i ty of t he  s i te for  the  B l ack  Bayou 

br i ne d i ffuser .  The  tota l t i me i nterval  for the current data , upon wh i ch 

the three runs  are based , exte nded for 103 days . 

The p l ume s p roduced i n  Runs  #BB-1 ,  #BB-2  and #BB- 3 tended to be 

or i ented a l ong the l ongshore ax i s  wi th both westward and eastward dri ft

i ng p l umes bei ng obs e rved .  Reversal  i n  the  di rect i on of  the p l ume dri ft 

was observed u nder condi t i ons  correspondi ng to the  passage of a storm front .  

Compari ng the B l ack Bayou runs  (# 1 s  BB- 1 ,  BB-2  and BB- 3 )  wi th  the West 

Hac kberry base case ( Ru n  #7 ) s ome d i fferences i n  areal extent of  the p l ume 

we re noted .  Run  #BB - 1  ( s tagnat i on )  mo st  c l os e l y  approxi mated the  We st  Hack

berry base case , wi th  a smal l e r area cove rage for the 1 ppt above amb i e nt 

p l ume . A s i m i l ar s i tuat i o n  was seen  for #BB- 3  ( storm pas s age)  but  here , 

the  3 ppt cove rage was greater than for WH run  #7 . For  #BB-2 ,  ( typ i cal ) 

both the 3 and 1 ppt above amb i e nt contours e ncompas sed l arge r areas than 

the West Hac kberry base cas e .  The se  B l ack Bayou p l umes we re s i m i l ar to 

those p redi cted for West Hackberry for R u n s  #WH- 3  and #WH-4  based on the 

meas u red currents . For exce s s  sa l i n i t i e s greate r than 1 ppt the exposed  

bottom area amou nted to  l es s  than  1960  acre s .  The bottom area exposed to 

exce ss  s a l i n i ti es greater than 3 ppt amounted to l e ss  than 104 acres . 
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2 . 3 . 3  B i g  Hi l l  Far- F i e l d Mode l i ng 

2 . 3 . 3 . l  I ntroduct i o n  

A s  descri bed i n  Secti on  C . 6 . 1 . 2 . 1 i n  the case of  the bri ne d i sposal  

at the B i g  H i l l  s i te ,  the c hanges i n  sa l i n i ty were ori g i na l l y  assumed to 

be s i mi l ar to , but l es s  than , those w h i c h  wou l d  occur at the West  Hac kberry 

s i te .  S ubs equentl y a separate analys i s  ut i l i z i ng the MIT  Tran s i ent P l ume 

Mode l was carr i ed out by NOAA based on  esti mated va l ues of c urrents and 

d i ffu s i on  coeff i c i ents at B i g  H i l l  ( NOAA , 1977 ) .  More recentl y due to 

the avai l ab i l i ty of  c urrent meter data taken  i n  the v i c i n i ty of the B i g  

H i l l  d i sposal  s i te ,  add it i onal  ana l ys i s ,  u s i ng the MIT  Mode l , has been 

performed by NOAA . Two test cases were carr i ed out as fo l l ows : 

T i me Peri od 
Run # Current Meter Covered Condi t i o n  

BH-1 B i g  H i l l  Secondary 0000 , 1/21/78 to Typi ca l  current 
0600 , 1/24/78 

BH-2 B i g  H i l l  Secondary 0000 , 1/25/78 to Storm pas s age 
0600 , 1/27/78 

A t i me seri es  cons i sti ng of approxi mate l y  63 days of c urrent meter 

data was ava i l ab l e  for Runs BH-1  and BH- 2 .  The ti me peri od covered by 

Run  BH- 1  commenced o n  the 52nd day of  the seri es  and corresponds to a 

typi ca l  c urrent cond i t i o n .  For R u n  B H- 2  the t i me per i od commenced on  the 

56th day and corresponds to the passage of a storm front.  The s ubsecti ons  

w h i c h  fo l l ow prov i de a detai l ed descr i pt i o n  of  the i nputs and the  res u l ts 

obtai ned for the two most recent test cases . 

U . 2- 1 49 



2 . 3 . 3 . 2  I nputs to MIT  Tran s i ent P l ume Mode l 

A comp l ete desc r i pt i o n  o f  i nputs for the o r i g i na l  test cases  fo r 

West  Hac kberry i s  p rov i ded i n  Appendi x  D . 25 .  For  the two runs  at B i g  

H i l l ,  BH-1 and BH-2 , a l l i nputs were the same a s  those  used for the West  

Hac kbe rry Base Case  ( Run  #7 ) except for the  rate of  di sc harge , the d i ffu s e r  

l ength a n d  t h e  c urrents . The rate of  d i scharge fo r B i g  H i l l  was s e t  at 

43 . 7 cfs  and the d i ffuser  l ength was 3 , 420 feet .  

Ob served maxi mum l ongs hore c urrent compo nents near the  B ig  H i l l  s i te 

were about 40 cm/sec wh i l e maxi mum trans s he l f  ( o r  ons hore- offs ho re )  we re 

about 16 cm/sec . These are of the same o rder of magn i tude as  those used 

i n  the ear l i er test  runs  ( NOAA , 1977 ) .  The actual  t i me s er i e s  representi ng 

the U and V i np ut c urrent components for R u n  #BH-1 as measured by the B i g  

H i l l  Secondary current meter are s hown i n  F i gures  2 . 3-42 and 2 . 3-43 . The 

t ime s e r i e s  for Run  #BH-2 are p resented i n  F i gures  2 . 3-44 and 2 . 3-45 . 

2 . 3 . 3 . 3 Resu l ts o f  Run  #BH-1 and #BH-2  

The  t i me s eri e s  s hown i n  F i gures  2 .  3-42  through 2 .  3-45  represent 

po rt i ons  o f  a s i ng l e 63-day s e r i e s  mea s u red by the  B i g  H i l l  Secondary 

c urrent meter from 11/30/77 to 2/1/78 . The enti re s er i e s , a l ong wi th the 

other parameters p rev i ous l y  noted , was u sed  as  i nput to the MIT Tran s i ent 

P l ume Mode l . The f i rst 12 days  of the s er i e s  were u sed to a l l ow the mode l 

to reach q uas i -equ i l i b r i um .  R u n  #BH-1 ,  represent i ng a typ i ca l  cu rrent 

cond i t i on , commenced at 0000 o n  the 52nd day and cont i nued fo r 78 hours . 

Run  #BH- 2 ,  repre s ent i ng the passage of  a storm front , commenced o n  the 

56th day and conti nued fo r 54 hours . Outputs were taken fo r Run  #BH-1  
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cor respond i ng to 0 ,  48 and 78 hours  meas u red from the commencement t i me 

of  the r u n .  L i kewi se  for  Run  #BH-2  outputs  were obtai ned correspond i ng 

to 0 ,  30  and 54 hours  meas u red from the commenceme nt .  

The sa l i n i ty conto u r  p l ots of  Run  #BH-1  res u l t i ng from typ i ca l  current 

condi t i ons  a re p resented i n  F i g ures  2 . 3-46 thro ugh 2 . 3-48 .  At the commence

me nt of  the run ( F i g ure 2 . 3-46 ) the p l ume d i sp l ays a northeastward or i e n

tati on  but i s  rotati ng c l ockwi se  to a l i gn i tse l f wi th  so utheastward

setti ng 

c u rre nt .  After 48  hours  the set of  the current has  s h i fted from the south

east to  the northwest .  The p l ume , i n  response  to  th i s  s h i ft ,  has rotated 

c l ockwi se  through approxi mate l y  225° and now d i sp l ays an i rregu l ar s hape 

wi th  a genera l l y  westward dri ft ( F i gu re 2 . 3-47 ) . I n  F i g ure 2 . 3-48 , 

correspondi ng to 78 hou rs , a narrow , e l o ngate d ,  we stern dri fti ng p l ume 

re s u l ts  from the prevai l i ng westward- setti ng c urrent . 

For  Run  #BH- 2 , rep resenti ng the passage of  a storm front , the sa l i n i ty 

contour p l ots are p rov i ded i n  F i gures  2 . 3-49 through 2 . 3 -51 .  At the begi n

n i ng of  the run ( F i g ure 2 . 3-49 ) the p l ume d i sp l ays  a northwestward or i en

tat i o n  but i s  i n  the p rocess  of  rotati ng c l ockwi se  in  response  to the 

c urrent wh i ch recent ly  s h i fted from west to east .  After th i rty hours  

have e l ap sed the p l ume has rotated c l ockwi se  es senti a l l y  180° and i s  

a l i gned wi th  the prevai l i ng current to the northeas t .  Twenty-four  hours 

l ater the current has  s h i fted to the west and the p l ume i s  u ndergo i ng a 

c l ockwi se  rotati on  to a l i gn i tse l f wi th  the new c urrent . 

Based o n  the res u l ts  of  Run  #BH-1  and #BH-2 , the pos s i b i l i ty of  the 

p l ume revers i ng di rect i o n  from east to west wi th i n a peri od of  50 hours  

appears q u i te reasonab l e .  Because  westward cu rrents are  most l i ke l y ,  

westward- or i ented p l ume s are more l i ke l y  to b e  e nco untered , b ut  eastward 

or i entati ons  as we l l as north or south  are a l so  pos s i b l e .  
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Wi th re spect to the amo unt  of  bottom area exposed to vari ous  l ev e l s 

of exces s  sal i n i ty ,  F i gures 2 . 3-52a  and 2 . 3-52b prov i de a compar i s on  be

twee n  an ear l i e r  B i g  H i l l  ana l ys i s  based on  e st i mated currents ( NOAA , 

1977 )  and the res u l ts of  Runs  #BH- 1 and #BH- 2 based on  meas ured c urrents . 

Exam i nat i on of  F i gure 2 . 3-52a i nd i cates that the cu rrents measured wi th 

the B i g  H i l l  Secondary cu rrent mete r ,  u nder typ i ca l  c urrent cond i t i ons  

(#BH- 1 ) , produced p l umes wh i ch , fo r a g i ven  l eve l  o f  excess  s a l i n i ty ,  

cover smal l er areas than covered by the p l umes i n  the earl i e r  ana lys i s .  

The cu rrents meas ured wi th the B i g  H i l l  Secondary cu rrent mete r ,  under 

cond i t i ons  corre spond i ng to the pas sage of a storm front ( Ru n  #BH-2 )  pro

duced p l ume s cover i ng areas s l i ght ly  greater than those  produced i n  Run  

#BH-1 but st i l l  genera l l y  l es s  than the p l ume s based on  the earl i e r  

ana l ys i s .  For  exce s s  sa l i n i t i e s greate r than 1 ppt i n  e i ther  case the 

expo sed bottom area amou nted to l e s s  than 3 . 15 x 106 ft2 or  724 acre s .  

For  exces s  s a l i n i t i es greate r than 3 ppt the maxi mum exposed bottom area 

amo unted to l e s s  than 2 . 25 x 106 ft2 or 52 acre s .  For both runs i nv o l v

i ng measured currents the exposed bottom areas were genera l l y  s i gn i fi cantl y 

l es s  than those pred i cted us i n g  e st imated currents . 

currents . 

2 . 3 . 3 . 4 Conc l u s i o n s  

The  res u l ts presented for  R u n s  #BH- 1 and  #BH-2 are  based on  actual  

meas ured cu rrents i n  the v i c i n i ty of the s i te fo r the B i g  H i l l  br i ne  di f

f u ser .  The total t i me i nterval for the current data , upon wh i c h  the two 

runs we re based , extended for 6 3  days . 
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The p l umes p roduced i n  Runs  #BH-1  and #BH-2  tended to be  o r i e nted 

a l ong the l ongs hore ax i s .  Reversa l  i n  the d i rect i o n  of  p l ume dr i ft was 

obs e rved i n  both runs , w i th both eastward and we stward dri ft i ng p l umes 

be i ng p resent .  I n  add i t i on to the i r  pr i mary l ongshore or i entat i o n  the 

p l ume s to a l es s e r  degree s howed a tendency to dri ft a l ong the ons hore

offshore ax i s .  

F or  a l l p red i cted excess  s a l i n i t i es the #BH-1  and #BH-2  p l umes 

covered l e ss  bottom area than covered by the p l umes generated i n  the 

ear l i e r  B i g  H i l l  Ana lys i s  ( NOAA , 1977 ) .  The bottom area exposed to 

exces s  s a l i n i t i e s  greater than 1 ppt amounted to l e s s  than 724 acre s .  

The bottom area exposed to excess  s a l i n i t i es greater than 3 ppt amo unted 

to l e ss  than 52  acres . 

I n  genera l  the  p l umes o f  Runs  #BH-1  and #BH-2  appear representati ve 

of  the B i g  H i l l  d i ffuser  s i te .  The p l umes are smal l er than those at West 

Hackberry due p r i mar i l y  to the l owe r br i ne d i s charge rate . 
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FOREWORD 

The res u l ts contai ned i n  th i s  report rep resent  a chem i ca l /geochem i ca l  
s tudy based on  f o u r  samp l i ng per i ods conducted from September  1977 
through  December  1977 . The coastal  area u nder study i s  an  extreme l y  
dynami c reg i me i n  wh i ch a l l compone nts are s ubject t o  major tempora l 
a l terati ons  as the res u l t  of  natura l  vari at ion s  i n  env i ronme nta l 
factors . S i nce the goa l  o f  any base l i ne  study i s  to estab l i s h l i m i ts 
of  natura l  var i ab i l i ty for i dent i f i ed env i ronme nta l pa ramete rs , i t  
must  b e  po i nted out  that at l east  one comp l ete annua l  cyc l e  s hou l d  be 
samp l ed be fore the data base i n i t i ated here can hope to be  a 
comp rene h s i ve and re l i ab l e  rep resentat i o n  of  the range of  amb i en t ,  
p re-bri ne- d i sposa l  condi t i o n s .  

Many of  t h e  samp l i ng and ana l yt i ca l techn i ques  ut i l i zed i n  th i s  study 
con form d i rect ly  to those  deve l oped and spec i f i ed by the B ureau of  
Land Management ( U .  S .  Department of  I nte r i o r )  Oute r Conti nental 
She l f E nv i ronment Base l i ne Stu d i e s  ( B LM ,  1976 ) .  The rat i o na l e  beh i nd 
ut i l i z i ng these methods i s  that they were deve l oped over  a peri od of  
t i me wi th m uch  e ffo rt by several  o f  t he  most  respected members of  
th i s  country ' s  mar i ne chemi stry commun i ty ,  and over  the l ast four 
years the vast major i ty of  the systematic  co l l ecti ons  and ana lyses  
made i n  U .  S .  coastal wate rs have been  made us i ng these  techn i que s .  

A l l data conta i ned here i n  wi l l  i n  the near future b e  s ubmi tted o n  
magnet ic  tape to  t he  E nv i ronmenta l Data Serv i ce ( EDS ) o f  NOAA . I t  i s  
c r i t i ca l , i n  the i nstance o f  base l i ne  data gather i ng and reporti n g ,  
t o  make the raw data , a s  we l l  a s  reduct ions  o f  that data , avai l ab l e  
to the s c i ent i f i c  p ub l i c  for future compari sons  duri ng  po st-acti v i ty 
mo n i to r i n g .  
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3 . 1 . I NTRODUCT ION  

Env i ro nmenta l  impact asses sment has  two maj o r func ti ons . Fi rst , the 
most i m po rtant requ i rement i s  to prov i de suff i c i ent i n fo rmati on  fo r 
s om e o n e  t o  dec i de w h e t h e r  a p ro po s e d  a c t i v i ty s h o ul d o c c u r  a s  
pl anned . Of as great impo rtance , howev er , i s  the need to suffi 
c i entl y  desc ri be the env i ro nmental charac te r  o f  the system( s )  whi c h  
m i g ht be  i m pa c te d  s h o u l d t h e  p r o g ram be  u n de r ta ke n . I n  many  
i ns tances the env i ro nmental impacts o f  pro po sed act i v i t i e s  are  n o t  
p r e d i c ta b l e  e no ug h to a l l o w t h e m  to proc e e d  wi tho u t  mon i to r i n g  
safeguards . Tni s i s  espec i al l y  true fo r programs s uc h  a s  the 
Strateg i c  Petro l eum Reserv e ( S PR )  offshore ori ne di spo sal prog ram , 
be i ng p l anned by the Department of  Energy ( DOE ) . 

The contents o f  thi s report descr i be the study des i g ned to prov i de 
chemi cal  base l i ne data pri or  to the d i spers i on o f  bri ne fl u i d  i n  the 
o pen , coas tal wate r s  of the Gu l f of  Mex i co , o ff the We st  Lo ui s i ana  
and East  Texas  coasts  ( F i g ure 3 . 1 - 1 ) . At the t ime o f  thi s study , the 
i ni ti  al i mpl ementati on of the SPR ori ne di spo sal prog ram i s  vi rtua·1 1 y  
as sured , and the c h i e f  obj ec t i v e  o f  f i e l d stud i es s uc h  a s  th i s i s  to 
wi se l y  and systemati cal l y  gather descri p ti v e  data of h i g h  eno ug h  
qual i ty to a l l ow the i r use a s  references  o r  benc hmark s i n  moni tori ng  
effo rts . 

Offsho re d i spo sal o f  the saturated bri ne resu l ti ng afte r cav i ta ti on 
of the onshore sa l t domes i s  c urren tl y tho ught  to be tne l ea s t  
detri mental o f  the di spo sal al ternati v es . Howev er , i t  i s  recogn i zed 
that do i ng so has i ts own set o f  potenti a l  impacts , s ev eral o f  whi c h  
may be s i g ni f i cant . Among the potenti a l  i mpacts are the di sturbance 
of  the i on i c  bal ance of  the mari ne system and the imparti n g  of  tox i c  
sub stances , suc h as heavy metal s and petrol e um - re l ated hydrocaroons , 
to the system . Some o f  tne effec ts o f  b r i n e  d i s posa l  are re l at i v e l y  
obv i ous wh i l e others  are l es s  so . The potent i al hal ocl i n i c  perturba
t i o n  j u s t  from i nc re a s i n g  t h e  t o t a l  d i s s o l v e d  i o n i c s o l i d s i s  
ex pected to be sev ere for some members o f  the eco system . As soc i ated 
w i th th i s e ffec t ,  however , i s  the  po s s i b i l i ty of  al te ri ng  s evera l  
geoc hem i cal  fl ux cyc l es . As  an ex ampl e ,  br i ne  di spo sal has the 
potenti al  o f  mob i l i zi ng materi al s ( e . g . , some metal s )  whi c h  are 
al ready present i n  the system b ut wh i c h  normal l y  m i ght  oe  unav a i l ab l e  
to the l i v i ng porti on . 

The c hem i cal  f i e l d and anal ys i s study was des i gned to desc ri be 
spati al  v a r i a ti ons  i n  wa ter co l umn and sed iment c h emi ca l  qual i ty ,  
recog n i zi ng that thi s i s  the nece s s a ry fi rst step i n  del i neati ng the 
ov eral l compo s i ti on of the system . I n  order to assess  the potenti a l  
effec ts o f  a ori ne  di sc harg e ,  wi th i ts accompanyi ng o smoti c effects , 
i oni c i mbal ance , and co ntri buti o n s/ red i stri buti o n s  o f  toxi c e l ements , 
i t  i s  manctatory that the di stri b uti ons  o f  impo rtant c hem i ca l  spec i es 
i n  the d i s so l v e d  and parti c ul a te phas es  o f  both the water col  Llll n and  
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the asso c i ated sed i ments be e l uc i dated . Tne i n i ti al parameters 
c ho sen for ob serv ati on and doc umentati on  i nc l ude ( 1 )  he avy me tal s i n  
sed i ment s , sedi ment pore water , sel ected D i cta ,  d i s so l v ed i n  the 
water col umn , and a s soc i a ted wi th suspended parti c ul ate matter ; ( 2 )  
h i g h  mol ec ul ar we i g ht ( petrol eum- rel ated) hydrocarbons  i n  sed i ments , 
se l ected o i ota , and d i s sol ved  i n  the water col umn ; ( 3 )  peri pneral  
geoc hem i cal parameter s such as  total org an i c  carbon ( TUC ) , per cent 
cal c i um carbonate , grai n si ze d i stri Duti o n ,  and AT P ( b i oma s s ) i n  
sed i ment s , and d i sso l v ed org an i c carbon ( DOC ) , part i c ul ate org an i c 
carbon ( POC ) , total suspended matter (T SM) , nutr i e nts , and maj or  
i oni c spe c i es i n  the water col wnn .  

I n  l oo Ki ng fo r far- reac ni ng conc l us i ons  i n  the set o f  c hem i cal  data 
conta i ned i n  thi s repo rt ,  i t  sho ul d be kep t  i n  m i nd  that mar i ne 
c hem i sts hav e had v ery l i ttl e experi enc e i n  wo rki ng wi tn ori ne 
so l u ti ans , and as  a res ul t many concl u s i ons  that m i gnt  be aer i v e d  
from thi s c hem i cal  data may not o e  i mmed i ate l y  av ai l ao l e .  Tl1 e 
basel i ne i n fo rmati on doc umented at  thi s t ime wi l l  h av e  1nore and mo re 
u s e f u l n e s s  as ad d i t i o n a l  re l a ted i n fo rm a t i o n  f r om l a b o ra t o ry 
" e ffects"  and " b i oassay" experiments and d i sper s i o n  1nodel i ng a s  we l l  
as chem i cal / geoc hem i cal  equi l i or i um model i ng i s  ac qu i rea . 

U . 3 -3  



j . 2 .  METHODOLOG I ES 

3 . 2 . 1  SAMPLE COLLECT ION  AND ON -B OARD �ROCESS I NG 

Fi g ures 3 .  2-1  to 3 .  2-5 g i v e  l ocat1 ons  o f  the wes t  Hac kbe rry , We s t  
Hae K D e r ry Co n t r o l  , B l a c k  l3ayo u , B i g H i  1 1  a n d  B i g  H i  1 1  Co n t ro l 
sampl i ng s i tes . The fi g ures show ori entati on to b ottom to pograpny 
and the n umbered s ampl i ng s i tes . I n  add i ti on ,  F i gures 3 . 2 - 1  to  3 . 2 - 5  
sho w the po s i ti on s  o f  tra wl tran sec ts cov ered i n  the col l ecti on of  
e p i faunal  org ani sms for o i o l og i ca l  and c h emi ca l  anal yses . 

D i s so l ved and P arti cu l ate T race Meta l s ,  Maj o r  I o n s , N u tr i e n t s , P U C , 
DOC , and TSM i n  S eawate r S ampl es 

water sampl es we re col l ected i n  5-i Go-F l o  Ni s k i n bottl es  wh i c h  ilad 
been ac i d-c l eaned and ri nsed . I n i ti a l l y ,  200 ml o f  wa ter were drawn 
i nto g l as s  sto ppe red reag ent bottl es  for POC -D CJC anal ys i s .  Tri p l i 
cate 5U-ml al i quots were then f i l tere d thro ug h pre-combuste d ,  25-mm 
gl as s f i oe r  fi l ter s .  The f i l te r s  we re fo l ded and pl aced i nto pre
como u s ted ampo u l es wh i c h  were then fro zen . The DOC f i l trates we re 
col l ected i n  60-ml , pre-comb usted g l as s oottl es  and al so fro zen . 

To co l l ect  suspended ma tter s ampl es , approx imate l y  l R  o f  wate r from 
eac h stat i on was pre s s u re fi l tered wi th N2 thro ug h aci d-washed 4 7 -mm 
d i ameter , 0 . 4-µm Nuc l e pore f i l ter pads . Eac h f i l ter pad had been pre
we i g hed on a 6 - pl ace Mettl er bal ance , and l oaded i nto i n- l i ne po l y
pro pyl ene f i l ter heads . The f i l tra te s  for maj or i on and trace meta l 
anal ys i s  were col l ected i n  l -2 i , ac i d-was hed pol yethyl ene oottl es  
and  preserv ed wi th 5 m l  of  concentrated Ul trex HNCJ3 • Th i s  wa te r wa s 
Kept under refr i gerati on unti l anal ys i s .  Tn e Nuc l epore pad s wi th 
parti c u l ate matte r were ri nsed  twi ce wi th de i oni zed wa ter , and stored 
i n  aci d-c l eaned po l yethyl ene v i al s .  Nu tri ent water sampl es were 
col l ected i n  " Whi r l -Pac k"  bags  and fro zen . 

D i s so l ved H i gh Mol ecu l ar  We i ght Hydrocarbons  ( HMWHC s )  

Sampl es  for ana l y s i s o f  d i s so l v ed HMW HCs were col l ected oy p ump i ng 
seawa te r wi th a Tefl on d i apnram pum p thro ug h k i l n - fi red , 293 -mm ,  1 . 4-
m g l a s s  f i ber f i l ters . The f i l trates were col l ecte d  i n  pre-c l eaned , 
20-£ g l a s s  carboys and poi so ned wi th 150 ml o f  c hl o ro fo rm .  The 
carboy s were capped wi th cork s  l i ned wi th k i l n-fi red foi l and the n 
encl o sed i n  po l yethyl ene bag s .  

Trace Me ta l s i n  S urfi c i a l  Sed iments and P ore Water 

The upper 5 cm o f  surfi c i al sed iment were co l l ected i n  po l yethyl ene 
capped pl a sti c core l i ners  by d i v ers . Immed i ate l y  afte r co l l ecti on , 
eac h core was put i nto i nd i v i d ua l  po l yethyl ene bag s  and refr i gerated . 
Eac h sed iment s ampl e was tes ted for the presence o f  amb i e n t  anaerob i c  
( chem i cal l y  red uc i ng )  cond i ti on s  by v i sua l  i nspecti o n  and by punch- i n  
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e l ectrode Eh mea s urement .  I n  no  i n s tances  were reduc i ng  ( nega t i v e  
Eh ) cond i ti ons  enc o unte red . Th i s  fac t al l owed the sto rag e  of  sed i -
ment s ampl es  a s  de scri bed fo r s uo se quent pore wate r co l l ec ti on  to 
approx imate i n  s i tu cond i ti on s  and to not cause s i g n i f i cant  al tera
ti ans i n  the pore water chemi stry o f  these  s arnpl e s  

HMWHC s ,  S ed iment  Texture and  TOC i n  S u rf i c i a l Sedi ments 

Sed iment for an a lys i s of  HMW HCs wa s col l ected wi th an a l umi n um Van 
Veen type g rao sampl er . Tne uppe r :; an of su rf i c i a l  sed iment we re 
remov ed u s i ng a s ta i n l es s  s teel  s poon , pl aced i n  a pre-c l eaned , fo i l 
capped g l as s  j ar and fro ze n . Sub- sampl es we re col l ec ted fo r TOC a n d  
sed iment texture from the s ame g rab s ampl e .  TUC s ampl e s  were froze n  
i n  g l as s  j ars  a n d  sed iment tex tu re sampl es  were k e p t  at amb i ent  
temperatures . 

ATP i n  S u rfi c i a l Sed iments  

Sed iment sub samp l es fo r anal ys i s  of  AT P were ta k�n from the Van  Vee n 
g rab at each sed iment s tati on . Tr i pl i cate 2 -cm s urfi  c i  a l  sed ime n t  
s ampl es were taken at eac h stati or i  u s i ng ll i spo sabl e Styl ex syr i ng e� 
wi tn tr i rrmed oa rrel s .  Eac h s ampl e wa s i nj ec ted i nto a sc i nti l l ati on  
v i al conta i n i ng 10 ml  o f  0 . 6 !i_ H 2so4 • ' After tho ro ug h  shaki ng , u . l ml 
of TR I S  D u ffer was added to two o f  the v i a l s an d U . l o f  AT P I ntern a l  
Standard wa s added to the th i rd .  Eac h sampl e was pl aced on i ce and 
was s ha ken occas i onal ly . After 15  mi n utes the s ampl e s  were v ac u um 
f i l tered at  10- ps i v ac uum us i ng Mi l l i po re f i l ter bed s .  A 1vli l l i po re 
HA f i l ter pad ( 47 . U  mm; U . 45 ,um)  was used  underneath a Wna tman GF/ C  
gl as s m i c ro f i b r i c  pad ( 42 . 5 rrm ) . Tn ree fi l te r head un i ts we re used 
( to a l l ow s imul taneo u s  separati o n  t ime s fo r a l l three al i quot s ) , an a 
f i l te r· pad s were c hang ed between s ampl e f i l trati ons . From the 
f i l trates col l ec ted i n  c l ean v i al s ,  8 ml  were kep t  fo r eac h s ampl e 
and 2 ml o f  EDTA p l  u s  5 ml o f  TR I S  D uffe r  we re added to eac h .  After 
m i x i ng ,  the pH  was adj u s ted to approx i mate l y  7. 7 wi th 1 N KU H a n d  lU 
dro ps of pheno l phthal i ne i nd i cato r .  The KOH was added by-

p i pet unti l 
the s ampl e turned p i nk and then a few dro p s  o f  0 . 6 � H Lso4 were added 
to bac k-ti trate the sampl e ( un ti l  tne so l uti on  was -l i g ht p i n k  i n  
co l o r ) . The s ampl e vo l une s  were D ro ught  to 25 ml  wi th TR I S  and  
shaken  wel l after wh i c h  10  m l  were trans ferred to  a c l ean v i a l and  
fro ze n ( Ho l m-Hansen  and Booth , 1 966 ) . 

HMWHCs  and  T race Meta l s i n  B i ota 

Ma c ro e p i f a u n a  a n d  demer s a l  f i s h e s  we re c o l l e c te d  u s i ng a we l l 
weathered ( i . e . , non-contami nati n g )  otte r trawl an d lU-20 m i n u te 
tows . The sampl es  c ho sen fo r trace meta l s and fi.1WHC a nal yses  were 
P enae u s  seti fe rus  ( wh i te s h r imp , a c orr1111erc i a l  l y  important  cru s ta
cean ) , M i  c ropogon undul  atus  ( croa ker , a dom i nant  demersal f i sh at  the 
s amp l i ng s i te s ) , L o l i go brev i s ( squ i d) , Anchova mi tcn i l l i  ( anc hovy ) . 
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Spec i mens for t-fv1W l-C anal ys i s were remov ed from the trawl , p ut  i n  fo i l 
capped g l ass  j ars , l abel ed , and fro zen . Spec imen s for trace metal s 
anal ysi s were ri n sed wi th dei on i zed water , put  i n  po l yethyl ene bag s ,  
l abel ed , and frozen . 

Zoo pl a n kton sampl es were col l ec ted u s i ng a trace metal free , u . 5-m 
ne t ( 202 µm) . The col l ec ti on  net  had been ac i d- soa ked and ri nsed  
wi th dei on i zed water . R i n s i ng s  were c hec ked as b l an ks  fo r the 
co ntri b uti on of any metal s by the n e t .  After eac h tow , the PVC  co d
end was remov ed , and the pl an kton sampl e ri n sed wi th de i on i zed water 
thro ugh an ac i d  wasned  202 -µm , mes h nyl on  screen . The s ampl e s  were 
tran sferred to wi de-mouth , 25U-ml ac i d- cl eaned l i near pol yethyl ene 
bottl es , l abel ed , and stored fro zen . 

3 . 2 . 2  LAB ORATOR Y ANALYSES 

D i sso l ved T race Metal s ,  Maj or I on s  and N u tri ents i n  S eawate r a n d  P o re 
Water 

To col l ec t  po re water , sediment was transferred from po l yethyl ene 
bags to nyl o n  mud squeezers conta i ni ng Wha tman No . !JO f i l ter paper . 
Tne sque e zers  were assemol ed , and under N2 pressure , t>O ml o f  water 
were f i l tered and col l ected i n  pol yethyl ene syri nge s . The wate r was 
further fi l tered thro ug h a O .  4 µm Nuc l  epore f i l ter pad ho used i n  a 
Mi l l i pore Swi nnex po lypro pyl ene f i l ter hol der . Pore wate r s ampl e s  
were sto red fro zen i n  lUU-ml aci d-cl eaned conventi onal po l yethyl ene 
oottl es , and . 5  ml  of concentra'ted Ul trex HN03 was adde d to eac h 
sampl e to red uce the p H  to < 2  to ensure d i s so l uti on o f  any pre
ci pi ta ted consti tuents . Si:_awa ter++ and + pore +-fa "ter + s ampl e s  were then 
anal yzed fo r maj or i ons  ( C l , so4 , K ,  Mg , Na ) ,  nutri ents  ( P0 11 , 
Si , N03 ) and trace meta l s ( Hg ,  Cd , Cu , Fe , Pb , Mn , Zn ) . The ana l y s i s 
o f  Hg and N0 3 i n  po re waters  were precl uded because o f  sampl e s i ze 
and the add i ti on o f  HN03 , respect i v e l y .  

C h l ori de 

Chl ori de anal yses we re per fo rmed on the sea water and po re water 
s ampl es u s i ng  method  408A { Arg entome tri c Me tho d)  pre scr i be d  i n  ASTiv\ 
S tandard Methods , 14th ed . The sea wate r s ampl es  were vo l umetri cal l y  
d i l u ted ( l : lU )  a n d  ti trated wi th s tandard s i l v e r  n i trate . 

Si nce the metho a o f  anal ys i s re qu i red a v o l umetri c ti trati on , on ly  
cal i brated vo l l.ITietri c g l a ss ware was  used i n  cr i t i c a l  s teps . The end  
po i nt was  v eri f i ed oy  ti trati ng known standard s .  Anal ys i s o f  8 
repl i cates  o f  a s i ngl e s ampl e g av e  a prec i s i o n  o f  U . 3% { coeffi c i ent  
o f  v ari ati on ) . 
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S u l fate 

Tne anal ys i s  was done grav imetri cal l y  wi tn dryi ng of  res i due DY a 
mod i f i e d  v e rs i on o f  metho d  4278 i n  ASTM S tandard Metnods , 1 4th e d . 
Bari um sul fate was prec i p i ta ted from ten ml o f  each sea wa ter and 
pore water s ampl e by add i ng a saturated so l uti on  of bari um c h l or i de .  
Add i ti onal dei on i zed water wa s added to prev ent bari um ch l ori de 
prec i p i tati on . Tne sol u ti on  was f i l tered , cri ed , dnd we i ghed dS 
presc ri bed . Anal ys i s  of b repl i cates  of a s i ng l e  s amp l e  g av e  a 
prec i s i on o f  4 .U%  ( coeffi c i ent  o f  v a ri a ti o n ) . 

Cal c i um 

Cal c i um concentrati ons  i n  the sea wate r and po re water sampl es  we re 
determi ned u s i ng the EDTA tri tr imetri c meth od , JUbC , conta i ned i n  
AS ! M  S tandard Methods , 14th ed . Cal c i um was determ i ned d i rectl y ,  
u s i ng s tandard EDTA ti trant , o n  the vo l umetri cal l y  d i l u ted sea  wa ter 
sampl es . Anal ys i s  of � repl i cates o f  a s i ng l e s ampl e g av e  a 
prec i s i on o f  u . 8% ( coeffi c i ent  o f  var i ati o n ) . 

Pota s s i um 

Pota ss i um wa s anal yzed a i rec tl y by AAS after a 1 : 4ULJ  di l uti on of the 
sea  water and pore water s dmpl es . Eac h s ampl e was anal yze d  DY th e 
metho d o f  standard ad d i  ti ons  s i  nee matri x effects from other  maj or  
sea water const i tuents  depres sed the s i g na l  from potas s i um .  Ana l y s i s 
o f  5 re p l i c a te s  o f  a s i ng l e s am p l e g av e  a p r ec i s i o n o f  4 . U % 
( coeff i c i ent  o f  v ari ati o n ) . 

Magne s i um 

Mag ne s i um wa s ana l yzed DY maki ng a l : lU di l uti on fo l l owed by a 1 rect  
AAS ( tl a.m e )  a sp i rati on . Standard i ns tr ument  cond i ti ons  were used  fo r 
anal ys i s .  An arti f i c i al sea wa ter stoc k of  l , :mu mg/ l  mag nes i um wa s 
used i n  v a ri o us d i l u ti ons  as  s tandard . An al y s i s o f  5 re p l i cates o f  a 
s i ng l e  sampl e gav e  a prec i s i on o f  3 . 5% ( coeff i c i ent  o f  v ari ati o n ) . 

S od i um 

Sod i um was anal yzed d i rectl y by fl ame AAS after a 1 : 200 di l uti on of  
the  water s ampl es . Tne recoll1llended i n s tr ument  cond i ti on s  were used  
fo r the anal yses . Dupl i cate anal y s i s o f  2 s ampl es  gav e a preci s i on 
o f  1%  ( coeff i c i ent o f  v ari ati on ) . 

P no sphate 

Sea water and po re water sampl es  were anal yzed fo r pho sp hate u s i ng d 
s t a n no u s  c h l o r i de  re d u c t i o n  meth o d  ( Me th o d 4 2 5E , A S T M  S ta n da ra 
Methods , 14tn ed . ) . Mo l yDdopno spho ri c  aci d was fo rmed and reduced to 
the i nten s i ty col ored c ompl ex , mol ybden um b l ue ,  by s tannou s  c n l or i de .  
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S i l i ca 

Reacti v e  s i l i ca was anal yzed u s i ng the Mo l ybdo s i l  i cate Me tho d ( Me tno d 
4 2 6 t3 )  as descr i bed i n  ASTM S tandard Metnods , 1 4th e d .  The s i l i ca 
reacts wi th mol yDdate to g i v e  a col o red compl ex wh i c h  can De detected 
wi th a v i s i D l e  ao sorpt i on  spectro p hotometer . 

N i trate 

N i tri te wa s al l owed to ox i d i ze to n i tra te wi th t ime . No preserv ati v e  
was added to prev ent  ox i dati on  from occurri ng . The s ampl e s  were 
anal yzed fo r total n i trate to the Bruc i ne 1-vte tho d ( Metho d 4 1 90 )  as 
spec i f i ed i n  ASTM S tandard Methods , 1 4th ed . The reacti o n  Detween 
n i tra te and B r uc i n e p r o d u c e s  a ye l l o w c o l o r  t h a t  i s  u s e d  fo r 
col o r imetri c dete rm i nati on  o f  the n i trate . 

Mercury 

The sea wate r sampl es on l y ( 1UO-ml al i quote s )  we re anal yzed to r Hg 
u s i n g  s tandard c o l d v apor AAS .  Stanno u s  c h l o r i de wa s used  to reduce 
the merc ury i n  so l uti on to merc ury v apo r wh i c h  wa s purg ec thro ug n a 
t. �9 nm wav e l eng th be am and the ene rgy ao sorpti on  meas ured . 

I n te r s t i t i a 1  s e a  w a te r  s am p l e s  ( l U -m l  a l i qu o te s )  were  c h e l a t e d/ 
ex trac ted w i th 1 ml o f  a 1 %  AP DC/ODC so l u ti o n  i nto  1 ml  o f  M IB K  at  a 
p H  o t  J .  6 .  The com o i  ned M lt3 K  from three repeated ex trac ti ons  on eac n 
s amp .l e was ev apora ted to drynes s . The dry metal c ompl exes were tne n  
red i s so l v ed wi th i m l  o f  1 !! H NOJ ' Tn i s  mod i f i cati on to the sea 
water techn i que was re qu i red due to the smal l Clllount  of s ampl e 
av ai l ao l e fo r anal ys i s . Tne aque o us so l uti ons  were then anal yzed 
d i rec tl y  tor Hg Dy AAS u s i ng a caroon rod ana l y zer . Any mo l e c ul a r  
ab so rpti on backg ro un d was succes sfu l l y  remov ed oy tt1e i ns trumen t ' s Hz 
l amp . 

Cadmi um , C oppe r ,  I ro n , L ead , Manganese , Z i nc 

Te n-ml sea  water and  pore water  s ampl e al i quotes  were cne l  a te d/ 
ex trac ted wi th 1 ml o f  a 1% APlJC/DDC so l uti on  i nto l ml o f  1v\ ll:3 t<. at a 
p H  o f  J . o .  The comb i ned M l t3 K  from three repeate a  extracti o n s  o t  eac i1 
sampl e wa s ev apo ra ted to drynes s  and the dry meta l com p  I exes then 
red i s so l v ed wi th l ml of 1 N HNu

.r The 1 N HNi.J . so l u ti o n s  were then 
ana l yzed DY d i rec t i nj ec ti on-i nto tne carDon- roa iin a l yzer o f  t11e AAS . 

S eawater P a rti c u l ate T race Meta l s 

Su spended parti c ul ate sampl es  were ri n sed twi ce wi th dei o n i zed wa ter , 
des i ccated for tnree day s i n  po l yethy l ene v i a l s a n d  we 1 gned  on  a 
�e t t l er oa l ance . 
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Weak A c i d S o l ub l e L each ( WAS ) . After we i g hi ng , the samp l e pad s we re 
fo l ded and pl aced i nto po l ypro pyl ene funnel s wi th Te fl o n  sto pcocks . 
The pad s we re opened and the funnel s were f i l  1 ed wi th 4 ml of  25% 
ace ti c ac i d  ( B LM ,  1 976 ) . After two ho urs  the funne l s were dra i ned  
i nto 25-ml po l ypro py l ene vol um etri c fl ask s conta i n i ng l . S  m l  of  
concentrated lJl trex HN03 • The pads  were ri nse d sev era l t imes and the  
fl ask s  we re Dro ug ht to vol um e .  Reagent D l anks  and s tandara so l uti ons  
were a l  so  prepared wi th thi s matri x .  

Refractory D i gesti on . Fo l l owi ng the WAS l eac h ,  the sampl es were 
pl aced i n  Te fl on  bomD s aan d 7 50 µ,l o f  concentrated Ul trex HC l were 
added to eac h ( B lJ"1 ,  1 9 76 ) .  The  Dom b s  were heated to trn°c fo r 3U 
m i n u tes . After c ool i ng ,  25 µ,l  of  concentrated ul trex HN03 were added 
to each and the Domb s were heated fo r an add i ti onal  30 m i nutes . The 
bomD s were once ag a i n cool ed , 2S µ, l o f  concentrated Ul tr ex HF were 
added to eac h and the Dom b s  were heated ag ai n fo r 60 mi nutes . After 
a f i na l  cool i ng ,  the contents o f  the b omb s were trans ferred i nto 5U
ml  vo l um etri c fl ask s . Reag ent b l an ks , standard so l uti ons  and NB S 
pl asti c c l ays were proces sed i n  a s im i l ar manner . Al l meta l s 
anal yzed for sed i ments were al so anal yzed fo r suspended part i c u l ates 
wi th the excep ti on tha t  Ca and Cu -were anal y zed on l y  i n  th e WAS 
fracti on and Al was anal yzed i n  the refrac to ry fracti on onl y .  

Seawater D i sso l ved HMWHC s 

F i g ure 3 . 2-6  presents a sc hem ati c d i ag ram o f  '!:he anal yti ca l  procedure 
for seawater HMW HC ana l y s i s .  Eac h  water s ampl e wa s extracted three 
times , the f i rst ex trac ti on  wi th 150 ml of c hl o ro fo rm fo l l owed Dy two 
100-ml extrac ti ons  wi th methyl ene c hl or i de .  ( a l l sol v ents were 
prev i ousl y c hec ked for puri ty Dy anal ys i s as b l anks ) . Tho ro ug h  
m i x i ng duri ng eac h extrac ti o n  was acc ompl i shed  wi th a h i g h  s peed 
stai n l ess  steel sti rri ng rod . Tne three ex tracts were comb i ned and 
reduced i n  vo l lllle o n  a rotary ev aporato r  i n  preparati o n  fo r l i qu i d  
c hrom atog rapt1y . 

Co l umn c hromatog raphy was conduc ted u s i ng 1 . 0  x 20 . U-cm col umns 
pac ked i n  h ex ane wi th a 1 : 2  rati o of a l umi na  ov e r  s i l i ca .  Both 
sub strates were of Ac ti v i ty I .  Two fracti ons  we re col l ected : F i rst 
the al i phati c fracti o n  was e l u te d  wi th t wo bed vo l umes of hexane . 
Tne arom ati c frac ti on  was then el uted wi th two Ded vol umes o f  ben zene 
( Payne et al . ,  l 97 7 a , l 977b , l 977c ; Par ker et al . ,  1 976 ) . Both 
fracti ons were red uced i n  vo l um e  on  a rotary ev apo rator , transfe rred 
to c l ean v i al s , and reduced to near dryn ess  under a stream o f  pre
puri t i  ed n i trog en . To eac h v i a l  , 100 µ,l o f  hex ane was added and an 
a l i quot  ( 5-7  µ,l ) was we i ghed on  a Cah n  e l ec trobal ance . Thi s we i g h t  
was then used to determ i ne the proper l o ad i ng o f  the GC co l umn . 
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Lia s c h romato g r a p hy wa s do n e  u s i n g  a He w l e t t Pa c k a r d  5 8 4 0A g a s  
c hrom atog raph equ i pped wi tt1 a Ju-m gl ass  wCOT cap i l l ary col umn .  The 
l i qu i d  phase u sed was SP2 10U ,  a nd the carri er  gas was n i trogen a t  a 
fl ow rate o f  aDo ut l . U  ml /m i n .  Peak  detecti on  wa s accom pl i shed us i ng 
a hydrog en fl ame i oni  zat i o n detecto r .  Program cond i ti o ns  i nc l uded 
i nj ec to r a n d  dete c to r  tem p e r a tu re s of  n s 0 a n d  3 2 s0 c .  Af t e r  
i nj ecti on , the ov en  was hel d a t  45°C for 1 . 0  mi n . , afte r whi c h  the 
excess  so l vent wa� purg ed and the ov en tempe ratu re wa s rap i d l y  
i n c re a s e d t o  l l U C .  T h e  ov e n  wa s t h e n  l i n e a r l y  t emp e r a t u r e  
prog rammed a t  4

°
C/m i n  to 270°C where i t  was he l d  fo r 3 0  mi n utes . 

Retenti on data were c ompared to known n-a l kane standards and KO VAT 
i na i ces  were as s i g ned to eac h o f  the reso l v ed peaks . Reten t i o n  ti me 
reproduc i b i l i ty was  mai ntai nea at better tha n  U . 05 mi n utes u p  to 60 
m i nutes after i nj ecti on ( Fi g ure 3 . 2-7 ) .  The u n reso l ved compl ex 
m i x ture ( UCM) of eac h was quanti fi e d  by pl an imetry , and  c haracte r
i sti c pea k  rati o s  then computed . As s i g nment of KO VAT i nd ices  to 
Dranched or cycl i c  c ompo unds e l u ti ng between n-al kanes was don e  by 
i nter pol ati on . As s i g nment of  KU VAT i nd i ce s  to pea Ks i n  the ben zene  
( aroma t i c )  fracti on  was  made by d i rec t correl ati on  of  un known pea i< s  
wi th retenti on ti mes fro1n the n- al kanes standard run compl eted pr i or 
to s ampl e i nj ec ti o n  ( Payn e et � . , 1 Y 7 7 c ) . 

[Juanti f i ca ti on  o f  a l l  sampl es  was compl etea u s i ng response  fac tors  
determi ned from ev en and  oda n-a l  kanes  i n  tne n -C1 l  to  n -C 3 2 range ; 
the gas c nrom atog rapn was recal i D ra ted at l ea s t  ev ery 10 i nJ ecti ons  
( :>  s ampl e s ) . For  quan t i f i cati on  of  c ompo unds el uti ng  De tween n
al Kanes , the we i g hted av erage o f  tne response factors  from adj acent  n
a l kanes  was  used . Unre sol ved  c ompl ex mi xture s ( UCMs )  were mea sure d 
i n  tri p l i ca te oy pl ani metry ; the pl an i m eter area was conv erted to the 
g a s  c n ro.11a togra p h '  s standard area un i ts at a g i ven  atten ua ti o n  and  
quanti tated us i ng tne av erage  response  fac tors  ( µ,g/ i nteg rato r co unts ) 
o f  al l the n-a l kanes occ urri ng wi th i n  the rang e o f  til e  UClvl ( Payn e et � . •  1 '::1 1 / c ) . 

The Hewl  ett-PacKa rd :::>1j4UA g as c hromato g rapn  used i n  thi s prog ram i s  
d i rec tl y  i nterfaced wi th a oed i  cated data storag e  system and O EC - l U  
i n- ho use com puter . Th i s  al l ows retenti on  t i m e  and pea k area data fo r 
an resol v ed pea K s  i n  s ampl es and standards to be s tored f o l l owi ng  
eac h run . Triu s ,  in  add i ti on to recordi ng the total concentra ti on of  
unknown s i n  the unresol v ed c ompl ex  mi xture , i t  was  po s s i o l e ( a nd  
feas i o l e )  to ca l c ul ate a KO VAT i ndex and concen tra ti on  ( i n µ,g/ g dry 
we i g h t  of s amp l e ) for ev ery re so l ved  pea k ( c ompo u n d) i n  a s ampl e .  
Exampl es o f  tne gas chromatograph i c raw data o utpu t  and DE C-10  
computer reauced data o u tput are  stw wn fo r a moderate l y  contami nated 
sed i ment sam pl e i n  Fi g ures 3 . l-8 and 3 . 2 -'::I , respecti v el y .  

As a mi n im WTI ,  the fo l l owi ng add i ti ona l  d i ag no s ti c i n fo nna ti on  was 
al  so oo ta i n ed : 
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F i gure 3 . 2 - 7 .  Tempe ra ture programmed g l a s s  capi l l ary F I D  g a s  ch roma tog ram of 

SA I ' s  l aboratory n -a l kane s tandard ( A ) ; data output of expected 
and actual  compou nd retent i on ti mes i n  mi nutes  and amou nts i n  
µg ( B ) ; and expec ted i nd i v i du a l  compou nd amounts  and ca l cu l ated 
response factors from prev i ou s  ca l i bra t i on ru ns  ( C ) . 

U . 3- 1 5  



- ' 
- ' 
.;,; -· 

� � 
e 

t . 
' 

.. 
.. 

:; � 

. � 

HP RUH • 1 ] 9 JIRH / 1 4 ,, 7 8  T l rt f  t � i  S iil :  I .?  I [I :  e �• - 1  
E S T I• 

HP RUM • 1 3 ' .JjllflM / 1 4 -" 7 8  
1 ll t 8�• - l  
f:Ul: E F<i  % 

T I  .. E 1 5 : ee :  1 2  
. , EXP "' flllR E �  t•L • ""' . ,  RREA jllllR[A % 

.? ::. . L::. 2.2.  8li!I l c � tl  e .  e i • .? !  . � ... :;: 3 .  e-;. l21i!14 11!1 . fl..:''=> .: � .  � ... '" ' . , .. 1 0 .,.  .. . .i . dlJ 1  z �  . . .:.� 2 � . ' H  1 7 6: 1 • liL i'1 1 4  .! b .  l ;- 2 !0 .  l 7 2 4 8 t.. • •  8 .  � I C,.  
) I L  c �  J S .  t. 9  1 8 1 8  I I  e .  e e :. 
3 � .  ;, :;.  :7 3 .  1 4  1 !0 2 �  1 2  e .  i'l 1 � ] , .  4 1)  3 '5 .  4 2  2 2 1 � l 3 e .  e .:  �· 1 - . t. I 3 7 .  "' "'  3 2 2 �  1 4 • •  94..:  1 ;. . :' 4  3 !I .  7 '4  204 1  " e .  e . : :-
41 1 . 7 .:0  4 1 .  7 7  2 8 8 �  •• e.  e .i " 
.. ; . �':· 4 1 .  7 .. 2 ' 7' '1  1 7  e .  e 3 ;-.. � .  d �  4 '5 .  8 8  8b 0 t.. l 6 e .  1 .:� •E; • .i. -4  4 13 . 1 4  J�E.'5 , . I . "" 1 � 1 .  } l1 5e . "irfl 1 7 9 2 li!I  , .  e .  :: �  -
' .. . .. .. � � .. . ::. 1  2 • ' 8  2 l 8 . B ·h' ' H . " :" , a .  z :  U 1 ' 0 2 2  tl . -'. :-" t  6 3 .  7 o;.  E. J .  1 !> 2 2 2 9  > J  e .  e : -

2 , .  5t. J l '  • •  2 ('1 7  
2 , .  8 .?  1 6 �8 l . 8':' ':1  
2 3  • • .., 328 • 2. 1 3 3  
2 • .  3 :"  . , .  • . .. � 2  
2 � .  2 7  Zt.�· •• 1 7 6  
2 � .  � ·  1 1 o;,. 4 1 . 7 2 €  
2 � .  9 0  1 7 8 1 1 .  1 e .:.  
2 6 .  oll 2 2 3 ' e . 1 '5 i:.  
2 t.. . 7 •  � 7  2 •• 38 l 
2 7' .  e:i: 2 ? !· 8. 1 '5 t.  
2 7 .  4 1  . . . •• 3 .2 .2 
2 7 .  9• . ' .  • •  2 7' t  
2 L  ' 7  2 4 t h  1 . 6 8 2  
2 E. .  �· 3 4 e I. 23e  
2 ., .  fl 3  2 «  • .  1 6 •  
2 � .  2 l 2fl7 e .  1 3 '5  2 '? .  3'1 2�".' e. 1 7 111 J P .  t:.f. 1111 3 1:'  • •  69 1 

D I "  FF<!C T O � :  1 . 8888 . .  • J I • �,;: 1 6.S fl  l.  1 1 9  J 1 .  , . ?e::.  1 I .  878  J ' .  � �  1 9 '5 t> fl  1 3 . 1 .2 3  

E S T li  
P 'T W :  !> .  e e  (AL 1 8  Ji l.J H :.  

J'.  9 '?  1 ez� 1 . 2 1 -:>  J ! .  '7 fl  � 4 ::  e .  3 .,., 2  J 'I .  3 �  J 3 .? E  e .  e-:<•  
C HL . P l  " " '  F<l 11 T d H · E H  

J � .  • l'  2 .C.  l ".:· 1 .  4 :" �  Ji . 3 3 2 B � 3  I .  3 3 •  

. . .  ' 1 e e .  e� 1 .  z c,. ei e  , _  t> .  f: ! (  1 , _  < 
.. .  .<. ::  1 .  3 � 0 0  [ - ljo .  &&�·  ,_  ' 

1 1 . '5 -; 1 .  4 J 0 tl  E - lil. ie. e .:. . .i  , _  
J .. . 2 8  1 .  5 , e e  · - CJ .  1 .2 & 4  [ -
1 :- . 1 1  1 . •H.BB , _  8 .  9 .? 5' :>  E - . 
2 2 .  ee I .  ' 3 8 fl  , _  & .  3.;7. ·-'3.  S<.I 1 .  !1 3 8 0  , _  8 .  l 9 � B  , _  • 2 � .  �· 1 .  · � e e  , _  & .  e I � �  [ -

• 2 '5 .  9 l 2 .  ZblB E - '1 .  lil � Z 2  · -
. .  2 1;:: . 1 7  J .  9 .,. 8 0  , _  1:1.  19 .,. 9 3  ·- < I I  3 0 .  6 .-,, 2 .  281i1B E - 8 .  2 • '5 <,.  · -
, ,  :! ] .  I •  � .  9t. B � · - 9 .  i, ).;)  , _  
I !  3 � .  • 2  .?: . u e e  E - l .  l 2 t. ..,, , _  
' .  3 7 .  i. •  4 .  328" E - I .  Z 0 7t- , _  
" 3 <,. .  7 4  1 .  � I B fl  E - t .  J 1 ) ljl  , _  

J t. .  � <;  2 '5 o:. e . 1 :- ei  J i- . "!· 3 1  P fl .  z ei ,  
J 7 .  • 3  z es .:  . . , . ,  
3 7 . U  3 2 2 !  .?: • 1 4 -Jt. 11� " .  e .  3 • .:  J E . 7 7  � (  : - S .  3'.'"E  J�.  ' .  3 ;:  :- fl .  2 H  
3 9 .  '5 t.  , ,  I e. z p -J � .  7 •  2 1.11 • ! } . "!'"' "  
• fl .  fl �  , . . e .  � : ::  
• l .  J "  .S. E- • . ('. . 4 ".'·-4 1 .  t .:  b t.  t r. · · �  
4 l .  '." <:!  2 8 fl i' I .  E! -.. 4 
4 ;,_ .  �Cl & t"' ?  fl . � ; --
• :> .  1 0  • '? ".'  e.  :r:-�1 
' "' .  7 t  2 � -- .. l .  7 :  -

l e  • I .  7 ;>' } . 4t'8 lll [ - I .  7 � .? t'  , _  
" '4 ) .  7 "1  I .  ��9P [ - 1 .  •i:l'o.. , _  
l b  • '5 .  8 0  l .  • 2 9 i"  E - l .  4 � :' <t  · -
" 4 � .  I •  J • l.,Bt". · - l .  � " �  l , _  
, .  �B.  9 B  1 .  • 7 8 �  E - l .  t..84 1 · -
; ' � 4 . 2 � .?: • l • ih1  ·- l . b J 7 t'  · -> <  �!;:: • .,? )  l .  1 �80 , _ I .  7 1 9 b  , _  2 3  6 ) .  1 '5  I .  �8Bfl E - I .  7 3 0 '31  , _  
, .  I o;. , 9 8  l .  �380 E - 6 .  8 36 3  , _  . 

• :.. lilt 34 ! e. 2:. -
4 4 .  4- . . .  . .  l :" t 
4 4 .  t. C.  I 8 iE :  l .  ? • f' 
• !. .  I ?  1 �  I I 1 . e-11· 
4 � .  4 3  3 3 �  • •  .:- .:: t 4 '!' .  6 :"  2 t. � . . , - .  4 !. .  8 �  l b fl t  !. .  7 3 t>  
• 7 .  6P •• ' • .  �t -
4 E: .  Z• J�( '!' .i' . � • f'  " '  L F F<! C l  O � :  I .  8888 . .  • 4 8 .  �� l i!l !·I; II. 7 fll • 
. . . l o  1 3EI l • •  c:t: Q 
• c. .  e c.  ., . B. 4 3 :.'  
� f .  it. >:<  ] l £1 �  L .  l : �  
' ) ,  . .  l 7 lil 2 ei  1 1 .  9 3  l 
� '- . e r 1 9 3 1  1 .  21:<1  
� ;: .  <' "  . . .  •. Jfl( 
'5 <. . t. 1  Ill 7 �  e .  :c. 1  t 
� 3 .  '5 E<  , . - II .  2.-•  , . _  . .  Z' • � r  1 .  t> :.' :  
� · .  74  2 3 2 . ' I � · , ._, . 6{' �efl- 3. 8t.t 

�ETC . �  

F i g u re 3 . 2 - 8 .  Typ i c a l  F I D  g a s  ch roma togram and raw data report from the 
hexane  fra c t i on of a moderate ly pol l u ted ben th i c  sed i ment  
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1 1 0  478 I 0 0 . 2  SRI SAl'!PLE HUPIBER 
4 , 249 2 TYPE OF S�LE• 8EHTH I C  SED l l!EHT 

STAT ! °"  ICJ I  1 1 0  
1 • 253 4 . 04 ICJHTH. DAY h 254 1 978 YEAI> 
1 • 255 1 REPL ICATE .._..IER 

2• 254 90 WET WE l 6HT S£ D l l!EHT 

90 DRY WE l 6HT SED l l!EHT 

2 • 249 0.2 T I DE  HE I 6HT • S�E llEJ'TM 

2 • 255 I WE I 6H T  H�L RECOVERED 

2• 256 1 0 0 PERCEHT HSL DH LC COLlll'H 
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57 1 4 .  TDTRL HYDRDCAl>BDH RECOVERED IY WE l 6HT 

0 . 5 7 1 4  W T . OF  FRRC T I DH RS % OF HSL 

3, 251 6 . 3  VOLUf1E OF AL I QUOT FDR CRHH 
3• 252 1 00 I H I T I RL  VOLU"E FDR CRHH 

3, 253 182 P I V  
1 • 249 2 I HJEC T I DH  VOLl.JrlE 

3 • 254 5 SA!'!PL£ 6C RTTEHUAT I Ol'i l  LOG IRSE 2 
3 • 255 737 Ul'tRESDLYED EHVELDPE ARER 
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4, 253 0 F I LE "4.JHBER FIJI< C RL I BRRT I DH ! D I  
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RA T I O •  <P'1 I STRHE+f>HYTR11E> , <lt-flLkRHES> • 3 . 7561 0£-2 

RRT I D •  ODD/EYEH H-ALkAtiES • 3 . 38275 

flRT I D •  PR I S TRHE,C-17 • 1 . 89502 
RAT I O •  Pt4YTR11E ..-C-18 • 1 . 61 5 1 1  
flRT I D •  Pf1 1 S TRl1E-"'HYTAHE • 1 . 85� 
flR T I D •  �kRl'IES) / (BRAHCHED HYDR�SDHS> • 1 . 116665 

RETEH T I OH  ICOYAT COttCEttTRAT I Ott 

LAB • FRAC DAfOOVR 

"-"-8�. l HEW 40478. 

RETEtt T I Of't  kOVfH cortCE"TRAT I Ott 

T l "E JP'tDE>< U6/6" WT% ASSl-EIH 

----- -----------------------------------------------------------
22.56 1691 o. 0028 0 . 1 2  

22.82 1 700 0. 0 1 5 1 2  1 . 66  ltC 1 7  

23.09 1 7 1 0  •. 02- 1 . 26 Pt! I ST-

24.37 1757 �- 06000E-3 0 . 2 7  

25 . 27 1 790 2. 33000E-3 0. 1 

25.54 1800 9 .  57000E-3 1.42 ltC 18 

25 . 9  1 8 1 5  l . 54500E-2 1. 68  PHVTAttE 

26.42 1833 o. 00206 o. 09 

26. 74 1 846  5 .  03000E-3 •• 22 

27. 03 1857 o. 00207 o. 09 

27. 4 1  1 8 7 1  o. 00426 0. 1 9  

27. 94 1891 3.65000E-3 0 . 1 6  

28. 1 7  1 9 0 0  2. 12600E-2 0 . 93 MC 1 9  

28.54 1 9 1 5  o. 00307 0. 1 3  

29.03 1934 0. 0 02 1 9  0. 1 

29. 2 1  1 94 1  l . 8 1 000E-3 o. OB 
29.39 1949 2.27000E-3 0. 1 

3 0 . 68 2000 9. 34000E-3 0. 4 1  " c  2 0  

·3 1 . 32 2028 0. 0 1 582 o. 7 

3 1 .  74 2 046  8. 02735 1 . 2  

32 . 55 1!081 0 . 2 0003 e. 79 

32 . 99 2 1 00 l . 9 1 9 00E-2 0.84 ltC 2 1  

3 3 . 7  2 1 2 9  5 .  99000E-3 0.26 

34 . 36  2157 •• 0 1 5 3 1  •• �7 
3 5 . 4  1!200 •• 02723 1 . 2  HC 22 
36.33 2242 2 . 6 1 000E-2 1 . 1 5 

36 . 59 2254 1. 00339 0 . 1 5  

36 . 95 1!270 •• • 04 1 9  e. 1e 

3 7 . 4 3  1!292 0 . 0 0392 0. 1 7  

37 . 6 1  2300 4. 53000E-2 l . 99 HC 23 

38 . 04  1!320 •• 00727 o. 32 
38 . 73 U5:t 8. HBU! 8. :16 
39. 1 9  1!374 4. 72ffeE-B .e.u 

� ETC . r--,./'v------

F i g ure 3 . 2 - 9 . SAI ' s  DEC - 1 0 computer reduced output  on the sed i ment  samp l e  extract 
p resented i n  F i g u re 3 . 2 -8 . 



Vo l ume or wet we i g ht of  sampl e ex traced . 

Dry we i g ht o f  s ampl e extracted l for  sed iments an d ti s su e s ) . 

P e rc e n t  dry we i g ht o f  we t we i g ht ( fo r  s e d i m e n t s  a n d  
ti ssues ) . 

Total re so l v ed hydrocarbons recov ered oy GC ( µ,g/ l or  µ,gi g 
dry we i g ht o f  s ampl e ) . 

Total unreso l ved " hydrocarbons"  recov ered oy GC 
µg/ g dry we i g ht o f  s ampl e ) . 

Sum o f  the n-al kanes ( µg/ l o r  µg/ g dry we i g ht ) . 

µg/ l or  

Sum of  the ev en  n- a l kane s ( µg/ l o r  µg/ g dry we i g ht ) . 

Rati o :  

Rati o :  

Rati o :  

Rati o :  

Rati o :  

Rati o :  

Rati o :  

Unreso l ved hydroc arbons/ reso l ved 

( Pri stane  + phytan e )  / n-a l kanes  

Odd  n- al Kanes/ev en 

Pri s tan e/ n -C1 7  · 

Phytane/ n-C l tl . 

Pri s tane/phytane . 

n - al kanes/ branc hed 

n - al kanes . 

hydrocarbons . 

DOC and POC i n  Seawater 

hydroc arbons . 

DOC and  POC sampl es  were anal yzed by i n frared spectro sco py u s i ng an 
Oceanog raphy Internati ona l  Cor porati on  Total Carbon Ana l y ze r  afte r 
per su l fate ox i dati on ( Frederi c ks and Sac kett , 1 97 0 ) . 

T race Meta l s i n  S urfi c i al S edi ments 

Eac h sampl e was free ze- dryed i n  a V i rti s Uni trap I I  free ze drye r , 
g ro und wi th an al umi na cerami c mortar an d pestl e ,  and  transferred to 
po l yethyl ene bottl es  for storage .  Three g rams of each were remov ed 
and we i g hed i nto a po lypro pyl ene Er l e nmyer fl ask  contai ni n g  45 ml o f  
1 � HNo 3 •  Al l gl as s and pl asti c ware and u tens i l s  were soaked i n  3 N 
HNO fo r 2 4  ho urs and ri nsed a t  l east  fo u r  t imes wi th de i on i zea 
wat�r .  Sampl es we re mec hani cal l y  shake n  for two hour s . The m i x tu re s  
wer e  t r a n s f e r r e d  to p o l y pro pyl e n e  t ub e s , c e n t r i f ug e d  fo r 20 - 2 5  
m i nute s , decanted i nto 50-ml po l ypro pyl ene vol umetri c fl ask s and 
bro ug ht to vol lJlle wi th 1 � HN03 • These so l uti ons  were trans ferre d i n  
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the same manner as the sampl es . Wo rki ng standards  we re prepared by 
appro pri ate d i l u ti on  o f  1000 p pm  certi fi e d  s tandard so l u ti a n s  ( Fi sher  
Sc i en ti f i c  Co . )  wi th 1 � HN0 3 • 

N i ne trace metal s ( Cd ,  Cr , Cu , Po , Ni , Zn , Fe , Al and i'1n ) were 
anal y zed by u s i ng a PerK i n El mer  6U3 atomi c ao sorp ti on  s pectro
pho tom eter . For fl amel e s s  requ i rements , an HGA 2200 graphi te/ furnace 
and an AS- 1  Auto s ampl i ng system were u ti l i zed . Standard condi ti a n s  
were tho se pub l i shed by Per ki n E l  m er . The preci s i on of  each  type 
a n a l y s i s w a s  de t e rm i n e d  fo r e a c h  e l eme n t  by q u i n tu pl i c a t i o n  o f  
sev eral sampl es  as wel l as NBS s tandard s ( pl asti c c l ay ,  bov i ne 
l i v e r ) :  Al , 7 % ;  Cd , 15 % ,  Cr , 10 % ;  Cu , 2 % ;  Fe , 3 % ;  Po , 10 % ;  Mn , 2 % ;  
Ni  , 3% ; Zn , 3% . 

HMWHC s i n  S u rfi c i a l  Sedi ments 

F i g ure 3 . 2-10 s ummari zes the HMw HC anal ys i s proced ures fo r sed iments . 
Ea c h  s am p l e wa s t h a we d  a n d  t r a n s f e r r e d  to a ta re d g l a s s  j a r .  
l�anog rade methanol was added and the sampl es we re pl aced on a shaKer 
tab l e  fo r 30 m i nu tes . After sha Ki ng , the s ampl e s  were centri f ug e d  
( l !:>UU rpm , l !:i  mi n utes , 20°C )  a n d  the supe rnate ( metnanol  a n d  water )  
decanted i nto a separa tory funnel . Tne procedure wa s repeate d , the 
supe rnates com b i ned and Dac k ex trac ted i n  tri p l i ca te wi th hexane . 

After metnanol  dryi ng , 300 ml o f  a 9 : 1 ( v / v )  m i x ture o f  methyl ene  
c hl o r i d e / m e th a n o l wa s added  to t h e  s am pl e and  e x tra c t i o n  w a s  
c o n t i n u e d  o n  a s h a k e r  ta b l e f o r  fo u r  no u r s . Th e s am p l e wa s 
centri fuged and the so l v ent phase reta i ned . Tne ex tracti on  was 
repeated wi th the sha k i ng t ime extended to 24 hours . The metnyl ene  
c hl ori d e  methanol  ex tracts we re combi ned wi th the  hex ane ex tracts 
( from tne dryi ng procedure )  and red uced  i n  vo l lJlle on  a rotary 
ev apo rator at 4o0 c .  

Eac h ex trac t  was tra n s fe rred to a pre- tared v i al and red uced to near 
dryness under a stream of pre-puri f i ed n i trog en and we i ghed . If  tne 
ex trac t appeared to contai n l arg e amounts of c l ay ,  i t  was c l eaned on 
a s ho rt bed of s i l i ca g el and e l uted wi th methyl ene  c hl o ri de ,  ta ken  
to near  dryness , we i g hed and di s so l v ed i n  1 -2 m l  o f  nex an e . Tne  
s ed iment extrac t was  then tes ted for  tne  presence of  e l ementa l s ul fur  
wi th coppe r ( Zaferi o us et  a l . ,  l97l ) ,  and i f  necess ary el emental 
s ul fur  was remov ed by treati n g  the s ed ime n t  extrac t wi th act i v ated 
c o ppe r ( pr e p a re d  by wa s h i ng i n  s e que n c e  w i th  hydroc l o r i c  a c i d ,  
methanol  and h ex ane befo re s amp l e expo s ure ) . Of tr1e 20 s ampl e s  
co l l ec ted , two we re l o st due to contam i nati on . Co l umn and g as 
c hromatograph i c  ana l y s i s were performed as  de sc ri bed for seawater 
d i sso l v ed H'v1W l-Cs . 
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ATP i n  S urfi c i al S edi ments 

Une-m l  al i quots of l uc i feran- l uc i ferase ( fi refl y )  en zyme so l uti o n  
were p i petted i nto smal l g l a s s  sci n ti l l ati on  v i al s wn i c h  were then 
p l  aced one- at- a- ti me i nto the ee l  l o f  an SA I AT P p ho tometer . A 
speci al ly-f i tted au tomati c p i pette was l oaded wi th a U . 2  ml o f  a 
t h a we d  s am p l e a n d  p l  ace d o n  t o p  o f  t n e  s am p l e h o l d e r  o f  t h e  
photometer . Pri or  to eac h  assay the bac kground  l i g h t  w a s  recorded 
for a few second s .  

Eac n sampl e was then i nj ec ted automati c al l y  i nto the en zyme pre
p arati on  and the peak he i g h t  of the emi tted l i g h t  recorded . AT P 
standard s ( Si g rm  brand ) , assayed i n  the same man ner , were used to 
conv ert peal< h e i ght  to aD so l u te concentrati on  of  AT P .  

TUC and i C aC0 3 i n  S urfi c i al S eai ments 

Sampl e s  were ana l y zed by c omb usti o n  i n  a LEC O i nduc ti o n  f urnace 
e qu i p p e d  w i th  an  i n f r a re d  c a rbon  an a l y ze r .  P e r c e n t  c a c o

3 
wa s 

cal c ul ated as  the d i fference o f  total carbon and total organ i c  
carbo n , eac h hav i ng been measu red i n  separate assays wi th the LECO  
i n s tr L111ent . 

Sedi ment T exture of  S urfi c i a l  S edi ments 

Grai n si ze ana l y se s  were dete rmi ned Dy the p i pette metho d of Fo l k 
( 1 %8 ) ,  c ompl ete wi th sei v i ng .  Per  cent c l ay ,  s i l t ,  sand  and gravel 
fracti ons  cal c ul ated . 

HM\tiHC s i n  B i ota 

Fi g ure 3 . 2- 1 1  outl i nes  the Hi"1W HC  anal y s i s procedures fo r macroo i o ta .  
Faunal specimens  were tnawed and  d i ced  i nto homog enate s . An al i quot  
o f  eac h was remov ed , we i g hed , and dri ed i n  an ov en at 6o0c to 
determi ne dry we i g ht . The remai nder o f  eac h s ampl e was we i ghed , 
p l aced i n  a 1 : 1 mi x ture ( methanol : 1 . U N KOH  i n  water ) , and  refl uxed 
ov ern i g n t  a t  8U0c .  Tne d i g e sted s ampl es were transferred to separa
tory fun nel s and  bac k ex trac ted i n  tri p l i cate wi th hex ane . The 
h ex ane ex tracts were then reduced i n  vo l l.ITie o n  a rota ry ev aporator . 

I n  most cases a hex ane- so l ub l e gel ati nous  matri x was conta i ned i n  the 
extract . Tn i s  matr i x  was renov ed pri o r  to co l L111n c nr0i11atography oy 
el uti on  wi th methyl ene c hl ori de ov er a smal l oed ( 1 -2 cm )  of s i l i c a  
g e l . Col 1J11n a n d  g as c hromatog raphy a n d  data reducti o n  were i denti c a l  
to tho se prev i o us l y desc ri oed fo r tne seawater d i s so l v ed HMW HC s . 
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F i g u re 3 . 2 - 1 1 .  Procedures fl ow chart for HMWHC ana lyses of macro
c rus tacea and demersal fi n - f i s h  sampl es . 
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T race Meta l s i n  B i ota 

Faunal sampl es  to be anal yzed fo r heavy metal con tents we re thawe d  
and proces sed accord i ng t o  s pec imen type . Shr i mp were d e-headed a n d  
the i r exo skel eto n s  were remov ed , l eav i ng on l y  the body fl esh  to oe 
ana l y zed . t- i sh s pec imens were f i l eted and the o uter sk i n and  scal e s  
remov ed . Zoo pl an kton we re treated a s  who l e  sampl es . 

After preparati on  the ti ssues  were free ze- dr i e d  dnd powdered for 
homog en i zati on wi th an ag ate mortar and pe s tl e .  Ap pro x imate l y 1 . 0  g 
o f  the dri ed ti s sue powder o f  eac h was we i ghed  i nto a 200-ml tal l 
fo rm Pyrex beaker . Ten ml o f  red i s ti l l ed HN0 3 were added to eac h and 
the s ampl es  were a l l owed to s i t ov ern i ght at room t emperature wi th 
watc hgl ass cov ers . The sam pl es were then pl aced on a ho t pl ate and 
s l owl y  heated unt i l  N02 f umi ng ceased . The temperature was then 
i ncreased to 200-300°C unti l dryness  and then c harri ng wa s ac hi eved . 

After c harri ng , the res i dues were bro ugh t  i nto so l uti o n  wi th the 
add i ti on o f  5 . 0  ml concentra ted HNo3 • Once the tempera ture was 
i ncreased , 2 . 0  ml  o f  Ul trex H2o2 were added s l owly unt i l o x i dat i v e  
froth i ng ceased . Then the sol uti ons  we re tran s ferred to  50 -ml 
po l y p ro pyl ene tl a sk s  and b ro ug ht to vo l l.111e wi th dei oni zed ,  Mi l l i -CJ 
water . 

Sampl e o l an ks were prepa red s i m i l ar l y  and atom i c  ab so rpti on spec tro
p h o tome t ry wa s p e r fo rm e d  a s  de s c r i b e d  i n  t h e  s e d i me n t a n a l y s i s 
sec ti on . 
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3 . 3  RESULTS 

3 . 3 . 1 � ES1  HAC KB ERR Y D I S POSAL  S I TE AND CONTROL S I TE 

3 . J . 1 . 1  Heavy Meta l s C hemi stry 

I n  obta i n i ng trace heavy metal concentrati o n s  i n  the su i te o f  s�npl es  
( s e d i m e n t ,  b i o ta ,  w a te r , p a rt i c u l a te s )  c o l l e c te d  from th e We s t  
Hac kb erry Di s po sal and Co ntro l Si tes , several goal s we re i n  m i nd .  
The forano st goal  was the co l l ec ti o n  o f rel i ab l e  basel i ne i n fo rmati o n  
for compa ri son  ag a i n s t  future condi ti on s  when attempti ng to determ i ne 
adv erse effects by the pro po sed  bri n e  d i sc harg e  duri ng  i ts o pe rati on . 
An o th e r  g o a l wa s to o b ta i n a c c ura te c o n c e n t ra t i o n s  o f  s e v e r a l  
recog ni zed " env i ronmenta l l y  s i gn i f i cant" neavy metal s for al l s ampl e 
types and re l ate tho se v al ues to h i s to ri cal  data from the near 
v i c i n i ty ( when po s s i b l e ) .  Fi na l l y , the correl ati on o f  he avy meta l 
concentra ti o n s  wi th anci l l ary g eo c hemi cal  data can be used to ex pl ai n 
the l ev el s and d i stri buti o n s  fo und . I n  ta k i ng  thi s approac h , the 
resu l t has Deen the comp i l ati on  o f  rel i ab l e  c hem i ca l  data u seful  fo r 
basel i ne reference poi nts and  for pred i c t i v e  mode l l i ng ( to the exte n t  
that the sc i ence i s  capab l e ) . 

Sed iments  

Tne  approac h taken for metal anal yses of  depo s i ted surfi c i a l sed i 
ments was to approx imate " b i ol og i cal l y  ava i l ab l e" metal content  Dy 
uti l i zi ng a rel ati v el y weak  ac i d  ( 1  !:! HN03 ) l each  rather than total 
mi neral d i s so l u ti on . A v a r i ati on  o f  thi s tecnn i que i s  rec og n i zed Dy 
J..\STM and , al tho ug h there are few comparabl e  data av ai l ab l e from tne 
v i c i n i ty o f  the s tudy s i tes , the res ul ts h av e  prov i de d  v e ry i nterest
i ng i n fo rm ati on for th i s  parti c ul ar stuay beca use  they approx imate 
l oo se l y  sorbed metal contents s ubj ect to perturbati o n  i n  the event  o f  
al tered i on i c streng th ana other effec ts o f  bri ne i ntrus i on . 

The sed iment trace metal data presented i n  Tab l e  3 . 3 - 1  are best  
correl ated wi th tne sedimentary parameter s  o f  total organ i c carbon 
( TOG ) and  g ra i n s i ze d i stri buti on  ( espe c i a l l y  the pro po rti o n  o f  
f i ne- g ra i ned materi a l ) .  F i g ures 3 . 3-1 throug h 3 • .3-4 p l ot per cent  
fi n e s  ( we i g h t  fracti o n  <6J  µml  and per cent  tota l organ i c carbon  ove r  
the areal  d imen s i on s  o f  tne two sampl i ng stati o n s . As i nd i cated i n  
Tab l e 3 . J - 2 ,  the re i s  cons i derab l e  d i fference i n  the c ompo s i ti on o f  
the sed i ments at the West Hac kbe rry d i spo s� s i te and Wes t  Hac kberry 
contro l s i te .  The per cent fi nes  i n  the sed iments at the Wes t  
Hac kberry s i te i s  muc h h i g he r  tnan a t  the contro l  s i te .  Tn i s  
refl ects tne sed iment i nput i nto the area from Ca l cas i e u  R i v er and , 
po ss i b l y from pas t  o ffshore dredge spo i l  d i spo sal . Al so an i nv erse  
rel ati o n s h i p  ex i st s  between total o rgan i c  ca rbon  ( TOG ) and  g ra i n 
s i ze .  Tne f i ner-gra i ned We s t  Hac kberry d i spo sa l  s i te sed iments al so 
have h i gher TOG concentrati ons . 
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Tab l e 3 . 3- 1 . 

S i te Station TOC (% )  

W. Hack- 7 . 57 
berry 

8 . 97 

9 . 69 

10 . 54 

12 . 64 

13 . 72 

14 . 57 

c 
w 1 5  . 7 2  

I N CJ1 
1 7  . 49 

18 . 47 

19 . 52 

22 . 46 

W. Hack- 27 . 39 
berry 
Control 

28 . 36 

29 . 38 

31 . 36 

32 . 31  

Mi ssi ssi ppi 
Del ta Sedi ment 
(Trefry , 1 978 
per .  COOITI. ) 

Heavy Meta l D i s tr i but i ons i n  Sediments from around the Hes t Hackberry Br i ne 
S i te .  See F i gures 3 . 2- 1  through  3 . 2- 5  D i ffuser  S i te a n d  a l s o  a Control  

for Stat i on Locati ons  ( from l !!_  HN03 l each ; concentrat i ons  as  dry we i g ht  of 
s ed iment ) .  I n c l u ded for each meta t a re i ts concentrat i on ( * ) as  wel l a s  

Exponen ts for  meta l / i ron rati os  a re of  ten .  i ts meta l / i ron rat i o  ( ** ) .  

CaC0 3 ( % )  f i nes ( % )  F e  (% )  Mn  (ppm ) Zn ( ppm) Pb ( ppm) Ni  ( ppm) Cr (ppm)  Cu ( ppm) Cd ( ppm) Al (% )  

2 . 6  83 . 5  . 3841 302 . * 20 . 3  1 3 .  2 4 . 36 2 . 34 5 .  34 0 . 061 . 1 35 
7 . 86- 2 •• 5 . 30- 3 3 . 44- 3 1 . 1 3- 3 

6 . 09-4 1 .  40- 3 
1 . 59- 5 3 . 5 1 - 1 

2 . 1  99 . 2  
· 5 593 44 3 . 3  2 6 . 63 18 . 04 5 . 6 1 3 . 36 5 . 02 0 . 0693 . 1889 

7 .  92 -2 4 . 76- 3 
3 .  2 2- 3 

1 . 00-
3 

6 . 0o-4 
8 . 97-4 1 . 24 - 5 3 . 37- l 

2 . 7  90 . 8  . 4383 390 . 5  2 1 . 8 1 1 6 . 3 1  4 . 98 2 . 66 7 . 8 1  0 . 0742 . 14 7 1  
8 . 9 1 -2 4 . 97 - 3 3 .  72- 3 1 . 1 3- 3 

6 . 07 -4 1 .  78- 3 1 . 70-5 3 . 35- l 

6 . 8  81 . 0  . 3874 30 1 .  3 20 . 1 7 1 4 . 6 1  4 . 58 2 . 2 5 6 . 48 0 . 0738 . 1 222 
7. 77 - 2 

5 . 20- 3 
3. 7 7 - 3 

1 . 18- 3 
5 .  81 -4 

1 .  67 - 3 
1 . 90- 5 

3 . 154- l 

3. 7 7 4 .  2 . 4 105 366 . 8  2 0 . 93 1 4 . 88 4 . 37 2 . 35 7 . 09 0 . 0683 . 1 347 
8 . 93-2 

5 . 10- 3 
3 . 62 - 3 

1 .  06- 3 
5 .  72 -4 

1 .  72- 3 
1 . 66- 5 

3 . 28- l 

3. 1 92 . 6  . 4535 395 . 6  2 1 .  93 1 6 . 08 4 . 67 2 . 53 8 .  53 0 . 0760 . 1438 
8 .  72 -2 4 . 83 -3 3 . 54 - 3 

1 .  03- 3 5 . 58-4 1 .  88- 3 1 .  67 - 5 3. 1 7- l 

2 . 7  66 . 5  . 3885 30 1 .  5 20 . 5 1 1 3 . 29 4 . 13 2 . 27 7 . 26 0 . 0624 . 1 319 
7 .  76- 2 5 . 28- 3 3 . 42- 3 1 .  06- 3 

5 . 84 -4 1 .  87 - 3 1 .  60- 5 
3 .  39- l 

3 . 7  86 . 8  . 4543 401 . 9 23 . 88 1 7 .  14 5 . 1 9 2 . 84 8 . 82 0 . 0842 . 1 558 
8 . 84 - 2 

5 . 25 - 3 3 .  rr 3 1 .  14 - 3 
6. 2 5-4 1 .  94- 3 1 .  85 - 5 3 . 43- l 

3 . 8  72 . 3  , 3 795 285 . 0  20 . 2 1  1 1 .  92 4 . 50 2 . 19 6 . 89 0 . 0532 . 1 3 1 7  
7 .  58- 2 

5 . 3 7 - 3 3. 1 7 -3 1 . 19- 3 5 .  82 -4 1. 83- 3 1 . 4 1 - 5 3. 50- 1 

2 . 4  6 1 .  7 , 3535 243 . 0  1 9 .  1 2  1 1 . 44 3 . 80 1 .  95 4 . 49 0 . 0653 . 1 139 
6. 78- 2 

5 . 4 1 - 3 3. 23-3 
1 .  07 - 3 5 .  5 1 -4 1 .  2 7· 3 1 .  84- 5 3 . 22· 1 

2 . 1  80 . 9  . 428 1 295 . 6  20 . 2 3 1 2 .  36 4 . 30 2 .  27 5 . 29 0 . 06 1 9  . 1 3 1 5  
6 . 90- 2 4 .  7 2· 3 2 . 88- 3 

1 . 0-3 
5 .  30-4 1 .  2 3·3 

1 .  44-5 3 . 0 7- l 

2 . 2  4 1 .  9 . 3797 283 . 1  1 9 . 36 1 1 .  2 1  4 . 03 1 . 88 4 . 92 0 . 0533 . 1 165 
7.  45- 2 

5 .  10· 3 2 . 95- 3 
1 .  05· 3 4 , 95·4 1 .  29· 3 1 .  40- 5 3 . 01 · 1 

4 . 2  4 3 , 6  , 3624 264 . 2  19 . 57 1 1 ,  1 6  3 .  7 8  1 . 80 4 . 49 0 . 0546 . 1037 
7 , 29·2 

5 . 4o·3 
3 . 08- 3 

1 .  04 " 3 
4 . 96- 4 1 .  24-

3 1 .  50- 5 2 . 86- l 

3 , 7  44 . 2  . 3238 246 . 9  1 8 , 60 10 , 20 3 , 46 1 .  72 4 . 10 0 . 0449 . 0889 
7 . 62- 2 5 .  7 4- 3 3 . 1 5 -3 

1 .  07- 3 5 . 3 1 -4 1 . 26- 3 
1 .  38- 5 2 . 74 - l 

3 , 3  52 . 3  . 3465 2 76 . 9  18 . 76 1 1 .  54 3. 25 1 . 62 4 . 48 0 . 0483 . 0965 
7 . 99- 2 5 . 4 1 - 3 3 . 33- 3 9 . 38-4 4 . 67-4 

1 .  29-3 1 . 39- 5 2 .  rn· 1 

3. 7 44 . 3  . 3540 262 . 3  2 0 . 0 1  1 0 .  5 7  3 . 25 1 .  70 3 . 92 0 . 0433 . 0941 
7 . 4 1 - 2 

5 . 65 -3 2 . 98- 3 
9 . 18-4 

4 . 80-4 
1 . 10- 3 

1 .  22- 5 2 . 66- l 

2 . 4  36 . 1  . 3304 237 . 9  20 . 44 9 . 82 2 . 99 1 .  7 1  3 . 35 0 . 0495 . 0906 
7 . 20- 2 

6. 18- 3 2 . 97 - 3 9 . 04 -4 5 .  1 7 -4 
1 .  0 1-4 

1 .  50-5 2 . 74- l 

. 5- . 6  2 5-30 2 - 4  3 . 5-4 . 0 . 04 



Tab l e 3 . 3-2 .  Textura l  Charac te ri s ti c s  of Sed i ments D i str i bu ted About 
the We s t  Hac kbe rry Bri ne D i ffu s e r  S i te and Its  Con tro l 
S i te .  

S i te Stati on # % Grave l % Sand % S i l t  % C l axs % F i nes  
West  Hac kbe rry 

7 16 . 5  33 . 0  50 . 5  83 . 5  
8 0 . 8  1 5 . 4  83 . 8  99 . 2  
9 9 . 2  3 1 . 6 5 9 . 2  90 . 8  

10  1 .  3 1 7 . 7  34 . 1  46 . 9  81 . 8  
12  0 . 4  25 . 4  32 . 3  41 . 9 74 . 2  
13  7 . 4  24 . 2  68 . 4  92 . 6  
14 1 .  7 3 1 . 8  28 . 4  38 . 1 66 . 5  
15  0 . 2  1 3 . 0  36 . 1  50 . 7  86 . 8  
16  2 . 9  3 1 . 8  65 . 3  
1 7  0 . 7  27 . 0  27 . 2  45 . 1  72 . 3 
18 38 . 3  20 . 7  41 . 0  6 1 . 7 
19  1 9 . 1 22 . 4  58 . 5  80 . 9  
22 2 . 4  55 . 7  1 7 . 2  24 . 7  4 1 .  9 

West  Hackberry 
Control  27  1 .  7 54 . 6  20 . 6  23 . 0  43 . 6  

28 3 . 4  50 . 8  22 . 1  23 . 6  44 . 2  
2 9  47 . 7  26 . 4  25 . 9  52 . 3  
3 1 55 . 7  18 . 2  26 . 1  44 . 3 
32 63 . 9  28 . 5  7 . 6  36 . 1 
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F i g ur e s  3 . J - !:>  a n d  3 . ::S - b  n e l p i l l u s tra te  t h e  m e ta l - to - se d i m e n t  
rel ati o ns n i p a s  l eachabl e Fe i s  pl otted a t  the t wo s i tes . Extend i n g  
tne Fe di s tri o ut i o n  anal ysi s to other  metal s i n  Tao l e J . 3- 1 , i t  i s  
read i l y apparent that l eacnab l e  metal co ntent  i s  stro n g l y  i n fl uenced  
by m ean grai n si ze .  

I nc l uded i n  Tao l e  3 . J- 1  i s  tne parameter  "meta l / i ron  ra ti o"  wn i c t1 
prov i des  an extra d imens i on to i nter preti on . Fe i s  a tran s i ti on 
metal l i ke the other neavy metal s and as  a resu l t nas a geoc nem i s try 
s im il ar to mo st . Howev e r ,  i t  ex i sts at per cent l eve l s i n  1no st c l ay 
ri c h  sed i ments and cannot oe eas i l y  a l tered by anthro pogen i c  effects . 
It  i s  therefore a good i nd i cato r  o f  the so urce and  re s i aence o f  
sev eral o f  the metal s .  Howe v er , i f  i t  we re as s i mp l e as j us t  stated , 
then as �e  decreased wi th i ncreas i ng mean grai n s i ze any o f  the oth e r  
meta l s wo ul d al so d i m i n i s h  and the metal / Fe rati o wo u l d oe preserv ed . 

As Tab l e  J . J - 1  s hows , for Zn , Ni and Cr tni s ny pothes i s hol d s  we l l .  
Howev er , fo r Cu and Cd the concentrati on  o f  eac h  decreases rnuc n more 
rap i aly tnan does  tnat o f  Fe , resul ti n g  i n  a s i g n i f i cant dro p i n  th e 
Cu / Fe and Ca/ Fe rati o s .  What thi s means  i s  that Cu and Cd have  
d i ffere nt b i ogeoc n em i ca l  path way s for  g e tti ng  to , anc1 exi s ti n g  i n ,  
the sea i rnent sy s tem . Une expl anati on i s  that die two are re l ated not 
on ly  wi th g ra i n si ze out al so wi th tota l organ i c  carbon conte n t .  1"1n 
and Po , on the otner hanc1 , show some s l i g ht meta l / Fe rati o aecrease , 
i nd i cati ng that tney are i nvol v ed i n  some sort o f  fl ux mec nan i sms 
that are d i f ferent than tho se o f  Fe . 

In  genera l , the s ea iment  trace metal data trenc1 remarkab l y  wi tni n tne 
ex pe c ted rang e to r the type sedi ments repre sen ted . Tnere appear to 
be no anthro pog e n i c  al terati ons  even  from the o i l pl at  fo rms prox ima l  
to eac h s i te .  The anal yses pe r fo rmec1 are fo r most metal s ade quatel y 
sens i t i v e  and reproduc i o l e  to s e rve  as benc hnark data . The sed i 
men tary trace metal aata prov ide  two mai n contri o uti ons  to tne goa l s 
o f  th i s  program :  ( 1 )  they prov i de i n i ti al basel i ne cov erag e  o f  tne 
di spo sal and contro l s i te s  and { 2 )  they prov ide  Key sets of  c1a ta fo r 
prog no sti ca t i ng ,  ttiro ug h dyn ai11i c mode l s or  mas s-Dal  anc e cal  c ul ati ons , 
the ul ti mate geoc hem i cal  effects o f  di ffus i ng bri ne o ffsho re i ni:.o the 
env i ronnenta l setti ngs represented . 

Water Co l umn Di sso l v ed and Parti c ul ate Phase  An al yses 

l3es i aes the hydrocarbon ana l ys e s  ( d i scussed  i n  Sec ti o n  3 . ::S . 1 . 2 ) , the 
w a t e r  c o l umm wo r k  i n  th i s  p r o g ram c o n s i s t e d  of a i s s o l v ed d n c1  
parti c ul ate heavy metal determi nati on ,  a n d  parti c ul ate organi c carbon 
( PUC ) , d i s so l v ed org ani c caroon { OUC ) , tota l suspended matter { TSiv\ ) , 
n utri e n t  ( Si ,  PU4 , N0

3
) ,  and m aj or i on measureme nts . In  aad i ti on , 

neavy m etal s ,  n utri ents and m aj or i on s  we re meas urea i n  pore wa ters 
squee ze d  from sed iments from sev era l of the benth i c s tati ons . 

U . 3-29  



c 

w I w 0 

- .--

0 

'�-·- -

• .38 
' 
C' 

• . 45 

--� 

� 
. 56 

• 
. 38 c/I--- .r-· - �  .4� .--.t-----------

- - 1- ----· • .39_44 -
.45 

• 
.35 

• .4-3 

-..:/ r: s �  ; ' ;..:J ·; t ,  ' � ) r , .  
f i .i n c  IJ i s r: <) ,- ! ! t .".'. 

• 
. 39 • . !6 

; 1 -· u :  
,. _ 

, 1  j ·J 

, __ 

.,'-..__, Ii' -----

., 

0 

(< 
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Fi gure 3 . 3- 6 .  Percent I ron i n  Wes t Hackberry Contro l  
S i te Sediments . 



The impe tu s  fo r exam i ni ng the seawater/ su spe nded par t i c ul ate system 
i n  a s tudy suc h as thi s i s  the recog n i t i o n  o f  i ts i mportant rol e i n  
tran sport i ng metal s ( and  hydrocarbo n s )  to thei r ev entual  geoc hem i cal  
respo s i tory -- the bottom sed iment sy stem . Ri v e r- oorne pa rti c ul ates 
dom i nate the fl ux of  metal s from conterm i no us l and fo rms to the ocean 
bed ( Tre fry , 1 97 / ) . After tne i nj ecti on  o f  meta l - beari ng  pa rti c u 
l ates i nto the oceans  by ri vers  a n d  befo re thei r eventua l arri v al o n  
the  s e a  t l o o r , t n e s e  mate r i a l s a n d  the i r c h emi c a l  b u r de n s  a r e  
mai ntai ned i n  phase parti ti oni ng s wh i c h  can b e  a l te red drasti ca l l y  oy 
c hanges  i n  i on i c  stre ng th , oxygen , Eh , and  p H .  

Wh i l e  we must oe concerned wi th the potenti al  o f  i nj ec ti ng bri ne
borne tox i ns i nto tne sy s cem duri ng S PR acti v i ty ,  tn e meta l i o n ( o "' 
compl ex i on )  bal ance , as i t  mi g ht be al te red by contac t 11Ji th h i g ner 
s a l i n i t i e s , i s 1 i k e l y to  be  o f m o  r e e n v i r o nm e n ta l c o n s e q u e n c e • 

Certa i n l y ,  the presence o f  wnat wi l l  be the maj or ori ne tox i n  fo r 
many org an i sm s  - - Na C l  - - i s  important to cons i der as  a wa ter qua l i ty 
parameter . Howe v er , tne water/ su spe nded parti c ul ate sy stem , and i ts 
co u pl i ng wi th the sedime n t/ pore water system , must  oe rec ogn i ze d as  a 
cri ti cal  pa rt of  tne cnem i ca l sys tem wh i c n  must be c harac teri zed . 

Sus pendea parti c u -l a te metal contents i n  mari ne sys tems s up po r t  tne 
maj or f l ux of  sev eral metal s ( Trefry , 1 9 / / ) .  I t  i s  d i f f i c u l t to 
g eneral i ze concern i ng norma l  metal contents  o f  suspended parti c ul ates 
s i nce , al tho ug h they nav e  som e resembl ance to bo ttom sed i m en t s , the 
parti ti on i ng  between parti c ul ate and di s sol v ed phases  i s  neav i l y  
depe ndent o n  f l uc tuati ons  i n  sal i n i ty ,  POC , TSf'1 , POC/ TSl'l , l.JL)C , and 
d i s so l v ed Si . In  tne coa s ta l  wa ters  under tne i n fl uence o f  tne 
i� i s s i s s i p p i  a n d  Atc haf a l aya Ri v e r s , the s e  p a ramete r s  h a v e  o e e n  
measured i n  thi s a n d  other stuai e s  ( Trefry , 1 9 7 / )  wi tn i n a wi de rang e 
o f  v al ue s :  C l , l-2U  o/ oo ; PUC ,  . 07 - 1 . bb mg C/1 ; TS1� . 1 . 5-o:i  mg/i 
POC/ T SM ,  . 7 5 - l b . U % ;  lJ UC ,  . 7 9 - 4 . 94 mg C/i ; Si , l::'. . 5 - 1 10 µ� . 
f 1  g ures j ,  3-/ and J .  3-8 pl ot  the ch  I o ri n i t1 es  o f  sur face , deep , ano 
p o r e  wate r s  a t  t h e  We s t  Ha c kb e r ry a i s po s a l  a n d  c o n tro -1 s i te s , 
respecti v el y .  Tab l e  3 . 3 -3 con ta i n s  meta l , n utri ent and ou l k i on data 
for tne water co l umn a n d  pore water . l3o th tne a i s po s a l  and contro l 
s i tes  ex hi o i ted fa i rl y con s tant sa l i n i t i es and meta l concentra ti ons 
i n  tne water co l umn and pore wa ters . The l a rg e s t  v a r i ati o n s  i n  
stati on  to stati on concentrati ons  we re fo r the nutri e n ts ( wt1 i c n  are 
affec ted oy fl uctuati ng o i o l og i c a l  acc i v i ty )  and Cd ( fo r  wn i c n  the 
ana l yt i ca l  erro r was h i g n ) . t�e tal s concen tra ti ons  i n  the sed iments 
v ari ed more i n  rel ati on to gra i n si ze ( i . e . , sed iment c ompo s i ti o n )  
than i n  response  to wate r co l urn n concentra ti on ai  fference s . 

There are no oo servao l e f l uctuaci ons  i n  pore water d i s so l ved  me ca l s 
at the we st  rlac koe rry s i te s , nor are tnere vari ati ons  i n  pa re wa r.er 
s a l i n i ti es .  Sno Kes  ( l 9 7cl )  fo und a s i g n i f i can t ly  ..ii der range o f  pore 
wa ce r s a l i n i t i e s  at  p r o po s ed o r i n e  d i s p o s a l  s i te s  o ff o f  t n e  
Atcn afai a.ya de l ta .  These s ame pore waters naa  on l y  1n i nor  i f  a ny 

U . 3 - 3 1  
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f l uc tua t i o n s  i n  m eta l c o n t e n t s . T h i s  o o serv at i o n  d o e s  n o t  
pa rti c ul ar ly  support the ear l i e r hy poth e s i s that s i g n i f i cant  i on i c 
streng th c hang es i n  tne po re water sys tem m i ,j ht oe respon s i o l e to r 
re l ease ( or upta ke )  o f  metal s .  Howev er ,  i t  s ho ul a oe kept i n  mi n d  
th a t  a n  a l te r n a t i v e  m ec ha n i sm fo r h e avy  m eta l m ob i l i za t i o n  i s  
po s s i b l e .  I f  the den s i ty o f  the nea r-bottom water i s  i ncreaseo 
s i gn i f i cantl y by tne presence o f  bri ne , the d i ffu s i on and m i x i ng of  
oxyg en i nto tne sed iment/pore water sy stem co ul d po s s i  o ly be l owereCl 
to  the po i nt of  suppo rti ng c hem i cal l y  red uc i ng cond i ti on s  wh i c h ,  i n  
al mo st al l cases , i nc rease the sol ub i l i ti es o f  the metal s i n  questi on . 

Tao l e  J . J-3 al so tab ul ates di sso l v ed metal s i n  the wa ter col umn ana , 
al tho ugh l arge v ar i ati ons  occ ur , they are al l wi thi n the genera l l y  
l ow and accep ted rang es fo und i n  prev i o us i nv esti g ati ons  of  coastal  
wa ters  ( Sl o wey and Hood , 1 97 1 ) .  l>ecause  of  the i nherent n i g h  
v ari ab i l i ty i n  d i s so l v ed trace metal  l ev el s ,  the n utri ent  and maj or  
i on data are  probaol y more us eful i n  c harac teri zi ng  the  water qual i ty 
o f  the two s i tes on a l oc a l  bas i s .  

Tab l e  J . 3 -4 com pares the re l ati v e  contri b uti o n s  of metal s by parti 
c u l a t e  a n d  d i s s o l v e d  p h a s e s  to t h e  wa te r c o l um n  b ur de n . Th e 
dom i nance o f  one phase ov er tne other i s  typ i cal l y  i n  favor o f  
parti c ul ates i n  areas o f  h i g n su spended l ead . These c ompari son s  
prov ide  ex tremel y impo rtant data fo r approac h i ng the quest i on  o f  mas s 
bal ance impact from add i ng bri ne  to a sy stem and potenti a l l y  al teri ng  
the parti ti o n i ng coeff i c i ents  of  i ts neavy meta-I l oad s .  To ta l 
suspended matter for the two s i tes  i s  pl otted i n  � i g ures J . J -':l a n d  
J . J- l U .  

Tao l e  J . 3-� l i s ts the per cent  l eac hao l e  fracti on s o f  heavy metal s i n  
the su spended parti c ul ates  at eac h deptn , and  al l ows c ompari son  o f  
the l eac hab l e  metal contents i n  part i c ul ates wi th tho se i n  the 
underl y i ng  s ed iments . The l eac hab l e frac ti o n  rang e s  to the ty p i cal l y  
l ow ( < 1U% ) Fe to sev eral qui te h i g n  val ues ('-"'':l U-9�% ) fo r some metal s ,  
i nc l ud i ng Mn , Zn , and Cd . 

Tab l e  J . J-b com pares weak and l eac habl e tieavy meta l concentra ti o n s  i n  
sed iments wi th concentrati o n s  i n  pore water and tne ov erl yi ng water 
col umn . 

Macro b i ota and Pl an kton 

B i o ta sampl es  col l ected and anal yzed for trace metal s as part of  tn i s  
s tudy for the west Hac kberry d i s po sa l  and c ontrol s i tes i nc l ude d 
spec i mens o f  P .  seti feru s ( wh i te shri m p ) , M .  undul atu s ( croa ker ) , L .  
b r e v i s  ( s q u i

-
d ) ' a n d  zoo p l a n k to n  ( mo stl y  c o p e po d s  w i th s ome 

c haetognath s  and l arv al f i sh ) . ( Fi g ures 3 . 2-1  and J . 2 -2 i nd i cate 
trawl l ocati ons . )  

U . 3- 33 



Tabl e 3 . 3-3 .  Di sso l ved Heavy Metal s ,  Nutri ents and Major Ion i c  Spec i es from the Wa ter 
Co l umn and Underl yi ng Pore Wa ters - West Hackberry D i sposa l  S i te a nd  Control 
S i te .  See F i gures 3 . 2- 1  through 3 . 2 - 5  for s tati on l ocati ons . 

Depth Fe Mn Zn Pb Cu Cd Hg P0
4 

S i 0
4 

N0f N0
2 C l  so

4 
Na K Mg Ca 

Date S i te Stat i on (m) µg/ l µg/ l  µg/ l µg/ l µg/ l µg/ l  µg/ l mg/ l mg/ l m / l  g/ l g/ l  g/l  g/ l g/ l g/ l 

Sept 7 7  Wes t  
Hack- 7 lm 8 < 2  < l  9 3 <0 . 3  <0 . 5  0 . 04 0 . 3  0 . 02 1 5 . 60 2 . 8  9 . 9  0 .  38 0 . 60 0 . 35 
berry 8m 8 < 2 3 2 7 <0 . 3  <0 . 5  0 . 04 0 . 2  0 . 03 1 6 . 4 6 2 . 9  1 0 . 5 0 . 4 2 0 . 66 0 . 36 

pore - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - -

8 lm 1 2  < 2  < l  <2 <3 <0 . 3  <0 . 5  0 . 07 0 . 7  0 . 05 1 5 . 4 3 2 . 8  9 . 2  0 . 39 0 . 60 0 . 34 
8m 1 2  <2 <l <2 <3 <0 . 3  <0 . 5  0 . 07 0 . 6  0 . 08 1 6 . 22 2 . 6  9 . 6  0 . 39 0 . 65 0 . 36 

pore - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - -

9 pore <4 1 . 2  1 4  <2 < 3  5 .  1 < 1 00 0 . 03 3 . 1 0 . 98 1 6 . 34 2 . 7  8 . 9  - - 0 . 3 7 0 . 36 

10 lm <4 <2 3 <2 <3 <0 . 3  <0 . 5  0 . 05 0 . 3  0 . 02 1 6 . 00 3 . 1 9 . 5  0 . 39 0 . 66 0 . 36 
8m <4 < 2  < 1  < 2  < 3  < 0 . 3 < 0 . 5 0 . 07 0 . 5  0 . 05 1 6 . 5 1  3 . 2 9 . 8  0 . 39 0 . 7 4 0 . 36 

pore <4 0 . 4  4 < 2  < 3  4 . 8  < 100 0 . 02 2 . 5  0 .  70 1 6 .  34 2 . 7  9 . 0  0 . 36 0. 36 0 . 36 

1 2  pore <4 0 . 3  2 <2 <3 4 . 5  < 1 00 0 . 04 3 . 2  o .  76 1 6 . 63 2 . 8  9 . 3 0 . 3 7 0 . 3 7 0 . 36 

c:: 1 3  pore <4 1 . 4  5 <2 < 3  2 . 8  < 1 00 0 . 05 2 . 8  0 . 42 1 6 . 44 3 . 0  9 . 0  0 . 36 0 . 36 0 . 36 

w 1 4  lm <4 <2 <1 <2 <3 <0 . 3  <0 . 5  0 . 03 0 . 2  0 . 03 16 . 1 2 2 . 6  9 . 5  0 . 38 0 . 6 7 0 . 36 I 8m <4 <2 < 1  < 2  < 3  <0 . 3  <0 . 5  0 . 04 0 . 3  0 . 04 1 6 . 56 3 . 0  9 . 9  0 . 38 0 . 68 0 .  35 
w 
+o> pore <4 1. 9 4 <2 <3 3 . 0  < 1 00 0 . 04 2 . 3  0 . 46 1 6 . 63 2 . 7  9 . 2 0 . 35 0 . 35 0 . 3 7 

1 5  lm <4 <2 < l <2 <3 <0 . 3  <0 . 5  0 . 04 0 . 2 0 . 02 1 5 . 68 2 . 9  9 . 3 0 . 38 0 . 6 1  0 . 34 
8m <4 <2 < 1  < 2  < 3  0 . 7 <0 . 5  0 . 03 0 . 3  0 . 03 1 5 . 4 3 3 . 1 9 . 3 0 . 38 0 . 6 5 0 . 34 

pore <4 0 . 2  4 2 <3 2 . 9  < 1 00 0 . 05 2 . 8 0 . 62 1 6 . 34 2 . 8 8 . 9 0 . 36 0 . 36 0 . 36 

27 lm 5 <2 2 . 1 6 < 3  <0 . 3  <0 . 5  0 . 02 0 . 2  0 . 03 1 6 . 46 2 . 7  9 . 5  0 . 3 5 0 . 69 0 . 3 7 

8m 1 3  < 2  5 < 2  <3 <0 . 3  <0 . 5  0 . 04 0 . 2  0 . 02 16 . 46 2 . 9  9 . 3 0 . 38 0 . 6 7 0 . 36 

pore <4 0 . 3  4 3 < 3  3 . 8  < 1 00 0 . 06 3 . 2  0 . 4 3 16 . 39 2 . 9  9 . 2  0 . 38 0 . 38 0 . 36 

29 pore <4 0 . 3  4 <2 <3 2 . 9  < 1 00 0 . 05 - - 0 . 1 5  1 6 .  58 3 . 1 9 . 2  0 . 38 0 . 38 0 . 38 

32 lm 14 <2 3 <2 <3 <0 . 3  <0 . 5  0 . 03 0 . 2  0 . 0 1 1 6 .  5 1  3 . 1 9 . 5 0 . 38 0 . 68 0 . 37 

8m <4 <2 < 1  < 2  < 3  <0 . 3  <0 . 5  0 . 04 0 . 3  0 . 03 16 . 36 2 . 8  9 . 4  0 . 34 0 . 66 0 . 36 

pore <4 0 . 1 3 <2 < 3  3 . 5  < 100 0 . 05 3 . 4  0 . 60 1 7 . 2 1  3 . 0  9 . 5  0 . 3 5 0 . 3 5 0 . 39 

Standard Seawater ( nutri ents are typical  open Gu l f  of Mex ico )  . 24 2 . 3  1 . 2 1 9 . 3 5 2 . 7 1  1 0 . 8  0 . 39 l .  29 0 . 4 1  

Marine Bri ne ( Shokes et � . •  1 977 ) 7 . 8  2 1 . 6 0 1 49 . 5  3 . 66 S' l . 5 0 . 63 l . 05 l . 09 
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Tabl e 3 . 3-3 . D i s so l ved Heavy Meta l s ,  Nutri ents and Maj or  I on i c  Spec i es from the Wate r 
Co l umn and Under l y i ng Pore Waters - West  Hackberry D i sposa l  S i te and Control  
S i t e .  See F i gures 3 . 2 - 1  thro ugh 3 . 2- 5  for s tati on l ocati ons . ( Cont i nued ) 

October November December 

Station  Depth 
P04 S04 S i 04 N03+N02 

po
4 S0

4 S i 04 N0
3
+N0

2 P0
4 

so
4 

S i 0
4 N0

3
+No

2 
mg/l g/l mg/ l  mg/ l  mg/ l  g/ l  mg/l mg/ l  mg/l g/ l  mg/l mg/l 

7 lm 0 . 0 1 2 . 3  0 . 4  0 . 01 0 . 01 2 . 7  1 .  s 0 , 04 0 , 056 1 .  72 1 . 46 0 . 4  
Sm 0 . 0 1  2 . 3  0 . 4  0 . 02 0 . 0 1 2 . 5  1 .  5 0 . 04 0 . 057 1 .  74 1 .  2S 0 . 4  

s lm 0 . 01 2 . 3  0 . 5  0 . 02 0 . 01 2 . 5  1 .  2 0 . 06 0 . 05S 1 . 64 1 .  53 0 . 5  
Sm < 0 . 01 2 . 4  0 . 5  0 . 03 0 . 0 1  2 . 5  1 .  7 0 , 06 0 . 040 1 . S7 1 . 25 0 . 4  

10  lm < 0 . 0 1  2 . 4  0 . 5  0 . 05 0 . 01 2 . 7  1 . 4  0 . 05 0 . 05 1  1 .  so 1 . 40 0 . 4  
Sm 0 . 0 1  2 . 4  0 . 4  0 . 05 0 . 0 1 2 . 6  1 .  7 0 . 04 0 . 036 1 .  70 1 .  30 0 . 4  

14  lm 0 . 01 2 . 3  0 . 4  0 . 02 0 . 0 1 2 . 6  0 . 4  0 . 04 0 . 039 1 .  6S 1 .  7S 0 . 4  
Sm 0 . 0 1  2 . 4  0 . 3  0 . 05 0 . 0 1 2 . 7  1 .  3 0 . 03 0 . 040 l . S6 2 . 30 0 . 3  

1 5  lm 0 . 0 1  2 . 4  0 . 6  0 . 02 0 . 0 1  2 . 7  1 . 0  0 . 05 0 . 039 1 . 69 1 .  36 0 . 4  
Sm < 0 . 0 1  2 . 4  0 . 6  0 . 04 0 . 0 1 2 . 6  1 .  0 0 . 06 0 . 032 1 . 67 1 .  52 0 . 3  

27 lm < 0 . 0 1  2 . 4  0 . 2  0 . 05 0 . 01 2 . 7  1 . 0  0 . 0 1 0 . 05S 1 .  63 1 . 44 0 . 5  
Sm < 0 . 0 1  2 . 3  0 . 4  0 . 04 0 . 0 1 2 . 6  1 .  6 0 . 04 0 . 026 2 . 3S 0 . 74 0 . 2  

1 .  39 32 lm < 0 . 0 1  2 . 2  0 . 3  0 . 0 1 0 . 0 1 2 . 9  1 .  7 0 . 02 0 . 052 1 . 03 0 . 4  
Sm <0 . 0 1  2 . 2  0 . 3  0 . 03 0 . 0 1 2 . 7  o . s  0 . 03 0 . 03S 2 . 01 0 . 66 0 . 2  
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Tab l e 3 . 3- 4 .  Rel a t i v e  D i s so l ved and Parti c u l a te Heavy Meta l B urdens - W e s t  Hackberry 
D i sposa l S i te and Contro l  S i te .  See F i g ures 3 . 2- 1  through  3 . 2- 5  for 
s tat i on l ocati ons . 

Stat i on Depth TSM POC POC/TSM DOC 
--1!i!L i!!!9L1l (1.19CLl l (%) (mgCLl ) 

7 lm Di ssol ved 1 .  79 
Part i cu l ate 1 .  33 329 25 . 

Sm D i s sol ved O . Sl 
Part i cu l a te O . Sl 233 29,  

s lm D i sso l ved 1 .  22 
Parti cul ate 3 . 0 1 407 1 4 .  

Sm D i s so l ved O , S6 
Part i c u l ate 1 3 . 77 439 3 ,  

10 lm D i s sol ved 1 , 23 
Part i cu l ate 2 , 09 309 1 5 .  

Sm D i s sol ved 1 .  66 
Parti cul ate 3 , 63 2 1 6  6 ,  

1 4  lm D i ssol ved 0 . 76 
Parti cul ate 0 . 66 2 1 5  3 3 .  

Sm Di ssol ved 1 .  63 
Part i cul ate 3. 72 317  9 .  

1 5  lm D i sso l ved 1 . 10 
Parti cu l ate 1 .  31 346 26. 

Sm Di ssol ved 1 , 36 
Part i c u l ate 1 .  52 261 1 7 ,  

2 7  lm D i sso l ved 1 .  50 
Parti cu l ate 0 . 1 7  159  94 .  

Sm Di ssol ved 0 . 57 
Parti cu l ate 0 , 34 1 7 3  5 1 . 

32 lm D i ssol ved ----
Part i cul ate 1 . 29 152 1 2 .  

Sm D i ssol ved 1 . 1 3 
Part i cu l ate 0 . 63 177 2S. 

Fe Mn 
J ngfil 1'l9LU 
sooo 4 <2000 
4 . 9xl0  1366 

sooo 4 <2000 
30x l0 942 

1200 5 2000 
1 .  3xl0 366S 

Zn  
1'l9LU 

< 1000 
1867 

3000 
184 

1000 
503 

12000 5 <2000 
4 

< 1000 
6 . lxlO  2 . lxlO  1S31  

<4000 
4 

< 2000 
7 , 9xl0  2123  

<4000 5 <2000 
l . 6x l 0  54S5 

<4000 4 <2000 
2 . 0xlO  442 

<4000 5 <2000 
1 .  6xl0 45S7 

<4000 4 <2000 
4 . 9x l 0  1 4 1 3  

<4000 
4 

<2000 
6, lxlO  1821  

5000 <2000 
4144 1 3 1  

1 3000 4 <2000 
l . l x l O  352 

14000 4 <2000 
4 , 7xl0 1464 

<4000 
4 

<2000 
7 . 2xl0 3 163 

3000 
947 

< 1 000 
606 

< 1 000 
900 

< 1 000 
6S5 

< 1000 
252 

< 1000 
331  

2 1 00 
<5  

5000 
355 

3000 
3197  

< 1000 
972 

Pb N i  
1'l9LU 1'l9LU 
9000 - - - -

s o  1 1 2  

2000 - - - -
< 7  62 

2000 - - - -
73 159  

<2000 - - - -
354 953 

<2000 - - - -
9S l lS 

<2000 - - - -
100 19S 

<2000 - - - -
3 7  6 3  

<2000 - - - -
104 2 1 1  

<2000 - - - -
36 S4 

<2000 - - - -
5 5  1 5S 

6000 - - - -
<7  <53  

<2000 - - - -
<S <65 

<2000 -- - -
74 92  

<2000 -- - -
7 1  122 

Cu Cd irl9Lll .ill9Lll 
3000 <300 

S4 < . 3  

7000 <300 
47 < . 3  

<3000 <300 
63 3 

< 3000 <300 
327 14 

< 3000 <300 
70 5 

<3000 <300 
100 s 

<3000 < 300 
43 s 

<3000 <300 
95 s 

<3000 <300 
5 1  7 

< 3000 700 
56 6 

<3000 <300 
<3  < . 2  

<3000 <300 
22 < . 3  

< 3000 <300 
139 10  

<3000 <300 
75 1 
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Control 

M i s s i s s i pp i  
Depth 
Suspended 

Tab l e 3 . 3- 5 .  Heavy Metal Con tents o f  Sus pended Parti c u l a te - West Hackberry D i sposa l  
S i te and  West Hackberry Contro l  Si te .  See F i gures 3 . 2- 1  through 3 . 2 - 5  
for  s tat i on  l ocati ons . 

Station De�th (ml E=P�rt!cul�te Eili£.r'll � � !'!ili£!l!l �� � � � 
7 lm P-WAS

+ 
2001 7S3 1303 3 1 . 6  <41 . 9 2 1 .  9 3 . 4  <2 . 1  

P-Total 36700 1 027 1404 60 . 4  S4 . 3  6 3 . 0  < . 2  <2 1 . 0  

P-% Leach 5 . 5  76 , 2  92 . S  52 . 3  < 49 . 7  34 . S  

Sm P-WAS 2371  922 166 19 . 0  <6 1 . 4  39 . 4  3 . S  < 3 . 1 

P-Total 37400 1 163 227 < 9 . 0  7 6 . 9  5 7  . 6  < . 3  <30 . 7  

P-% Leach 6 . 3  79 . 3  73 . 1  - - - <79 . S  6S . 4  

s lm P-WAS 2524 S22 69 . 4  S . 6  <S . 3  2 . 3  0 . 5  < 0 . 4  

P-Total 42600 1291 167 24 . 4  52 . 9  20 . S  1 . 0  S2 . 4  

P-% Leach 5 . 9  63.  7 41 . 6 3 5 .  2 < 1 5 . 7  1 1 .  l 50 . 0  < 0 . 5  

8m P-WAS 2453 965 45. 5 5 . S  2 . 4  3 . 0  0 . 6  . 1 

P-Total 44300 1549 133 25 . 7  69. 2 2 3 . S  1 . 0  6 . 0  

P - % Leach 5 . 5  62 . 3  34 . 2  2 2 . 6  3 . 5  1 2 .  6 60 . 0  1 .  7 

10 lm P-WAS 2245 7 1 7  359 14 . 5  < 1 4 . 9  1 0 . 4  2 . 2  < . S  

P-Total 3SOOO 1016 453 4 6 . 3  56. 7 3 3 .  7 2 . 5  S3 . 8  

P-% Leach 5 . 9  70 . 6  79. 2 3 1 .  3 <26 . 3  30 . 9  ss . o  < 1 . 0  

8m P-WAS 1979 1036 S5 . 0  10 . 4  < 1 0 . 5  6 . 6  1 .  9 < 0 . 5  

P-Total 42600 1 5 1 1  167 2 7 . 6  54 . 7  2 7 .  4 2 .  1 73.  2 

P-% Leach 6S . 6  50 . 9  37 . 7 < 1 9 . 2  24 . l 90 . 5  <0 . 7  

1 4  lm P-WAS 1932 494 124S 2 6 . 0  <64 . 0  34 . 9  6 . 9  < 3 .  2 

P-Total 29900 670 1 363 5 6 . 0  94 . 7  65. 4 1 2 . 0  <32 . 

P-% Leach 4 . 7  7 3 .  7 91 . 6  4 6 . 4  <67 . 6  53 . 4  5 7 .  5 < 1 0 .  

Sm P-WAS 1995 734 93. 2 9 . 4  < 1 2 . 9  3 . 5  1 . 6  <0. 7 

P-Total 43300 1232 1S4 2S . O  56 . S  2 5 .  6 2 . 0  6 . 7  

P-% Leach 4 . 6  59 . 5  5 0 .  7 33.  6 <27 . 7  1 3 .  7 so. o  < 1 0 . 5  

1 5  lm P-WAS 2004 S06 1 1 6  1 2 . 5  <25 . 5  1 2 . 7 4 . S  < 1 .  3 

P-Total 37500 1079 192 27 . 4  6 3 . S  3S . 6  5 . 4  S9 . S  

P-% Leach 5 . 3  7 4 . 7  60 . 4  45 . 6  <40 . 0  3 2 .  9 SS . 9  < 1 .  5 

8m P-WAS 2029 S67 129 1 2 .  9 < 1 9 . 4  7 . 3  2 . 7  < 1 . 0  

P-Total 40100 l BS 2 1 S  36. 5 104 37 . 0  4 . 1  1 1 2  

P-% Leach 5 . 1 72 . 4  59. 2 35 . 3  < l S . 7  1 9 .  7 65 . 9  < 0 . 9  

27  lm P-WAS 30S6 696 592 2S . 3  <275 69 . 2 1  <6 . 9  d 3 . 7  

P-Total 24200 7 7 1  <2 7 . 5  <40 . 3  < 3 1 3  < 1 7 . 7  < 1 . 4  1 37 

P-% Leach 1 2 . S  90 . 3  - - - - -- - - - -- - - -- < 10 . 0  

Sm P-WAS 2964 S70 994 33 . 7  167 4S . S  26 . 6  <S . 5  

P-Total 3 1 700 1035 1045 < 2 4 . S  < 192 65 . 2  <O . S  S4 . 5  

P-% Leach 9 . 4  S4 . 1  95. l --- -- - 7 4 . S  - - - < 10.  l 

32 lm P-WAS 2340 919 2321 3S. 5 <3S . 3  7 3 . 1 7 . s  < 1 .  9 

P-Tota l 36100 1 1 35 247S 57 . 0  7 1 .  2 lOS . O  s . o  lOS 

P-% Leach 6 . 5  Sl . O  9 3 .  7 67 . 5  <53 . S  67 . 7 97 . 5  < 1 . S  

8m P-WAS 7042 3561 1 304 4S . 7  <75 . 4  3 2 .  7 S . 5  < 4 . 0  

P-Total 1 1 4800 5021 1 543 1 1 2 . S  193 1 19 . 6  14 . 5  1 7 3  

P-%  Leach 6 . 1  7 0 . 9 S4 . 5  4 3 .  2 <39 . 1  27 . 3  5S . 6  < 2 . 3  

46400 1 2 30 244 5S 56 56 51 

Part i cu late-Tota l 
( Trefry ,  1 97 7 )  
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Tab l e  3 . 3- 6 .  Compari s on of Heavy Meta l Concentrati ons  i n  Leached ( l.!'!_ HN03 ) Sedi ments , 
Pore Water and Overly i ng Water West Hac kberry D i sposa l  S i te and West 
Hac kberry Control  S i te .  See F i g ures  3 . 2- 1  th roug h  3 . 2 - 5  for sampl i ng 
l ocat ions . 

% F i nes 
Sta t i on ( <62µm ) %CaCOs %TOC Fe ( ppm ) Mn ( ppm ) Zn ( ppm ) Pb ( ppm ) Cu ( ppm ) Cd ( ppm ) 

--

West Hackberry 
10 sed i ment 8 1 . 0  6 . 8  . 54 3874 301 . 3 20 . 1 7 1 4 . 61 6 . 48 0 . 07 

pore H20 < . 004 . 0004 . 004 < . 002 < . 003 0 . 0048 
near-bottom H20 < . 004 < . 002 . 003 < . 002 < . 003 < . 0003 

14 sed i ment 66 . 5  2 . 7  . 57 3885 301 . 5 2 0 . 5 1  1 3 . 29 7 . 26 0 . 06 
pore H20 < . 004 . 0019 . 004 < . 002 < . 003 0 . 0030 
near-bot tom H20 < . 004 < . 002 < . 001 < . 002 < . 003 < . 00030 

15 Sediment 86 . 8  3 . 7  . 7 2 4543 401 . 9  2 3 . 88 1 7 . 14 8 . 82 0 . 08 
pore H20 < . 004 . 0002 . 004 . 002 < . 003 0 . 0029 
nea r- bottom H20 < . 004 < . 002 < . 001  < . 002 < . 003 . 0007 

West Hackberry 
27 sed i ment 43 . 6  4 . 2  . 39 3624 264 . 2  1 9 . 57 1 1 . 1 6 4 . 49 0 . 05 

pore H20 < . 004 . 0003 . 004 . 003 < . 003 0 . 0038 
near-bottom H20 . 01 3  < . 002 . 005 < . 002 < . 003 < . 0003 

29 sed iment 52 . 3  3 . 3  . 38 3465 2 76 . 9  1 8 . 7 6  1 1 . 54 4 . 48 0 . 05 
pore H2o < . 004 . 0003 . 004 < . 002 < . 003 0 . 0029 
near-bottom H20 

32 sed i ment 3 6 . 1 2 . 4  . 3 1  3304 237 . 9  20 . 44 9 . 82 3 . 35 0 . 05 
pore H20 <'. 004 . 0001 . 003 < . 002 < . 003 0 . 0035 
near- bottom H20 < . 004 < . 002 < . 001 < . 002 < . 003 < . 0003 



Trace metal concentrati ons  on a dry we i g ht ti s s ue oas i s are tab ul ated 
i n  Tab l e  3 . 3 - 7  for the West Hac kberry d i s po sa l  s i te and c o ntrol s i te 
sampl es . Exam i nati on  of the data rev eal sev eral ex pe c ted trend s .  
Fi rst , the zoo pl an kton and squ i d  s ampl es  are s i g n i f i cantl y  h i gner i n  
a l l metal s ( except Cu } than the fi sh and shr imp  sampl e s . I n  part 
th i s  i s  due to the conce ntrati ng  ab i l i ty of these pr imary con s l.ITiers  
and  al so tne i r ex tremel y h i g h  surface are a/m ass  rati o s  re l ati v e  w 
macro fauna . Howev er , th i s  e l ev ati on  i s  al so  an arti fact o f  s ampl i ng 
caused by sel f- fi l teri ng by the p l an kton ov er the 202 - µm mesh net , 
remov i ng terr i g eno u s  c l ay parti c ul ates from sea  water , a s  we l l  a s  
tnem se l v es .  T n i s e f fec t c a n  c o n c e i v ab l y  be  c o rrec te d  fo r oy 
normal i z i ng a l l metal s to Al , but as  has been fo und i n  tne pas t , thi s 
approa c h  has not been enti re l y  sati s fy i ng ,  wi tn rel ati v el y  l arg e and 
unacco untab l e  v ari ab i l i ty h i nderi ng d i stri buti ona l  ( tempora l a n d  
spati al } i nterpretati on ( S i m s , 1 9 7 � } .  Hi g h  metal s l ev el s i n  the 
squ i d  s amp l es may be rel ated to the fac t  tha t  the who l e  organ i sm wa s 
u sed . 

Add i ti onal l y ,  the wh i te shri mp sampl es  are genera l l y  the most metal 
free wi tn the po s s i b l e  excepti on  be i ng Zn and  pernaps  Cu , whi c h  h av e  
been i mpl icated a s  impo rtant metabo l i tes i n  shri mp ( Bo we n , 1 %6 } .  
Tne s i g n i f i cant  e l ev ati on  i n  o n l y  the mi neral ogy-ty pe metal s ( Fe ,  Mn , 
Al , Zn } i n  the croa ker sampl es  ( especi a l l y  the one wno l e  f l esh  
s ampl e ,  10 /2 )  tends  to  poi n t  toward the  po s s i b i l i ty of  sed imen t  ( or 
su spended matter )  contri o uti on . The e l ev ated Fe i n  croa ker and  
snr imp nas  been seen  i n  s ampl e s  ana l y zed by Dr . P .  Boothe of  TAMU 
parti c i pati ng i n  the Bureau o f  Land  Ma nag ement So uth Tex as OC S  Study 
( pe r sona l  c onmun i cati o n ) . 

Compari so n o f  the org an i sm trace meta l data gatnered i n  th i s  study 
wi tn thos e  fo und i n  prev i o u s  wor k  ( Ta b l e  3 . 3 -7 ) i nd i cates qui te good  
ag reement . Howe v er the maj or vo i d i n  o ur un derstand i ng of  the 
amb i e n t  m eta l b urde n s  i n  s u c h  b i o l o g i c a l  sy s tem s h a s  be e n  t h e 
i nnerent d i ff i c ul ty o f  estab l i sh i ng l im i ts o f  natural vari ab i l i ty fo r 
s pec i es and env i rorrnents o f  i nterest .  Toward  thi s goa l , the ma i n  
wea kness  o f  the cnem i cal measurements made i n  b i o ta i n  th i s  study wa s 
the l ack  o f  s ampl e n umbers and  c ov erag e .  The e s sence o f  e stabl i sn i n g  
oasel i ne l im i ts i s  j ust that - - the estab l i s hment o f  natural l im i ts 
o f  v a r i ab i l i ty .  In  order to do th i s  a n umber o f  faunal  s ampl e s , 
adequatel y representi ng tne natu ral po pul ati o n s  o f  the s i te areas , 
must  be c o l l ected and ana l y zed . f-b peful l y ,  thi s i s  an  effort whi c h  
wo ul d be pur sued i n  any suo sequen t  sampl i ng prog ram s .  

Pred i cti on I nte rv al s a s  a Too l  for Env i ronmental Moni to ri n g  

One o f  tne pr i me ooj ecti ves  o f  env i ronmental basel i ne surv ey and  
mon i tor i ng  i s  the  ab i l i ty to  detec t l o ng term c hang e s  i n  "Lhe  ne avy 
metal contents o f  the v ari o us phases present and to re l ate them or  
not  to fu ture anthro pog en i c  i n f !  uence . Thi s obj ec t i v e  can pote n
ti al l y  oe  met by reg re s s i ng vari o us metal - to - metal re l ati o n sn i p s  ana 

U . 3-40 



Tab l e 3 . 3- 7 . Heavy Meta l Contents of Se l ected Organ i sms - West Hackberry D i s posa l  S i te and 
Wes t Hackberry Control S i te . See F i gure 3 . 2 - 1  through 3 . 2 - 5  fo r trawl 
l ocat i ons . ( Concentrat i ons on dry we i gh t  bas i s . ) 

S i te Stati on[Trawl SamQl e DescriQtion (sQe c i e s )  Fe(tiQm) � I!ilir_ll!_l_ � � MQQl!1l � � lliQ2l!1l 
Wes t  10 2 Wh i te Shrimp ( P .  seti ferus ) 7 . 0 1 1 . 62 57 . 52 < 0 . 007 0 . 05 7  24 . 1 8 0 . 02 3  <0 . 006 6 . 5 1 
Hack- f l es h  
berry 

10 2 Croaker ( fi s h )  (M.  undu l atus ) 1 46 . 5 43 . 36 52 . 22 1 6 . 28 0 . 1 78 3 . 84 0 . 03 1  0 . 1 1 9  1 3 8 .  
fl esh 

10 2 Zoopl an kton (mo s t l y  copepods , 606 . 9  3 7 . 86 1 1 8 . 8  0 . 324 3 . 24 1 6 . 69 2 . 2 7 o .  564 745 . 
some chaetognaths and l arval  
f i sh ) , who l e  

14- 1 5  3 Wh i te Shrimp ( P .  s e t i ferus ) ,  9 . 3  2 . 23 54 . 4  0 . 04 1  0 . 034 1 3 .  77 0 . 049 < 0 . 005 3. 7 1  
f l es h  

1 4 - 1 5  3 Croa ker ( M .  undu l atus ) 1 9 . 68 1 .  73 22 . 2 7 0 . 2 1 5  0 . 03 7  2 . 03 0 . 020 0 . 008 3 . 86 
fi l e t  

1 4 - 1 5  3 Squ i d  ( L .  brevi  s ) ,  5 7 4 . 1 35 . 32 7 1 . 14 0 . 1 4 1  0 . 384 38 . 98 0 . 022 0 . 489 6 7 6 .  
who l e  

1 6  Zoop l a n kton (mo s t l y  copepods , 609 . 4  3 5 .  7 7  56 . 72 0 . 967 1 . 2 1 1 3 . 52 1 .  5 5  0 . 936 901 . 
s ome c haetognaths and l arval 

c f i sh ) ,  who l e  
w 1 7- 1 8  1 Wh i te Shrimp ( P .  set i feru s )  9 . 6 3 3 . 05 35 . 23 0 . 0 1 1  0 . 085 26 . 66 0 . 052 <0 . 005 2 . 32 I ..,. f l es h  

� 

1 7- 18 1 Croaker ( M .  undul atus ) ,  1 8 . 37 7 . 07 2 1 . 89 <0. 006 <0 . 02 9  1 . 46 0 . 0 1 1  0 . 005 1 0 . 2  
f i  l et 

1 9  Zoopl an kton (most l y  copepods ,  857 . 3  38 . 3 3 1 08 . 9  0 . 906 3. 30 1 3 . 25 0 . 052 1 . 02 828 . 
some chaetognaths and l a rva l 
f i sh ) ,  who l e  

Wes t  29-30 8 Squ i d  ( L .  brev i s ) ,  who l e  3 1 9 . 3  1 3 . 68 78 . 09 0 . 158 0 . 1 37 2 1 .  30 0 . 0 1 2  0 . 234 1 0 7 .  
Hac k-

2 9 - 30 8 Zoop l a n kton (mo s t l y  copepods , 95 1 4 .  247 . 6  548 . 7  32 . 20 1 1 . 00 30 . 09 6 . 39 1 5 . 81 3 , 7 1 6 . berry some chaetognaths and l a rval  Control f i sh ) ,  who l e  

NW Gu l f  o f  Mex i c o  Zoopl a n kton #l  
( S i ms ,  1 97 5 ) 799 1 2 . 6  1 55 1 5 . 3  2 . 0  7 4 . 0  2 . 4  - 1 , 252 

#2 288 9 . 8  58 4 . 3  l .  9 6 . 3  l .  3 - 283 

NW Gu l f  of Mex i co Mac rob i ota 
( Soothe and Pres l ey .  1 9  77 ) 

Shrimp 4 - 63 . 08 . 2 1  . 24 . 09 

Kea Snapper ( fl es h )  5 . 4  - 1 2 .  . 03 . 06 . 80 . 03 

W i nchman ( fl es h )  3 . 8  8 . 2  . 04 . 08 l .  3 . 02 



constr uc ti n g  9S'ili pred i c ti on  i nte rv al s aro und the reg res si on  l i nes . 
I f  suc h pred i c ti on i nterv al s can be estao l i shed wi th adequa te data 
sets , tnen  the i r u ti l i ty i s  to c ompare future data wi th the e x
pec tati on  that :::1 5%  of sub seque ntl y col l ec ted sampl es s ho ul d fal l 
wi th i n the establ i shed i nterv a l s un l es s  s i g n i f i cant  perturoati o n s  
have occ urred ( Ne ter and Wa ss erman , 1 9 7 4 ) .  

Representat ive  natural  pop ul ati o n s  o f  sed ime n t  or  b i ota from a g i ven  
area tend to mai ntai n fai r l y  di sti ncti v e  metal rati o s  i n  con stant 
proporti ons  un l ess acted upon by el emen t- al teri ng  effects whi c h  h av e  
not been pres ent be fo re . Al and Fe , spec i f i ca l l y ,  hav e  been used to 
no nnal i ze other meta l s for s uc h  predi ct i on  p ur po ses . Both meta l s a re 
fo una i n  s i g n i f i cantl y hi g her concentrati ons  i n  ootn sea iment and 
o i o l og i ca l  ti s s ue than are the c h emi cal l y - s im i l ar otner trace he avy 
metal s .  At suc h h i g h  l ev el s i t  wi l 1 oe d i ff i c ul t fo r a system ' s 
( s e d i m e n t o r  b i o t a )  Fe o r  Al c o n te n t  to be  a l te re d oy a ny 
anthro pogen i c  effect  wh i c h  may contri o ute s i g n i f i cantl y to other 
m e t a l s .  The r e fo r e , a pre d i c t i o n  i n terv a l  c o n s tr uc t e d  f r om a 
representati v e  metal v s  Fe pl ot can potenti a l l y  be a sen s i ti v e  too l  
f o r  tes ti ng fu ture basel i ne and moni tori ng  d a t a  ( Trefry , 1 9 7 7 ) . 

F i g ure .. L J-1 1 s ho ws Al pl otted ag ai nst  Fe fo r the 1 � HNu 3 - 1 eac hed 
sed iments anal y zed fr001 west Hac kberry , i ts control s i te and the Bi g 
H i l I s i te .  Sev eral th i ng s  are impo rtant .  F i rst , the re l ati onsn i p  
between Al and Fe for the ld  s ampl es  from the we st Hac kberry area i s  
h i g hl y  s i g n i f i cant , ev en tho ug h v i sual  i nspecti on o f  the aata ( Tab l e  
3 . 3 -1 ) i nd i cates that west  Hac kberry Con tro l s i te i s  characteri zed by 
l owe r metal contents than the actua l d i spo sal s i te to the we st . How
ev er , the Al / Fe regress i o n  s hows that both s i tes are of s im i l ar 
materi al re l ati v e  to po l l utant al tera ti on . Ano ther i nteresti ng ob
serv ati on i s  that the 13 i g  H i l l  sed iments ( see Tao l e  J . J - l ti ,  Secti o n  
J . 3 . 3-1 ) are appa ren tl y of  a di fferent po pu l ati on  re l ati v e  to i nte r
metal rel ati onsh i p s . The i r l ocati on on the Al v s  Fe pl ot  i nd i cates 
that 1 ess  Al compr i ses the sys tern per amoun t o f  Fe than does i n  the 
west Hac kberry sed iments . 

F i g ure J . 3- 1 2  ( Cr v s  Fe ) shows that fo r Cr al l stati ons ( We s t  
Hac kberry and 8 i g  Hi l l )  a r e  h i g hl y  correl atao l e ,  wi th o n l y  o n e  
s ta t i o n  a t  B i g H i l l  ( 3 7 ) a p p a r a n t l y n o t  wi t h i n t h e  po p u l a t i o n  
represented . One conc l us i on  to draw from th i s i s  that  the B i g  H i l l  
sed i ments , deri v ed from the Sab i ne Ri v er ,  are somewh at enri c hed i n  
metal s rel ati v e  to Fe based on  the Al to Fe rati o s . Ev en tho ug h th e 
Cr to Fe re I ati on sh i p  seem s to be the same at B i g Hi 1 1  as we st  
Hac kberry , the Al to Fe po pu l a ti on  i s  d i ffe rent , i n ferri ng a d i ffer
ent  po pu l ati on .  The  ob serv ati on that  Cr to Fe  i s  not  al so d i ffe rent  
s ugg ests  an enri c hnent i n  Cr . 

U . 3 - 42 
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On the otner hand , the data may on l y  be i nd i cati ng that some s-1 i g ht 
so urce materi al  d i fferences  ex i st between west  Hac Kberry and B i g 
H i l l , and the smal l number of  sampl es  fo rm Bi g Hi 1 1  does not ade
quente l y  represent tne d i stri o u ti on  o f  metal s i n  sed ime nts po pu l ati ng  
tnat area . The add i ti on of  more data wi l l  streng hten our aD i l i ty to 
i nter pret these pred i c ti on regre s s i ons . 

TaD l e  J . 3-8 l i sts  the reg ress i on l i ne equa ti on s and co rrespond i ng 
correl a ti on coeff i c i ents for the otner  meta l s measure d  i n  thi s study 
re l ati v e  to Fe . Tn i s  same k i nd o f  treatm ent can  be app l i ed to 
b i o l og i ca l  t i s sue metal contents  ( Gordo n  e t � .  1 978 ) , espec i a l ly  i f  
a s i ng l e s p e c i e s  from a som ewh a t  l i m i te d  g eo g rap h i c a l  a r e a  i s  
cons i dered . To date i n  th i s study , however , i nsuffi c i ent  data 
meeti ng these cri teri a ex i st fo r any pa rti c ul ar spec i e s . At the end  
of  one yea r ' s sea soned s ampl i ng ,  we  sho ul d  De aD l e  to  ap p ly  tn i s 
tec hn i que . 

J . J . 1 . 2 H i gh Mol ecu l ar We i ght Hydrocarbon s  

Sed iments 

Al tho ug h h i g h  mol ec ul ar we i g ht hydroca rbon s  ( rlMw rlC s )  as  a g eneral 
cl  ass o f  c ompo und s  exh i D i  t marked  nydrop hobi  c tendenci es , they do 
h a v e f i n i te s o l uo i l i t i e s i n  s a l i n e s o l u t i o n s . Th i s  f a c t  h a s  
important  impl i cati o n s  to the ov era l l Strateg i c  Petro l e um  Reserv e 
( S PR )  and sal t dom e bri ne d i spo sal prog ram , parti c ul ar l y  dur i ng the 
po s t- dev e l o iJllent  peri od , and  l i ke l y  wi l l  res ul t i n  an i n put  o f  
petro l eum hydroca rbons  to the v i c i n i ty o f  tne Dri ne di spo sal s i te s . 
The m aj or so urce o f  thi s i nput  w i l l  pre s Lmaoly  be v i a  br i n e  sol uti o n s  
wh i c h  wi l l  nav e Deen i n  d i rect  contac t wi th petro l eum stored i n  the 
sa l t dome reservoi rs . Thu s , as  SPR  fac i l i ti es bec ome o perati ona ·1 , 
the re l ease  o f  bri ne  so l uti ons  ( carryi ng d i s so l v ed and  po ss i D l y  
suspended o r  emul s i f i ed nydrocarDon l oa d s )  wi l l  res ul t i n  s i g n i f i ca n t  
hydrocarbon D urdens bei ng i ntroduced i nto the mari ne  env i ronment . 
After ex i ti ng from the d i ffusers , the hydrocarbon s  wi l l  De av a i l ab l e 
to i nterac t wi th and parti ti on  i nto a wi de vari ety o f  mar i ne phases - 
i .e . ,  rema i n i n  a d i s so l v e d  or  co l l o i da l  s tate , adsorb t o  aD i oti c 
suspended part i c ul ate matter and sed iments or  acc 1..1T1ul ate on  o r  i n  a 
v a ri ety o f  pel ag i c  and  benth i c  D i o ta . To ade quate l y  ev a l uate the 
u l t i m at e  i m pa c t  from t h i s i n f l ux a n d  f a c i l i tate  the s u D s e que n t  
moni tori ng  programs  wh i c h  mu s t  b e  unde rta ke n duri ng  po s t- dev el o JXllent  
pe ri od s ,  the present ( i .e . ,  " basel i ne"  or pre- dev el o pment ) l ev el s and  
d i stri D u ti o n s  of  hyarocarDon s  were dete rmi ned . Wi th th i s basel i ne 
concept i n  mi nd , sam pl e s  o f  sur fi c i al sed iments , org an i sm s ,  and water 
were col l ected and ana lyzed for thei r hydrocarbon contents . In  eac h 
type  o f  a n a l y s i s ,  b i og en i c a n d  p e t ro g en i c s o u r c e s  h a v e  b e e n  
d i fferenti ated a n d  identi fi ed wherev e r  pos s i o l e .  
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Tabl e 3 . 3-8 . Regres s i on  eq uat ions  and correl a t i o n  coeffi c i ents  ( r )  
fo r Wes t  Hac kberry me tal to Fe re l a t i ons h i ps .  N= 
number  of s tat ions . 

Me t a l /Fe Regr e s s i on Equa t i on r -

A l / Fe y . 4 3x - . OS . 9 5 1  

Mn / Fe y 1 0 1 0 x  - 9 0  . 9 2 2  

Pb /Fe y 40x - 2 . 5  . 8 9 4  

Zn/Fe y 3 1 . 4x + 8 . 3  . 9 1 9 

N i /Fe y l l x  - . 2  . 8 9 4  

C r / Fe y 7 . 8x - . 9  . 9 49 

C u / Fe y 40x - 1 0  . 9 3 4  

C d / Fe y • 1 4x - • 0 1  . 6 9 3  

U . 3-46 

N 

1 8  

1 8  

1 8  

1 8  

1 8  

1 8  

1 6  

1 8  



From Doth d so urce dete rm i nati on  and to x i co l og i cal  stanapo i nt ,  the 
actual  c ompo s i ti on o f  hydrocarbon m i x ture s ( i . e . ,  spec i f i c  c ompo unds  
presen t )  in  the  reg i on s  of  the propo sed Dri n e  di spo s a l  s i te i s  of  
c ri ti cal  importance . For  ex ampl e ,  the  v aryi ng  aqueo u s  so l ub i l i ti e s 
o t  d i t fe re n t  hy d r o c a r b o n  compo un d s  ( 1'1c Au l  i f fe , 1 % 0 ;  Su tto n  a n d  
Ca l der , 1 9 74 ; Eg anho u se and Cal der , 1 9 76 ) wi l l  mo s t  l i kel y mean tha t  
the  re l a t i v e  com po s i t i o n  o f  d i s so l v ed hy d ro c a r D o n s  e n t e r i ng  the  
mari ne  e nv i ronment from the o i  1 -water system o t  th e sal t dome storag e  
reserv oi rs  wi l 1 d i ffer from that o f  the parent petro l e um reserv es . 
I n d i v i d u a l  hydro c a r b o n  c om po u n d s  a l s o  h av e  d i f f e re n t  p hy s i c a l 
c hem i cal and tox ico l  og i cal  pro pe rti e s  that wi l l  dffec t the i r ul ti mate 
d i stri b u ti ons  i n  ana  impac t upon the rece i v i ng eco system . These 
c o n s i d e r a t i o n s  reg d r d i ng p r o pe rt i e s  of  i n d i v i d ua l  com po un d s  are 
e qual l y  appl i cab l e  for stud i es conduc ted duri ng  tne i n i ti a l pre
dev el opment ( i .e . ,  " oase l i ne " ) pe ri od of asses sillent o f  nydrocaroon 
l ev el s at  the pro po s ed b ri ne d i s po s a l  s i tes . Conse q ue n tl y ,  o u r  
stu d i es dnd anal yti c a l  prog ram we re i ntended to g i v e  qud nti r.a ti v e  
i n formati on abo u t  i nd i v i dual  HMW HC c ompo unds . 

Si nce a maj or conce rn of  th i s  prog ram wi l l  ul ti m atel y De to ev al uate 
any  a c t u a l  i n p u t  o f  s to r e d  p e tro l e um r e s e rv e s  i n t o  th e m a r i n e  
e n v i ronmen t , i d e n t i f i c a t i o n  o f  ex i s t i n g  ny d r o c a rb o n  b u r de n s  a n d  
so urces i s  requ i red . Thi s i s  i n i ti al l y  c ompl i cated nowev e r  oy the 
fac t tnat Dac kg ro und l ev el s o f  o i og en i c hydroc arbons n av e  not been 
ade quate l y  dete rm i ned i n  mo st  of the types of s ampl es  col l ected i n  
thi s s tudy .  Furthermore , the mari ne env i ronment i n  the propo sed 
d i sposal  areas i s  l arge l y  domi nated and  control l ed by t i d a l  c urrents  
and  fl o ws from l ocal  l ana run - o ff . Tnu s , o ur stud i e s had  to be  
des i g ned and underta ken i n  a manner wni c n  al l owed ev a l uati on o f  
ex i sti ng hydrocarbon o urden s from these and otner so urces  as we l l .  
Spec i f i cal l y ,  the th ree maj or so urces  o f  hydrocdrbons wh i c h  ex i st at  
tt1 i s t ime  are : 1 )  terrestri a l  run - o ff ( contri o uti on s from h i g her 
pl ants and anthro poge n i c  hydrocaroo n s ) ; Z )  mari ne  so urce s ( pl ankton 
and sed iment  i n faun a ) ; and J )  pe trog eni c hydrocaroons from fo ss i  I 
fuel expl o ra ti on and  dev e l o pnent .  These so urces are both c ompl ex , 
and , i n  the case o f  the ri v er run - off o f  anthropogen i c hydrocarbons 
and o i l producti on rel ated so urces , ov erl appi ng . To a i d i n  the 
d i t fe renti ati  on of the two petrog en i c so urce s , the contri bu ti  on of  
p l  ant wax  paraff i ns  may be used  to  assess  terrestri a l  rel ati v e  to  
petro l eum dev el o pm ent  so urce s . 

D i f f e r e n t i a t i o n  o f  b i og en i c  fr om p e t r o l e um hy a ro c a r b o n s  c a n  D e  
underta ken by con s i deri ng  t h e  s pec i f i c  c ompo s i ti on o f  hydrocarbon 
c om po n e n t s  i n  the samp l e e x tra c ts . Fo r e x am p l e ,  p et ro l e um 
hydrocarbons , i n  contrast to D i og en i c  nydrocarbons , are general l y  
c narac teri zed by : 1 )  muc h broader and more compl ex col l ec ti ons  o f  
c ompo unds ; 2 )  homol ogo u s  seri es  o f  c ompo unos  i n  wh i c h  tne se quenti a l  
membe r s  ( i .e . ,  compo und s  wi th consec uti v e  ev en a n d  odd n umbers  o f  
carbon atom s }  are o f  approx imate l y  e qual  abundance ; 3 )  a notao l e 
ab sence o f  ol ef i n i c  compo und s  ( except  fo r some ref i ned produc ts )  and 
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4 )  g re a te r r e l a t i v e  amo u n t s  o f  b o t h  c yc l o a l K a n e s  a n d  a r oma t i c 
cons ti tuents  compared to al kanes  ( Na ti onal  Academy of  Sc i ence , 1 97 5 ) .  
1- urthennore , speci f i c types  o f  c ompo unds may be  character i s ti c o f  
parti c ul ar type s o f  b i ota .  For  exampl e ,  the predom i nant natu ral 
hydroca rbo n s  repo rted to occ u r  i n  zoo pl ankto n  i nc l ude g roup s o f  C -1 9  
and C-20 i so preno i d al kanes and al kenes  ( Bl um er e t  a l . ,  1%3 ; B l umer 
et al . ,  1 964 ; Bl umer and Thomas , 1 96 5 ; Bl umer ,  196 /; Bl ume r et al . ,  
1 9691 a n d , i n  s e l ec ted s p ec i e s , t h e  p o l yu n s atu r a te d  alkene , 
henei cosaheax a n e  ( Bl ume r  e t  al . ,  1 9 70 ) . Many oth e r  mari n e  o rg an i sms 
conta i n n - al kane hydrocarbons w i th on ly  one  o r  two predom i nati ng 
wh i c h  i s  not the case for e i the r  c r ude o i l s  or refi ned  products . I n  
mari ne p hyto pl a n kton , normal al kanes wi th 15 , 1 7 ,  1 9  o r  2 1  ca rbon 
atoms are most ab undan t ( Cl ark , 1 9 6 6 ,  Bl ume r et al . ,  1 97 1 }  and  i n  
marsh gra s ses  and benth i c mac roal g ae ,  n -c21  to n-c;- o dd c ha i n l eng th 
hydroca rbo n s  predomi nate ( Cl ark , 1 97 3 ) . 

Thu s , g eneral  c ri teri a do ex i st wh i c h  al l ow m i x tu res  o f  v ari o us 
p e t ro l e um ,  a n t h ro p og en i c a n d  b i og e n i c hydro c a rb o n s  t o  b e  
d i s t i n g u i s h e d ; h o we v er ,  d e ta i l ed c hem i ca l  a n a l y s e s  a n d  s p ec i f i c  
c ompo und i denti fi cati o n s  are requi red to ap p ly  these cr i teri a a n d  
real i sti cal l y  ev al ua te the d i s t ri b uti o n s  a n d  concentrati ons  o f  thes e  
c ompo unds i n  mari ne  systems . 

Sed iments 

The hydroca rbon compo s i ti on of sed iments refl ec ts a good ti me- av erag e 
o f  the contri buti n g  so urces  i n  any g iv e n  depo s i ti ona l reg ime . The 
charac ter i zati on  o f  the mol ecul ar type s  o f  hydroca rbons  detected i n  
the sed iment enabl es  the asses sment  o f  the b i o av a i l ao i l i ty o f  tox i c  
as wel l as non - to x i c  consti tuen ts , s i nce the sed iment i s  a l ong - term 
repo s i tory for a n umber o t  contri buti n g  so urce s . 

As menti oned prev i o usl y ,  the sed iment  tex tural pro pe rti e s  between the 
d i s posa l  and control  s i tes  are marked l y  d i ffere n t  ( Tab l e 3 . 3 -2 ) . Th e 
d i spo sal s i te i s  tex tu ral l y  fi ner and shows muc h g reater v ari a ti on 
than the contro l s i te .  Th i s v a ri ab i l i ty a t  the d i s po s a l  s i te i s  
ex pressed as  a Eas t  to We st  coa r seni ng o f  g ra i n  s i ze .  Th e sed iment 
tex ture al  so appears to c oarsen wi th d i  stanc e from shore . Thes e 
trends  are not ev i dent at the control  s i te and may be gov erned Dy the 
d i s po s a l s i te ' s l ocati o n  west  o f  Ca l cas i eu Pas s . The sed iment TOC 
v a l ues fo l l ow tex tu ral trends  wi th the av erage  val ue fo r the d i spo sal 
s i te ( 0 . 63% }  exceed i ng tnat fo r the contro l s i te  ( 0 . 36% } Dy a lmo s t  a 
fac to r  o f  two . 

Total hydroca rbon concentra ti on  data as determ i ned by g as c hromato
graphy al ong wi th ce rta i n ra ti o i n fo rmati on  are l i s te d  i n  Tab l e  3 . 3 -
9 .  The average hydrocarbon concentrati on  fo r tile d i sposa l  ( 1 3 . 94 
µg/ gm} and control  ( t:i . 16 µg/gm }  are we l l c orrel ate d  wi th  the TOC 
v a l ue s fo r the two s i tes . At Doth s i te s , the reso l ved hydrocarbons  
c ompri se  on ly 12  per cent of  the hydrocarbons . Th e maj ori ty of  the 
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Tabl e 3 . 3-9 . Sed i ment hydrocarbon data for the Wes t Hac kberry d i sposa l  

Hexane Frac tion Benzene Fra c t ion 
µg/gm µg/gm n-alkanes/ 

In-House ID S t a t ion Resolved Unreso l ved Resolved Unresolved To tal Branched 

8 3 5  8 0 . 9 39 1 0 . 40 0 . 2 1 0  0 . 2 6 6  1 1 . 8 1 0 . 4 3 
8 3 3  9 0 . 950 9.  2 7 7  0 . 5 1 6  0 . 7 8 4  1 1 . 5 2 0 . 4 7 8 
8 34 9 (replica t e )  1 . 01 7  9 . 3 59 0 . 4 6 0  0 . 704 1 1 . 5 4 
8 3 1  10 0 . 7 6 7  6 . 8 1 2  0 . 4 3 1  1 . 8 7 1  9 . 8 8 0 .  7 5 4  
8 3 2  10 ( replicate) 0 . 6 6 6  8 . 784 o. 310 1 . 1 5 3  1 0 . 9 1  0 .  7 22 
841 1 2  1 .  201 1 0 . 6 5 4  0 . 349 1 . 38 7  1 3 . 59 1 .  3 7  

West 848 1 3  1 .  256 1 2 . 02 4  0 . 6 2 3  2 . 64 5  1 6 . 5 5 0 . 800 
Hackberry 8 4 7  1 4  1 .  8 5 2  1 5 . 390 o. 3 7 1  1 .  5 2 9  1 9 . 14 1 . 1 1 6  
Disposal 844 15 1 . 1 6 1  1 1 .  3 2 3  0 . 5 3 8  3 . 5 5 5  1 6 . 5 8 0 . 9 6 2  

845 1 5  ( replica t e )  1 . 61 3  1 6 . 4 48 0 . 50 9  4 . 6 8 3  2 3 . 2 5 0 . 7 9 0  
8 2 8  1 6  1 . 4 5 0  1 4 . 1 3 7  1 .  2 5 4  3 . 9 2 7  20 . 7 7  1 . 2 2 1  

c 859 1 7  0 . 984 8 . 8 2 0 . 0 88 0 . 298 10 . 1 9 1 .  250 
861 18 0 . 58 6  5 . 688 0 . 2 3 6  1 . 0 7 1  7 . 5 8 0 .  59 3 

w 8 30 19 1 . 0 0 3  8 .  3 2 9  0 . 35 5  4 .  320 14 . 00 0 . 60 2  I +:>. 8 4 2  2 2  0 .  741 6 . 6 6 5  0 . 699 3 . 6 6 6  1 1 .  7 7  1 .  3 3 3  <..O 
Mean 1 . 0 7 9  1 0 . 2 74 0 . 4 64 2 . 1 2 4  1 3 . 9 4  

852 32 0. 38 5 3 . 48 9  0 . 1 6 9  0 . 4 1 2  4 . 4 6 1 .  3 7  
Wes t 8 5 3  32 (rep l i c a t e )  1 . 041 8 . 9 30 0 . 1 61 0 . 90 2  1 1 . 0 3  0 .  7 6 7  
Hackberry 8 5 7  2 7  0 .  7 5 6  6 . 1 7 6  0 . 2 2 9  0 . 8 2 2  7 . 9 8  1 . 68 
Control 858 29 0 . 030 2 . !l 46 0 . 149 0 . 268 3 . 2 9 1 . 04 

864 31 0 . 220 2 . 1 14 0 . 2 7 4  0 . 8 38 3 . 44 0 . 54 
8 6 3  28 0 . 7 6 8  5 . 2 79 0 . 1 7 4  0 . 6 6 5  6 . 8 9 0 . 2 7 

Mean 0 . 5 3 3  4 . 806 0 . 1 9 3  0 . 6 51 6 . 1 8 3  

* Rela t iv e  dominan c e  o f  marine p olyo lef ins b etween KOVAT 2 0 2 5  and 2 1 7 0  
·1<-1, OEP = odd/ even c arbon prefe rence rat io 

and control s i tes . 

R . D . * 
OEP * *  MPO - --

2 . 9 5  0 . 2 5 0  
2 . 0 3 0 . 1 1 6  

2 . 6 9  0 . 1 49 
2 . 6 5 0 . 2 1 6  
3 . 28 0 . 1 6 7  
4 . 0 5  0 . 1 8 2  
3 . 9 2  0 . 1 41 
4 . 4 3 0 . 1 7 5  
3 . 19 
2 . 9 4 0 . 1 1 0  
4 . 9 6  0 . 194 
2 . 2 6 0 . 195 
3 . 0 0  0 . 3 5 7  
4 . 29 0 . 08 7  

Mean TOC = 0 . 6 3 %  
Mean T I C = 0 . 38% or 3 . 1 7 %  CaC0

3 

3 . 39 0 . 230 
3 . 0 6  0 . 2 5 3  
1 . 6  7 3  0 . 2 1 5  
3 . 1 6 U . 188 
1. 99 Q . 209 
2 . 2 8 0 . 530 

Mean TOC = 0 . 36% 
Mean TIC = 0 . 4 1 %  or 3 . 4 3 %  CaC0

3 



nydrocarbon content i s  compo sed o f  an un reso l v ed compl ex m i x ture 
( UCM) . Tne UCM i s  a s soci ated wi th th e contri buti o n  o f  weathere d 
petro l eum . 

Exampl es o f  two c hrom atog rap h i c  pro fi l es o f  the hex ane frac ti on from 
stati ons  lU a n d  1 9  ( d i spo s a l  s i te )  are s hown i n  F i g ures 3 . 3 - 1 3 and  
3 .  3-1 4 .  Botn sampl es are s i m i l ar i n  tne prom i nent occ urrence o f  the 
unresol v ed e nve l o p e  ( UCM)  and  the presence o f  n-a l kanes  abov e n -C'-'3 
wi th strong odd caroon prefe rence . As menti oned prev i o usl y ,  the UCM 
i s  attri buted to petrol e um der i v e d  so urces . Th e n-a l kanes wi th  
strong odd- carbon pre ference are as soc i a ted wi th the contri b uti on o f  
h i gher  pl ants . The mari ne  c ompone n t  i s  expressed  i n  t h e  pea k s  
e l uti ng between n-C 2u and n-C a . Ol ef i ns  e l uti ng wi th i n  thi s boi l i ng 
po i nt range nav e  been detectea i n  sed iments from So uthern Ca 1 i forn i  a 
( Kap l an e t  al . ,  1 976 ) ,  the Gu l f o f  Mex ico  ( Gear i ng et a l . ,  1 976 ) and 
the eastern-coast of the Uni ted State s ( Ri ngton and lr i pp ,  1 9 7 7 ) . 
The re l ati v e  contri o uti on o f  tn i s  mari ne compo nent i s  l i s ted i n  Tao l e  
3 . 3 -9 a s  R D ,  1V1 PO ( i . e . ,  rel a t i v e  domi nance o f  mari ne  po l yo l efi n s ) . 
Tne mari ne compo nent fo r s tati on ltJ i s  abo ut a per  cent o f  the 
reso l v ea peak s ,  whereas fo r stati on 19 i t  c ompri ses  a l mo s t  3 6  per 
cent . No t on l y  i s  tne rel  ati v �  mag n i tude o f  the mari ne compo nent 
g rea ter at  stati on 1 9 ,  but  i ts c ompo s i ti o n  i s  marked l y  d i ffere n t .  I n  
botn sampl es , the maj or or  base peak  el utes a t  KO VAT 207 7 and tne 
pea k at  KLJ VAT 2 1UJ c ompri ses  abou t  thi rty ( 30 )  per cen t  o f  th e base  
pea k .  Ho we v er ,  the prom i nent pea ks wi th KO VAT i nd i ce s  of  2U2 7 , 2U45 ,  
an d 21 26 are not present  a t  s tat i on l U . 

At tne d i sposa l  s i te the mari ne  component i s  qui te v ari ab l e  and 
l i ke ly retl  ects  the var i ati o n  i n  the s ed iment  tex tura l pro perti es  as  
we l I as the i n f l uence o f  Ca l cas i e u  PJ.s s . 

For the d i sposa l  s i te ,  the oase  pea k i n  the ma ri n e  compon�n t var i e s  
sub stanti a l l y  between stati ons . T h e  compo un d el uti ng at KO VAT 2 100 
i s  tne mo st  promi nent at  stati o n s  1 2 ,  1 5 ,  an d 1 7  wi th a c ompo und a t  
2U81 s ho wi ng secondary ao undance . At stati on s 9 ,  lU , 13 , 1 4 ,  and 1 8  
the trend i s  rev ersed wi th the pea k at  2081 oecomi ng  the promi ne n t  
o l ef i n .  At stat i on 9 ,  a peak  at 2045 exceed s 2 l uu i n  concentrati on . 
At stati ons  7 ,  1 9 ,  a n d  16 the promi nent o l efi n e l utes at  KO VAT 207 7 .  
Tne secondary pea k  at stati on lo el utes at 2100 wnereas that fo r 
stat i o n s  7 and  1 9  e l u te at  2U2 7 .  The wester n-mo s t  stati o n  ( 22 ) 
contai ns  2U45 as i ts dom i nant ol ef i n  wi th tne secondary ab undance o f  
2 1 U U .  

S im i l arl y ,  the oen zene  frac ti ons  fo r tne d i s po sal s i te refl ec t the 
s ame degree o f  var i ati o n  i n  the mi nor c omponents . Howev er , the maj o r  
com po nents  i n  al l sampl es  el utes at KO VAT 209 U .  The c hrom atog rap h i c 
pro f i l e  for the ben zene frac ti on  o f  stati on 10 i s  s ho wn i n  F i g ure 3 . J 
b .  As wi th the nex ane frac ti ons , the profi l e  i s  dom i nated oy the 
UCM . The pea K s  at KI  'd 7 LJ  and 2 550 are suspected l aboratory 
contam i nants ( ai oc tyl ad ipate and d ioctyl phtha l ate , respec ti v e l y ) . 
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F i g u re 3 . 3- 1 3 .  Gas ch romatograph i c  trace of the hexane fracti on o f  s u rfi c i a l  sedi ment 
at stat i o n  1 0 ,  West Hackberry D i s posa l . 
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F i g ure 3 . 3- 1 4- Gas chromatograph i c  trace of  the hexane fract i o n  of  s urfi c i a l s ed i ment at 
s tati on  1 9 ,  West Hackberry D i s posa l . 
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F i gure 3 . 3- 1 5 .  Gas chromatograp h i c trace o f  the benzene fracti on  of  s urfi c i a l  sed iment  from 
s tati o n  1 0 ,  West  Hackberry D i sposal . 



f i gures 3 . 3 - 16 a n d  3 . 3 -1 7  i l  t u strate the c hromatographi c pro f i l e s  for 
tne hex ane and ben zene frac ti ons  o f  We s t  Hac kberry Co ntrol at stati on  
2 9 .  The p ro f i l es are s im i l a r t o  tho s e  for stati on  10 excep t fo r th e 
g reater rel ati v e  ab undance o f  the mari ne  compo nent at stati on  2 9 .  
The benzene fracti on  o f  s tat i on 2 9  d i ffers from stat i on l U  wi th th e 
prom i nent  occ urrence of  a tri terpane el uti ng at 3186 .  The prev al ent 
o l efi ns  i n  the h ex ane frac t i o n s  for the c ontro l s i te are 2081 an d 
21UU w i th ) cornpr i se s  !::>3% of  the reso l ved hydroca rbons i n  the hex ane 
fracti ons . 

The vari ab i l i ty i n  the mari ne component fo r the control  s i te i s  not 
as  great as ob served  for the d i s posa l  s i te al tho ugh i ts rel a t i v e  
dom i nance i s  g reater . The l arg er re l ati v e  ab undance o f  the mari ne 
c omponent for the co ntro l s i te ( 27% vs . 17% for th e d i s posa l  s i te )  i s  
attri b uted to i ts coa rser tex tu re ( i .e .  l e s s e r  contri b ut i o n  o f  pl ant 
detri tu s ) . The l esser  abundance o f  pl ant  waxe s  i s  re fl ecte d  i n  the 
l owe r  OE P ( odd/ ev en carbon preference ) val ue s fo r the contro l  s i te .  

Seawate r 

Al tho ug h HMW HC s  are c haracter i zed by very l ow a queous  so l ub i l i ti es 
( rvJc Aul i ffe , 1 96 6 ;  Sutton and Ca l de r ,  1 97 4 ; Eg anhouse  and Ca l der , 
1 9 /6 ) ,  prev i o us mon i to ri ng efforts i n  mari ne aquati c env i ronments 
hav e s hown that  a s i g n i fi cant , and fre q uent ly  maj or ,  porti o n  o f  the 
hydrocarbon s i n  the water col um n  are conta i ned i n  the " pa rti c ul ate
fre e"  fracti o n  o f  seawate r ( Levy , 1 97 1 ; Lso l nay , 1 97 2 ; Marty and  
Sa l i o t , 197 6 ;  Pa rke r e t  a l . ,  1 97 6 ; Payne et  a l . ,  l977 a ;  Ca l der , 
1 9 7 1 ) .  Th i s  rel ati v e  abundance may be somewhat  mi sl eadi ng , howev e r , 
and i s  most l i ke l y  uue to the typ i cal l y  l ow natural l ev el s o f  
s uspended parti c ul ate ma tter . I f  present  i n  h i g h  eno ug h conce ntra
t i o n s , as  i n  the  depo s i t i o n a l  reg i o n s  o f  the  M i s s i s s i p p i  a n d  
Atc hafal aya R iv ers , parti c ul ate matte r c o ul d pres umab l y  ac t a s  a n  
e t t i c i e n t  sc a v en g e r  ( i . e . ,  a d so r b e r )  o f  hyd ro pho b i c  HM W HC s  a n d  
accentuate the importance o t  the parti c ul ate processes . Thus , i t  i s  
a s i g ni f i cant  sho rtc om i ng o f  tni s study , that hydrocarbon l ev el s were 
not detenn i ned i n  suspended parti c ul ate matte r s ampl es . 

The fac t that s i g n i f i cant  quanti ti e s  o f  HMW HCs ex i st i n  a parti c ul ate
free { i .e . , "d i s sol v ed " )  state has importa n t  impl i cati ons  to both 
th ree - d i m en s i o n a l  t ra n s p o rt p r oc e s s e s  a n d  i n te ra c t i o n s  w i th  
b i ol og i ca l  sy stems . For cons i derati ons  of  spati a l  d i stri buti ons , 
hydroca rbons  wh i c h  are not i ncorpo rated i nto o r  o nto v erti ca l l y  
s i n k i ng  parti c ul ate matter sho ul d have l o nge r  res i dence t ime s i n  
water co l umns and con seque ntl y be subj ec t to a more ex ten s i v e  areal 
d i s sem i nati o n  under the i n f l uence of wate r mas s  mov ements . From a 
b i ol og ica l  standpo i nt ,  a n umbe r o f  stud i e s  i nv esti g ati ng the up take 
o f  tox i c  hydrocarbon s  by ma ri ne b i ota hav e  note d a g eneral l y  h i g h  
deg ree o f  correl ati on between res i d ue concentra ti ons  i n  s eawate r  and 
tho se i n  the exposed  mari ne b i ota ( Lee  e t  al . ,  l 9 7 2a and b ;  Lee , 
1 9/ t> ;  Nett and Anderson , 197!:> ; Corner e t  a l :: l 976a  and b ;  Sanborn 
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F i gure 3 . 3- 1 6 .  Gas chromatograph i c  trace of the hexane  fract i on of s urfi c i a l  s ed i ment at  
stat i o n  29 , West  Hac kberry Contro l . 
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F i gure 3 . 3-1 7 .  Ga s chromatograph i c  trace of the benzene fract i on of s urfi c i a l  sediment at 
stat i o n  2 9  West  Hac kberry Contro l . 
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and Mal i n s , i<j/ / ) .  Tn i s l d tter corre l ati on appears  to resu l t from 
di rect exc t1anges o t  the c ompo uncts between the aqueous  med i um and the 
b i  Otd . 

L i tera t u re  val ues o f  tota l nydrocaroon concentrati ons  i n  the uu l f o f  
Mex i co range from u . l ,ug/ l to o v e r  !:> U  ,ug/ l , ( Parker et  {!__. ,  l � li:> ; 
Cal cter , 1 9/7 ) ,  nowev er , they were not obta i ned i n  the area o f  the 
proposed br i ne di sposa l  s i te s .  

Total nyarocaroon concentrati ons  a s  determi ned by g a s  c hromaw g raphy 
are l ow ,  rang i ng trom lUU n g/ l  at the control s i te to j u st  ove r  J 
,ug/ l a t  the  d i s p o sa l  s i te .  Ta b l e 3 . J - l U  l i s t s  the  g a s  
c n romatographi  c data for the s urface and deep s ampl e s  from the two 
si tes . Ttle average  concentra ti on for the cti sposal  s i te i s  aoout :iuu 
ng/ l but  dro p s  to one-hal f that v a l ue when the oottom s ampl e at  
s ta t i o n  l !:>  i s  remov ed . T h e  c o n tro l s i te s h ows  a n  av era g e  
concentrati on  o t  abo u t  7 50 ng/l . Thi s va l ue i s  l arge l y  control l ed oy 
a surface sampl e ( stati on  J2 ) conta i n i ng a l arg e UCM i n  the hex ane 
fracti on .  

F i g ures J . J-18  and 3 . J- l <j  i l l ustrate the chromatog raphi c pro fi l es for 
tt1e nexane fracti on o f  the surface and oottom s ampl e s  o t  stati on 1 5  
a t  t11e d i sposal  s i te .  l:)oth sampl es  are compo si ti onal l y  s i m i l ar i n  
contai n i ng a moderate UCM and a homol ogo u s  seri e s  o f  n-a l Kanes wi th 
strong octd caroon preference of n-C - and n-C • uther notao l e 
resol v ed peaks  occ ur at KO VATS 1 7 1 7 ,  MJ 2 ,  a n ct  2 }J1 ,  and , a l ong wi th 
�-c 1 � !  are more ab undant i n  the surf�ce sa�pl e : The oen zene frac ti o �  
f o r  the near- oottom water s amp l e  ( Fi gure 3 . J -ZU ) shows a c l u s ter o f  
o l  e f i  ns  near n-C,  U w i  t n  KO VAT 2UJ iJ oe i n g  tne dom i nant compo und . Oue 
to probab l e  ov er�ap ot the hexane LC fracti on , the prof i l e  al so shows 
an apparent ser i es  o f  n-al kanes from n-C to n-c25 and ab undant 
squal ene ( KO VAT 2810 ) . Squa l ene i s  a c3 �u tr i terpane an d i s  tne 
prec ur so r  for stero i d sy nthe s i s .  The pro f� e s  i l l ustrated i n  Fi gures  
J . J - 18 thro ugh 3 .  J-20 and the s urface-to-near bottom trends  are al so  
typ i cal of  stati on  14 .  The on l y  di fference between the two stati ons 
i s  the very strong promi nence of n-a l Kanes wi th l i ttl e UE P i n  the 
surface sampl e o f  stati on 14 . Thi s may be due to re l ati v e l y  l arge 
quanti ti es  o f  petrol e um i n  the water at  the t ime o f  s am p l i ng or  tne 
sampl i ng of  the surface fi l m  when the sn i p  was pi tc h i ng . 

As ob served  for s tati ons  14 a n d  1 5 ,  stati on  lu conta i ns  h i gher  
concentrati ons  o f  n-c15  in  the  surface water sampl e .  Howev er , 
nei ther sampl e at s tati on lU conta i ns  the c ompo unds at K l  1 7 1 7 ,  1 93 2 ,  
and 2 1 4 7 . Add i ti onal l y ,  the pea K at 203U i n  the benzene fracti ons of  
s ta t i o n s  1 4  a n d  15  i s  a o s e n t  a t  s t a t i o n  l U .  The  s u r f ac e - to 
near- bottom trend s for the sampl es  at the di spo sal s i te are refl ec ted 
i n  the greater rati o s  ot nonna l / branc hed hydrocarbons fo r the surface 
sampl es ( Taol e J . 3-lU ) .  As i n  the case of  the sed imen t  sampl es , the 
contri but i ng so urces  for the water appear to be ooth Di  ogeni  c and 
petrogeni c .  n-c 15 i s  the ctom i nant hydrocaroon i n  mari ne Drown al g ae 
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Tabl e 3 . 3- 1 0 .  Hydroca rbon data for fi l tered s ea water samp l es from thP Wes t �ackberry d i s po s a l  and 
control  s i t  es . 

Hexane Frac tion Benzene F ra c t ion 
ng/ l i ter* ng/ l i ter* Norma l /  Pristane/ Phytane/ Pristane/ 

In-House II S t a t ion Reso lved Unresolved Resolved Unresolved To t a l *  O EP  Branched �1 7-
n-C

l8-
Phytane 

2 0 30 sur face 14 256 149 92 1 3 7  6 34 1 .  2 5  6 . 85 0 . 52 0 . 2 3 1 .  65 
2 0 3 3  b o t tom 14 2 5  335 4 0 3 6 4  2 . 66 1 . 68 3 .  71 0 . 35 14 . 2 3 

Wes t  2 0 3 1  surfa ce 1 0  2 4  1 5 0  1 8  9 9  291 1 . 7 7 3 .  32 0 . 75 1 . 1 3 1 .  5 7  
Hackberry 2041 b o t tom 10 8 209 22 4 5  284 1 .  81 0 . 9 7 2 . 09 0 .  33 1 .  48 

2 0 3 2  surface 15 2 8  5 0 8  2 0  1 1 4  6 70 7 . 25 3 . 65 0 . 69 0 . 45 3 . 0  
2034 bottom 15 84 2 9 2 3  2 7  1 4 1  3 1 75 1 . 09 2 .  31 0 . 9 7 0 . 29 2 . 51 

--c: 
Wes t 2046 surfa ce 32 1 9  1 5 3 5  4 4  206 1804 2 . 1 6  3 . 7 5 0 . 5 7  0 . 6 6 . 4 48 w Hackberry 2035 b o t tom 3 2  6 1 9 6  1 0  6 2 1 8  3 .  7 7  1 . 34 0 0 . 70 I 

(Jl Control 2044 surface 27 8 1 2 6  19 66 219 1 . 0 7  1 . 64 0 (X) 
2 0 3 6  bot tom 2 7  9 1 6 2  3 . 6 4  1 . 59 0 . 9 5  o .  7 2  1 . 2 9 -- -- --

* Uni ts in nanograms / l iter (parts per trill ion) 
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F i gure 3 . 3- 1 8 .  Gas ch romatog raph i c  trace of the hexane frac t i on of the s u rface fi l tered sea 
water samp l e from s tat i o n  1 5 ,  West Hackberry D i s posa l . 
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F i gure 3 . 3- 1 9 .  Gas chromatog raph i c  trace of  the hexane fract ion  of  the near-bo �tom f i l te red sea 
water sampl e at sta t i on 1 5 ,  Wes t  Hac kberry D i s posa l . 
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F i gure 3 . 3-20 . Gas chroma tograph i c trace of the benzene fract i on  of the near-bo ttom fi l tered sea  
water s amp l e  at s tati o n  1 5 , Wes t Hackberry D i s po sa l . 



and n-C 11 i s  tne promi nent paraff i n  i n  many green and b l ue-green 
al gae . S i nce tne occ urrence of tne compo und s dt  KI  1 1 1 7 ,  1 YJ 2 , and 
L l 47 appear to be a s soc i a ted wi th an o l ef i n ( K I  2uJu ) i n  the oen zene 
fracti on ,  tney are pres umed to refl ect a b i ogen i c  ( zoopl an Kton? ) 
so urce . The homo·1 ogous  ser i es o f  n-a l kanes aoove n-c1 7  and tne 
modera te UC1'1 may oe attr i b uted to a petro l eum so urce . rlowe v er , 
n i gher mo l ec ul ar we i g nt  n-a l kanes wi tn l ow OEP va l ues nave al so been 
d s so c i ated wi tn certa i n bac ter i a i n  mari ne sed i ments . 

The compo s i ti on o f  Wd ter s amp l es from the contro l s i te i s  nota b l y  
d i t t e r e n t  from t h e  d i s p o s a l  s i te .  F i g u r e s  J , j - n  a n d  J . J - n  
i l l u s tra te tne nex ane and  benzene fracti ons , respec t i v e l y ,  fo r the 
Dottom wate r sampl e at s tat i on J2 . The nex ane fracti o n  ( Fi gure J • .:. -
2 1 ) shows a ser i es of  n-a I kd nes wi th l i ttl e oad carbon preference 
( exce pt n-C2s l superi mpo sed on a moderate UCivl . Tne prev a l ence of n
CL � acco u n ts for the grea ter UEP va l ues for tne near-bottom sea  
sampl es at the contro l s i te .  T f1 i s pro f i l e  i s  s i m i l ar to  tile nexane 
fracti ons  of  al l tne s ampl es  at the con cro I s i te and the oo ttom 
sampl e dt stat i on lU ( a i spo sal s i te ) . Tt1e ben zene frac ti on ( Fi gure 
j. 3 - a ) i s  most u n i que i n  exn i  oi t i n g  very promi nent  pea Ks from KI 
i 0!:>U to n u u . fnese compo und s are tno ug nt to oe o i ogen i c  o l e f r n s ; 
anu pea k s  1� i th s i m i l ar e l u ti on  po s i t i o ns  h av e  oee n de tec ted i n  bo tn 
tt te sed i ments and faunal ( fi sn )  Sdmpl es . I n  the oen zene frac ti ons  o f  
otner v.1a ter s ampl es from tl1e contro l s i te ,  tnese  o l ef i n s  are present  
o n l y i n  very l ow concentra ti ons . 

Macroo i ota 

Uf part i c ul ar i m porta nce i n  the a s sess1nent  of tt 1e u l ti rn a ce i 1npac ts o f  
Stra t eg i c Petr o l e um Re s e rv e  b r i n e  d i s po s a l  i s  a n  ev a l u a t i o n  o f  
po ss r n l e i nc reases  o f  petro l e um res i dues  i n  commerc i a ll y  important 
memoers o f  tile expo sed oen tt1 i  c co1nrn u n i  t1 es . 1-\S i s  tne c ase w1 tn 
pe l ag i c org an i sm s , r1ydrocaroons  i n  oott1 oenth i c mac roc rustacea and  
dernersal  f i n- f i sn  have been shown to d i rec tl y exc hange wi cn res i dues 
" a 1 s so l v eJ "  i n  w e  aqueous  mea i um ( Lee et a l . ,  i Y / L ) .  F i el d stud i es 
nave al so deinonstra ted d i st i nc t s 1 mi l arTt i e s  oet�1een HMWHC re s i dues  
i n  ben tn i c  fa una  and as soc i a ted sed iments ( i'lac ki e et  a ·1 . , 1 ':1 / 4 ) .  u n  
tt1 1 s l atter po i n t i t  i s  i n terest i ng to  note , t10wevef;- tnat cerc a i n  
oentni c tauna  ao not appedr to acc um u l ate Hrvlfl rlC s from nyctroca roon
l aaen sed i men ts tnat  are d i rec t l y  i n9 e s tea  ( /-\nc.Jerson  e t  al . ,  l Y / / ; 
K.o s s i  a n d  1-1n a 12 r so n ,  1 ':1 7 / ) .  C o n s e q ue n t l y ,  t n e  s e d llrle nt- oe n tn i c 
t1ydrocaroon re l at 1 o n s 1 1 i ps noted by Mac K i e et a l . ( l Y 7 i+ ) may be tne 
res u l t  o f  res i d ue exc hanges w i th i n  spati ail y-i n t i m ate ttiree- pnase 
sy s tems ( i . e . , sea 1men t-wa te r-D i ota )  ra ther tnan a 1  rec t sea i men t
o i ota i n te rdc ti ons . Tne re l ev dn t po i n t to De maue fro;n thes e  
s t ua 1 e s ,  n o wev e r ,  i s  tha t t l1 e  a i s c r 1 o u t i o n s  o f  hyu r oc d r b o n s  i n  
oentn i c  fduna  may be 0 1 rec t l y  re l ated to res i d ues  i n  e i tn e r  tne 
adj acent Wd ter  or sed iment  ptldses . Tnus , petro l e um nyarocdroo n s  
re l easea uuri n9 ttte S PR o pe ra t i on dnd or i ne  a i spo sa l may f i n o  the i r 
wdy i n  co the foou web ana  ev entu d -1 l y  i nto comme rc i a l l y  impona n t  

U . 3-62 
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F i gure 3 . 3-2 1 . Gas chromatographi c trace of the hexane fracti on of the near-bottom f i l tered s ea 
water  s ampl e a t  s ta t i on 32 , West  Hac kberry Contro l . 
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F i g u re 3 . 3-22 . Gas c hromatogra ph i c  trace of  the benzene fract i on  from the near-bottom f i l tered 

.sea wa ter samp l e at s tati on 32 , West Hackberry Contro l . 



epi fauna or ti n - fi sh . A purpo se o f  thi s study sho ul d therefore De to 
ev a l uate ex i sti ng l eve l s of  H1•IWHCs aga i nst whi c n  c hang e  i n  overal l 
concentrati a n s  coul d be measu red i n  po st- dev el o pment moni to ri ng 
programs . 

Faunal sampl es col l ec ted for West Hac kberry di sposal  and c ontrol  
s i tes i ncl uded P .  seti ferus  ( whi te snr i mp ) , f'll . unaul atus ( c roa ke r )  
a n d  P .  tr i acantilus ( Dutterfi s h ) . Concentrati on and rati o aata are 
presented i n  Tab l e  J . J - 1 1 .  Si nce the same s pec i es were not c o l l ecte d  
from al l s i te s , i nters i te compari sons  a r e  not po ss i b l e .  The  on l y  
b i ota s ampl e col l ected from the d i s posa l  s i te was c roa Ker , wh i l e  the 
control s i te col l ec t i o n  cons i sted o f  b utterfi sh  and whi te shr imp  
s ampl es . The  two fi sh  s ampl es  are  s im i l ar c hromatographi cal l y  and  
l argel y ex hi D i t  b i og en i c  hydroca rDons . Fi g ures J . 3-23 and J . J-24 
i l l u s t r a te the hex a ne f r a c t i o n  for the c ro a k e r  a n d  b u tte r f i s h 
sampl es , res pe c ti v el y .  The most prom i nent compo und for Doth sampl es  
i s  pri s tane . The  pr imary d i fference between the s ampl es  i s  the 
re l ati v e  ab undance of tne secondary peaks . The c roa Ker sampl e 
c o n  ta  i � �  a g r e a �e r  a b u n d a n c e

. 
o f  n - C 1 l .  a n d  n -C 1 5 . 

w h e r e a s  t h e  
o u tte r t 1 s h  c o n ta i n s more p r om i n e n t o l e t r n s ( K l  lClY O a n d  ZUtl 4 ) . 
whether the c ompo s i ti onal  ana concentra ti on  d i fferences are due to 
d i fferent  s i tes or spec i es cannot oe determ i ned from the data . The 
h i gh concentrati ons  for tne ben zene fracti ons  s ugg est  that a l arg e 
porti on  o f  the frac ti on may De ' contam i na ted ' wi th fa tty ac i d  methyl 
esters , especi al l y  i n  the c roa ker s ampl e .  The ben zene trac ti on  o f  
the butter fi s h  sampl e has oeen subj ec ted to GCMS anal ysi s i n  order to 
confi rm thi s s u sp i c i o n ( see Append i x  J -A ) . 
I n  contra s t  to tne f i sh , the detri tus  feed i ng snri mp sampl e i s  
c ompo s i ti onal l y  qu i te d i ffere n t .  The h exane  fracti o n  ( F i g ure j . J -Zb ) 
s t1o ws pr i stane as  the dom i nant pea k wi til a seri e s  o f  n - al kanes wi th 
l i ttl e o dd c arbon preference and a sl i g ht  UCM . The ben zene fracti o n  
sho ws an appa rent ol efi n at K l  ltl9U an d a h i g h  mol ec ul ar we i g ht  
o l efi n at  3084 as  the  prom i nent c ompounds . Th i s l atter c ompo und 
compri ses ov er SO% of the reso l v ed pea k s  ( Fi gure J . 3-Z6 ) .  
3 . 3 . 2 13 LACK BAYOU D I S POSAL S ITE  

3 . J . 2 . 1 Heavy Meta l s C hemi s try 

Sed iments 

No metal s anal yses were perfo rmed on  sea iments from the Bl acK  �ayo u 
di s po sal s i te .  In  the ev ent that the Bl ack  13ayou Si te i s  se l ected 
for aev el o pm ent , anal yses can be perfo rmea on sampl es ootai ned curi ng 
early con str uc ti on  ac t i v i ty Defore d i sc harg e  of br i ne . 

U . 3-6 5  
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Tab l e 3 . 3- 1 1 . Ga s chroma tograph i c  data for fauna l samp l e s  ana l yzed from 
the West  Hac kberry d i s posa l  and contro l  s i tes . 

Hexane Fra c t ion Benzene Frac t ion 
S t a t ion/ µgm/gm JJgm /gm P r i s tane/ Phy tane/ P r is tane/ 
Transect .� Resolved Unresolved Resolved Unresolved n-C CB Phytane ------ ---1 7-

WHI-T-2 Croaker 4 . 3 34 1 . 29 7  3 7  . 9 6  0 7 . 4 4 0 . 4 2  148 . 00 

WHC Butter f ish 7 . 04 4 . 81 1 5 . 436 5 . 08� 3 7 . 38 0 . 90 1 5 7 . 00 

WHC Whi t e  0 . 1 4 1  4 . 5 3 7  3 . 9 3  0 4 . 54 1 . 1 1  7 . 0 1  
Shrimp 

* Fa t t y  acid methyl es t e r  "contamina t ion" 

Pris tane/ 

_g_14 
2 7 . 9  

1 7 . 1  
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F i gure 3 . 3 - 2 3 .  Ga s chroma tograph i c  trace for the hexane fract i on of  croa ker from West  
Hackberry D i s po s a l . 
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Fi gure 3 . 3-24 . Gas chroma tograph i c  trace o f  the benzene fract ion  o f  butterfi s h  from West 
Hac kberry Contro l . 
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Fi g ure 3 . 3-25 . Gas c h romato g raph i c  trace o f  the hexane  fra c t i o n  o f  wh i te s h r i mp 
from West Hac kberry Contro l . 
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F i g ure 3 . 3-2 6 .  Gas chroma tograph i c  trace of the benzene fract ion  of wh i te s h r i mp 
from Wes t Hackberry Contro l . 
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water Co l Linn lJi s so l v ed and Pa rti c ul ate Phase  And l yses  

Analyses  on s ampl es from the 13l ack Bayou di s po s a l s i te covered o n l y  
n utri ent meas urements for correl ati on  wi th o i o ta sampl i ng .  Re su l ts 
are g i ven  i n  Tab l e  J . J - 1 2 .  Refer to F i g ure J . 2 - J  for s ta ti on  
l ocati ons . 

Macrob i ota 

Org ani sm s col l ected and anal yzed for trace metal s as part of  tni s 
s tudy for the 13l ack 13ayou d i s posa l  s i te i nc l uded !:.· B rev i s ( squ i d ) 
and �· m i tc h i l l i  ( anchovy ) . Tab l e  J . 3 - 1 3  conta i ns  the resu l ts o f  the 
an a l yses for metal s .  The concentra ti ons  of  the v ar i o u s  metal s were 
not si gn i fi cantl y di ffe rent  fo r the v ari o us org an i sm s  than fo und for 
col l ec ti ons  at the West Hac kberry Sampl i ng l ocati ons . 

J . J . 2 . 2  Hydrocaroon C nemi stry 

Sed iments  

No  sed i ments were col l ected from the B l ack  t3ayo u s i te for nyd rocarbon 
analyses . 

Sedwater 

No  seawater sampl es  were col l ec ted from the B l ack  oayo u s i te fo r 
hydrocarbon ana lyses . 

Mac robi  ota 

Three type s of  b i ota sampl es  were anal yzed fo r the i r hydroca rbon 
content : L .  brevi  s ( squ i d) , A. mi tc h i  1 1  i ( anchovy ) , an d M .  undu l  atus 
( croa ker ) . - The gas c hromatograpn i c  data fo r thes e  sampl es are l i s ted 
in Tab l e 3 . 3 - 1 4 .  The only s pec i es  for i nters i te c ompari son i s  M .  
u ndul atu s  ( croa ker ) ,  wh i c h  was a l  so col l ected from the we s t  Hackoerry 
Di sposa l  si te .  As for the west Hac kberry s i te ,  the promi nent  
hydrocarbon i n  the  c roa ker sampl e from B l ack  13ayo u i s  pri s tane 
( Fi g ure 3 . J -27 ) .  Howev e r ,  the ana lyses  from Bl ack  Bayo u shows 
secondary pea Ks  at  Kl l 7UO ( n-c 1 7 ) ,  a greater ab undance of  the 
o l efi ns at Kl l8�U a n d  2U� l ,  and tne occ urrence o f  compo unds  at  2287 
and 23 1 7  • .  Add i ti onal l y ,  n-c29 and n-c3 1 are moderate l y  abun dan t .  
These add i ti onal  pea k s  fo und i n  the Bl acR Bayo u s amp·l e acco unt for 
the greate r  concentrati on for thi s sampl e .  

The l owest  concentrati on for bi ota s ampl es  at  Bl ack  Bayo u i s  for 
sq u i d .  T h e  c h rom a to g r ap h i c  trace s fo r the  h e x a n e  a n d  be n ze n e  
fracti ons  are shown i n  F i g ures J . J -28 a n d  J . 3 - 2 Y ,  respec ti v e l y .  The 
hex ane frac ti on of  tne squ i d ,  al tho ug h i n  l ower conce ntrati on , shows 
a s i m i l ar p ro f i l e  to the c roaker s ampl e from thi s s i te .  In  add i ti on 
to pri s tane , pea k s  el uti ng at  189U ,  2090 , and 2287 are common to both 

U . 3- 7 1  
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47 East 

47 West  

47 Eas t  

4 7  West  

Stat ion[Trawl 

47 

47 

Tab l e 3 . 3- 1 2 .  Data from Water Co l umn Ana lys i s  for Nutri ents and Other An i on s  
B l ac k  Bayou D i s posa l  Si te ( September through December ) . See F i gure 
3 . 2 - 3  for s ta ti on l ocati ons . 

SEPTEMBER OCTOBER 

Sul fate Chl oride S i l i cate Phosphate Ni trate/Ni trite Sul fate Si l i cate Phosphate Ni trate/Ni tri te 
Depth --1.9LlL (9£'.l l (mg£'.l ) (mg[l ) (mg[l ) --1.9LlL (mgLl l (mgLl l (mgLl l 

lm 
8m 
lm 
8m 

lm 
8m 
lm 
8m 

2 . 7  1 6 . 02 0 . 1 0 . 04 O . OB 2 . 3  0 . 4  <0. 0 1  0 . 04 
2 . B  16 . 26 0 . 3  0 . 04 0 . 07 1 . B  0 . 3  <0 .01  0 . 01 

2 . 7  1 6 . 26 0. 1 0 . 04 0 . 06 2 . 5  0 . 4  <0 . 0 1  0 . 03 
2 . 6  16. 1 7  0. 1 0 . 04 0 . 08 2 . 5  0 . 4  <0 . 0 1  0 . 06 

NOVEMBER DECEMBER 

2 . 6  - - - - 1 . 0  0 .0 1  0 . 01 1 .80 1 . 00 0 . 047  0 . 4  
2 . 6  - - - - 0 . 4  0 .0 1  0 . 02 2 . 13 1 . 12 0 . 035 0 . 2  

2 . 6  - - - - 0 . 7  0 .0 1  0 . 01 2 . 27 0 . 95 0 . 062 0 . 4  
2 . 6  - - - - 2 . 1  0 . 0 1  0 .0 1  2 . 03 0 .72 0 . 024 0 . 2  

Ta b l e  3 . 3 - 1 3 .  Heavy Metal Contents of Sel ected Organ i �ms - B l ack  Bayou Di sposal  
S i te .  See F i gure 3 . 2 - 3  for trawl l ocati ons . 

Sampl e Description (Species )  � � � � !!ti££r!!1 � � � � 
Squi d  ( L .  brevi s ) ,  whol e  13 . 77 2 1 . 57 65 . 26 0 . 014 0 . 031  39 . 79 1 . 34 <0 . 005 2 . 03 

Anchovy (A .  m1 tchi l l i ) ,  who l e  207 . 5  1 4 . 6 1 133 , 6  0 . 082 0 . 237 2 . 95 1 . 28 0 . 131  2 12 .  
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Ta bl e 3 . 3- 1 4 .  Gas ch romatograph i c  data for faunal  samp l es  a na l yzed from the B l ac k Bayou s i te .  

Hexane Fraction Benzene Fraction 
Sta tion/ µgm/gm µgm/gm Pris tane/ Phytane/ Pristane/ Pristane/ 

In-House ID Transect � Resolved Unresolved Resolved Unresolved --2!:.£1 7- n-c18-- Phytane _fl� 
1000 BB Croaker 6 . 973 6 . 341 FAME* 1 3 . 67 0 . 45 191 . 3  18 . 00 
1003 BB Anchovies 9 . 4 70 2 . 451  6 . 604 0 . 81 3  5 . 18 2 . 52 1 1 . 04 
1004 BB Anchovies 8 . 115 4 . 156 0 . 153 0 . 656 4 . 14 0 . 104 51 . 0 7  
1005 BB Squid C' . 573 0 . 858 3 . 34 0 1 5 . 90 0 . 445 107 . 39 2 . 9 2  

* Fa t t y  a c id methyl ester "contamina t ion" 
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F i g ure 3 . 3-28 .  Gas  chroma tograph i c  trace  o f  the  hexa ne  fracti o n  o f  s q u i d  from B l ack  Bayou .  



pt · z  

L8ZZ ---�=�L�L£���
££

;;;;;;
Z

;;;;;;
- ;;- � 

0£02 

U . 3- 76 

6 l • 1 

..;,,,:. 
u 
ro 

r-
o::i 

E 
0 
s.. 

4-

" 

::I 
O'" Vl 

4-
0 

c: 
0 

.µ 
u 
ro 
s.. 

4-

Q) 
c: 
Q) 
N 
c: 
Q) 

.0 

Q) 
.r:::. 
.µ 

4-
0 

Q) 
u 
ro 
s.. 

.µ 

u 

.r:::. 
0. 
ro 
s.. 
O'l 
0 

.µ 
ro 
E 
0 
s.. 

.r:::. 
u 

Vl 
ro 

(.!) 

. 
CJ'\ 
N I (V) 

. (V) 
Q) 
s.. 
::I 
O'l 

.,... 



s ampl es . The mai n d i fference between the hexane frac ti ons  o f  the twv 
spe c i es  i s  the l ac k  of  n-c 1 7  i n  the squ i d  sampl e and the greater odd 
carbon preference of the n-a l Kanes above n-c . 5 for tne c roa ker 
spe c i men . The ben zene fracti on o f  the squ i d  i s  i arg e l y  compr i s ed of  
an o l ef i n 2U3 U ,  a compo und e l ut i ng at 228 7 ,  and squal ene  ( 281U ) . 

The concentrati ons  and c hromatog raph i c  data for the two sampl es  o f  
anc hovy l ook  s im i l ar except the resol ved  porti on  o f  the ben zene  
frac ti on o f  1UU3 i s  l arg el y compri sed o t  fat cy ac i d  metnyl esters . 
The chroma tog raph i c traces tor tne h exane ano benzene fract i o n s  are 
i l l u s t r a te d  i n  F i g u r e s  J . J - J U  a n d  J . 3 - J l . 1-\l t n o ug n tne  l owe r 
mol ec ul ar we i g ht n-a l kanes between n-C 7 and n-C2u are prese n t ,  tne  
sampl e i s  dom i nated Dy branc hed ( pri s\:ane ) and o l ef i n i c  compo una s 
( 1 7 9 U ,  1 8l / ,  1 86 2 ,  1 9 9 U ,  2U 7 U , 2U84 ) . Al so , the tri p l e t ( 2<::'.8 7 ,  2 Jl l ,  
2333 ) ,  and squa l ene ( 281 7 ) wt1 i c h  we re prom i nent i n  the squ i d  sampl e 
are al so present . The benzene fracti o n  for thi s s am p l e ( F i g ure .J • .J 
J l ) i s  l arg el y compo sed of  app arent ol efi ns  a t  1982 a n o  2U8 l . 

J . J . 3 B I G H I LL U l S PUSAL S I TE 

J . J . 3 . 1  Heavy fvletal s C hemi stry 

Goa l s fo r tne oasel i ne sampl i ng at  the tli g Hi l l  ui spo sa l  Si te were 
i denti ca l  to tno se at  the West Hac kberry Si te . However , as  part o f  
a n  a l ternate storage faci l i "ty ,  -che t31 g Hi l l  Di sposa l  Si te was no t 
s ampl ed as extens i v e l y  as was tt1 e We st rlac koerry U1 s po s a l  Si te . 1-d l 
dspects  o t  tile prog ram we re otner.-11 se i denti ca I .  

Sed iments 

Tne tec hn i que s u ti l i zed fo r sed iment heavy metal s ana l ys i s we re 
i aenti ca l  to tno se u sed a t  Ule We st Hac kberry Ui s po s a l  Si te . Tnese  
tec h n i q u e s a p p r o x i m a te remo v a l  ot  l o o s e l y  s o r o e d  m e ta l c o n te n t 
s ubj ect to al tera ti on due to c hang i ng i on i c  streng th ano o tner  
effec ts of  Dri ne i ntrus i on . 

Tne sed i ment trace metal data presented i n  Tab l e  J . J - b  appear  to De 
mo st  re l ated to tne sed ime n tary parame ters o f  to-ca l  orgctn i c  carnon  
( T UC ) ano  grai n s i ze ai stri o ut1 on ( i n Tctol e J . J - l b ) .  t=" 1 g ures .J . J -J 2  
th ro ugh J . J - .Ji+  p-l ot p e r  cent f i nes  ( we i g i1 t  trac t i o n  <bJ µ.m) , p e r  c2n-c 
TUC and per cent Fe ov er tne area l d imen s i ons  ot we samp-1 1 ng s i te .  
AS i nd i cated i n  Tao l es J . 3 - 1  and J . .J - l t> ,  tne per cent  f i nes and per 
cen-c  Fe are ni g tier at tne t:l i  g rl1  l I Oi spo sa l S i te tnan  at  the vles-c 
Hac kberry Si tes , r no i ca t r ng more i n put ot  Fe  i n to the sed iments . 
t:xcept fo r �d and Cu tne avai l ao I e concentrati o n s  o f  neavy meta 1 s are 
n 1 g ner dt B i g  Hi l l  Sta ti ons  wan a t  West rlac Kberry Stati ons . No t 
on l y  are metal concen-cra ti ons  n i g her , tne meta l - to-Fe ra ti o s  d re 
n i g ner fo r !•in ana  Po . Tri ese  ooserv a ti ons  i nd i cate cons l Clera o l e 
o i fterence i n  tne sedi mern, geoc t1em i s-cry a t  the wes t  rlac 1we rry ano t:l 1 9 
Hi l l  d i sposa l s i tes . 

u .  3-7 7  
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Tab l e  3 . 3- 1 5 .  Heavy Meta l D i s t ri but i on s  i n  Sediments from around the  B i g  H i l l  Bri n e  
D i ffu ser  S i te .  ( from l � HNOr l each ; concen trat i ons  a s  dry wei ght  of 
s ed i men t ) . See F i gures  3 . 2 - through  3 . 2- 5 for s tat i on l ocat i on s . 

Sta t i on TOC ( % }  CaCo3 ( % }  F i nes ( % }  Fe ( % }  Mn ( ppm} Zn ( ppm } Pb ( ppm } N i (  ppm} C r ( ppm} Cu ( ppm) 

37 0 . 97 2 . 5 9 9 . 1 , 5847 693 , 7* 24 , 35 -3 21 . 48 - 3 4 , 98 4 2 , 80 4 8 . 6 1 -3 
, 1 1 9** 4, 16xl0 3 . 67 x l 0  8 , 52xl0" 

4 , 79xl0
-

l . 47 x l0 

38 0 . 93 2 . 4  99 , 0  . 5 109 488 . 8  24 . 80 1 9 . 7 9  -3 4 . 97 4 3 , 1 7 -4 
6 .  21 -3 

9 , 57xl0-2 4 , 85xl0"3 3 , 87xl0 9 , 73xl0" 6 .  20x l0 1 .  22xl0 

39 0 . 97 1 .  7 87 , 5  , 5584 567 , 8  25 , 89 -3 2 1 .  11 -3 5 . 7 1  3 3 ,  33 - 4 9 . 8 1 - 3 
, 102 4 , 64xl0 3 , 78xl0 l , 02xl0

-
5 ,  96x l0 l . 76xl0  

41  0 . 9 1  2 . 4  98 . 2  , 5749 6 1 1 .  7 2 5 , 88 2 1 , 3 5  -3 5 . 64 4 3 .  38 • 4 7 . 70 - 3 
, 106 4 . 50x l0

- 3 3 , 7x l 0  9 .  8 l x l0
" 

5 . 88x l0 l .  34x l0 

42 0 . 89 1 .  9 83 . 6  . 5 163 547 . 1  22 , 5 1  - 3 1 9 . 39 -3 5 . 1 5  4 2 . 83 -4 8 . 99 - 3 
. 106 4 , 35xl0 3 ,  76xl0 9 . 97xl0- 5 ,  48x l0 1 .  74xl0 

* metal concentrat i on 
** meta l / i ron rat i o  

Cd ( ppm) Al ( % )  

0 . 0642 -5 . 1 351 
l .  lOxlO . 2311 

0 . 0666 -5 . 1 398 
1 .  30x l0 . 2736 

0 . 0884 -5 . 1 430 
1 .  58xl0 . 2561 

0 . 0696 - 5 . 1 465 
1 .  2 l x l0 . 2548 

0 . 0763 - 5 . 14 1 0  
l . 48xl0 . 2 731  



Ta b l e 3 . 3- 1 6 .  Textural  Cha racter i st i cs o f  Sed i ments D i s tri buted 
About  the B i g  H i l l  D i ffuser  S i te 

Stat i on # % Gravel  % Sand % S i l t  % C l ay_ % F i nes  

37  0 . 9 3 5 . 9  63 . 2  99 . 1  
38 1 . 1  39 . 3  59 . 7  99 . 0  
39  12 . 5  27 . 9  5 9 . 6  87 . 5  
41 1 . 8  27 . 7  70 . 5  98 . 2  
42 1 6 . 4  23 . 2  60 . 4  83 . 6  

u .  3-81  
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Fi gure 3 . 3 - 3 4 . Percent I ron i n  B i g  H i l l  D i sposa l  S i te 
Sed iments . 
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Vari ctti o n s  i n  metal concentrati o n s  from stat i on  to stat i on  appear  
smal l at  tt1e l3 1 g Hi l l  s i te .  The  rel a t i v e  co nsta ncy of  tnese l evel s 
o v er tne  s i te te n d s to i n d i c a te no  p o i n t  so u r c e  a n t n r o po g en 1 c  
al terati ans . 

water co ·1 um n LJi sso ·1 v ed and Parti c ul ate Pnase  An a l yses  

Be s i des tne  nydrocarDon ana lyses  d i scussed  i n  the next secti on , the  
water col umn wo rk  at tni s s i te cons i sted o f  tne  same di s so l v ea and  
parti c u ·l ate heavy meta l , parti c ul ate organ i c carDo n ( PUC ) , d i s so l v e d  
org an i c caroon ( DUC ) , total suspe ndea matter ( TS1"1 ) , nutri ent  ( S i , 
Pu . ,  NU ) , and maj or i on measurements made a t  the we st Hac Kberry 
s i te .  J AS before , neavy metal s ,  n utri ents and maj or i ons we re 
measured i n  squee zed  sed iment pore wa ters from s evera l  o f  the Dentn i c 
s ta ti ons . 

As m e n t i o n e d  e a r l i e r ,  t n e  i 1n pe tu s  to r e x am i n i ng t t1 e  
seawa te r/ s u s pended p a  rti c ul ate system resul te d from recogn i t i on o f  
i ts i m po rta n c e  a s  a tra n s p o r t m ec h a n i sm fo r m e ta l s ( an d  
hydrocarbo n s ) . K i v e r-bo rne parti c ul a tes domi nate tt1e fl ux o f  me ta l s 
from conterm i no u s  l and fo rm s to the oce an bed . 1-1fter the i nj ec ti on  
o f  meta l - beari ng parti c ul a tes  i nto the oceans  by  r i vers  and Defore 
tne i r ev entual  arri v al on tne  sea  fl oo r ,  the se  mater i a ·1 s and tne i r 
c l1 erni cal  D urde ns are mai ntai ned i n  p t1 ase  parti t i o n i ngs  whi c h  can De 
a l tered by ct1ang es i n  i on i c  streng tn , oxyg en , and p H .  

Wn i l e  we must b e  concerned wi th the potenti a l  o f  i nj ec ti ng  D r i ne
borne tox i ns i nto tne  sys tem dur i ng SPR acti v i ty ,  the  metal i on ( or 
compl ex i o n )  Da l ance , as  i t  m i ght  be  al tere d by contac t wi th h i g t1er 
s a l i n i t i e s , i s  l i ke l y  to b e  of more e n v i r o n m e n t a l  c o n s e qu e nc e . 
Certa i n l y ,  tne presence o f  what wi l l  be the maj or br i ne tox i n  fo r 
many org an i sms - - NaCl -- i s  impo rtant to cons i der  as a wa ter qual i ty 
pa rameter . Howev er , the wate r/ su spended parti c u l ate sy stem , and i ts 
coup l i ng wi th the sed i ment/po re wate r system , m u s t  be recogn i zed as a 
c r i ti cal  part o f  tne c h emi c a l  sy stem whi c h  mu st  be  characteri zed . 

Data fo r tne B i g Hi l l  d i spo sal s i te i s  presented i n  tne same fo rmat 
as was  prese nted earl i er for the West Hac kDerry d i s po s a l  s i te .  

I n  Fi g ure 3 . 3-J:, are pl otted the c nl o r i n i ti e s o f  surface , deep , and 
pore wa ters at  tt1e  B i g  Hi l l  d i s posa l  s i te .  Tab l e  J . J - 1 7  conta i n s  
metal , nutr i ent and b u l k i on data for the wa te r col umn and pore 
water . Add i ti onal  n utri ent  concentrat i on data for the month s o f  
Uc toDe r ,  Nov ember and December are presented i n  Tab l e  3 . 3- 1 8 .  The 
B i g H i l l  d i s po sal  s i te ex h i b i ted  fa i rl y constant s al i n i t i e s and meta l 
concentrati ons  i n  the wate r col umn and po re wate r s . Tne l arg est 
v ari ati ons  i n  stati on  to s tati on  concentrati ons  were for tne  Cu , Cd  
a n d  t t1 e  m o n t h l y  n u tr i e n t  v a l ue s . Me t a l  c o nc e n t ra t i o n s  i n  t h e  
sed iments do n o t  appear t o  b e  espec i a l l y  re l ated  to any parti c ul ar  

U . 3- 84 
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F i gure 3 . 3- 35 . Ch l or i n i ty ( mg/kg ) at the B i g  H i l l  D i s posa l  
S i te ( Su rface/Deep/Pore Water) . 
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Depth 
Station (m) 

--

37 lm 
8m 
pore 

39 lm 
8m 
pore 

42 lm 
8m 
pore 

c 

w 
I co m 

Sta t i on Depth 

50 East lm 
8m 

50 West  lm 
8m 

50 Eas t  lm 
8m 

50 West  lm  
8m 

Tabl e 3 . 3- 1 7 .  D i s so l ved Heavy Meta l s ,  Nutri ents and  Maj or I on i c  Spec i es from the 
Water Co l umn and Under l y i ng Pore Waters - B i g  H i l l  D i s posa l S i te .  
See F i gures  3 . 2- 1  th rough  3 . 2 - 5  for stat i o n  l ocat i ons . 

Fe Mn Zn Pb Cu Cd Hg P0
4 5 1 0

4 N0tN0
3 C l so

4 Na K 
{µg/ l ) {µg/ l ) {µg/ l ) {µg/ l ) (µg/ l ) (µg/ l ) (µg/ l ) (mg/l ) (mg/ l ) (mg/ l ) (g/ l ) (g/ l ) (g/ l ) ( g/ l ) -- -- -- -- -- -- -- -- -- -- -- -- --

1 5  < 2  < l 3 <3 <0 . 3  <0 , 5  - - - - - - - - - - - - - - - 9 . 3  0 . 36 
4 <2 2 <2 <3 <0. 3 <0 . 5  0 . 04 0 . 3  0 . 02 1 7 . 86 2 . 8  10 . 0  0 . 38 

<4 0 . 6  10  <2  <3 4 . 5  < 1 00 0 . 05 4 . 0  0 . 25 1 7  . 12 3 . 2  9 . 4  0 . 33 

<4 0 . 4  5 <2 <3 4 . 0  < 100 0 . 04 2 . 5  0 . 1 3  1 7 . 55 3 . 1  9 . 6  0 . 36 

15  <2  < 1  6 8 0 . 6 0 . 5  0 . 04 0 . 4  0 . 02 1 5 . 82 2 . 7  9 . 3  0 . 36 
1 1  <2 2 2 <3 <0 . 3  <0 . 5  0 . 03 0 . 1 0 . 02 1 7 . 73 2 . 7  1 0 . 2  0 . 40 
4 0 . 2  3 <2 <3 3 . 1  100 0 . 02 2 . 7  0 . 10  1 9 . 89 3 . 0  9 . 6  0 . 35 

Tab l e  3 . 3- 1 8 .  D i s so l v ed Nutr i ent  and I o n i c  Spec i es Data for the B i g  H i l l  Contro l  
S i te .  See F i g ures  3 . 2- 1  through 3 . 2- 5  for s tat i on  l ocat i ons . 

SEPTEMBER OCTOBER ---

Sul fate Chl or ide S i l i cate Phos phi!te N i tr<1te+N i tri te Sul fate Si l i cate Phosphate 
(g[l ) (g[l l (mg[l ) (mg[l l . (nig[l ) (g[l l (mg[l ) (mg[l ) 

2 . 6  16 . 85 0 . 1 0 . 04 0 . 02 2 . 4  0 . 4  0 . 0 1 
2 . 8  1 7 . 8 1 0 . 1 0 . 04 0 . 04 2 . 4  0 . 4  0 . 0 1 

3 . 2  1 6 . 6 1  0 . 2  0 . 03 0 . 02 2 . 4  0 . 4  < 0 . 0 1  
2 . 8  1 7 . 76 0 . 1 0 . 03 0 , 03 2 . 5  0 . 3  <0 . 0 1 

NOVEMBER DECEMBER 

2 . 8  - - - - 1 .  3 0 . 0 1 0 . 01 1 .  93 1 . 14 0 . 074 
2 . 4  - - - - 0 . 4  0 . 0 1 0 . 0 1 1 .  57 0 . 40 0 . 038 

2 . 8  - - - - 1 .  6 0 . 0 1 0 . 01  1 .  6 1  0 . 86 0 . 043 
2 . 7  - - - - 0 . 2  0 . 0 1 0 . 01 2 . 12 0 . 73 0 . 08 1  

Mg Ca 

(g/ l ) (g/ l ) 
-- --

0 . 64 0 . 36 
0 . 76 0 . 39 
0 . 33 0 . 38 

0 . 36 0 . 38 

0 . 63 0 . 34 
0 . 78 0 . 38 
0 . 35 0 . 38 

N i t rate+N i t r i te 
(mg/ l ) 

0 . 02 
0 . 0 1  

0 . 03 
0 . 02 

0 . 4  
0 . 1 

0 . 2  
0 . 2  



p a ramete r e x c e p t  a ra t h e r  g e n e r al a s so c i a t i o n  w i th  g r a i n s i ze .  
Al though there are some fl uc tuati ons  i n  pore wate r d i s sol ved  metal s 
at the !3i g Hi l l  s i te ,  tnese vari ati ons  do not seem to De parti c ul arl y 
re l ated to sal i n i ty .  

TaDl e J . .;S-17  al so tab ul ates di sso l ved metal s i n  tne wate r col umn and , 
al tho ugh l a rge v ari ati ons  occ ur , they are al l wi tni n the ge neral l y  
l ow and acce pted rang es fo und i n  prev i o us i nv esti g ati ons  o f  coa s tal 
wa ters . The a i s sol ved  n utri ent and maj o r  i on data are s uo stanti a l l y  
more uset u l  i n  characteri zi ng tne wa ter qual i ty o f  tne s i te o n  a 
l oca l bas i s .  

T a D l e J . 3 - 1 9  com p a r e s  the  r e l a t i v e  c o n t r i b u ti o n s  o f  meta l s by 
parti c ul ate and d i s sol v ed pnases to the water col umn b urden . The 
dom i n a n c e  of o n e  p h a s e  ov er tne o t h e r  ( u s u a l l y  i n  f av o r  o f  
parti c ul a tes  i n  h i gn TSM area s )  i s  not  unexpec ted . Tnese c ompari so ns  
wi l l  prov ide impo rtant data fo r eventual l y  asses s i ng tne mas s bal ance 
i mpac t of add i ng br i ne to a sy stem and pote nti a l l y  al ter i ng the 
parti ti on i ng coeff i c i e nts of  i ts neavy metal l oad s .  To ta l suspe nded 
ma tter for the s i te i s  pl otted i n  F i g ure 3 . J -3 6 .  

Tab l e J . J-LO l i sts  tne per cent  l eachao l e tracti ons  of  neavy metal s 
i n  t h e  s u s p e n de d  p a rti c u l a te s  a t  e a c n  d e p t h , a n d  c omp a r e s  t h e  
l eacnaD l e metal contents i n  parti c ul ate s  wi tn tho se i n  the underl yi n9 
sed iments . The l eac naDl  e fracti o n  rang e s  to the typ i cal l y  l ow ( < lU% ) 
Fe to sev era l qu i te h i g n  val ue s ('-"90-%% ) fo r meta l s ,  i nc l udi ng rvln , 
Zn , ana Cd . 

Tab l e  J . 3-2 1 compares we ak and l eachab l e neavy 1neta l concentrati ons  
i n  seaiments , wi tn co ncentrati ons  i n  pore water , and the ov er l yi ng  
wa ter co l 11n n .  

Macrooi ota and Pl an kton 

Bi ota sampl es col l ected and anal yzea fo r trace metal s as part o f  thi s 
stuay for tne B i g  H i l l  a i spo sal  s i te i nc l udea P .  seti ferus ( wnne 
shri mp)  and � ·  u ndul atus ( croaKer ) .  Fi g ures J . L -� ana J . 2-� i na i cate 
trawl l ocati ons . 

Trace metal concentra ti ons  on a dry we i g ht ti s sue bas i s are taD ul atea 
i n  Tabl e 3 . J - ! L  for tne B i g  Hi l l  d i s po s a l  s i te s ampl es . Ex ami nati on  
o t  the data rev ea l sev era l ex pected trend s .  Hie wno l e  1v\ , u ndul atus 
f r om d i g H i l l  c o n ta i n e d  a p p ro x i m a te l y  the s ame he avy m e t a l  
conce ntrati on a s  a comparao l e  sampl e from tne West rlac Koe rry s i te .  
However , �e ana �e- a s soc i a tea metal s s uc h  as Ni and Cr were h i ghe r i n  
the !3i g Hi l l  sampl e ,  probab l y  due to ni g her Fe l ev el s i n  parti c ul ates  
and sed iments at the Bi g Hi l l  s i te .  Al so , thi s e l ev a ti o n  may De an 
arti fact o f  sampl i ng caused Dy sel f- fi l teri ng Dy the p l an kton ov er 
the LlJL m mesh  net ,  remov i ng ter r i g enous  c l ay p arti c ul ates  from 
seawater , as we l l  as  them sel v es . Tni s effect  can conce i v ab l y  be 
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Tab l e  3 . 3- 1 9 .  Re l at i v e  D i s so l ved and Pa rti cu l ate Heavy Meta l Burdens  - B i g  H i l l D i sposa l  
S i te .  See  Fi gures 3 . 2- 1  through 3 . 2- 5  for stat i o n  l ocati ons . 

TSM POC POC/TSM DOC Fe Mn Zn Pb N i  Cu Cd 
Depth � (l!9CL1 l {%) U!J9CLl l lD.9Lll lD.9Lll lD.9Lll lD.9Lll lD.9Lll lD.9Lll ir!Wl 
lm 

8m 

lm 

8m 

D i s sol ved 1 .  79 
Parti cul ate 1 . 00 219  22 . 

D i s sol ved 0 . 81 
Parti cul ate 2 , 58 228 9 .  

Di ssol ved 0 . 82 
Part i cul ate 1. 45 267 1 8 .  

Di s s o l ved 1 .  47 
Pa,rt i cul ate 3 . 1 0  255 8 .  

15000 4 <2000 
3

< 1000 
4 . 23xl0 l . 14xl0 608 

4000 < 2000 2000 
l . 09xl05 2 . 56xl03 503 

1 5000 
5 

1 .  4x10 
<2000 3 <1000 

l . 8x10  690 

3000 
59 

< 2000 
83 

6000 
104 

1 100 <2000 2000 2000 
2 , 6xlo-

5 
4 , 1 5xl0

3 
l , 9lxlo3 

154 

_ '"'  ... ... <3000 <300 
72 198 22 

---- < 3000 < 300 
167 77 5 

--... ... 8000 6000 
147  132 10 

... ... ... .... <3000 <300 
200 169 32 

Tab l e 3 . 3-20 . Heavy Meta l Contents of S u s pended Part i cu l ates - B i g  H i l l  D i sposa l  S i te .  
S ee F i gu res  3 . 2- 1  through  3 . 2- 5  for s tat i on  l ocat i ons . 
wea k a c i d  s o l ub l e  meta l concentra t i on .  

�1/\5 ( * )  hdi cates 

Depth (ml P= Particul ate Fe(ppm) Mn(ppm) Zn(ppm) Pb(ppm) � Cr(ppm) Cu(ppm) �m) 
lm P-WAs

* 
2704 821 496 28 . 8  <23 , 8  < l .  2 37 , 2  7 .  7 

P-Total 42300 1 138 608 59 , 4  72 ,  l 2 9 . 0  76 . 6  8 . 5  
P-%Leach 6 . 9  72 . 1  8 1 .  6 48. 5 <33 , 0  <4 . 1  48 . 6  90 . 6  

8m P-WAS 2136 703 81 9 . 2  <7 . 8  <0 . 4 6 . 5  1 . 1  
P-Total 42200 993 1 95 32 . 2  64 . 8  96 , 2  2 9 . 8  1 .  9 
P-%Leach 5 . 06 70. 8  4 1 .  5 28. 6 < 1 2 . 0  <0 . 4  2 1 . 8  57 . 9  

lm P-WAS 3605 9 1 1  332 34 . 4  <41 . 1  <2. 1 49. 2 6 . 0  
P-Tota l 97 100 1255 476 7 1 .  7 101  105 90 . 8  7 . 0  
P-%Leach 3 . 7 1 72 . 6  69. 7 48 , 0  <40 . 7  <2 54 . 2  85 . 7  

8m P-WAS 2987 979 492 26. 3  < 16 . 8  <0 . 8  19 . 6 9 . 6  
P-Total 85200 1339 616 49 . 7 64 . 4  75 . 1  54 . 6  1 0 . 2 
P-%Leach 3 . 5 1 73 . 1  7 9 . 9  52 . 9  <26 . 1 < 1 . 1  35 . 9  94 . 1  

Cr ir!Wl 
29 

248 

152 

233 



-------·- ---- -� 1.4�· �J • 1 .00 '---/ - - - - ·  3. 1 0  / z.s-e 

.�/ 

F i gure 3 . 3- 36 .  Tota l S u s pended Matter ( gm/ l ) Su rface/Bottom for the 
B i g  H i l l  D i s posa l  S i te Stati ons . 
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Tabl e 3 . 3 - 2 1 . Compa ri s on of Heavy Meta l Concentra t i on s  i n  Leached ( l N  HN03 ) Sed i ments , Pore 
Water and Overl y i ng Water - B i g  H i l l  D i sposa l  S i te .  See F i gure 3 . 2 - 4  for stat i on 
l ocati ons . 

% F i nes 
Sta t i o n  (<62 µm) % CaC03 % TDC Fe (ppm) Mn (ppm) Zn (ppm) Pb (ppm) Cu (ppm) � 
37 sedi ment 99 . 1 2 . 5  0 . 97 5847 693 . 7  24 . 35 1 1 . 48 8 . 6 1 0 . 064 pore H 0 <0 . 004 0 . 0006 0 . 0 10  < . 002 < . 003 0 . 0045 near bbttom H

2
0 0 . 004 < 0 . 002 0 . 002 < . 002 < . 003 <0 . 0003 

39 sedi ment 87 . 5  1 .  7 0 , 97 5584 567 . 8  25 . 89 2 1 . 1 1 9 . 8 1 0 . 088 pore H 0 <0. 004 0 . 0004 0 . 005 < . 002 < , 003 0 . 0040 nea r bbttom H
2

0 

42 sed i emnt 83 . 6  1 .  9 0 . 89 5 1 63 547 . 1  22 . 5 1 19 . 39 8 . 99 0 . 076 pore H 0 0 . 004 0 . 0002 0 . 003 < . 002 < . 003 0 . 0031  n e a r  bbttom H
2

0 0 . 0 1 1  <0 . 002 0 . 002 0 . 002 < . 003 <0 . 0003 

Ta b l e 3 . 2- 22 . Heavy Meta 1 Contents of Se l ected Org an i sms - D i g  H i l l  D i s po s a l  S i te .  See 
F i gure 3 .  2 -4  for trawl l ocati ons . 

Sta tionLTraw 1 Samel e De�cr!�tjon (�gecjesl Fe (ppm)* Mn (ppml � � Ni ( ppm) Cu { ppm} Cd (ppm) Cr{ ppm} A l { ppm} 

36-37 Trawl 12  Whi te Shri mp ('P. seti ferill, 10 . 23 1 . 69 58. 14 0 . 060 0 . 063 2 6 . 56 0 . 024 0 . 0 1 2  14 . 7  

flesh 

36-37 Trawl 12 Croaker (M. undul atus) ,  207 2 .  3 7 . 9 1  52 . 93 1 2 . 44 0 . 354 3 . 985 0 . 049 0 . 447 368. 

whole 

39-40 Trawl 1 1  Whi te Shrimp (P .  seti fe_r-�, 1 0 . 05 ! .  38 56 . 16 0 . 028 0 . 032 2 6 . 76 0 . 023 0 . 006 4. 72 

flesh 

39-40 Trawl 1 1  Croaker (H. undul atus) ,  2 2 . 07 3 . 279 1 7 . 26 0 . 032 0 . 052 ! .  571 0 . 0 1 2  0 . 008 24 . 7  

fi l et 

* Concentration of a l l  metal s on ppm dry weight bas i s .  



co rrected for by normal i zi ng al l me tal s to Al concentrati ons , but  as  
has Deen fo und i n  tne  past , thi s approac h has not been enti rel y 
s a t i s fy i n g , w i tn  re l a t i v e l y  l d r g e  an d u n a cc o u n ta D l e v a r i a b i l i ty 
h i nderi ng d i s tri o uti onal ( tempo ral and spati al ) i nter pretati on ( S i m s , 
1 9 7 5 ) . 
AS seen earl i er ,  the wn i te shri mp sampl es  dre generd l l y  tne most 
meta l - free wi th the po s s i b l e excepti on  be i ng Zn and Cu . I n  tnese 
macro fdu n a , tn i s t r e n d  i s  a l m o s t  c e r ta i n l y  due to p r e f e r e n t i a l  
i ncorporati on  o f  these trace metal s i nto the me tabo l i c  upta Ke o f  
shri mp . The s i g ni f i cant el ev ati on i n  on l y  the mi neral ogy -type metal s 
( re ,  Mn , Al , Zn ) i n  the crod Ker s ampl es  tends  to poi nt  toward the 
po ss i D i l i ty of  sed i ment ( or suspe nded ) contri b uti on .  The el ev ated Fe 
i n  c roa ker and s h r i mp has Deen seen i n  s ampl e s  anal yzed  Dy Dr . P .  
t3oothe o f  TAJ\ll U pan:1 c i pati ng i n  the Bureau o f  Ldnd  Management So uth 
Texas  UCS Study ( persona l commun i cati o n ) . 

3 .  J .  J .  2 Hy drocarDon C hemi stry 

Sed iments 

Tne gas c hrom atog rap h i c data for the Bi g Hi l l  sediments are l i s ted i n  
TaD l e  3 . J - 2 3 .  The ti i g  Hi l l  s i te sed i ments conta i n the h i g t1est  l ev e l s 
o f  hydrocarDons re l ati v e  to ttie We st  rlac KDerry s i tes . wn i l e  the 
d i fference i n  conce ntrati on data between West Hac kberry d i s po s a l  
( l J . 94 ,ug/ g )  and control ( o . lo ,ug/ g )  i s  com paraD ·l e to tne d i fference 
i n  org an i c carbon conten t ,  me hydroca roo n D urden at ti i g  H i l .I ( s ti . 2 5 
,ug/ g )  i s  muc h greater ttlan cou l d be attri o u ted to the i ncrease  i n  TUC 
t u . :!J'1o av erdg e ) . A c ompari son of tne hydrocarbo n- to-TUC rati o for 
the tnree s i tes sho ws we st Hac kberry di spo sal anu contro l dt a and  
1 1 ,  respect i v e l y , whereas the  rat i o for B ig  Hi l l  i s  J tl .  Tne h i ghe r  
hydrocaroon l ev el s at t:) i g Hi l l  are due , i n  part , t o  tne l arg er 
rel a t i v e  contri D u t i on of the UCM whi c h  c ompri ses  :lJ% o f  the g a s  
c hrom atog rap h i ca l l y  de term i ned nyurocaroon s .  foe mari ne  component o f  
n ex ane frac ti on i s  re·1 at i ve ly  constant between s ta ti ons , Wl th the 
dom i n d n t  a n d  s ec o n d a ry o l e f i n s  e l u t i ng  a t  K I  2 u cl l  a n d  2 1 1.J u , 
respect i v e l y  ( F i g ure J . J - J / ) .  As no ted at  th e otner s i tes , K l  i:'.u � l 
i s  tne prom i nent ol ef i n  i n  tne ben zene trac ti ons  ( Fi g ure 3 . J-jo ) . 
Add i t i o n a l l y , tn e m a r i n e p o l yo l e f i n s o n l y  c om p r i s e  lU '!a o f  t h e  
reso l ved hydrocarbons  v ersus  1 /% ano 2 7 %  fo r t h e  W e s t  rlac Koerry 
d i s posal  and control s i tes , res pect i ve l y . Th i s dec redse i n  the 
mari ne  com po nent can oe dttri o uted , i n  par t , to the f i ner tex ture ot 
the t:) i g  H i l l  s i te ( i . e . , greater contri ou ti on  of p l ant  waxes  and  
po ss i o l y  petro l eum- deri v ea hydrocarbon s ) . 

Seawater 

lhe gds c hrom atog rdph i  c data fo r tne Wdter sdmpl es at t:)i g Hi ·1 1 
a i s po sal  and contro l  are l i sted i n  Tao l e  .) . J -2 Lt .  Tne concentra ti o n s  
fo r th e t3 i g H i l l  d i s p o s a l  a n d  c o n t ro l s i t e s  w e r e  t n e  n i g ne s t  

U . 3 - 9 1  
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Tabl e 3 . 3- 2 3 . Sed i ment  Hydrocarbon Data for the B i g  H i l l  S i te .  

Hexane Fra c t ion Benzene Frac t i o n  
JJg/gm µg/gm n-alkanes / 

In-House I D  S t a t ion Resolved Unresolved Resolved Unresolved To tal Branched 

856 39 2 . 308 34 . 369 0 . 2 1 6  6 . 4 58 4 3 . 3 5 0 . 4 34 

850 4 2  1 . 8 4 6  30 . 4 4 0  0 . 610 6 . 4 24 39 . 32 0 . 9 3 8  

8 5 1  4 2  ( replica t e )  1 .  6 3 1  1 9 . 4 8 0  o .  3 7 3  4 . 04 9  2 5 . 5 3  

854 3 7  2 . 2 7 5  26 . 604 0 . 4 4 2  3 . 4 8 4  32 . 8 1 1 . 06 6  

Mean 2 . 015 27.  723 0 . 4 10 5 . 104 35 . 2 5  

* Rela t ive dominan c e  o f  marine polyolef ins b e tween KOVAT 2 0 2 5  and 2 1 7 0  
* * OEP = odd / ev en c arbo n  preferen c e  rat io 

R . D . *  
OEP** MPO 

3 . 52 0 . 0 9 2  

3 . 3 7 0 . 09 7  

0 . 09 5  

3 . 38 0 . 1 2 5 

Mean TOC = 0 . 9 3% 

Mean T I C  = 0 . 26% or 2 . 18% Caco
3 
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F i gure 3 . 3-37 . Chromatog raph i c  trace of  the hexane  fract i on of  s ed i ment 
at  Stati on 39 , B i g  H i l l . 
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F i gure 3 . 3-38 . Ch romatograph i c  trace of the benzene fract i on of  the 
s ed i ment at  s tati on  39 , B i g  H i l l .  
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Tab l e  3 . 3 - 2 4 .  

In-House II S t a t ion 

20 37 bot t om 3 7  
B ig 2038 surface 37 
H i l l  2 0 3 9  bot tom 42 

2040 surface 42 
---

B ig Hill 2042 s u rf a c e  BH Control 
Cont ro l  2 0 4 3  b o t tom BH Con t rol 

Hydrocarbon data for water samp l es from the B i g H i l l  d i spos a l  
a n d  control  s i tes . 

Hexane Frac t i o n  Benzene Fra c t ion 
n g / l i t e r *  n g / l i t e r *  No rma l /  P r i s t a n e /  

Reso lved Unresolved Reso l ve d  Unresolved To t a l *  OEP Branched �1 7-
22 1556 12 291 1881 1 . 5 8 7 . 0 7  0 . 89 
24 1 9 7  8 7  3 1  339 1 . 50 1. 92 0 . 6 6 
54 368 47 121 590 1 . 19 0 . 2 8 0 . 48 
10 550 30 385 9 75 1 .  22 2 . 49 0 . 99 

2 7  721 3 7  1 0 7  892 7 .  7 1  1 .  5 2  1 . 3 6  
1 9  5 9 6  4 6  1 8 3  844 2 . 59 2 . 1 2 0 . 20 

* Uni ts in nanograms / l i t e r  (parts per t r il lion) 

Phy tane/ P r i s t ane/ 
n-C l8-

�ta ne 

0 . 80 0 . 88 
0 . 66 0 . 7 6 
0 . 59 0 . 9 3 
0 . 84 1. 33 

0 . 2 7 8 . 6 2 
0 . 36 1. 89 



m e a s u red . un the av e r ag e , howev e r , the m aj o r i ty o f  t n e  c o nc e n t r a t i o n s 
s t i l l  tal l oe l o w l ,ug/ I ,  a l e v e l  wh i c h  i s  c om pa t i o l e  w1 t n  o t h e r  
v a l ues repo rtea i n  tr1e l i te ra ture . A s  wi tn t n e  s e a i m e n t s , a m aj o r i ty 
o f  tt1e c o nc e n t r a t i o n  i s  due to a l a rg e UC1•l . F i g ur e s  J . :S-J ::; a n a  j . J -
4LJ i l l u s tr a te the g a s  c h rom a to g r a p r1 i c p ro f n e s for w e  nea r- o o tt orn 
sea wa te r  sampl e at sta t i o n  J / . Tne hex a n e  frac t i o n  c o n s i s t s o f  
p r i m a r i l y  n - a  I k a n e s , p r i  s t a n e  a n d  p nyta n e  s u pe r i m po s e d  o n  a l a r g e  
UCM . T n e  hex a n e  frac t i o n  from t n e  rem a i n i n g t h r e e  sarn p l  e s  from the 
\.1 i s po s a l  s i te a p p e a r s  i de n t i c a l  to tn a t  portraye d i n  F i g u re j . J - J � .  
T h e  be n ze n e  f r a c t i o n  fo r tne same s am p l e  i s  l arg e l y  com p r i sea o t  
u n r e s o l v e d  m a te r i a l . un the o a s i s o f  r e te n t i o n  d a ta , v e ry few o f  the 
reso I v ea peaks i n  the oen ze n e  fr a c t1 o n  can oe asc r i  oed to D i  ogeni  c 
so u rces w i th the po s s i b l e exc e p ti o n  o t  the pea K 2 l u t i n g a t  ZUJ � .  The 
be n ze n e  fracti o n s  o f  tne rem ai n i ng s am p-l e s  at the a i s p o sa l s i te a r e  
d i f f e r e n t  c n roma to g r a p h i c a l l y  i n  s howi n g  a l e s s  p r om i n e n t  UC1"1 a n d  
pea K s  el uti ng a t  l �l !:J ,  llb4  a n d  l lb l . 

Tne c om po s i t i o n a n d  s u r f a c e- t o- o o ttom t r e n a s  o t tne B i g  H i  1 1  c o n t r o  I 
stati o n  a re i d e n t i c a l  to tno se o f  stati o n  i :i  at tne W e s t  Hac kberry 
d i s p o s a l  s i te ,  al t no ug h tile UCM i s  s l i g h t l y  h 1 g n e r  to r the 8 i g  Hi 1 1  
c o n t r o l  sam pl e .  

Mac r o o i  o ta 

No o rg an i sms we re co l l ec ted fr 01n tne t3i g Hi l l  s i te fo r nya roc a r o o n  
a n a l y s es . 

U . 3 -96  
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F i g ure 3 . 3-39 . Ch romatog raph i c  trace of  the hexane fract i on of the near-bottom fi l tered 
sea wate r at Sta t i on 3 7 , B i g  H i l l .  
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F i g ure 3 . 3 -40 . Chromatograph i c  trace o f  the benzene fract i on of the near-bottom fi l tered 
sea water at s tat i on 37 , B i g  H i l l .  
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APPEND I X  3-A GCMS ANALYSES 

Fo u rteen frac t i ons  o f  the  LC  h exane and  benzene e l u ates were ana l yzed by 
gas  chroma tography/ma ss  spectrometry ( GCMS ) u s i ng a F i n n i gan  4000 mas s  
s pectrometer a nd F i nn i gan/ I ncas data hand l i ng a n d  l i brary sys tem . A g l a s s  
cap i l l a ry co l umn ( 30 meters x 0 . 2 5 mm i o d . ) coa ted w i th a non-pol ar  pha s e  
( S P  2 1 00 )  was u sed for t h e  a na l y ses i n  a l i near temperature programm i n g  
mode . Al l GCMS data were recorded on magne t i c  tape and  w i l l  b e  arch i ved 
for future u s e  by DOE . 

E i ght fract i ons  represent i ng  a nchovy and  s q u i d  from the B l ack  Bayou s i te ,  
b utterfi sh  and wh i te sh rimp from the West Hackberry d i s posa l  s i te were ana lyzed 
by GCMS . Fo ur fract i on s  from water fi l trate were ana l yzed , three from the 
West Hackberry d i sposa l  s i te a nd one from B i g  H i l l .  The two sed imen t fracti ons  
were ana lyzed from the  West Hac kberry d i sposa l  s i te .  

• Sq u i d ( 1 005 ) ,  hexane frac t i o n , B l ack  Bayo u trawl : 

The reco ns tructed gas  c hromatogram o f  the to ta l i o n i za t i on c urrent i s  s hown 
i n  F i gure  3-A-l . The compos i t i on o f  th i s  fract i on  i s  a l mo s t  ent i rel y of  
b i ogen i c  hydrocarbons , wi th the most  promi nent compo und be i ng the  C 1 9  i sopre
no i d ,  pr i s tane  ( scan 1 369 ) . Of s econdary abundance a re the mono-o l efi n s  of  
the  odd  carbon  n-a l kanes ( nC 1 9 , nC2 1 , nC23 ; scans  1 520 , 1 675 , and 1 8 1 8 ,  respec
t i ve l y ) , fol l owed by mono-o l efi ns  of the even carbo n n-a l kanes from nC20 to 
nC24 and the l ow l evel  occurrence of  n-al kanes thro ug h  nC31 . M i nor  amo unts of 
l aboratory contaminants  we re a l so  detected a nd i nc l ude d i octy l  and buty l  
phtha l ate and  d i octy l  a d i pate . 

• Sq u i d ( 1 005 ) , benzene frac t i on , B l a c k  Bayo u trawl : 

Other than  the s l i g ht occurrence o f  nC 1 7  and pri s tane ( scans  1 356 and 1 365 ) , 
the maj or  compounds i n  th i s  fract i on  cons i s t  o f  pol y-o l efi n s , the mos t  promi nent 
of w h i c h  is  squ a l ene , a C 30H 50 tri terpene ( a  precursor for s tero i d  synthes i s ; 
F i g ure 3-A-2 , Tab l e 3-A-2 ) .  A tr i p l et o f  C2 5  o l efi n s  are o f  secondary abundance 
and appear to be of b i ogen i c  or i g i n .  The compo und  represented by Scan 1 635  i s  
a C21 H 32  po ly-o l e fi n w i th a retent i on t i me and  mas s  s pectrum s i mi l a r to hene i cosa
hexa n e .  S i nce t h i s compo und has  been detected i n  d i atoms , a l gae , and wa te r 
co l umn fi l tra te s , i ts occu rrence i n  the squ i d  l i ke ly  i nd i cates  a refl ecti on of  
food source rather than b i o syn thes i s .  

1 Anchovy ( 1 004 ) , hexa ne fract i o n , B l ac k  Bayou trawl : 

Al t hough  data reduc t i on for t h i s  s amp l e  i s  not compl eted , the major . compo nents 
are composed of mono-o l ef i ns of nc 1 7 , nC 1 9 , nC21  and  nC23 0 A l so  pr1 s tane and 
nC 1 7  are notab l e cons t i tuents o Al though d i ffer i ng  in  the rel at i ve �mo unts  of  
compo unds , the compos i ti on i s  str i k i n g l y  s im i l ar  to  the  hexane  fract i on of  the  
squ id  from the s ame s i te .  

U . 3- 1 04 



Ta b l e 3-A- l . Gas c hroma tography-ma s s  spectrometry da ta/or the 
hexane fract i on of  a s qu i d  samp l e  ( 1 00 5 )  from the 
B l ack  Bayou Trawl . 

Scan Base Peak Molecular Ion Compound or Fragments Formula 

1346 5 5  238 alkene Cl 7H34 

1 356 5 7  2 4 0  n-Cl7 
Cl7H36 

1369 57 268 cl9 isoprenoid , pristane Cl9H40 

1426 55 252 alkene Cl8H3 6  

1 4 3 3  55 252 alkene Cl 8H36 

1442 57 254 n-Cl8 
Cl8H38 

1 4 5 3  5 7  2 8 2  c20 isoprenoi d ,  phytane C20H4 2  

14 73 5 7  2 78 unknown; Frag: m/e �. 8 2 ,  9 5 ,  1 2 3  C20H38 

1 4 9 2  5 7  2 7 8  unknown ; Frag. as in scan 1473 with m/e 82>68 C20H 38 

1520 55 266 alkene Cl 9H 38 

1525 5 7  2 6 8  n-Cl9 Cl 9H4 0  

1576 57 282 unknown; Fra g :  m/e 2 3 9 ,  alkane C20H4 2  

1598 55 280 alkene C 20H40 

1605 5 7  282 n-C20 C20H4 2  

1646 6 7  2 9 2  alkene C21H4 0  

1660 5 7  294 alkene C21H4 2  

1675 57 2 9 4  alkene C2 1 H4 2  

1682 57 296 n-c21 
unknown 

1 7 0 3  56 312 butyl ester C 20H400 2 

1 7 4 7  5 7  308 alkene C2 2H44 

1753 5 7  310 n-C22 
unknown 

1818 55. 5 7 3 2 2  alkene C2 3H46 

1823 57 324 n-C23 
unknown 

1844 56 340 octadecanoic ac i d ,  buty l ester C2 2H4 40 2 

1 8 7 2  5 7  259 bis- (2-ethyl hexyl) adipate unknown 

1882 2 5 1  362 phosphoic acid , octyldiphenyl ester C20H 2 704P 

1890 57 338 n-C24 
unknown 

1949 5 5  350 alkene C25H50 

1954 57 352 n-C25 
unknown 

1960 149 2 7 9  dioctyl phthalate 

2023 n-C2 6  

2105 n- C2 7  

2204 n-C28 

2326 n-C2 9  

2 4 7 8  n- C30 

267 1 n-C3 1 
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F i g u re 3-A-l . Recons truc ted gas c h romatog ram of  the hexane fra c t i o n  o f  a 
squ i d  ( 1 00 5 )  from the B l a c k  B ayou trawl . 



Tab le 3-A-2 . Gas chromato graphy-ma s s  s p e c t rome try d a ta f o r  the b enzene 
frac t i on o f  a s quid samp l e  ( 1 0 0 5 )  f rom th e B la ck Bayo u t rawl . 

S can 

5 3 1  

6 0 8  

1 3 4 7 

1 3 5 6  

1 3 6 5  

1 6 35 

1 8 18 

1 8 3 6  

1 8 5 0  

1 8 6 1  

2 2 2 0  

Base Mo lecular 
P e ak Ion 

5 7 1 5 6  

6 8  1 3 6  

5 5 , 5 7 2 3 8  

5 7 240 

5 7 2 6 8  

7 9 2 8 4  

5 5  346 

69 346 

6 9  344 

69 ? 

6 9  41 0 

Comp o und o r  Fra gmen t s  

n-c
1 1  

l-mP.thy l-4 - ( 1-me thyle thenyl ) - , (R) 
cycl ohexene 

n- c
1 7 nep tade cane 

c
l 9  

is op reno id , p ri s tane 

hene icosah exaene 

alkatriene ; Frag : m/ e 2 0 5 , 2 33 , 2 6 1  

a lkatriene ; Frag : m / e  1 0 9  

alkene and / o r  cyclic alkane ; 
Fra g :  m/ e m-4 3 ,  m- 15 , m- 7 1 

unknown : weak spec tra 

s qua l ene 
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F i g u re 3-A-2 .  Recons truc ted gas c hroma togram of the benzene fract i o n  for 
sq u i d  ( 1 00 5 )  from t he B l ack Bayou  trawl . 



• Anc hovy ( 1 004 ) , b enzene fract i o n , B l ac k Bayo u trawl : 

Prel i mi nary ana l yses  o f  the data s how that the major  compo unds are the 
i sopreno i d  methyl esters ( phytanate,  pri s tanate ) cho l estad i ene and c hol es
tero l . Al so , e l emental s u l fur ,  ( ocrahedra l ) was  a l so  p resent i n  s i gn i fi cant 
concentrat i ons . A l a rge n umber o f  apparent petrogen i c  and anthropogen i c  
hydrocarbons al so occ urs , i nc l udi ng  a l ky l - and cyc l oal ky l  benzenes , t h i o
phene , b i  phenyl , a nd bromomethyl cyc l o hexane . 

• Butterf i s h  ( 1 0 1 1 ) ,  benzene frac t i on , West Hackberry Control : 

Al mo s t  the enti re fra ct i o n  o f  t h i s samp l e cons i sts  of fatty ac i d  methyl -esters 
w i th m i nor amounts  of  o l efi n s , c ho l e stad i ene , and chol esterol ( Tab l e 3-A- 3 ,  
F i gure 3-A-3 ) .  Any occurrence of petrol eum or anthropogen i c  aroma t i cs wou l d  
be mas ked by these  compou nds o The i r occ urrence may be a res u l t o f  exces s  fat 
content  i n  th e fi sh  s uch  that comp l ete hydro l ys i s  d i d  not occur duri ng  sapon i 
f icat i o n o  

I Wh i te s hr imp ( 1 0 1 2 ) ,  hexane frac t i on , West  Hackberry Contro l : 

Th i s  s amp l e conta i n s an homo l ogous  seri es  of n-a l kanes  s u per imposed u pon 
a moderate u nreso l ved envel ope , wi th the maj or compound be i ng pri s tane 
( scan 1 363 ) ( F i g ure 3-A- 4 ,  Tab l e  3 -A-4 ) .  Al so  mi nor abundances of mari ne 
u nsatu rates  and d i terpanes are a l so present . The occu rance of  the moderate 
U CM and the d i terpanes l i ke l y  refl ects sed iment  hydrocarbon s accumu l a ted 
duri ng  feed i ng .  

• Wh i te s hr imp ( 1 0 1 2 ) , benzene fract ion , We st  Hac kberry Contro l : 

The benzene fract ion  of wh i te s hr imp conta i ns pr imari l y  chol estero l , p l us  a 
number o f  ketones  and a l coho l s .  The se compounds  are natura l  products and the 
h i gh concentrat i on s  a nd po l a r  nature i s  l i ke l y  a res u l t of  LC col umn over
l oad i n g .  The o n l y  anthropogen i c  compo und detected was p , 1 p 1 -DDE i n  trace 
amounts . ( Tab l e  3-A- 5 ,  F i gu re 3-A- 5 ) . 

• Water F i l trate ( 204 1 ) ,  benzene fract ion , Stat i on 1 0 ,  Wes t Hac kberry 
D i sposa l  S i te : 

The major  component i n  th i s  s ampl e i s  d i octyl phtha l ate , fo l l owed by an  u n i den
ti fi ed a l kyl -phenyl  ( ? )  ( Scan 1 975 ) .  Squa l ene ( s can 22 1 5 )  a nd an homo l egou s  
seri e s  of  n-a l kanes  are a l so  presen t .  Po l ynuc l ear aromati cs  were al so  detected 
i n  l ow concentrat i ons  ( phena nthrene . fl uoranthene , pyrene , etc . ) ,  i nd i cat i ng  
a petroge n i c s o u rce . ( Tab l e  3-A-6 , F i g u re 3-A-6 ) .  
1 Water F i l trate ( 2034 ) , hexa ne and benzene fract ion s , Stat i o n  1 5 , 

West Hac kberry D i s po sa l  S i t e : 

Pre l i mi nary ana lyses  of  th i s  s ampl e s h ow a u n i q ue d i stri b ut i on of an  homo l ogo u s  
seri e s  of  branched a l kanes  w i t h  t he  three major  peaks e l ut i ng  at  KOVAT i nd i ces  
o f  1 72 3 ,  1 9 32 and 2 1 47 .  Present mas s  spectra do not s how mo l ecu l ar i ons  for 
most  o f  these compounds .  However , reprocess i ng the data through  vari o u s  en-
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Tab l e 3-A-3.  Gas Ch romatog raphy/Mass Spectrometry data  for the  
benzene frac t i o n  of  a butterfi s h  sampl e ( 1 0 1 1 )  from 
the West  Hac kberry contro l  s i te .  

Base Peak 

264 71 

361 72 

4 2 8  72 

SSS S9 

680 9 S  

7 9 7  S9 

1023 84 

1172 69 

1192 69 

1269 74 

1306 69 

1364 7 4  

1 4 4 8  74 

1 4 8 7  6 9  

1 S 3 2  74 

1S90 88 

1611 7 4  

1 6 7 0  74 ' 101 

1689 74 

1 7 30 S6 

l 7S9 

1802 1 4 9  

1829 7 4  

1 8 9 6  74 

1946 6 9  

1 9 6 2  7 4  

2031 74 

2 0 9 S  S S  

2 1 2 0  7 4  

2 2 2 7  8 1  

2294 81 

2 3 1 2  S S  

2 3 4 S  74 

24S4 69 

2 4 9 9  74 

2608 s 7 

2640 SS 

26S 7 S 7  

2 6 9 3  7 4  

2 7SO 1 74 

3372 S 7  

Molecular 
Ion 

100 

142 

124 

210 

188 

200? 

228 

214 . 218 

2 4 2  

2 S 6  

270 

312 

284 

326 

298 

312 

312 

336 

326 

340 

3 S 2  

3 S 4  

3 6 8  

380 

3 8 2  

39 6 

368 

408 

410 

4 7 0 ?  

4 2 4  

386 

4 30 

4 3 8  

382 

480 

Compound or Fragments 

unknown 

unsaturated hydrocarbon 

probably c1 3 me e s t er methyl t ridecanoate 

mixture of lUlsaturated hydrocarbons 

cl 4 me ester (methyl myristate) 

els me e s ter (methyl peni tadecanoa t e )  

unknown : mixture o f  olef ins 

cl 6 me es ter (methyl palmi t a t e )  

pristanic a c i d  - m e  e s t e r  

c1 7  me e s t e r  methyl heptadecanoate 

methyl phytanate 

c18 methyl ester methyl s t eara te 

unknown , frag: m/e 257 

c1 9  me e s t e r  methyl nonadecanoate 

similar t o  n-butyl phthalate 

c20 me ester me t h y l  anachidate 

c21 me e s t e r  methyl heneicosanoate 

C
2 2  me e s t e r  unsaturate 

e s t er methyl behena t e  

c2 3 me e s t e r  methyl tricosanoate 

e s t e r  unsaturate 

c24 me e s t e r  methyl lignocera te 

c25 me ester 

possibly cholesa- 3 ,  5-diene 

c26 me ester ucsaturate 

c26 me ester methyl cerotate 

unknown 

c2 7  me ester 

cholesterol ( cho l e s t-5-en-3 / 3-ol) 

p r obably unsaturated me ester 

unknown 

c 28 me e s t e r  

chol est a- 3 ,  5-diene- 7-one 

hexadecanoic a c i d ,  hexadecyl esteI" 

u .  3- 1 1 0  

unknown 

unknown 

C
l S

H
30

0
2 

C
l 6

H
32

0
2 

unknown 

C
l 7

H
34 

°
2 

C
20

H
40

0
2 

C
l8

H
3 6

0
2 

C
21 

H
4 2

0
2 

C
l 9

H 
38

0
2 

unknown 

C
l 8

H
24 

0
6 

C
21

H
4 2

0
2 

C
2 2

H
44 

0
2 

C
23H4 4  

0
2 

C
23

H
4 6

0
2 

C
24

H
4 802 

C
2S

H
4 B

0
2 

C
2 S

H
S0

0
2 

C
26

H
S 2

0
2 

C? 7
H

4 4  
C

2 7
H

S 2
0

2 
C

2 7
H

S4 
°

2 

unknown 

unknown 

C
29

H
S8

0
2 

C
2 7

H
4 2

0 

C
32

H
64

0
2 
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F i g ure 3-A- 3 .  Reco ns tru cted gas  chroma togram for the ben zene fract i o n  of 
a b u tterfi s h  samp l e from the Wes t  Hackberry co ntro l  s i te .  



Tab l e 3-A-4 . Ga s C hromatography/Ma s s  Spectrometry data for the hexane 
frac t i o n  of wh i te s hrimp ( 1 01 2 )  from the Wes t  Hackberry 
control s i te . 

Scan Base Peak Molecular Ion Compound or Fragments Formula 

8 4 2  S 7  probably n-Cl 2  unknown 

9 S 7  S 7  probably n-Cl3 

106S S7 probably n-Cl4 

1166 S 7  2 1 2  n-ClS 

1263 S7 226 n-Cl6 

1310 S7 possibly cl8 isoprenoid 

1323 SS 236 alkene Cl7H3 2  

1 3 4 S  S 7 ,  S S  238 alkene Cl 7H34 

13S4 S 7  2 4 0  n-Cl7 unknown 

1363 S7 268 cl 9  isopreno id ' pristane 

1 4 4 1  S 7  2S4 n-Cl8 

1 4 S 2  S 7  282 c20 isoprenoid ' phytane 

1488 S7 2 S 2  unkno wn ,  weak spectra 

1 4 9 6  S 7  2 6 4  probably alkene Cl9H36 

1S23 S7 268 n-Cl9 unknown 

1S31 74 270 methyl palmitate Cl 7H340 2 

1602 S7 282 n-c20 unknown 

1636 S7 2 9 2  probably unsaturate C21 
H4 0  

1661 69 288 unknown, unsaturate C2 1  R36 

1678 S7 2 9 6  n-C21 llllknown 

1701 S6 312 unknown , possibly butyl ester C2 0
H400

2 

1616 1 9 1  2 76 c20 diterpane unknown 

1684 191 290 c21 diterpane 

1 6 9 9  9 7  unknown , weak spectra 

17SO S7 310 n-C22 

1 7 7 9  S 7  unknown , possibly isoprenoid 

1820 S7 329 n-C23 

1840 S6 340 octadecanoic acid butyl ester C2 2H44 
°

2 

1886 S7 338 n-C24 unknown 

19Sl S 7  3S2 n-C2S 

19S6 149 3 9 0 ?  dioctyl or d i  iso octyl phthalate 

2018 S7 366 n-C26 

2099 S7 380 n-C2 7  

2144 57 368 possibly cholesta-3 ,  5-diene C2 7H4 4  

2196 S 7  probably n-C2 8  unknown 

2208 69 unknown , weak spectra 

2 2 7 2  8 1  368 unknown , see scan 2144 

2316 57 408 n-C29 

2464 S7 4 2 2 1  n-C30 ' weak spectra 

2604 SS 386 unknown , probably cholesterol 

U . 3- 1 1 2  
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llC DATA: Fl78 12198 
86119/78 12:116: 911 CALI : F l76 12 
SAllPLE: 1812-HEX IWll TE SffR1 11P l  
llAHG E :  G 1 . 3875  LABEL: H 8 .  4 . 8  OUAH: A 8. 1 . 8  BASE: U 28. 3 

1363 

144 1 

1488 
46 : 48 

1523 
1682 

16e0 
53:::>8 

1678 

17541 

1828 

1888 
68:88 

188€ 
1 95 1  

2818 

2888 
66 : 48 

SCAMS 121 I TO 2441 I 
OOT OF I TO 3875 

2288 73:28 

F i g ure 3-A- 4 .  Reconstructed g a s  ch romatogra� for t h e  hexane fract ion  
of  wh i te s h r i mp from the  We s t  Hackberry control trawl . 



Tab l e 3-A- 5 .  Gas  Ch roma tography/Ma s s  S pectrometry data for the 
benzene frac t i on o f  a wh i te s h r i mp ( 1 0 1 2 ) from the 
Wes t Hac kberry contro l  trawl . 

Scan Base Peak 

9 8 7  117 

1094 6 9  

1143 

1208 79 

1223 79 

1242 5 8  

1336  58 

1363  5 7  

1 3 8 1  5 6  

1403 55 

1425 5 8  

1 4 3 8  5 7  

1 4 6 6  5 8  

1511  5 8  

1519 6 9  

1 5 3 1  74 

1604 57 

1664 55 

1 710 2 4 6  

1760 5 5  

1940 5 7  

2010 57 

2089 57 

2146 81 

2210 69 

2239 5 7  

2281 81 

2545  55 

2670 55 , 5 7  

2684 165 

2852 124 ? 

Molecular 
I on 

1 1 7  

1 7 6 ?  

1 9 8  

1 9 6 ?  

2 2 6 ?  

2 6 6  

240?  

268 

254 

2 6 2  

2 70 

250?  

2 6 4  

31-

2 9 4  

308 

322 

336 

368 

368 

368 

368 

384 

386 

430 

384 

Compound or Fragments 

lH-indoLe 

unknown 

unknown , ketone? 

unknown , fra g .  at m/e 150,  91 , 105 

unknown , fra g .  at 9 1 ,  10 5 ,  119 , 1 48 , 

unknown , ketone ? 

unknown , p robably ketone 

possibly isoprenoid (pristane ) 

possibly unsaturate (branched) 

unknown , weak spectra 

unknown 

6 , 10 , 14-trimethyl-2-pentadecanone 

unknown , ketone? 

6 , 10 , 14-trime thyl- , ( E , E ) -5 , 9 , 13-pentadecatrien-2-one 

c
16 

me ester ( methyl palmi tate) 

unknown 

P , P ' -DDE trace amount 

unknown , probably unsaturate 

unknown , alcoho l ,  

unknown , alcoho l , 

unknown , alcoho l ?  

M-18] 
M-18 homologous series 

unknown , sterene ; frag : m/ e 1 4 5 ,  2 1 3 ,  24 7 ,  255 

unknown, alkene , s terene ? 

unknown , sterene , m/e 105 , 145 , 15 9 ,  2 1 3 ,  25 5 ,  314 

unknown , poss ibly cholesta-3 , 5-d i ene 

possib ly choles ta-5 , 2 2-dien-3-o l , ( 3 8 ) -

choles terol ( choles t-5-en-38-ol )  

2H01-benzopyran-6-o l , 3 , 4-dihydro-2 , 5 , 7 , 8-
tetramethyl-2- (4 , 8 , 1 2-trimethy ltridecy l ) 
, / 2R-/2R* (4R* , 8 R* ) / / - ( 9 CI )  

pos s ib ly mixture wi th methyl cho les tene 

u .  3- 1 1 4  

Formula 

unknown 

unknown 

unknown 

unknown 

C
2 7

H
4 4  

C
2 7

H
4 4

0 

C2 7
H

46
0 

C
29

H
50

0
2 

unknown 
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86/19178 1'1 : 16: 911 CALI : F in 11  SAtlPl.E: 11112-BEHZ. (UHITE SHRll11» BAHGE: G I .  332 1 1.AllEI.: II 0 .  4 . ll  i!UAH: A ll .  I . II  BASE: U 2\l, 3 

I 4'lll 46:48 

1466 

1519 

16'19 53: 28  18'l8 611: 1111 

19111 

2lllle 66:48 

28jl9 

SCANS 1211 1 TO 24111 OUT OF I TO 332 1 

2 146 

22il 

22(111 n,21 

Wit 

F i gure 3-A- 5 .  Recons tru c ted g a s  c hromatogram o f  the benzen e fra c t i o n  o f  
wh i te s hr imp from the W e s t  H a c k berry Cont ro l  trawl . 
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BIC DATA: F i n  12282 
16/19/78 11,  16: 811 00.1 , F i n  1 1  
SANPLE: 1812-BEHZ. IUHI TE SHBl11PI 
llAHGE: G 1

1\
332 1 WEL: H 8 . •. 8 OUAH: A 8. 1 . 8  BASE: U 28. 3 

ll � 
� ...... "' " 0 

" u 

.. II) � � 

SCANS 2481 TO 332 1 
OOT OF 1 TO 3321 

F i g ure 3-A-5 ( co nt ' d ) . Reconstru cted ga s chroma togram of the benzene 
fract i o n  of  wh i te s h r i mp from the West Hac kberry 
control trawl . 

816587 . 

SCAN TI• 



Scan 

1118 

1 1 6 5  

1401 

1462 

1480 

1565 

1608 

1 6 2 7  

1665 

1683 

1756 

1797 

1825 

1892 

1907 

1 9 6 0  

1 9 7 5  

2008 

2023 

2105 

2203 

2215 

2 2 84 

2324 

24 7 3  

2660 

2896 

Tabl e 3-A- 6 .  Gas Chromatography/Mas s  Spectrometry data for the benzene 
fracti on of  the bo ttom water samp l e from Stat i on 1 0 ,  
West Hac kberry i n tens i ve o  

Base Molecular 
Peak Ion Compound or Fragments 

1 7 7  220 possibly 2 , 6  Bis ( l , l , dimethylethyl) -2 , 5 -cyclo hexadine-1 , 4 -dione 

205 220 possibly BHT (Butylated hydroxy toluene) 

1 7 8  1 7 8  phenanthrene /anthracene 

1 9 8  198 probably 4 , me thyl d i-benzo thiophene 

198 198 unknown 

206 206 dimethyl phenanth rene 

202 202 fluo ranthene 

202 202 pyrene 

5 7  2 7 6  n-C
2 1  

5 7  310 n-C
2 2  

1 4 9  2 7 8  butyl phthalate 

5 7  322 n-C
23 

57 338 n- C
2 4  

2 2 8  2 2 8  Benz [A]  anthracene or chrysene 

149 390 dioctyl phthalate 

221 3 5 4  phenyl alkyl ( ? ) , m / e  91 , 1 05 , 1 1 9 ,  

221 354 isomer o f  scan 1 9 7 5  

5 7  3 6 6  n-C
26 

57 380 n-C2 7 

5 7  3 9 4  n-C
28 

6 9  4 1 0  squalene 

81 368 mixture with cho lesta- 3 , 5-diene 

5 7  382 n-C
2 9  

5 7  4 2 2  n-C
30 

5 7  4 36 n-C
31 

5 7  450 n-C
3 2 

3 1 9 3  5 7  4 6 4  n-C
33 

U . 3- 1 1 7  

Formula 

C
l4

H
20

0
2 

C
l5

H
2 4

0 

C
l4

H
l 0  

C
l 3

H
lOS 

unknown 

C
l 6

H
l4 

C
l 6

H
l 0  

C
l6

H
l 0  

unknown 

C
l6

H
2 2

0
4 

unknown 

C
l 8

H
l 2  

unknown 

C
26

H
4 2 

C
2 6

H
4 2  

C
26

H
5 4 

C
27

R
5 6  

C
28

H
5 8  

C
30

H
5 0  

C
27

H
4 4  

C
29

H
60 

C
30

H
6 2  

C
31

H
6 4  

C
32

H
6 6  

C
33

H
68 
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arc DATA: llFl38 II 15/M/78 13:51 ,. CALI : HFl38 14 SAllPLE: 2MHIEJIZ 
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14411 16:141 1688 
53: 29  

1 8'8  
68 : 88  

1968 

2988 

28118 66:141 

SCAMS 129 I TO 2141 I 
OOT OF I TO 3721 

15 

nee 
73: 29  

2 

F i g ure 3-A-6 .  Recons tru cted gas  chroma togram for the benze111e fra c t i on of 
a bottom wa ter fi l tra te  at  Stat i o n  1 0 ,  Wes t Hackberry I nten s i ve .  



ha , ,cement tec h n i ques  may y i e l d  the exact mol ecu l ar wei g h t .  T h i s 1 1 pattern 11 has 
been noted i n  a n umber of sta ti ons  at  West Hac kberry and  i n  other areas o f  the 
nearshore G u l f of  Mex i c o  ( Sh0kes , 1 9 78 ) . At the present t ime the i r  ori g i n i s  
u n known b ut a s s umed to be deri ved from phyto and/or zoop l an kton . Add i ti ona l l y ,  
the promi nent occurrence o f  n-a l kanes  from n -c23 to nC29 . are a l s o  pre�ent o  . �he 
benzene  fract i on s  s how the l ow l eve l  presen ce of aroma t i c  compo unds  i n  add i t i o n  
to the promi nent  occurrence o f  a C21 , H32 o 1 e f i  n ( henei  cosahexaene? ) . I n  the 
s ampl es  ana l yzed th i s o l efi n i s  a s soc i ated w i th the s e r i e s  of branched 
a l kanes  ( i . e . , KOVAT 1 723 , 1 932 , 2 1 47 ) . However , another on-go i ng s tudy 
s uggests tha t th i s  samp l e may be compos ed of two to three i n dependent 
1 1 popu l ati on s . 1 1  

1 Water-f i l trate ( 2037 ) , benzene fract i o n , Stat i o n  37 , B i g  H i l l  s i te :  

I n i ti a l data proces s i ng i ndi cates that th i s  samp l e  con s i s ts o f  a compl ex 
ser i e s  o f  aromat i c hydrocarbons s uper i mpo s ed o n  a n  u nresol ved enve l o pe .  

1 Sedi men t ( 830 ) , hexane and  benzene frac t i on , Stat i o n  1 9 , Wes t Hac kberry 
D i s  po sa 1 S i te :  

T h i s s ampl e wa s chosen  beca use  o f  the comp l ex i ty o f  the mar i n e  po l y  -ol e f i n s  
e l u t i ng  between nc20 and  nC22 . The  i n i t i a l  a na lyses  s how a comp l ex s er i e s  o f  
predomi nant ly  C25  po ly-o l e f i ns wi th t h e  m i nor  occurrence o f  C 1 9 and C21  con s t i t
uents . Present l y ,  a cata l og ue of retent i on  i nd i ce s , mas s  s pectra , a n d  a s soc i 
ated sed iment textural  c haracter i s t i c s  i s  b e i ng  devel o ped to a s ses s the nature 
and  i mportance o f  thes e ma r i ne-deri ved hydrocarbons . Mo st  o f  the o l ef i n s  detec
ted i n  the wa ter f i l trates are refl ec ted i n  pel a g i c  fauna  but have not been 
detected i n  t he s ed i ments . Th i s  observa t i o n  s u gge s ts that the po l y-o l efi n s  
detected i n  sedi men ts are e i ther d i agenet i c  a l tera t i ons  of  those  produced i n  
the water col umn o r  are i n di genous to the s ed iment ( micro- , me i o- and macro
i n fiauna ) . I n  e i th er ca s e , the d i stri b 1it i ons  o f  the s e  compo unds  l i ke ly  refl ect 
amb i en t  m icroe n v i ro nmen ts n ea r  the s ed i ment-water i nterface , and wi l l  serve as  
a u se fu l  too l i n  a s s es s i ng a ny post-d i s po sa l  e ffects on  the l arger sca l e system . 

U . 3- 1 1 9  





Secti on 4 . 0 

B i o l og i ca l  Oceanograp hy 





4 . 0 TAB LE OF  CONTENTS 

4 . 0  B i o l o g i ca l  Oceanography 

4 . 1 I ntroduct i on 

4 . 2 Methodo l ogy 

4 . 3  Res u l ts and D i scus s i on 

4 . 3 . 1 Phytop l an kton 

4 . 3 . 1 . 1  Genera l  Character i zati on 

4 . 3 . 1 . 2  Spat i a l  and Tempora l  Var i ati ons  

4 . 3 . 2  Zoop l ankton 

4 . 3 . 2 . 1  Genera l  Character i zati on 

4 . 3 . 2 . 2 Deta i l ed Res u l ts and I n te rp retat i o n  

4 . 3 . 3  Benthos 

4 . 3 . 3 . 1  General  Character i zati on  

4 . 3 . 3 . 2  Spat i a l  a nd  Temporal Var i at i o n s  

4 . 3 . 3 . 3  Benthos - Substrate Re l ati ons h i p s 

4 . 3 . 3 . 4  Commu n i ty Compo s i t i on 

4 . 3 . 4  Demersa l  Ne kton 

4 . 3 . 4 . 1  Genera l  Character i s t i c s  

4 . 3 . 4 . 2  Spat i a l  and Temporal  Var i ati ons  

4 . 3 . 5 Surf i ci a l  Sed ime nts 

4 . 3 . 5 . 1 G rai n S i ze D i s tri but i o n  of Surf i c i a l 

Sedi ments 

4 . 3 . 5 . 2  Ca l c i um Carbonate Content i n  Surf i c i a l 

Sed i ments 

4 . 3 . 5 . 3 Total Organ i c  Matter Content i n  S urfi c i a l  

S ed i me nts 

4 . 3 . 5 . 4 Conc l us i ons  

4 . 4 S ummary and D i scus s i on 

R E F E RENCES 

i 

U . 4- 1 
U . 4- 1 
u .  4 ·  l 
U . 4- 6 
U . 4-6 
U . 4-6 
u .  4- 1 4  
u .  4- 27  
u .  4- 32 
U .  4- 34 
u. 4- 54 
u. 4- 54 
U . 4- 57 
u. 4- 66 
U . 4- 66 
U. 4- 68 
u .  4- 68 
u. 4- 74 
u. 4- 9 1  

u .  4- 9 1  

U .  4- l 02 

u. 4- l 07 
U . 4- 1 1 1  
u. 4- 1 1 3  

U . 4- 1 1 4 



Ta b l e 
4 .  1 - 1 
4 .  3- 1 
4 . 3-2a 

4 . 3-2b  

4 . 3-3  
4 . 3 -4 
4 . 3-5  
4 . 3 -6 
4 . 3-7 
4 . 3-8 
4 . 3-9  
4 . 3- 1 0 
4 . 3- 1 1 
4 . 3- 1 2  

4 . 3 - 1 3 

4 . 3- 1 4 
4 . 3 - 1 5 
4 . 3 - 1 6 
4 . 3 - 1 7 
4 . 3- 1 8 
4 . 3- 1 9 
4 . 3-20  
4 . 3 -2 1  
4 . 3-22  
4 . 3-23  
4 . 3-24 
4 . 3-25  
4 . 3-26 

TABLES 

Texoma Samp l i ng Schedu l e  
P hytop l an kton Spec i es L i st 
S i te and  Mo nth l y  Va r i a t i o n  i n  P hytop l a n kton Stand i ng 

Crop Determi ned from Who l e  Water Samp l es 
S i te and Month l y  Va r i a ti on i n  P hytop l an kton Stand i ng 

Crop Determ i ned from C l arke Bumpus  Samp l e s  
Mea n C h l orophy l l Va l ue s  
Mean Phaeopi gment  Va l ue s  
P hytop l ankton Commun i ty Compo s i t i on 
Mean P hytop l a n kton Va l ue s  
ANOVA for Spec i e s  Den s i t i e s  
Mu l t i p l e  Mean s  Tests  for P hytop l an kton for Cru i se Mean s  
Mu l ti p l e  Means  Tests  for P hytop l ankton for S i te Mean s  
ANOVA for P l ant  P i gments 
S i mp l e  Corre l a t i on s  for Maj o r  P hytop l ankton  Spec i es 
Correl at i on Matr i x  for Compar i son  of  Spec i es wi th H i ghest  

Mea n s  i n  October and December 
Corre l at i on Ana l ys i s  for P hytop l ankton Stand i ng Crop and 

P i gments 
Zoopl ankton  Spec i es Li st 
Number o f  Adu l t  Zoo p l ankton Spec i e s  
Number o f  La rva l  Zoopl a n kton Spec i e s  
Zoopl an kton Spec i e s  D i vers i t i es 
Mean Zoop l an kton Va l u e s  by S i te and Month  
ANOVA for Zoopl a nkton Stand i ng  Crops  
Mu l t i p l e  Means  Tests  for Zoopl ankton by Cru i se 
Zoop l ank ton  Corre l at ion  Ana l ys i s  
Zoopl an kton Corre l at i on  Anal ys i s  
Megafauna l  Spec i es 
Megafauna l  Domi nants  
Megafauna l  Feed i ng Pattern s 
Megafauna l  Stand i ng Crop Patterns 

i i  

Page 
U . 4-4 
U . 4-7  

U . 4-8 

U . 4-9  
U . 4- 1 1 
U . 4- 1 2  
U . 4- 1 4  
U . 4- 1 6 
U . 4- 1 8  
U . 4- 1 9 
u . 4-2 1  
U . 4-22  
U . 4-23  

U . 4-24 

U . 4-26 
U . 4- 33 
U . 4-37  
U . 4- 38 
u . 4-41  
U . 4-43 
U . 4-44 
U . 4-45 
U . 4-46 
U . 4- 49 
U . 4-55 , 56 
U . 4-58  
U . 4-60 
U . 4-6 1  



Ta bl e 

4 . 3-28 
4 . 3-29 
4 . 3-30 
4 .  3-31  
4 . 3-32  
4 . 3-33  
4 . 3-34 
4 . 3-35 
4 . 3-36 
4 . 3-37  
4 . 3-38 
4 . 3-39 
4 . 3-40 
4 . 3-41  
4 . 3-42 

4 . 3-43 

4 . 3-44 

4 . 3-45 
4 . 3-46 
4 . 3-47 

4 . 3-48 

4 . 3-49 

4 . 3-50 

4.  3-51  

Megafauna l  Mu l t i p l e Means  Tes t ,  by Month 
Megafauna l  Mu l ti pl e  Means  Tes t ,  by S i te 
Megafauna l  Commun i ty Compo s i t i on 
Demersa l  Nekton Spe c i es 
Demersa l  Ne kton Domi nants 
Demersa l Nekton Feed i ng Patterns 
Demersa l  Nekton Dom i nance Patterns 
Mean Demersal  Va l ues  by S i te and Month 
Two-Way ANOVA for Maj or Demersa l s 

Means  
Mu l t i p l e Mean s Tes ts for  Demersa l  Nekton for  Cru i se Mean s  
Mu l ti pl e  Mean s  Tests  for Pa i rwi se  Compar i sons  o f  S i te 
S i mp l e Corre l at i ons  for Maj or Demersa l  Spec i es 
Sand , S i l t , a nd C l ay Percentages  for Cru i se I I I  
Sand , S i l t , and C l ay Percentages for Crui s e  I V  
Stat i st i cal  Parameters for Sur i fci a l  Sed iments-

Cru i se s  I I I  and I V  
Stat i st i ca l  Parameters for Surfi c i a l  Sed i ments by 

Stat i on  - Cru i se I I I  
Stat i s t i ca l  Parameters for S urfi c i a l  Sedi ments by 

Stati on - Cru i se I V  
Ana l ys i s  o f  Vari ance for Sed iment  Parameters 
Mu l t i pl e Means Tests for Sedi ment  Parameters by S i te 
Cal c i um Carbonate Percentages for Cru i ses  I through 

IV by Stati on 
Ca l c i um Carbonate Percentages for Cru i se s  I through 

IV by S i te 
Tota l Organ i c  Matter Percentages for Cru i ses  I through  

I V  by  Stat i on 
Total Orga n i c  Matter Percentages for Cru i s e s  I 

through  I V  by S i te 
Corre l a t i ons  Between Sedi ment Parameters 

4 . 3-52  S ummary of  Sed i ment  Rel ati ons h i ps and  Trends  

i i i  

Page 

U . 4-64 
U . 4-65 
U . 4-67 
U . 4-7 1 , 72 
U . 4-73 
U . 4-75  
U . 4-76 
U . 4-78 , 79 
U . 4 -80 
U . 4-81 
U . 4-82 
U . 4-85 
U . 4-92 
U . 4-93 

U . 4-94 

U . 4-96 

U . 4-97  
U . 4- 1 03 
U . 4- 1 04 

U . 4- 1 05 

U . 4- 1 06 

U . 4- 1 08 

U . 4- 1 09 
U . 4- 1 1 0  
u . 4- 1 1 2  



4 .  1 - 1 
4 .  1 - 2 
4 . 3- 1  

F I GURES 

Texoma S i te Loca t i on s  
Stat i o n  Arrays for Texoma S i tes  
C h l orophyl l a Concentrati ons  by S i te ,  Depth and Month 

Page 

U . 4- 2 
U . 4- 3 
u .  4-10 

4 . 3- 2 Cumu l at i ve Percent Compos i t i on of the Phytopl a nkton Commun i ty U . 4- 1 5  
by Month 

4 . 3-3  

4 . 3-4  

4 . 3- 5  

4 . 3-6  
4 . 3- 7  
4 . 3-8 
4 . 3- 9  
4 . 3- 1 0  
4 . 3- 1 1 
4 . 3- 1 2 
4 . 3- 1 3  
4 . 3- 1 4  
4 . 3- 1 5  
4 . 3- 1 6 
4 . 3- 1 7  
4 . 3- 1 8  
4 . 3- 1 9 

4 . 3- 20 
4 . 3 -2 1  

4 . 3- 2 2  

4 . 3-23  

Phytop l an kton Ord i nati on , Who l e Water Sampl es , Col l ect i o n  S i te 
I nd i cated 

P hytop l an kton Ord i nat i on , Who l e Water Sampl es , Col l ect i on Date 
I nd i cated 

Phytop l an kton Ord i nat i on , C l arke Bumpu s , Co l l ect i o n  Date 
I nd i cated 

Phytop l a n kton Ord i na t i o n , C l arke Bumpu s ,  Spec i es I n d i cated 
Zoop l a nkton Commun i ty Compo s i t i on 
Zoopl a n kton Spec i es Recovered as  a Funct i on  of Samp l e S i ze 
Zoopl a n kton Ord i nat i on , i n  Samp l e Space W i t h  S i te s  I n d i cated 
Zoop l a n kton Ord i nati o n , i n  Sampl e Space W i th Dates I nd i cated 
Zoopl an kton Ord i nati o n , i n  Spec i es Space 
Frequency of  Recovery of  Megafauna l  Spec i es 
Megafauna l  Ord i na t i on i n  Sampl e Space W i th Dates I n d i cated 

u . 4 - 28 

L . 4- 29 

U . 4- 30 
[ ! . 4- 3 1 
I '  . 4- 35  
l :  . 4 - 36 
I : . 4- 51 
! ! • 4- 52 
1 1 . 4 - 53  
I . •  4- 59  
[ !  . 4 - 69 

Megafauna l  Ord i nat i on  i n  Spec i es Space l l . 4 - 70 
The Number Demersa l  Ne kton Spec i a l  Col l ected by Month and S i te l ' . 4 - 83  
Demersal  Ne kton Ord i nat i o n  i n  Sampl e Space , Dates I n d i cated 1 1 . 4- 87 
Demersa l Ne kton Ord i nat i o n  i n  
Demersal  Nekton Ord i na t i on i n  
Demersa l  Ne kton Ord i na t i o n  i n  

I nd i cated 

Sampl e Space , S i tes I nd i cated 
Spec i es Space 
Spec i es Space , Tro ph i c  Types 

I J . 4 - 88 
ll . 4 - 89 
u . 4 - 90 

Tr i a ngu l ar Fac i es D i agrams for Cru i se s  I I I  and I V  l ' . 4 - 95 
H i s tograms and Cumu l at i ve Frequency Graphs of  Stat i ons  1 0  and 

30 for Cru i ses  I I I and IV  l l . 4- 99 
H i stogram and Cumu l at i ve Frequency Graph of  Sta t i o n  47 for 

Cru i s es  I I I  and IV U . 4- 1 00 
H i stograms and Cumu l a t i ve Frequency Graphs  of  Sta t i o n s  39  and 

50 for Cru i ses  I I I  and I V  U - 4- 1 0 1 

i v  



4 .  0 B I O LOGI CAL  OCEANOGRAPHY 

4 . 1 I ntroduct i o n 

Begi n n i ng September 1977 , Sci ence App l i cati ons , I nc .  ( SAI/Oak Ri dge) has 
been  conduct i ng a study of the b i ota at three nearshore pr i mary bri ne 
d i sposal  s i tes and two seco ndary contro l s i te s  ( F i g ure 4 . 1- 1 )  i n  DOE ' s S PR  
program . The  pr i mary object ive  of  th i s study i s  the  characte ri zat i o n of  
t he  exi st i ng popu l at i ons  and potenti a l  product i o n i n  t he  v i c i n i ty of  the 
future d i sposa l  s i te s .  To th i s  end , a month l y  samp l i ng program de s i gned 
to i nve nto ry a 1 1  trop h i c  l eve l s  was i naugurated .  The present report 
covers the per i od from Septembe r through Decembe r 197 7 .  Spec i f i c  samp l i ng 
vectors i nc l uded :  benth i c  megafauna , benth i c  mei ofauna , phytop l an kton , 
zoop l ankton , and demersa l  nekto n .  Anci l l ary data co l l ected i nc l uded :  
sed i mentary gra i n  s i ze di str i but i o n , carbonate conte nt ,  total o rgan i c  
matte r ,  near s u rface and near bottom ch l o rophy l l a and phaeop i gme nt and 
verti ca l  sa l i n i ty ,  temperature , di s so l ved oxyge n ,  and pH prof i l e s .  To 
p rov i de an  i n i t i a l  c haracter i zati on  of  the b i ota samp l i ng was somewhat 
more i ntense i n  Septembe r and October than i n  November and Decembe r .  
Ta ki ng cogn i zance of  what was then  known of  t h e  reg i ona l  cu rrent reg i me , 
the de ns i ty of sampl i ng stat i o n s  was s kewed to the we st on the as s umpti on  
of  a domi nant we st  f l owi ng l ongs hore current .  The stati on  array and 
samp l i ng sc hedu l e  i s  s hown i n  F i gure 4 . 1- 2 and Tab l e  4 . 1- 1 .  

4 .  2 Methodo l ogy 

Benth i c mega fauna was samp l ed wi th rep l i cate 1/25 m2 Vanveen  grabs . 
Samp l e s were s i eved through a set  of  prec i s i o n screens  wi th the greater 
than 1 mm (mega fauna) and greater than . 025 mm (mei ofauna)  fracti ons  
i so l ated .  Samp l es were pre s e rved wi th 10% bu ffe red forma l i n  and  Rose  
Benga l  s ta i n .  Ro ugh sorti ng was pe rformed i n  wh i te pans under  an i l l um
i nated magn i fy i ng g l ass , and f i ne sort i ng was done unde r a di s secti ng 
m i c roscop e .  Me i o faunal  o rgan i sms were f l oated i n  ethy l ene  g l yco l  s o l u
t i o n i n  o rder to separate the an i ma l s from debr i s .  

Demersal  f i s hes , l a rge r demersa l  i nvertebrates , and l arge r and mo re 
moti l e  benth i c  anama l s were co l l ected w i th a 14 foot ( 4 . 3  meter w ide )  
otte r trawl l i ned w i t h  a 2 mm2 me s h  s l eeve net .  The trawl was  towed at a 
constant speed of  2 knots for 15 mi nutes i n  a di re ct i o n normal to the 
s hore l i ne .  The area covered by the traw l was ca l cu l ated to be about 
3 240 m2 . ( No correct i o ns have been made to account for var i at i o n s  i n  
trawl d i stance due to the d i fference s i n  hydrograp h i c  and meteoro l og i c  
condi t i ons . S i nce the p revai l i ng cu rrents f l ow paral l e l  to the s hore l i ne 
and are re l at i ve l y  weak ( 1-2 knots ) i t  i s  thought that th i s  source of  
erro r i s  m i n i ma l . )  A l l an i ma l s we re i dent i f i ed to spec i e s  and counted . 
Each i nd i v i dual  was meas ured , a l though not we i ghed .  S i ze c l as s e s  of  fi sh , 
s h r i mp and crabs are read i l y  recogn i zab l e  from these data and show growth 
rates by months . 
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Su rface and bottom zoop l a nkton and phytop l an kton tows we re made wi th  
a 5 1 1  di amete r C l ark-B umpus  p l an kto n samp l e r .  Zoop l ankton tows (#10 me s h )  
were made for 2 . 5 m i n utes eac h ( 1 . 5 knots ) ,  wh i l e  phytop l a n kto n tows 
(#20 me s h )  were made for 1 . 0 m i nute eac h .  Zoop l an kto n samp l e s we re f i xed 
i n  5% bu ffered forma l i n ,  sta i ned wi th Rose Bengal . Enumerat i o n s  we re 
obtai ned by the str i p-count i ng method uti l i z i ng a Sedgewi c k  Rafte r ce l l .  
P hytop l an kton samp l es were preserved i n  5% buffered forma l i n  wi th  a 
Methyl Green  stai n .  En umerat i o n  we re obtai ned by str i p  counti ng wi th a 
Sedgewi ck- Rafter ce l l .  P hytop l an kton counts were reported as " u n i ts per  
l i te r , 1 1 where un i t refers e i ther  to  a s i ng l e ce l l ,  o r  to a group of  c e l l s  
i n  those spec i e s  that form co l o n i e s  o r  aggregates .  

The  pr i mary advantage of  a C l arke Bumpu s  samp l i ng procedure , i s  that i t  
p rov i des  i ntegrated samp l es over l arge vo l ume s o f  water ,  t hu s  tend i ng to 
obv i ate some o f  the samp l e  var i ab i l i ty .  Howeve r ,  to funct i o n  effect i ve l y ,  
a C l arke Bumpu s  samp l er can emp l oy a net no fi ner  than about a #20 mes h .  
Such  a net does not samp l e  the m i crof l age l l ate compo nent of  the p l ankton 
commun i ty .  To a s se s s  the contr i buti on  of  th i s  group , 1- l i ter  who l e  wate r 
samp l es ( top and bottom) at a l l p l ankto n stati on s  we re obtai ned wi th a Van 
Dorn water samp l e r .  These samp l es we re prese rved wi th a 5% buffered 
formal i n  so l uti o n , and enumerat i o n  wi th the Sedgewi c k- Rafte r str i p-count  
tec h n i q u e .  

I n  s i tu oxygen , conduct i v i ty ,  temperature , and p H  as  a funct i o n  of  depth 
(1 mete r i nterva l s )  we re taken with a Hydro l ab 1 1 S u rveyo r . 1 1  Conducti v i 
t i e s  va l ues  we re converted to sa l i n i t i e s , and oxyge n va l ues  were adj usted 
for tempe rature and sa l i n i ty .  

C h l o rophyl l a and pheophyt i n  determi nati ons  were made fo r near s u rface and 
bottom water samp l e s at eac h p l ankto n stat i o n .  Two 500 m l  a l i q uots we re 
drawn from top and bottom Van Dorn who l e  water samp l e s , and fi l tered 
through m i l l epore ( . 45µ ) f i l ter s .  These  f i l ters  we re des s i cator dri ed at 
4°C , and then frozen  unti l proce ssed .  P i gments were extracted wi th 90% 
acetone .  Spectral ab sorbanc i e s  were determi ned wi th a Bec kman Mode l 
DG Grati ng spectrophotometer accord i ng to procedures out l i ned i n  the 
Ame r i can P ub l i c  Hea l th Assoc i at i o n  ( 1975 ) 1 1 Standard Methods for the 
Exam i nat i o n  of  Water and Wastewater .  1 1 

Sedi ment s ubsamp l e s we re obtai ned from Van Veen grab samp l e s  wi th a 2 . 5 cm 
d i ameter core take n to a depth of about  8 . 0 ce nt imeters . In the 
l aboratory , the cores  were ana l yzed for s ed ime nt- s i ze d i str i buti on  by 
s i eve and hydrometer procedures descri bed by Fo l k ( 1974 ) . Ca l c i um car
bonate perce ntage s and total organ i c  matter we re ca l cu l ated u s i ng proce
dures  descri bed by Carver ( 1971) . 

Stati st i cal  ana ly se s  ut i l i zed  i n  the report i nc l uded Ana l ys i s o f  Vari ance 
CANOVA) and Pearson corre l at i o n  coeff i c i e n t .  Both were performed u s i ng 
SAS-76  procedures ( Barr et a l . 1976 ) .  

Another techn i que  ut i l i zed to determi ne patte rns  i n  commun i ty compo s i t i o n  
was ordi nati on  ana lys i s .  The ordi nati on  ana l ys i s  res u l ts i n  a spat i a l  
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spat i a l  d i sp l ay of  spec i es and/or samp l e  re l at i onsh i ps from a data matr i x  
t o  geometri c  ax i s ,  the reby reduc i ng the comp l ex mu l ti di mems i onal i ty o f  
a many spec i es by many samp l e data matri x to the de i men s i ona l i ty of  two 
o r  three ordi nat ion  axe s .  Th i s  s hou l d then ai d i n  defi n i ng major  gradi ent 
trends  i n  the data , wh i ch can then  be re l ated i nducti ve l y  to  eco l ogi cal  
gradi ents (Wh i ttaker 1967 ; Wh i ttaker and Gauch 1973 , 1977 ; Gauch 1977 ) .  

Rec i p rocal  averagi ng ord i nat i on was used i n  th i s  study , hav i ng the advan
tage i n  that it performs a s i mu l taneous  spec i es and samp l e  ordi nati o n .  
Rec i p rocal  averagi ng ord i nati on  was used here t o  determ i ne spec i es and 
samp l e re l at i o n s h i p s  i n  each of  the phytop l an kton , demersa l , megabenthos 
and zoop l an kton data sets . 

4 . 3 Res u l ts and D i scus s i on 

4 . 3 . 1 Phytopl ankton 

4 . 3 . 1 . 1  Genera l  C haracter i zati o n  

A tota l of  30 d i atom and 1 d i nofl age l l ate spec i es we re recogn i zed duri ng 
the course of  the study (Tab l e  4 . 3- 1 ) .  Both mar i ne and estuari ne spec i e s  
were present ; the commu n i ty cannot b e  characte r i zed  a s  predom i nate l y  
mari ne or  estuar i n e .  The majori ty o f  spec i es were ub i qu i tous , though 
there were marked c hanges i n  rank order from cru i se to cru i se and some 
var i at i on s  from s i te to s i te .  There were a l s o  var i ati ons  i n  the n umbers 
of spec i es p resent at vari ous  s i tes  on  each of  the cru i ses . 

The average stand i ng crop for the October-December peri od was 1 02 x 1 03 
u n i ts/l i ter , based on  who l e  water samp l es (Tab l e  4 . 3- 2a) , and 1 1 9  x 1 03 
u n i ts/l i ter  based o n  C l arke Bumpus  samp l es ( Tab l e 4 . 3- 2b ) .  These means 
are based o n  untransformed data so  as to be comparab l e  w i th reported re
s u l ts at other s i tes  ( e . g .  Cap l i ne ) .  Both seasonal and depth var i ati ons  
we re detected for the compos i te data set , wi th s i te- spec i f i c  d i fference s 
apparent for some groups . Standi ng crop at Wee ks ' I s l and ( DOE  1 978) off 
the Mi s s i ss i pp i  de l ta at comparab l e  depths ranged from about 5 to 40 x 1 03 
ce l l s/ l i ter  dur i ng the September-December 1 977  peri o d .  It  i s  s u rpri s i ng 
that the stand i ng crop at the Texoma reg i o n  was so much h i gher  than that 
o ff the de l ta .  Pri mary producti on i n  the de l ta area i s  genera l l y  thought 
to be h i gher than westward s i tes ( R i l ey 1 937 ) . The s im i l ar ity i n  standi ng 
crop e st imates from who l e  water and C l arke B umpus  samp l es i s  an i nd i cat i o n  
that p resent data p res umab ly  character i zes  the Texoma study regi o n .  

Ch l orophyl l a concentrat ions  ranged from 1 . 62 mg/m3 i n  October  to 2 .  1 2  
mg/ 1 3 i n  December .  B i g  H i l l  Contro l , West  Hac kberry contro l and B l ac k  
Bayou s i te had l ower means ( l . 22- 1 . 52 mg/m3 ) than West Hac kberry and 
B i g  H i l l ( 2 . 02 - 2 . 4 1 mg/m 3 ) .  F i g u re 4 . 3- 1  graph i ca l l y  s umma r i zes these 
data , wh i l e  the means  ( w i th 95% confi dence l i m i ts ) a re presented i n  Tab l e 
4 . 3-3  a n d  4 . 3-4  for ch l orophyl l a n d  phaeophyt i n ,  res pect i ve l y . 

Except for m i n o r  revers a l s a t  B i g  H i l l  Control  a n d  Wes t  Hackberry control  
in  October , the top samp l es showed con s i s te n t l y  h i gher  mea n s  than the  
bottom s amp l es .  Phaeophyt i n  mea n s  were l owes t  ( overal l )  in  Novembe r 
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Tab l e  4 . 3- 1 

P hytop l ankton Spec i e s  Co l l ected from October to December 
based o n  Who l e  Water Samp l es o n l y  

D i v i s i o n  Baci l l ar i op hyta 
Fami l y  

Cosci nodi scacaea 

B i ddu l p h i acaea 

Chaetoceracae 

Bacteri astracae 

Leptocy l i ndracaea 

R h i zoso l e n i acae 

F ragi l ari acae 

Nav i c u l acae 

Baci 1 1  ari acae 

Suri re l l acae 

D i vi s i on Pyrrophyta 
C l as s  

D i nophyceae 

Spec i e s  

S ke l etonema sp . 
S ke l etonema costatum 
Cosc i nodi scus s p .  
Cosc i nodi scus central i s  
Cosc i nodi scus gran i i 
Cosc i nodi scus conc i nnus 
Co sci  nodi scus radi atus 
Thal ass i os i ra dec ip iens  

B i ddu lph i a  granu l ata 
Biddu lph i a  mobi l i en s i s 
Hemi aul us sp . 
Eucampi a sp .  
Lithodesmi um undul atum 

C haetoceros affi ne 
Chaetoceros curri setum 
C haetoceros dec ip1 ens 

Bacteri astrum vari ans  

Gu i nard i a  f l acc i da 

Rh i zoso l en i a  sp . 
Rh i zo so l e n i a  a l ata 
Rhi zoso l e n i a  i mbri cata 
Rhi zoso l en i a  robusta 
D i tyl um sp .  
Di tyl um bri ghtwe l l i  

Asteri one l l a  japo n i ca 
Thal a s s i othrix frauenfe l d i i  
Thal as s i onema n i tzschi odes 

Nav i cu l a s p .  

N i tzsch i a  seri ata 

Sur i  re 1 1  a sp .  

c .  triQOS 

U . 4- 7  

Oct Nov 

+ + 
+ 

+ + 
+ 
+ 
+ + 
+ + 

+ + 
+ + 
+ 

+ + 

+ + 
+ + 
+ + 

+ 

+ + 

+ + 
+ 
+ + 

+ 
+ + 
+ + 

+ + 
+ + 
+ + 

+ + 

+ + 

+ 

+ + 

1977 , 

Dec 

+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 



OCT 

NOV 

DEC  

Tab l e 4 . 3- 2a  

P hytop l a n kton Stand i ng Crop ( u n i ts/ l i ter )  based o n  Who l e Water 
Samp l es based on  Untrans formed Mea ns  of N Samp l es* 

West  
Hac kberry West  B l ac k  B i g  H i l l  
Contro l Hac kbe rry Bayou Contro l B i g  H i l l  Overa l l 

51 , 510 ( 12 )  122 , 6 59 ( 20 )  43 , 969 ( 4 )  9 5 , 47 5 ( 4 )  113 , 917 ( 6 )  78 , 893 

91 , 078 ( 8 )  119 , 029 (16 )  148 , 238( 4 )  96 , 731( 4 )  212 , 306 ( 8 )  132 ' 786 

215 , 447 (8 )  163 , 198 (16 )  184 , 669 ( 4 )  9 4 , 219 ( 4 )  106 , 781( 8 )  157 , 614 

Overa l l 109 , 654  134 , 016 141 , 642 9 5 , 47 5  147 ' 102 102 , 049 

*N umbers i n  parentheses (N)  i nd i cate n umber of samp l es  o n  wh i ch mean 
was based .  

U . 4-3 



OCT 

NOV 

DEC  

Overa 1 1  

Tab l e 4 . 3- 2b  

P hytop l an kton Stand i ng C rop (X 104 Un i ts/Li te r)  Based on  
1 Mi n ute C l arke B umpu s  Tows . Samp l e s based 

o n  U ntrans formed Means  of  N Samp l e s .  

We st 
Hackberry West  B l ac k  B i g  H i l l  
Control  Hac kberry Bayou  Control  B i g  H i l l  

6 .  66 ( 10 )  6 . 83 (20 ) 7 . 47 (4)  9 .  21(4)  8 . 11( 6 )  

11 . 04 ( 8 )  11 .  95 ( 16 )  14 . 68(4)  18 . 05 (4)  18 . 81(8)  

11 . 26 ( 6 )  11 . 26 (14)  18 . 56 (4)  21 . 33 (4 )  19 . 9 7 (8 )  

9 . 43 9 . 73  13 . 5 7  16 . 21 16 . 29 

Overa l l 

7 . 25 (44)  

14 . 04 ( 40 )  

15 .  23 ( 36 )  

11 . 90  

* N umbers i n  parentheses  (N)  i nd i cate n umber of  samp l e s o n  w h i c h  mean 
was based .  

U . 4-9 
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Tab l e  4 . 3- 3 

Means ( Standard Errors ) of Ch l orophyl l Va l ues ( mg/m 3 ) by Depth , S i te and Cru i se 

Cru i se 

October B 
T 
N 

November B 
T 
N 

December B 
T 
N 

Overal l 

West 
Hackberry 
Control 

. 568( . 326 ) 

. 193 (  . 107 ) 
6 

. 925 ( .  6 1 5 )  
1 .  570 ( .  7 9 2 )  

4 

. 778 ( . 247 ) 
5 .  240 ( 1 .  078) 

4 

1 .  379 ( . 372)  
28 

West  
Hackberry 

1 . 833 ( . 6 3 5 )  
2 . 183 ( . 802)  

10 

1 .  695 ( .  149 ) 
2 . 043 ( . 317 ) 

8 

1 .  814( . 499 )  
2 . 568( . 62 7 )  

8 

2 .  021( . 231)  
52  

B = Bottom , T = Top , N = Number of Samp l es 

B l ack B i g  H i l l  
Bayou Contro l 

. 3 50 ( .  320)  . 785 ( . 7 0 5 )  

. 47 5 ( . 4 5 5 )  . 49 5 ( . 41 5 )  
2 2 

1 .  120 ( . 160)  . 770 ( .  460 )  
2 . 5 50 ( . 720)  2 .  465 ( 1 .  865)  

2 2 

. 630 ( . 630)  . 735 ( .  2 2 5 )  
4 . 010 ( . 420 )  2 . 085 ( . 3 2 5 )  

2 2 

1 . 523 ( . 428) 1 . 223 ( . 347 ) 
12 12 

B i g  H i l l  

2 . 487 ( .  799 ) 
3 .  353 ( 1 .  244) 

6 

1 . 975 ( . 400 ) 
3 . 443( . 943 ) 

4 

. 903 ( . 300)  
1 .  805 ( . 415)  

4 

2 . 412 ( . 366)  
28 

Overal l a 

1 .  615 ( .  287 ) 
52  

1 .  884 ( . 195 ) 
40 

2 . 122 ( . 284) 
40 

aOvera l l mean i nc l udes top and bottom samp l es comb i ned . Overa l l N equa l s total number of samp l es 
summed over the top and bottom s amp l es .  



Tab l e  4 . 3- 4 

Mean ( S tandard E r rors ) of P h aeop i gme nt Val ues  ( mg/m3 ) 
by Dept h ,  S i te and C r u i s e  

We s t  
H a c kb e r ry We s t  B l ac k  B i g  H i l l  

C ru i s e Co ntro l Hac kberry Bayou Control B i g  H i l l  Overal l a 

2 B 1 . 0 2 6 ( . 440 ) 2 . 30 2 ( . 789 ) . 4 5 5 ( . 04 5 )  . 990 ( . 3 0 0 )  . 582 ( . 2 2 2 )  
T 1 .  561( . 589 ) 1 . 5 52 ( . 3 5 9 )  . 26 0 ( . 210 ) . 54 5 ( . 0 1 5 )  . 9 2 2 ( . 450 ) 1 . 3 0 ( . 2 0 6 )  
N 6 10 2 2 6 52 

c 

3 B . 84 5 ( . 428) 1 .  126 ( . 324)  . 9 5 0 ( . 9 5 0 )  2 .  460 ( 1 .  9 7 0 )  . 672 ( .  5 7 3 )  
� 

T . 512 ( . 374 ) . 80 1 ( . 284) . 000 ( . 000 ) . 9 6 0 ( . 9 6 0 )  . 527 ( . 304 ) . 85 9 ( . 1 5 8 )  I 
--' 
N N 4 8 2 2 4 40 

4 B . 087 ( . 017 ) 1 .  288 ( . 3 9 3 )  . 79 0 ( . 7 9 0 )  . 540 ( . 380 ) 1 . 620 ( . 3 9 3 )  
T . 5 37 ( . 3 5 5 )  3 .  322 ( 1 .  47 3 )  . 0 00 ( . 0 0 0 )  . 000( . 0 0 0 )  . 89 2 ( . 597 ) 1 .  302 ( . 349) 
N 4 8 2 2 4 40 

Overa l l . 837 ( . 19 2 )  1 . 747 ( . 3 0 3 )  . 40 9 ( . 189 ) . 9 15 ( . 3 5 9 )  . 8 5 2 ( . 17 1 )  
28 52 1 2  12 28 

aO v e ra l l mean i n c l udes comp o s i te o f  top a n d  bottom samp l e s .  
O v e r a l l N e q ua l s top and b ottom comb i n e d .  

B = Bottom , T = Top , N = N u m b e r  of S amp l e s .  



( 0 . 86 mg/m3 ) and abo ut the same ( l . 30 mg/m3 ) dur i ng October  and Decembe r 
We st Hac kberry had the h i ghest phaeop hyt i n  concentrat i o n  ( l . 75  mg/m3 ) and 
B l ack Bayou the l owest  ( 0 . 4 1  mg/m3 ) wi th the other s i te means s i m i l ar 
( 0 . 84- 0 . 92 mg/m3 ) .  Depth d i fferences we re qu i te i ncon s i stent .  

Tab l e  4 . 3- 1  prov i de s  i nformati on  on  t he  seasona l  d i stri b ut i o n  of  the 
p l an kton based o n  comb i ned bott l e and tow data.  The  maj o r i ty of  spec i e s 
we re ub i qu i tous . Nonethe l e s s  seasonal  changes i n  commun i ty domi nance 
we re noted (Tab l e  4 . 3- 5) .  D u r i ng October the dom i nant spec i es we re 
B i ddu l raph i a  gran u l ata ( 11 . 4%) , �· mob i l e ns i s  ( 10 . 6%) , Rh i zoso l e n i a  
a l ata ( 9 .  7%) , N i tzch i a  ser i ata ( 9 . 3%) , and Cos c i nod i c u s  central  i s  ( 9 . 1% ) . 
I n  November the commun i ty was domi nated by Rh i zos o l e n i a  rob u sta ( 16 . 6%) , 
S ke l etonema cos tatum ( 14 . 9%) , Chaetoceros  dec 1 pi ens  ( 10 . 7%) , f . . curri setum 
( 10 . 4%) and Cos c i nodi scus  centra l i s  ( 9 . 5%) . D u r i ng December the same 
spec i es cont i nued to domi nate the commun i ty but i n  somewhat d i ffe rent 
o rder ( S .  co statum 41 . 7% , R.  robusta 23 . 1% ,  C.  c u rr i setum 15 . 1% ,  C .  
ce ntraTIS 5 .  8% and f.:.. dec ipiens 4 .  0%) . 

Structura l l y  Tab l e  4 . 3- 5 s ugge sts certai n c hanges i n  commun i ty compo s i 
t i o n  from October to Decembe r .  The tota l n umbe r o f  spec i e s c l ear ly  
decreases  over  th i s  t i me per i od .  S i nce on ly  s l i ght ly  fewe r tows we re 
taken i n  November and Decembe r ,  thi s decrease i s  u n l i ke l y  to be due to 
reduced samp l i ng e ffo rt .  Al so , spec i e s evenness  decreas es  marked ly  
over  t he  t ime per i od .  I n  October the  contri but ion s  of  t he  top f i ve 
spec i es  d i ffered by l e s s  than three perce ntage po i nts ; i n  December the 
top two spec i e s  d i ffered by a l most  20% .  These  vari at i ons  are we l l  
i l l us trated i n  F i gure 4 . 3- 2 .  

The compo s i t i ons  o f  phytop l an kton commu n i t i e s  are rather  vo l ati l e ,  owi ng 
to rap i d  reproduct i ve rate s ; the re l at i ve abundance of  two taxa can 
change rad i ca l ly over re l at i ve ly s hort per i ods of  t i me .  A mont h l y  i nven
to ry can at best p ro v i de o n l y  an i nd i cat ion  of  the bas i c  features of 
the commu n i ty .  To the extent  that th i s  i s  so  i n  the present case , i t  
appears that the October  and November commu n i t i e s  are i n  a state of  
trans i t i on c u l m i nat i ng ( ? )  i n  t he  December  commun i ty .  Li nes of  e v i de nce 
for th i s  i nc l ude : 1)  decrease i n  number of  speci e s , 2) i ncrease i n  
n umber o f  i ndi vi dua l s ,  and 3 )  decrease i n  spec i e s  evenness . 

4 . 3 .  1 . 2  Spat i a l  a n d  Temporal  Var i ati ons  

Tab l e  4 . 3- 6 s hows the mean s  ( retrans fo rmed) by cru i se , s i te ,  and depth 
fo r tota l phytopl ankton numbers based on  who l e  wate r  samp l e s .  Tempo ra l l y ,  
the overa l l va l ues  correspond to that seen  i n  the means  based o n  untrans
formed data (Tab l e  4 . 3- 2 ) ,  wi th steadi l y  i nc reas i ng pop u l at i ons  as  the 
s tudy p rogres sed , espec i a l l y  for the top samp l e s .  In every case fo r 
overa l l numbers ( by s i te and by cru i se ) , the top samp l es had h i gher means , 
correspond i ng to the s i tuat i o n  seen  fo r c h l o rophy l l a concentrat i o n s . 
Overa l l means  var i ed from 40658 for B i g  H i l l  Control  to 9 1 700 fo r We st 
Hackberry for bottom samp l e s  and 82305 for We st Hac kbe rry Control  to 
1 65278 for B i g  H i l l  fo r top samp l es .  C ru i s e means var i ed from 49997 and 
60330 for bottom and top , respect i ve l y ,  i n  October to 7086 1 and 1 75476 
for bottom and top , respect i ve l y ,  for December .  Al l means are expressed 
as u n i ts/ l i te r .  

U . 4- 1 3 
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RANK 
ORDER 

2 

3 

4 

8 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

SPEC I ES 

B. gran u l ata 

B. mob i l i e ns i s  

R .  a l ata 

N. seriata 

C.  centra l i s  

R .  i mb r i c a ta 

C. affi ne 

S. costatum 

D .  b r i ghtwe l l  i 

C. tri pos 

R h i zos o l e n i a  s p .  

T .  ni tzchoi des 

G .  f l acc i da 

A. japoni ca 

Nav i cu l a sp.  

T .  dec i p i ens 

C .  cone i nnus 

Suri re l l a  sp.  

L .  undul  a tum 

B. varians 

C .  dec i p i ens 

Hem i au l us sp.  

C .  grani i 

D i ty l um s p .  

T .  frauenfe 1 di  i 

C .  radiatus 

C .  curri setum 

Tab l e 4 . 3 - 5 Seasona l Patterns of Cormlu n i t y  Dom i nance . 

OCTOBER 

CUMULATIVE 
% % 

COMPO S I T ION COMPO S I T ION 

11. 4 

10. 6 

9. 7 

9 . 3 

9. 1 

8 . 4  

6 . 9 

5. 4 

4 . 7 

3. 5 

3 . 4  

2 . 8  

2 . 1 

1. 4 

l. 4 

1. 4 

1. 3 

I .  3 

l. 2 

0 . 8  

0 . 8  

0 .  7 

0 . 5 

0. 5 

0 .  

0 . 2  

0 .  2 

11.  4 

22 . 0  

31. 7 

4 1 .  0 

50. 1 

58. 5 

6 5 . 4  

70 . 8  

7 5 .  5 

79 . 0  

82 . 4  

85 . 2  

8 7 .  3 

88. 7 

90 . 1  

91.  5 

92 . 8  

94 . 1  

95 . 3  

96 . 1  

96.  9 

98 . 4  

98 . 9  

99. 4 

99 . 0  

100 . 

100 . 

S P E C I E S  

R .  robusta 

S. costatum 

C. dec i p i ens 

C .  curri setum 

C .  c e ntra 1 i s  

B .  mob i l e n s i s  

C .  a f f i ne 

N. seri ata 

C. t r i p o s  

C .  radi atus 

D .  bri ghtwe l l i  

R .  i mb r i cata 

A .  japoni ca 

Nav i c u l a  s p .  

C o s c i  nodi s c u s  s p .  

T .  frauenfe l d i  i 

R h i zos o l en i a  s p .  

T .  dec i p i ens 

B .  granu l ata 

C .  rad i atus 

L. undul a tum 

G .  fl accida 

T .  n i  tzschoi  des 

NOVEMBER 

CUMULATIVE 
% % 

COMPO S I TION COMPO S I T ION 

16. 6 

14 . 9 

10. 7 

10. 4 

9 . 5  

7 .  7 

7. 2 

4 . 8  

3 .  5 

2. 6 

2 . 5 

2 . 1 

1. 5 

1. 2 

1. 1 

1. 0 

0 . 9  

0 . 9  

0 . 2  

0 . 2  

0 . 2 

0 . 1 

0 . 1 

16 . 6  

31.  5 

42.  2 

52 . 6  

62 . 1  

69 . 8  

77. 8 

81 . 8  

85. 3 

87 . 8  

90. 4 

92. 5  

94 . 0  

95.  2 

96.  3 

97.  3 

98 . 2  

99 . 1  

99 . 3  

99. 5 

99. 7 

99 . 8  

99. 9 

SPECIES 

S .  cos tat um 

R .  robusta 

C .  curri setum 

C .  centra l i s  

C .  dec i p i ens 

T .  n i tzchoi des 

Eucampi a sp. 

R .  i mb r i cata 

A .  japoni ca 

Hem i a u l u s  sp 

C.  radi atus 

N .  seri ata 

R h i zoso l en i a  sp. 

D .  b r i ghtwe l 1 i 

B. mob i l ens i s  

Cos c i nodi scus s p .  

Skel etonema s p .  

DECEMBER 

CUMULATIVE 
% % 

. COMPO S I T ION COMPO S I T ION 

4 1 .  7 

23 . 1  

15 . 1  

5 . 8  

4 . 0  

2 . 8  

2 . 0  

1 .  3 

1 .  0 

1. 0 

0 . 7  

0 . 6  

0 . 3 

0 . 2  

0 . 1 

0 . 1 

0 . 1  

4 1.  7 

64 . 8  

79 . 9  

8 5.  7 

89. 7 

92 . 6  

94 . 6  

95 . 9  

96. 9 

9 7. 9 

98 . 6  

99. 2 

99 . 5  

99 . 7  

99 . 8  

99. 9 

100 . 0  
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Tab l e  4 . 3-6 

Mean N umber o f  P hytop l an kton I n d i v i d u a l s w i t h  C o n f i dence L i m i t s 
P e r  S amp l e  by Mont h , S i te and Depth (un i ts / l i te r )  

( A l l Spec i e s )  

S I TE OCTO B E R  NOV EMB E R  D EC EMB E R  OVERA L L  
Bo ttom Top Bottom Top Bottom Top Bo ttom Top 

L� 1424414 1432461 199684 338644 5794835 455832 130501 468144 
B l ac k  Bayou y 39900 ( 2 )

b 
20598 ( 2 )  75997 ( 2 )  217441 ( 2 )  28307( 2 )  312863 ( 2 )  44488 ( 6 )  116890 ( 6 )  

L2 -3611.  86 -4568 27043 138982 - 4833 214245 13064 26387 

L 1  1085388 685269 161071 668685 159093 273272 123009 263338 
B i g  H i l l  y 29915 ( 3 )  115389 ( 3 )  95649 ( 4 )  253968 ( 4 )  60640(4)  128726(4)  64578 ( 11 )  165278 ( 11 )  

L2 - 3905 15958 55994 94539 21248 59255 27547 96765 c 
+:> 

L i 48378878 4618488 543949 3573514 49910 200245 129248 252596 I 
� 

B i g  H i l l  44696 ( 2 )  393 5 5 ( 2 )  39920 ( 2 )  107337 ( 2 )  37614 ( 2 )  15042 5 ( 2 )  40648 ( 6 )  86840 ( 6 )  °' y 
Control  L2  '1973 . 9 - 4599 - 1345 - 1496 28069 112697 10517 27733 

L 1  47214 67369 267251 277271 174581 494724 79892 167206 
West Hac kb e r ry y 41904 ( 6 )  25439 ( 6 )  36289 ( 4 )  80693 ( 4 )  4920 6 ( 4 )  362071 ( 4 )  47160 ( 14 )  8230 5 ( 14 )  
Contro l L2 37134 7048 1244 21002 11349 264629 21166 34307 

L 1  149541 172458 150451 2 14909 228249 266172 124795 147549 

We s t  Hac kbe r ry y 68685 ( 10 )  89908 ( 10 )  9074 5 ( 8 )  103599 ( 8 )  11033 5 ( 8 )  118439 ( 8 )  91700 ( 2 6 )  107269 ( 26 )  

L2 30125 45752 53967 48574 5 2027 51183 59748 70391 

L1 86698 90711 102927 192276 102970 247906 
Ove ral l y 49997 ( 23 )  60330 ( 2 3 )  69522 ( 20 )  12782 5 ( 2 0 )  7086 1 ( 2 0 )  17547 6 ( 2 0 )  

L2 27980 32993 46453 84429 41469 116716 

a 
L 1 and L 2 equal s the l owe r and upper c o n f i d e n c e  l i m i t s respect i ve l y  ( a fter S o k a l  and R o h l f ,  1969 ) 

y e q ua l s t he mean 
b n umber o f  samp l e s 



Analys i s  o f  Var i ance 

Resu l ts of the three-way ANOVA ( Tab l e 4 . 3- 7 )  fo r i nd i v i dua l  phytop l an kton 
spec i e s  and tota l n umbers s howed the greatest tendency was for cru i se  to 
cr u i se  var i at i o n s  i n  pop u l ati on  means , wi th s i te d i fferences (p : 0 . 05 )  
i mportant for o n l y  f i ve spec i es ( Chaetocerus  curri setum , R h i zo so l en i a  
a l ata , B ·  sp . , Cosc i nod i scus  central i s ,  and B i dd u l ph i a  gran ua l ta) , w ith  
the  trend  be i ng strong  ( . 00 1 ) on l y  for �·  granu l ata. Of a l l spec i e s  
te sted ( a l s o  a l l spec i es comb i ned) o n l y  Rh i zo so l e n i a  � - and  Cosc i nodi scus  
centra l i s  showed no s i gn i f i cant cru i se  vari at i ons . S i g n i f i cant depth 
d i fferences were apparent for o n l y  fou r  spec i e s  and for a l l spec i es 
comb i ned . Three of  the spec i es showi ng s i gn i f i cant depth d i fferences 
we re of the same gen u s  (Chaetoceros ) .  

The trend shown for a l l spec i es comb i ned , wi th s i gn i f i cant cru i s e  and 
depth d i ffe rences wi th  l eve l s � . 00 1  and no  s i gn i f i cant s i te di fferences 
res u l ts  from the i nteracti on  of  a n umber of  trends . I n s i gn i f i cant s i te 
d i fferences  res u l ted from on l y  a few spec i e s  s howi ng margi na l l y  s i gn i 
f i cant d i fferences , w ith  the maj or i ty of  spec i e s  s hm.i i ng  no  s i te d i ffer
ences . 

Overa l l s i gn i fi cant depth d i fferences we re due to the re l at i ve i mportance 
of the spec i es s howi ng these depth di ffe rences  ( a l l domi nant spec i e s )  
a l ong wi th  the con s i stent ly  h i gher n umbers i n  the top samp l es for a l l 
these  spec i e s .  The fact that the overa l l s i gn i f i cance l eve l  was l es s  
than that for most i ndi v i dua l  speci e s  i s  i ndi cati ve o f  rap i d l y  over
turn i ng commu n i t i es , wi th d i fferent domi nant forms from cru i se to c ru i se .  

F o r  those spec i es ( and a l l spec i es comb i ned) that s howed s i gn i f i cant 
c r u i se  d i ffe rences i n  the three-way ANOVA ' s  wi th  no confoundi ng i nte r
acti on , mu l t i p l e means tests of a l l pos s i b l e pai rwi se  comb i nat i o n s  of  
cru i se  means  we re pe rformed , a nd  the  res u l ts s ummari zed i n  Tab l e  4 . 3-8 . 

As can be seen , res u l ts of  the mu l t i p l e  means tests c l ear l y  s how the 
temporal  trans i t i on of autho r i ty i n  the commun i ty .  The overal l s i m i l ar i ty 
i n  the total commun i ty and S ke l etonema costatum i s  due at l east parti a l l y  
t o  the great numer i cal  i mportance of  S .  costatum i n  the December samp l es , 
where i t  was essenti a l l y  40% of  the- total commun i ty ,  hav i ng i nc reased 
from approxi mate l y  5% of  the commun i ty i n  Octobe r and 1 5% i n  November .  
Other  spec i es wi th s i gn i f i cant cru i se d i fferences  and  s howi ng the  same 
trend for overa l l l owest mean i n  October and greatest  i n  December i nc l uded 
Chaetoceros curri setum and Rh i zoso l en i a  robusta . Tab l e 4 . 3-8 s hows that 
i n  di rect contrast to thi s trend was the one s hown by Di ty l um br i ghtwe l l i ,  
N i tzsch i a ser i ata and Rh i zoso l en i a  i mbracata , wi th h i ghest means  i n  
October and l owest i n  December .  Other spec i es s howi ng s i m i l ar trends 
were � ·  mobi l i ens i s ,  B·  a l ata , and � ·  granu l ata , w ith  the l atter two not 
p resent at a l l i n  December .  

A th i rd group , i nc l udi ng Cerati um tripos , C haetoceros affi n i s ,  and 
C haetoceros dec ipi e ns , showed November wi th the h i ghest mean s , bei ng 
s i gn i f i cantly  h i gher  than the means for e i ther October or  December .  
Both  f.  tripos and f .  affi n i s showed no p resence i n  December .  Coc i nod i scus  
centra l i s ,  wh i ch had  s i gn i f i cant cru i se  d i fferences , a l s o  had  h i ghest 
mean  i n  November .  
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co 

Spec i es 

B i ddu lph i a  granu l ata 
B .  mobi l i ens i s  
Cerati um tri pos 
C h aetoceros affi n i s 
C .  curri setum 
C .  dec ip i ens  
Cosc i nod i scus  central i s  
D i tyl um bri ghtwe l l i  
N i tz sch i a  ser i ata 
Rh i zo so l e n i a  s p . 
R .  a l ata 
R .  i mbr i cata 
R .  robusta 
S ke l etonema costatum 

TOTAL 

* 

Tab 1 e 4 .  3 - 7 

Leve l s of s i gn i f i cance res u l ti ng  from the ANOVA of se l ected 
phytop l an kton spec i e s  and total  spec i es 

EFFECT 

C ru i se  Crui se  
Cru i se  S i te Depth S i te Depth 

. 0001* . 0001* . 1 96 . 0001* . 399  

. 0001* . 1 09 . 200 . 854 . 002* 

. 0001* . 1 1 0  . 484 . 440 . 1 87 

. 0001* * . 2 7 1  . 040 . 1 8 1 . 1 1 1  

. 0001* * . 0001* * . 0 1 0  . 6 1 5  . 006 

. 0001* * . 1 57 . 005 . 278 . 288 
* * . 260 . 035  . 1 30 . 048 . 1 39 

* . 003  . 1 25 . 1 07 . 783 . 460 
. 0001* . 303 . 095  . 534 . 250 

* . 406 . 036 . 586 . 768 . 949 
. 0001* * * . 0 1 7  . 593 . 004 . 779  

* . 004 . 990 . 070 . 686 . 349 
. 0001* * * * . 595  . 002  . 0 1 4  . 0 1 4  
. 0001* . 67 2  . 209  . 395  . 054 

. 003* . 245 . 003  . 4 1 3  ; 1 34 

s i gn i fi cant  at p = 0 . 05 

Cru i se 
S i te S i te 
Depth Depth 

. 762 . 9 1 2  

. 73 1  . 9 1 9  

. 876 . 954 

. 1 69 . 733 
* . 058 . 042 

. 739 . 07 1  

. 503 . 1 60 

. 724 . 964 

. 390  . 890 

. 942 . 999  

. 57 1  . 62 1  

. 479  . 9 1 3  

. 1 1 8 . 097  

. 200 . 303 

. 529  . 267 



Table 4 .  3-8  

S umma ry o f  Mul t i p l e Means 
Te s t s  for a l l  Po s s ib l e  P a i rwi s e  C ompar i s o n s  of Crui s e  Me ans 

Phytop l ankton (who l e  wa ter samp l e s ) 

Taxonomic Group 
Dependent 
Var i a b l e  Cru i se Me ans 

( H i ghe s t  Lowe s t )  

To tal log N December November Oc tober 

Cerat ium t r i12o s log N November Oc tober Decembe r 

Chae toce r o s  a f f i ne log N November October December 
c 
. 
-I"> Chaetoc e ro s  deci pien s log N November Decembe r  October 

--I 
____, 
<.!) 

D i tylum bri2htwe l l i  log N Oc tober November Decembe r  

N i t z s c h i a  s e r i a t a  log N October November Dec ember 

Rhi z o s o l e n i a  s p  log N October November Dec ember 

Ske l e tonema c o s tatum log N Decembe r  November October 

Tukey ' s  t = 2 . 5 7 



I nd i cati ons  that the November  pop u l at i on was i n  a tran s i t i on phase  can 
be seen  i n  the fact that the two spec i es with the h i ghest percent com
pos i t i on i n  November ( R .  robusta and S. co statum , wi th 1 6 . 6 and 1 4 . 9% ,  
respecti ve l y) had s i gn i f i cant ly  h i gher-means i n  December .  

Re s u l ts of  the  mu l t i p l e  means  tests for s i te d i fferences (Tab l e  4 . 3 - 9  ) 
s hows the o n l y  apparent trend  i s  for h i gher pop u l at i o ns  of  some spec i es 
at We st  Hac kberry ,  b ut th i s  i s  o n l y  c l earcut for R h i zoso l e n i a  .?.E. ·  Other 
spec i e s  wi th s i gn i f i cant s i te effects and h i ghest overal l means at West  
Hac kbe rry i nc l ude � - granu l ata , B ·  a l ata , and  f.  central  i s .  Thus  the 
overa l l l ac k  of  s i gn i f i cant s i te d i fferences  for a l l spec i es comb i ned i s  
due to the fact that the maj o r  spec i es for Octobe r �- granu l ata and �
mob i l  i e ns i s )  s howed h i ghest means at d i fferent s i te s  a l ong with the l ac k  
o f  s i gn i f i cant s i te d i fferences for t h e  dom i nant spec i es ( R .  robusta and 
�- costatum) for the November and December samp l es .  

� 

Res u l ts of  the ANOVA 1 s for  p i gments are s hown i n  Tab l e  4 . 3- 1 0  for 
c h l o rophyl l ,  depth was the o n l y  s i gn i f i cant ma i n  effect .  A l though there 
was some var i at i o n  dur i ng the October s amp l e ,  there were cons i stent 
depth d i fferences  fo r the November  and December c ru i se s , wi th the top 
s amp l e s  hav i ng by far the h i gher  conce ntrat i o n s . The range of overal l 
means  for the f i ve s i te s  was o n l y  1 . 2 2  to 2 . 41 mg/m3 • No one s i te was 
cons i stent ly  h i gh from c ru i se  to cru'i se , i nd i cati ng that p i gment d i stri 
b uti on  i s  not s i te spec i f i c .  Much of  the var i at i on i n  the data c an be  
exp l a i ned by the c l umped d i stri buti on  of p l a n kto n pop u l at i o n s .  The 
resu l ts s howi ng depth e ffects correspond to the s i gn i f i cantly g reater 
overal l numbers of  p hytop l an kters found  i n  the s urface s amp l es v i a  the 
ANOVA . 

For  p haeop i gments , there we re s i gn i f i cant s i te d i ffere nces ( P  = . 05 ) .  
H i ghe st p h aeop i gme nt va l ues were found at We st Hac kberry ( 1 . 747 ± . 303 
mg/m3 ) (Tab l e 4 . 3-4 )  whi l e  l owe st va l ues  were found at B l ac k  B ayou 
( .  409 ± . 189 mg/m3 ) .  S i  nee p haeop i gment i s  a breakdown p roduct of  
c h l orophy l l a i t  i s  pos s i b l e  that West Hackberry i s  s ubjected to  h i gher  
c e l l morta l i t i es than other s i tes . G i ven  the  h i gh ce l l numbers at We st 
Hac kberry it i s  l i ke l y  that the h i gh p haeop i gment va l ues  are s i mp l y  a 
ref l ect i on of h i gh stand i ng c rop . 

Corre l at i o ns  between Phytopl ankton Spec i e s  Numbers 

Res u l ts of  the corre l at i o n  ana lyses  are p rese nted i n  Tab l e  4 . 3- 1 1 . I n  
general  the p resence o f  s i gn i f i c ant corre l at i ons  seems mo st re l ated to 
the temporal  i nc i dence of occurrence of the parti c u l a r  spec i e s .  For  
examp l e ,  the  group wi th h i ghest  means  i n  December  ( i n  a l l three  cases  
December> November>October) , S .  costatum , C .  curr i setum , and R .  robu sta 
s howed corre l at i on  coeff i c i ents of  from 0 :-6 1  to 0 . 76 ,  and they genera l l y  
repre sent the most h i gh l y  correl ated g ro up i n  the overa l l commun i ty .  
Tab l e  4 . 3- 1 2 s ummar i zes  the re l ati ons h i p s  between  th i s  December group and 
the group wi th h i ghe st means  i n  October ( i n  a l l cases Octobe r>November> 
December ) . No pos i t i ve corre l ati on s  ex i s t ,  wi th a l l re l at i o n s h i p s  be i ng 
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Tab l e  4 .  3 - 9  

S ummary o f  Mul ti p l e  Mean s 
Te s t s  for a l l  Po s s i b l e  P a i rwi s e  Compa r i s o n s  o f  S i te Mea n s  

P hytop lankton (who l e  water s amp l e s ) 

Taxonomic Group Var i a b l e  

B iddulphia mob i l i e n s i s  log N 

Cha e t e c er o s  c urr i s e tum log N 

Rhi z o s o l e n i a  sp . log N 

Tuke y ' s  t = 2 . 7 3 5  

WH We s t  Hackberry 
WHC 
BB 

= 

= 

We s t  Hackberry Contro l 
B l ac k  Bayou 

BH B i g  H i l l  
BHC = B i g  H i l l  Con tro l 

( Hi ghe s t  

BHC BH 

WH BB 

WH BB 

S i te Me a n s  

WHC 

WHC 

B H  

Lowe s t )  

WH BB 

BHC BH 

WHC BHC 



Tab l e 4 . 3- 1 0  Re s u l ts of  ANOVA ' s for P i gments 

E ffect C h l orophy l l a Phaeop i gments 

Cru i se  0 . 32 0 . 35 

S i te 0 . 07 0 . 02 

Depth 0 . 001* 0 . 98 

Cru i se/S i te 0 . 017* 0 . 42 

Cru i se/Depth 0 . 06 0 . 29  

S i te/Depth  0 .  7 1  0 . 76  

C ru i s e/S i te/Depth 0 . 35 0 . 63 

* S i gn i f i ca nt at 0 . 05 l eve l . 
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Tab l e 4 .3- 1 1  Res u l ts of the Ana lyses  of S i mp l e Corre l at i on s  
For  the Maj or  Phytop l an kton Spec i e s  

0.. 
<II .,.... <II 

.- E .,.... 

<O <O .- <II <II ::i <II 

E .µ .,.... Q) .,.... s:: .µ s:: 

::i <O <O s:: <O 3: .- Q) Q) Q) 

.µ .µ u Q) .µ .µ <O .,.... <II Q) <II .,.... 

<O <II .,.... <O .- <O _s:: S- 0.. .,.... s:: 0 .-

.µ ::i S- .µ 0 .,.... CJ) .µ .,.... S- .,.... 0.. .,.... 

<II ..Cl ..Cl <O <II S- .,.... s:: u S- 4-- .,.... ..Cl 

0 0 E .- 0 Q) S- Q) Q) ::i 4-- S- 0 

u S- .,.... <O N <II ..Cl u -0 u <O .µ E .,.... 
. ..c: ca (/') 0::: 0::: 0::: 0::: z: 0 u u u u u 

-

B .  granu l ata - . 33a - . 43 . 37 . 81 . 23  . 46 . 38 NS  - . 27 - . 41 . 23 . 22  . 34 

B .  mob i l i ens i s  ·- . 18 - . 22 . 37 . 36 NS  . 51 . 50 . 29 NS  - . 22 . 5 9  . 45 

C .  tr i po s  NSb NS  . 23 . 21 NS  . 45  . 53  . 24 . 25 NS  . 53 
c 
. C .  affi ne NS  NS  . 34 . 3 2  N S  . 5 9  . 45 . 34 . 30 NS  .p. 
I 

N 
w C .  curri setum . 61 . 69 NS  - . 37 NS  NS NS . 41 . 65 

C .  deci p i ens  . 35  . 52  NS  - . 19 NS . 25 NS . 45 

C .  centra l i s  . 26 . 23 . 23 NS NS . 36 . 33 

0 .  br i ghtwe l l i  NS  NS  . 37 . 42 . 26 . 60 

N. ser i ata NS NS . 47 . 50 . 31 

Rh i zoso l en i a  sp .  N S  NS  NS . 21 

R .  a l ata NS - . 34 . 37 

R .  i mbr i cata NS NS 

R. robusta . 76 

aCorre l at i on coeff i c i ents s i gn i f i cant at p = . 05 .  
bNS  = Not S i gn i f i cant .  
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Ta b l e 4 . 3- 1 2 .  Corre l a ti on matri x  for compar i son  o f  spec i e s  wi th h i ghes t  
mean s i n  October a n d  Decembe r .  

Spec i es w i t h  Rank o f  Mean s  December>November>October 
s .  cos ta tum c .  curri  s et um R .  rob u s  ta 

D .  b r i g htwe l l i  NS a NS NS 

N .  s er i ata NS NS NS 

R .  i mbri cata NS NS NS 

B . mob i l i en s i s  - . l 8b - . 22 - . 22 

R .  a l ata NS - . 37 - . 34 ---

B .  gra n u l ata - . 33 - . 41 - . 43 

aNS  = not  s i gn i fi can t 
b correl a t i on coeffi c i ents  s i g n i f i cant at p = 0 . 05 
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e i ther  not s i gn i f i cant o r  wi th a s i gn i f i cant negati ve corre l ati o n .  
C l ear ly  these  a r e  two d i sti nct groups . A l l members of  the g roup wi th 
t he October  h i gh mean were pos i ti ve l y  cor re l ated wi th each othe r ,  wi th 
the strongest  re l at i o n s h i p  exh i b i ted by �- a l ata and �- granu l ata ( r  = 
0 . 81 ) . 

The  m i dd l e group , w ith  h i ghes t  means  i n  November if.. tripos , f.  a ff i n i s ,  
f .  centra l i s , and  f .  dec ipi ens ) had a l l spec i es s howi ng pos i t i ve s i g
n i f i cant  corre l at i o n s  with  each othe r ,  and behaved a s  a trans i ti on group 
re l ati ve to the other groups . f .  tripos  and f .  affi n i s  ( both wi th 
November>October> December)  were not at a l l re l ated to the members of  the 
December h i gh group , wi th no s i gn i f i cant re l at i o n s h i p  apparent . They 
were , however , rather c l o s e l y  re l ated to the October  h i gh group , wi th 
s i gn i f i ca nt pos i t i ve corre l at ions  between  each spec i es of each g ro u p .  C .  
centra l i s ,  on  the other hand , a l s o  had Novembe r>October> December means , 
b ut  i t  was co rre l ated w i th members of both the October and December 
group , be i ng pos i ti ve l y  corre l ated wi th a l l members  of  the l atter and 
a l l but two {E. a l ata and �- granu l ata)  of  the former .  f.  dec i pi ens  
(wh i ch had  ran k of  means  November> December>October )  was  mo re c l o s e l y  
re l ated t o  t h e  spec i es wi th December  h i gh means , be i ng pos i t i ve l y  correl ated 
wi th a l l three ( C .  costatum , C .  curr i setum , and R. robusta)  , wi th the 
h i ghest corre l at i o n  w i th f. curr i s etum (r = 0 . 65 ) .  f. dec ipi ens  was 
pos i t i ve l y  corre l ated wi th N .  s er i ata of  the October  h i gh mean group , 
but  was negat i ve l y  correl ated wi th � - gran u l ata and �- a l ata .  It was 
not s i gn i f i cant ly  corre l ated wi th the other three spec i es (D . b r i ghtwe l l i , 
� - i mb r i cata , and Q.  mobi l i ens i s ) .  

The res u l ts i nd i cate a trend for change i n  commu n i ty compo s i ti on from 
October through December , wi th the October  and  December commum i t i e s  
b e i ng  quanti tat i v e l y  d i st i nct a n d  the November communi ty representi ng a 
tran s i t i on group wi th s ome members  wi th affi n i t i es to e i ther the October 
or Decembe r  groups and others wi th affi n i ti es to both . 

" 

Corre l at i o n s  between  Phytopl a n kton Numbers  and P i gments 

Res u l ts of  the corre l ati on  ana lyses  for tota l number of p hytopl an kto n 
and  p l ant p i gments are s hown i n  Tab l e  4 . 3- 1 3 . Over  a l l c ru i s e s  and  s i tes , 
c h l orophy l l a was pos i t i ve l y  correl ated w i th p l a n kton numbers ( r  = 0 . 70 ,  
p = 0 . 000 1 ) .  For phaeop i gment , there was a s i gn i f i cant negati ve corre
l at i on ( r  = -0 . 2 1 ) ,  but  i n  th i s  case much l es s  of  the var i at i o n  i n  the 
two vari ab l es was co i nc i dent .  

For  data so rted by cru i se , resu l ts for c h l o rophyl l a were very cons i s tent , 
wi th r = 0 . 58 ,  0 .  76 , and 0 . 78 for October , November ,  and December , res
pecti v e l y .  O n l y  dur i ng Cru i se 3 were phaeop i gments s i gn i f i cant ly  corre l a
ted ( negat i ve ly )  wi th p l ant  pop u l at i on s  ( r  = 0 . 36 ) .  

For  data s orted by s i te ,  B l ac k  Bayou showed the best  corre l at i o n  ( r  = 0 . 87 )  
between p l ant popu l ati o n  and  c h l o rophyl l a concentrat i o n .  B i g  H i l l  data 
d i d not s how a s i gn i f i cant corre l at i on between the two var i ab l e s ,  wi th the 
other s i te s  (West  Hackberry , We st Hac kberry Contro l and B i g  H i l l  Contro l ) 
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Tab l e 4 . 3- 1 3 . 

Re s u l ts of Corre l ati on  Ana l yses for Tota l  P hytop l ankto n and  P i gme nts 

D ata Set 

A l l Cru i ses/A l l S i te s  

October/Al l S i tes 

Novembe r/A l l S i tes  

December/A l l S i te s  

A l l C ru i ses/B l ack  B ayou 

A l l Cru i ses/B i g  H i  1 1  

A l l Cru i ses/B i g  H i l l  Contro l 

A l l Cru i s es/W .  Hackberry 

A l l C ru i se s/W. H .  Contro l 

Note : ns  = not s i gn i f i cant .  
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Ch l oro�h�l l a Phaeo�igments 
r P r> r P r>T 

0 . 70 0 . 0001 -0 . 20 0 . 02 

0 . 58 0 . 0001 ns 

0 . 76 0 . 0001 -0 . 36 0 . 02 

0 . 78 0 . 0001 ns 

0 . 87 0 . 0001 ns 

0 . 38 0 . 0821 ns 

0 .  7 9  0 . 002 ns  

0 . 65 0 . 0001 -0 . 34 0 . 01 

0 . 82 0 . 0001 ns 



s howi ng  corre l at i on  coeff i c i ents of  0 . 65-0 . 8 2 .  O n ly  at We st  Hac kberry was 
there a s i gn i f i cant ( negat i v e )  corre l at i on between  phaeopi gments and  
p l ant numbers . The l ow corre l at i o n  between ch l orophy l l a concentrat i o n  
a n d  p l ant  popu l ati o n  a t  B i g  H i l l  i s  not eas i l y  exp l a i ned .  Otherwi se , 
when the fact that there a re s i gn i f i cant d i fferences i n  ce l l s i ze and 
p i gment quotas among phytop l an kton spec i es i s  taken i nto account , the 
r va l ues  for corre l at i on of  total phytopl ankton and  ch l o rophy l l are q u i te 
good .  

Ord i nati on  Res u l ts 

F i gures 4 . 3-3 through 4 . 3-5 dep i ct the res u l ts o f  rec i p roca l averag i ng 
ord i nat i ons  of  the phytop l an kton data , as  s amp l ed by the Van Dorn who l e 
water and/or the C l arke Bumpus methods . Spe c i es occurr i ng f i ve t i mes  
o r  fewer were dropped .  The d i stri buti on  a l ong axes  1 and 2 ,  o n l y , of  
s amp l e  and spec i es space have  been s hown . These  axe s account for 2 9% 
of  the vari ance i n  the who l e  water s amp l es , and  25% of the vari ance i n  
the C l arke Bumpus  s amp l es .  F i gure 4 . 3- 3 s hows the who l e water samp l e s  
d i st i ngu i s hed accord i ng to s i te o f  co l l ecti on . N o  s i te spec i f i c  trend 
is  apparent , a s  was  s hown by both the ch l orophyl l and total  numbe r  ANOVA ' s 
and the corre l at i on ana l yses . The s ame res u l t i s  obta i ned for the C l arke 
Bumpus  data ( not s hown ) .  F i gures 4 . 3-4  and 4 . 3- 5 s how the d i stri but i o n  
of  who l e water a n d  C l arke Bumpus s amp l es  w i t h  date of  col l ecti on  d i sti n
g u i shed .  Th i s  co i nc i des  wi th the seasona l  chan ges  i n  popu l at i o n  structure 
i nfe rred from the ANOVA ' s and corre l at i o n  ana l yses . Th i s  i s  a c l ear  s ub
stanti at i on of  the v i ew that commun i ty compos i t i on var i ed pr imar i l y  as  a 
seasona l  funct i o n .  I t  s hou l d  a l s o  be po i nted out that the spread i n  
s amp l e d i stri b uti on  a l ong ax i s  2 dec reases  from the October to the 
December samp l e s .  Thi s i s  an i nd i cati o n  of  the i ncreas i ng constancy of 
compos i ti on over th i s  ti me peri od .  I t  i s  a re f l ect i on  of  the fact that 
i n  October  the contr i but i on  of  vari ous  spec i es was more eve n l y  d i str i 
buted over a numbe r o f  spec i es , whereas i n  December the commu n i ty was 
overwhe l m i ng l y  domi nated by S .  costatum and R .  robusta . The overa l l 
s h i ft i n  commun i ty compos i tion i s  s hown we l l - i n  F i gure 4 . 3- 6 ,  repre
sent i ng  an ord i nat i o n  of  the s amp l es i n  spec i es space . The pos i t i on of 
B i ddu l ph i a granu l ata on  the extreme r i ght corresponds to the re l ati ve 
po s i t i on of the October samp l es i n  samp l e  space . L i kewi s e ,  the pos i t i ons  
of  R .  robusta and  S .  costatum o n  the  extreme l eft correspond to  the  s ame 
re l at i ve pos i t i on Of the December samp l es .  The reader shou l d compare 
th i s  f i gure wi th Tab l e  4 . 3- 1 1  to fu l l y appreci ate the i mportance of the 
seasona l factor i n  p hytop l a n kton spat i a l  and tempora l  d i str i b uti o n .  

4 . 3 . 2 Zoopl a n kton 

The ana lys i s  and  i nterp retati on of  zoop l an kton ab u ndance i n  re l at i o n  to 
temporal  and spati a l  vari at i on i n  other env i ronmenta l factors are pre
se nted i n  thi s secti o n .  Anal ys i s has  been i mp l emented with  grap h i ca l  
a n d  tab u l ar  presentati ons  a n d  di scus s i ons  of abundance , n umbe r of zoo
p l an kton groups ( spec i e s and others ) , n umber of  zoop l a n kton groups wi th 
l ow numbe rs , percentage occurrence of  maj o r  l arval  forms , s amp l i ng 
effecti veness , zoop l an kton group d i ve rs i ty i ndex va l ues , stati sti ca l  
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ana l ys i s  of  var i at i o n of the nume r i ca l l y  most  i mportant group s ,  stat i s
t i ca l  corre l ati on  between  i mpo rtant groups , and  ordi nati on  ( by rec i p
roca l  averag i ng )  of  groups and  s amp l es i n  re l at i on  to axes account i ng 
for  maxi mum di ffe rences i n  the overa l l data set .  

4 . 3 . 2 . 1 Genera l Character i zati on  

Some 102 zoop l a n kto n groups were d i scr imm i nated dur i ng  the study per i od .  
T he se  are  l i s ted i n  Tab l e  4 . 3-1 4 .  Mo st of  t he se  groups a re d i s c rete 
spec i es and do not overl ap wi th the other groups . The spec i f i c  name 
was not determi ned fo r a l l spec i es d i scr im i nated .  The max i mum tota l 
n umber of  groups  obta i ned at any one of  the study s i te s  on  a ny of  the 
mo nths of  the study was 54 . The zoop l an kton we re domi nated by severa l  
spec i es , mo st ly  copepods a n d  the t u n i  cate , O i  kop l e ura .  No mo re than 
f i ve adu l t  forms were dom i nant dur i ng any month at any study s i te .  
Larv a l  forms we re l east  abundant i n  September .  

Comb i ned zoop l an kton average den s i t i es for  comb i nat i ons  of  study s i te ,  
months a nd depth ranged between  over  30 , 000 i nd i v i dua l s/m3 and approx i 
mate ly  240 i nd i v i dua l s/m3 • A con s i stent trend i n  comb i ned average 
dens i t i es was ev i dent . Abundance ( dens i ty )  was g reatest d ur i ng  Septem
ber , dec l i ned by over two to over  te n t i mes  at the d i fferent study s i tes  
by October , fe 1 1  somewhat l ower duri ng November ,  and returned to the 
l eve l s of  October  by December .  Average group dens i t i es over  the enti re 
study per i od reached the order  of magn i tude of 1000 i nd i v i dua l s/m3 . 
Ave rage group ( e . g . , spec i e s )  dens i t i es at a ny study s i te on  any month 
reached a max i mum of over 4 , 500 i nd i v i dua l s/m3 • A l though there was 
often a l arge d i fference between top and bottom samp l e  dens i t i e s  at 
d i fferent stat i ons , such d i fferences d i d  not occur i n  any co n s i stent  
patter n .  The  d i fferences p res umab l y  ref l ect the i n f l ue nce of  verti ca l  
m i grati o n .  

D i vers i ty was h i ghest duri ng Octobe r  a n d  November ,  l owest  i n  Decembe r ,  
and  next to l owest i n  September .  I t  was b road l y  but not comp l ete l y  
re l ated t o  comb i ned zoop l an kto n abundance : when  abundance was h i gh ,  
d i vers i ty was l owe r and v i ce vers a .  The commu n i ty was apparent ly  a 
mi xed type wh i ch conta i ned both typ i ca l  coastal  and typ i ca l ly  estuar i ne 
form s .  

Zoop l an kton comb i ned abu ndances were a t  h i gh l eve l s a t  a l l the study 
s i te s . The abundances were on  the order of  100- fo l d  g reate r  than 
dens i t i es of  estuari ne zoop l an kton i n  the s ame reg i o n  repo rted i n  the 
Coope rat i v e  G u l f of  Mex i co Estuari ne  I nvento ry and Study ,  Lou i s i ana . 
The spec i es l i s t  i n  the i n s ho re area has  o n l y  about one- th i rd the 
speci e s  reco rded i n  the p resent  study .  Comb i ned zoop l a n kton abundances 
ascerta i ned i n  the p resent study ran s l i ght ly  h i gher  than we re obta i ned 
i n  l ong-term stud i es of  the South Texas Oute r  Conti nenta l She l f by NOAA . 
The peak  average dens i t i es exceeded those i n  the NOAA wor k  by a facto r 
o f  about f i v e .  Ab undance and the numbe r of  spec i es obta i ned for the 
s ame t i me per i od as  i n  the p resent study i n  the Cap l i ne G roup  base l i ne 
stud i e s  off the east-central  Lou i s i ana  coast were both at the l ow end  of  
the ranges for  the  p resent study .  
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Tabl e 4 . 3-1 4 L i st of  Zoop l an kton Groups 

Acart i a  l i l l j eborgi i 
Acart i a  ton sa 
Acete s ame r i canus  
Amphu i ra fi l i fo rm i s 
Anchoa mi tc he l l i  eggs 
Anchoa mi tc he l l i  l arvae 
Anomura l arvae 
Anthomedusae 
Barnac l e  naup l i i  
Bol i nops i s  i n fund i b u l um 
Brachyuran l a rvae 
Brachyuran mega l ops 
Brevoort i a  sp . l a rvae 
Centropages fu rcatus  
Conchoec i a  s p .  
Conc hoec i a  e l egans  
Copepoda naup l i i  
Corycaeus amazon i cu s  
Crustacea naup l i i  
Ctenophora 
Cypr i s  stage of  a barnac l e  
Decapoda zoea 
Do l i o l um sp . 
Ec toprocta cyphonautes 
Eggs  
En s i s  mi nor  rutefp�c ut i frons  
E rtemocari s l a rva 
Euca l anus  pi l eatus  
Euphaus i acea l a rvae 
Fri ti l l ari a s p .  
Ga l athea sp . l a rvae 
G l o b i geri na s p .  
G l o b i ger i na  i n fl ata 
H a l ocypri s  brev i rostri s 
Harpact i co i d a  copepod 
Hype r i a  sp . 
Janth i na exi gua 
Jaxea nocturna 
IabTdocera aest i va 
Labi docera naup l i i  
Lab idocera scotti  
Leptomedusae 
Leptosynapta i nhaerens l a rvae 
L i t i opa me l ano stoma 
Luc i fer faxon i 
Macrosete l l a  grac i l i s 
Ma crura l a rvae 
Meganycti phanes  norveg i ca 
Membran i pora sp . 
Mi rac i a  efferata 
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Mnemi ops i s  sp . 
Muggi aea sp . 
Mys i dacea 
Nere i s n ectoc haete l a rvae 
Nocti l uca s p .  
Obe l i a  s p . 
O i kopl eura s p .  
O i thona nana 
Oncaea mecrlterranea 
Oph i u ro i dea l arvae 
Op i sthobranc h i ata 
Oste i c hthyes eggs 
Oste i c hthyes l arvae 
Ostracoda 
Paguri dea zoea 
Panopeus herbst i i 
Paraca l anus  cras s i rostri s 
Pe naeus  s p .  
Pen i l i a av i rostr i s 
Phoron i s  s p . 
P l eurobrac h i a  sp . 
Padon s p .  
P o l ychaeta l arvae 
Porcel l an i d  crab l a rvae 
Portunus  s p .  
Portun u s  s p .  zoea 
Prosobranch i a l arvae 
Rad i o l ar i a  
Sagi tta sp . 
S a l pi dae 
Sc apho l ebri s s p .  
Serpu l i dae trochophore 
S i phonophora 
Sgu i l l a  s p .  
Stel l i fer sp . l a rvae 
Synchaeta so . 
Temora turbi nata 
Ti nti n n i dae 
Tompteri s septendr i on a l i �  
Tornari a l arvae 
Tortanus setacac i data 
U n i denti fi ed ca l ano i d  copepod # 1  
U n i dent i f i ed ca l ano i d  copepod # 2  
U n i denti fi ed ca l ano i d  copepod #3  
U n i denti fied ca l ano i d  copepod #4  
U n i denti fi ed ca l ano i d  copepod #5 
U n i denti f i ed Ca l ano i da copepods 
U n i dent i f i ed copepod ( cyc l c p o i d? ) 
U n i denti f i ed Cyc l opoi da copepod 
Turri tops i s  nutr i c u l a  
Veneri dae l arvae 



4 . 3 . 2 . 2 Deta i l ed Res u l ts  and I nterpretat i o n 

Abundances of dom i nant zoop l ankton are p rese nted grap h i ca l l y  by study 
a rea and month i n  F i gu re 4 . 3- 7 as the average numbers  wh i ch were en
counte red per  meter on  a s i ng l e l i n e  wh i ch pa s sed through the co l umn of 
water f i l tered by the C l arke- Bump us Samp l er .  These n umbe rs are the 
c ube  roots of  the numbers  per  cub i c  meters meas u re used to expre s s  
abundance i n  t h e  general  characte r i zati on . Th i s  dev i ce comp resses  the 
vo l umetr i c  de ns i t i es , dampen i ng  the l egendary i mprec i s i o n i n  p l an kton 
s amp l i ng .  Stri ck l and ( 19 7 2 )  reported stud i es i nd i cati ng that i ndi v i dua l  
abu ndance e st imates from pa i red tows typ i ca l ly  had  to  be  greate r than  
doub l e  o r  l ess  than  ha l f of  the  other  va l ue to  be s i gn i fi cant ly  d i ffer
ent ( . 05 l evel ) .  

F i gu re 4 . 3-8 s hows another aspect o f  th i s  var i ab i l i ty .  Th i s  fi gure 
re l ates the n umber of  spec i es ( group s )  co l l ected to the number of  
s amp l es obtai ned . The re was not  a p ronounced di fference i n  p atte rn 
from month to month a l though there was a change i n  spec i e s  compos i t i on .  
Most  o f  the spec i es were obta i ned i n  s i m i l a r l y  l ow numbe rs . I nd i v i dua l  
s peci es  characte r i s t i cs do  not seem to  have  p roduced a p ronounced b i as 
and  the dens i t i e s of  spec i es p res umab l y  are re l i ab l e  i n  p roport i o n  to 
the number of  spec i es obta i ned , up  to the po i nt whe re the number  of  
spec i e s  becomes asymptot i c .  The  p atte rn i s  re l at i ve l y  smooth acros s  
s i tes  ( i ndi vi dua l  p o i nts ) amo ng months except fo r t he  Octobe r  po i nts , 
s o  that the samp l i ng appears reas onab ly  represe ntati ve across  the study 
a rea .  Accord i ng to th i s  reason i ng , the s i tes  at wh i c h  l ow numbers of 
s amp l e s we re obta i ned : B l ack  Bayou , B i g  H i l l  Co ntro l and  to some 
extent , B i g  H i l l ,  are not as  re l i ab l y  represented by the i r spec i es 
l i s ts and co rre spond i ng dens i t i es as  West  Hackberry and West  Hackbe rry 
Contro l . 

Tu rn i ng  bac k to F i gure 4 . 3- 7 ,  three ca l ano i d  copepod spec i es (Acart i a  
tonsa , �· l i l l jeborgi i ,  and Paraca l anus  cras s i rostri s ) , a cyc l op o i d  
copepod speci es , ( O i thona nana)  a n d  a tu n i cate ( O i kopl eura )  dom i nated 
the zoop l a n kton commu n i ty i n  September  except at B i g  H i l l  Contro l . 
Lab i docera spec i e s  became abundant at B i g  Hi 1 1 .  The se spec i es have 
been i dent i f i ed as L .  aes t i va a nd L .  scotti . The s i ng l e  samp l e  at B i g  
H i l l  Contro l was domi nated by cyprTs barnac l e  l arvae and  the c ru stacean , 
L uc i fer  faxo n i . On l y  f i ve other spec i es were p resent  i n  the s amp l e . The 
catego r i e s  of other adu l ts and l arvae were p romi  nant i n  th i s  f i rst  
month . Other  adu l ts we re typ i ca l l y  comp ri sed o f  a l arge number  of  
spec i es (Tab l e  4 . 3- 1 5 ) whi l e  the  l arvae were d i ff i cu l t  to  characte r i ze 
s i nce the spec i es of  mo st of  the copepod naup l i i  ( Tab l e  4 . 3- 16 ) cou l d  
not be  d i sti ngu i s hed .  

The  res u l t  that p hytop l an kto n stead i ly  i ncreased from October  th ro ugh 
Decembe r  s uggests that the zoop l an kters Acart i a to nsa , �·  l i l l jeborgi i ,  
a nd  Paracal  anus  crass  i rostri  s ,  wh i ch l o se  mo st of  the i r  p romi  nance 
dur i ng  October and d i rect ly  return to prom i nance dur i ng  November  and 
December ,  we re d i  re ct ly dependent upon p hytop l an kton . These spec i e s  
a r e  known t o  b e  p hytop l an kto n feeders , a l though Acart i a  has a l s o  been 
reported to use  a n i ma l  food and  it  has been  s uggested that it  a l s o  can  
use  detr i tu s . O i kopl eura , a tun i cate wh i c h  wa s p romi nant except i n . 
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Tab l e 4 . 3 - 1  5 

Tota l N umbers of  Spec i es by Month and  S i te and Number  of  Spec i es 
i n  1 10ther Adu l ts" , F i gu re 4 .  3- 5  

N umber N umbe r Number of 
Month S i te Samp l es of  Spec i es Spec i es i n  

" Other Adu l ts "  

S EPTEMBER  West Hackbe rry Contro l 8 42  36 
West  H ac kbe rry 17 50 44 
B l ac k  Bayou 2 21  15  
B i g  H i l l  Contro l 1 7 4 
B i g  H i l l  4 32  27  

OCTOBER  West  Hac kbe rry Contro l 12 54 47 
West  Hac kbe rry 20 54 48 
B l ac k  Bayou 4 30 23  
B i g  H i l l  Control  4 26 20 
B i g  H i l l  12 42 35  

NOVEMB E R  West Hac kbe rry 8 38 30 
West Hac kberry 16 45 36 
B l ac k  Bayo u 4 29 22  
B i g  H i l l  Contro l 4 30 2 2  
B i g  H i l l  8 35  28 

DECEMBER West  Hac kbe rry Contro l 7 26  21  
West Hac kbe rry 15 36 32  
B l ac k  Bayo u 4 23  18 
B i g  H i l l  Co ntro l 3 2 2  18 
B i g  H i l l  6 28 22 

U . 4-37  



c 

+:> 
I w OJ 

MONTH 

Sept . 

Oct.  

Nov .  

:::e c .  

S I T E  

We s t  � a c k berry Con crol 

'.,J e s t  '"la c k be rry 

B l a c k  3ayou 

S i g  ri i l l  C o n t r o l  
B i g  n i 1 l  

Wes t Hackbe rry Control 

� e s t  Hackberry 

B l a c k  Bayou 

B i g  H i l l  C o n t r o l  

B i g  H i  1 1  

'1es t H a c k berry Con trol 

We s t  H a c k b e r ry 

B l ac k  Bayo u 

S i g  � i l 1  Con r r-o l 
3 i g ;1 i l l  

..Je s t  � a c K t � rr:v Con tro l 

... e s t  � a c i<. '.) p r r _. 

;; 1 ac -.:: =3 '1 y o u  
3 1 g · i i �  i Con t ro l  
:3 1  g ,., 1 � 1 

Tab l e  4 . 3- 16 
Ma j o r  L a rva l Foms and T he i r  Percen ta.qe Abundances by Mon t h  and S i te 
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October , i s  known to feed on  sma l l p l a n kto n .  H i g h  numbe rs  of copepods 
l arvae i n  October and November seem to re l ate to h i gher  numbers  of adu l t 
copepods i n  November  and December .  O i tho na  nana , a cyc l op o i d  copepod 
wh i ch i s  l arge ly p romi nant through November ,  and on  i nto December at 
mo re westerl y stat i o n s  i s  a p re sumati ve nanop l a n kton feeder .  Lab i docera 
spec i es are thought to be mai n l y  p redatory .  

E uterpi na  acuti frons , a harpact i co i d  copepod ; Temora turb i nata , Euca l anus  
pi l e atu s , Centropagas furcatus , cal ano i d  copepods ; u n i denti f i e d  cal ano i d  
copepod spec i es l ;  and  Corycaeus amazon i cus , a cyc l opo i d  copep od , became 
p reval ent  at one  or more study s i te s  duri ng October .  Centropages and 
Temora are con s i dered to graze heav i l y  on  p hytop l an kton and a l s o  to use  
a n i ma l  food .  S agi tta , a re l at i ve ly  l arge p redato ry form ( a n  a rrowwo rm) , 
a l though not nume rous  enough to be  s i ngl ed  out from the other adu l ts 
category , were obtai ned everywhe re except at the Wes t  Hac kberry study 
s i te du r i ng October  a l s o .  Sagi tta made up  two to fou r  percent of  tota l  
n umbers . Copepod a n d  po lyc haete l arvae were con s i s tentl y p resent  at a l l 
s tudy s i te s  (Tab l e 4 . 3-16) . October  was a month of  great trans i ti on .  

D ur i ng Novemb e r ,  spec i es whi ch  were domi nati ng duri ng September became 
re l ati ve ly  n umerous  agai n ,  overs hadowi ng the spec i es wh i ch were most 
i mportant dur i ng October .  The top spec i es from September  (Acart i a  spp . 
a nd  Paraca l anus  cras s i rostri  s )  conti nued to i ncrease i nto December .  
The total  number o f  spec i es general ly  h i t  i ts l owest  ebb dur i ng th i s 
l as t  month of the study peri od .  No spec i es i n  the " other adu l ts "  
c atego ry reached 1 percent o f  the overa l l mean fo r a ny s i te i n  Decembe r ,  
except for Euterpi na acuti frons wh i ch reached s l i ghtly mo re than 1 percent 
at Wes t  Hac kberry Contro l . 

There was an  i ncrease  i n  the var iety of  l arvae dur i ng November  (Tab l e 
4 . 3-16) . Copepod l arvae we re i mp o rtant du ri ng November  as  dur i ng Octobe r ,  
and  pol yc haete l arvae were above 1 percent a t  a l l except B i g  H i l l  and  
We s t  Hac kbe rry .  Br i ttl e s tar  and  gastropod l arvae were re l ati ve l y abun
dant at B i g  H i l l  Control and  b i va l ve , barnac l e ,  and b ryozoan l arvae 
we re noted at West  H ac kberry .  Barnac l e  l arvae conti nued to be i mpor
tant i n  the eastern  s i tes  i nto Decemb e r .  Copepod l arvae were predom
i nantly  i n  one ge nus  ( Lab i docera)  i n  December .  

The  extens i ve estuar i ne areas adjacent to  the  study area  ( coasta l ) appear 
to s how a certa i n seasona l  correspondence wi th i t .  The h i ghest  numbers 
i n  the i nshore estuar i ne reaches reported i n  the Coope rat i ve Gu l f of  
Mexi co E s tuari ne Study and  I nventory ,  Lou i s i ana , occur  dur i ng fal l .  
The dom i nant form i s  Acart i a ,  the number o f  copepod  spec i es i ncreases  
and  there i s  trans i t i on in  ma i n  forms i n  fa l l a l so . 

The eastern Gu l f  of Mexi co p resents a dec l i ne i n  zoop l an kton vo l ume 
dur i ng fal l and  wi nte r ,  w ith  the decl i ne begi nn i ng after September ,  
accordi ng to NOAA stud i es repo rted by Houde and  C h i tty ( 197 6 ) . Th i s  
p attern  paral l e l s  that for de ns i ti es observed i n  the p resent s tudy.  

Acarti a i s  reportedly  a general i st feede r  ab l e  to ut i l i ze a w i de vari ety 
of phytop l ankton and  other food types--but i s  wastefu l i n  the p roce s s  
compared t o  more spec i a l i zed  feeders . Add i t i ona l l y , Acart i a has a h i g h  
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food i ntake req u i rement (approach i ng 30 percent of i ts we i ght da i l y )  
a n d  cannot to l e rate sta rvat i on cond i t i ons for more than a few days  ( Dagg , 
1977 ) .  Members of th i s  genus  can  there fore be expected to ref l ect 
c hanges i n  food avai l ab i l i ty .  The d i l u t i o n  of  food or  a decl i ne i n  i t  
res u l t i ng from b i o l ogi ca l  causes  a re rea sonab l e  exp l anat i on s  fo r the 
c hanges  obs erved i n  Aca rti a and , s i nce i ts pattern of  abundance a nd 
dependence o n  herb i vory a re s i mi l ar ,  p robab l y  Paraca l anus  a l s o .  M i l l e r  
et a l . ( 19 7 7 )  notes that Acart i a  ton s a  mo rta l i ty from p redators i s  very 
h i gh i n  the o l de r  stages i n  the l i fe cyc l e .  Th i s  seems to be  compensated 
for by s horten i ng of the durat i o n  of  the l ate r stages i n  the l i fe cyc l e .  
Aca rti a p roduces res t i ng  eggs as  a n  effi c i ent means  to s u rv i ve u nfavor
ab l e  cond i t i ons . Thus , th i s  and s i m i l ar fo rms can  i nc rease with  great 
rap i d i ty when cond i t i on s  are good and  can  l eave the pe l ag i c  hab i tat 
comp l ete l y  when  they a re b ad .  Many othe r  spec i e s can pass through 
adverse condi t i on s  i n  a state of  a rrested growth a s  l ate copepod i tes  
( p readu l t  l arvae ) .  P res umab l y , the rep l ac i ng copepod spec i es wh i ch 
became domi nant  dur i ng  October  i n  the p resent  study a re mo re l i ke l y  to 
possess  th i s  capab i l i ty .  

Raymont ( 1963 ) noted a tendency for temperate neri t i c  zoop l an kton to 
s how an extreme s ummer peak  but fo r p roduct i o n  to be  spread out i n  
trop i c a l  areas . I n  a F l o r i da coastal  area , there was no  spr i ng  max i mum , 
s ummer abundance was l ow ,  and  the peak  was i n  Octobe r .  Wa l s h et a l . 
( 1978)  we re ab l e  to d i s t i ngu i s h  d i st i nct zoop l a n kton , p hytop l an kton , 
and bacter i a commun i t i e s  at d i ffe rent d i stances from s ho re over the 
conti nental  s he l f of  the New Yo rk B i ght a rea .  The copepod compos i t i on 
o f  the nearshore and  offs hore areas was very d i ffe rent .  Nears hore cope
pods we re at h i ghest  l eve l s  d ur i ng  strati fi ed cond i t i on s  wh i l e  the off
s h o re group i ng was s t i mu l ated by strong m i x i ng dur i ng  s pr i ng .  Dagg 
( 1977 ) s uggests that the m i grato ry or i entat i o n  o f  copepods to the vert i 
c a l  d i men s i on i s  mo re l i ke l y  t o  l ead t o  s ucce s s  i n  l oc at i ng food concen
trat i on than a hor i zontal  or i entat i o n  wou l d  be . I t  i s  p l a us i b l e that 
s ome degree of  strat i f i cati on , a l ong  with other favorab l e  cond i t i ons  i s  
re l ated to the h i gh September  zoop l an kton abundance seen  i n  the p resent 
study .  

Shannon-Weaver d i vers i ty (Tab l e  4 . 3- 1 7) i s  s e ns i t i ve to both the number 
o f  spec i es i n  an  a s s emb l age and  the number  of  i nd i v i dua l s i n  those  
spec i e s .  T he  general  commun i ty structure becomes c l earer when d i ver
s i ty i ndex va l ues  are compa red with  i nfo rmati on i n  F i g ure 4 . 3-9 , Tab l e  
4 . 3- 10 , and  Tab l e 4 . 3-11 .  D i ve rs i ty was l owest i n  December when both 
overal l n umbers and the number  o f  spec i es we re down . D i ve rs i ty was 
next l owest  i n  September  when the number  of  spec i es was fa i r l y  h i g h  and 
overa l l abundance was the h i ghest .  The abundance was l arge l y  a func
t i on o f  a l i m i ted number  o f  spec i es ; mo st o f  the other spec i es had 
re l at i ve l y  l ow numbers . D i ve rs i ty was h i gh duri ng  the October  and Novem
ber  per i od of tran s i t i o n , wi th an  i ncreased number  of spec i es p resent  
i n  fa i r l y  s i m i l ar numbers a l though total abundances we re at l ow ebb . 
Many l arval  fo rms were fai r ly  abundant dur i ng Novembe r ,  wh i ch compen
s ated fo r a dec l i ne i n  the overa l l numbe r of  adu l t spec i es when  compared 
to October .  
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Month 

SEPTEMBE R  

OCTOBER 

NOVEMBE R  

D ECEMBER  

Tab l e 4 . 3- 1 7  

Average Shannon-Weaver D i vers i ty I ndex fo r Zoop l an kton 
by Month and S i te 

S i te Average D i vers i ty ± Standard Dev i at i o n  

West Hac kberry Control  . 771  ± . 051  
West  Hac kberry . 751  ± . 152  
B l ac k  Bayou 
B i g  H i l l  Contro l 
B i g  H i l l  . 821 ± . 366 

West Hackberry Control 1 .  079 ± . 090 
West  Hac kberry . 996 ± . 086 
B l ack  Bayo u 1 .  074 ± . 117 
B i g  H i l l  Contro l 1 .  008 ± . 120  
B i g  H i l l  1 .  036 ± . 05 9  

West Hackberry Control  . 95 9  ± . 084 
West  Hac kberry . 95 2  ± . 067 
B l ac k  Bayou 1.  095  ± . 023  
B i g  H i l l  Contro l 1 .  074 ± . 030 
B i g  H i l l  . 947 ± . 069 

West  Hac kberry Co ntro l . 668 ± . 13 2  
West  Hackberry . 624 ± . 124 
B l ac k  Bayou . 720 ± . 066 
B i g  H i l l  Control  . 648 ± . 17 2  
B i g  H i l l  . 762  ± . 12 3  
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Ana lys i s  o f  Var i ance 

The cru i se and s i te means , based o n  retran s fo rmed data , are p resented i n  
Tab l e 4 . 3 - 18 ,  a l o ng  wi th the 9 5% conf i dence l i mi ts .  Overal l ,  no greJt 
vari at i on i s  seen  i n  s i te mean s , wi th the range from 1 1 38-2232  u n i ts/m . 
Tempora l  d i ffe rences are apparent , wi th the overal l mean for September  
be i ng an  order o f  magn i tude g reater than that fo r October and  December ,  
and  wi th November  hav i n g  the l owest mean s .  Genera l l y ,  s i m i l ar trends 
were seen for each s i te over t i me .  Three-way analys i s  of  vari ance of  
the nume r i ca l l y  most  i mportant zoop l an kton groups  wi th months , s i te s , 
and depths as factors showed months to be  a con s i stent ly  h i gh s i gn i f i 
cant i nf l uence (Tab l e  4 . 3- 1 9 ) . For the other ma i n  e ffects ( s i te and 
depth ) the trends  were re l at i ve l y  weak  wi th o n l y  f i v e  spec i es or  spec i es 
groups s howi ng s i gn i f i cant s i te d i fferences and i n  no  case was the trend 
as  strong as  the wea kest trend for month l y  d i fference s .  In on l y  one 
group (Acart i a  spp . ) was s i te s i gn i f i cant , wi th p <  0 . 0 1 , and i n  th i s  
case , s i te d i fferences cou l d  be  attri b utab l e  to the fact that more than 
one spec i es was i n  the group . In genera l , s i te was not an  i mportant 
factor i n  zoop l an kton d i str i but i on , as s hown for the total data set .  
S i m i l ar l y ,  depth d i ffe rences were few i n  number , wi th o n l y  Sagi tta , 
O i thona nana and Eucal anus pi l eatus s howi ng  strong trends . A l l three 
had s i gn i f i cantly  h i ghe r means  for the bottom samp l es , wi th the trend 
for  Euca l anus  pi l eatus not con s i stent from s i te to s i te .  Overa l l ,  tem
poral  d i fferences domi nated the dynam i c s  o f  the zoop l an kton commun i ty .  

Res u l ts of  mu l t i p l e  means tests  for those  zoop l an kton s pec i es or  spec i es 
groups s howi ng s i gn i f i cant cru i se d i fferences wi th no confound i ng  i nter
act i on are p resented i n  Tab l e  4 . 3-20 .  As can be  seen , the spec i es fal l 
i nto several  groups ,  wi th h i ghest mean s  i n  e i ther September (Vener i dae 
l arvae ) , October ( u n i dent i f i ed cal ano i d ,  Euterpi na acutj froos , Centro
p hages furcatu s , Corycaeus amazooi c11s , and Euca l anus  p i  l eatus) , o r  
December  ( Barnac l e  l arvae and Lab i docera naupl i i ) .  The fact that o n l y  
o n e  group had h i ghest mean dur i n g  the same month ( September )  a s  d i d  the 
total commun i ty i s  due to the fact that most spec i es w i th h i ghest means  
dur i ng September  had s i gn i f i cant i nteract ion  and  cou l d not be ana lyzed 
by mu l t i p l e  means  p rocedures .  These i nc l uded a number  of the major  
forms , s uch  a s  O i kop l eura , O i thona nana , Acart i a  spp . , S agi tta , and 
Paracal anu s .  I n  a s i m i l ar ve i n ,  other spec i es show i ng s i gn i f i cant 
temporal  e ffects i n  the ANOVA ' s (with i nteract i o n )  and hav i ng h i ghest 
mean i n  October i nc l uded Temora , Po l ychaete l arvae , and copepod naup l i i .  
No  major  spec i es or  spec i e s  group had h i ghest mean i n  Novemb e r .  

Corre l at i o n  Ana lys i s  

S i gn i f i cant s i mp l e  l i near corre l at i ons  w i th i n  months and wi th i n  month
s i te comb i nat i on s  for September  and October are s ummar i zed  i n  Tab l e  4 . 3-
2 1. Corre l at i o n s  are cons i dered s i gn i f i cant at the 0 . 05  p robab i l i ty 
l eve l  o r  l ower .  I t  i s  ev i de nt from the tab l e  that pos i t i ve corre l at i on s  
are overwhe l m i ng compared to  negat i v e  corre l ati ons . T he  s trengths o f  
s i gn i f i cant corre l at i on s  ( not presented) range much h i gher  i n  t h e  w i th i n  
month and s i te data sets than i n  the corre l at i o n s  wi th i n  months ,  a s  i s  
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Tabl e 4 . 3 - 1 8  3 
Mean n umber of  zoopl an kton i nd i v i dua l s wi th confi dence bounds by s i te and  mont h .  ( un i ts/m ) 

Month 

September October November December Overa l l 
S i te 

L � 865 . 02 62 . 36 273 . 86 1 30 .  65  482 . 30 
B l a c k  Bayou y l l 5 37 . 59 ( 2 ) b 968 . 89 ( 4 )  458 . 05 ( 4 )  1 462 . 56 ( 4 )  1 253 . 83 ( 1 4 ) 

L 2 1 5388 . 70 1 4846 . 80 765 . 65 1 6269 . 70 3256 . 99 

L l 209 . 48 379 . 94 203 . 52 9 1 0 . 87 662 . 1 7  
G i g  H i l l y 4573 . 8 1 ( 4 )  806 . 2 7 ( 1 2 ) 591 . 99 ( 8 )  2 1 4 1 . 6 1 ( 6 )  1 1 37 . 97 ( 30 )  

L 2  99867 . 3 1 1 709 . 73 1 547 . 2 1 5033 . 48 1 955 . 1 5  

L l 1 8 1 . 74 99 . 9 5 7 . 66 445 . 2 1 
G i g  H i l l  Con t ro l y 1 8 1 0 . 99 ( 1 )  2646 . 43 ( 4 )  790 . 2 5 ( 4 )  1 05 1 . 8 1 ( 3 ) 1 360 . 84 ( 1 2 ) 

L 2  38353 . 40 6200 . 93 1 27984 . 70 41 55 . 38 

L l 1 3654 . 9(1 6 1 2 . 7 3 1 90 .  1 9  2 1 2 . 60 1 01 6 . 36 
�.Je s t  Hac kberry y 20670 . 1 9 ( 8 )  1 4 1 9 . 3 5 ( 1 2 ) 491 . 99 ( 8 )  9 50 . 7 6 ( 7 )  1 898 . 57 ( 3 5 )  

Contro l L 2  3 1 289 . 62 3286 . 1 5  1 265 . 1 1  4239 . 96 3538 . 34 

L l 1 8077 . 4 7 560 . 03 253 . 00 872 . 27  1 4 1 3 . 3 1 
Wes t Hackberry y 23 1 7 1 . 20 ( 1 7 ) 1 044 . 65 ( 20 ) 51 0 . 49 ( 1 6 ) 2084 . 68 ( 1 5 ) 223 1 . 81 ( 68 )  

L2 29700 . 2 2 1 947 . 9 1 1 029 . 01 4980 . 30 3526 . 50 

L 1 1 1 063 . 1 9  769 . 2 2 368 . 1 1  950 . 27 
Overa 1 1  y 1 6252 . 32 ( 32 )  1 1 27 .  94 (  5 2 )  539 . 2 0 ( 4 0 )  1 62 1 . 1 0 ( 3 5 )  

L2 23875 . 1 6  1 653 . 73 789 . 59 2765 . 01 
-

aL 1 and L 2 equal  the l ower and upper confi dence bounds  res pect i vel y ( after Sokal  and  Roh l f ,  1 969 ) . 
Y Mean n umber of i nd i v i dua l s .  

bNumber o f  sampl es . 



c 

-Po 
I 

-Po 
-Po 

TABLE : 4 . 3- 1 9 . Three-way Ana l ys i s  Of Vari ance I n terpretat ion : The Probabi l i t i es Of Vari ati on Attri bu tabl e 
To The Factors Months , S i tes , Depths And The i r  I nteract i ons  Occurr i n g  By Chance Are Prese1ted 
W i th Respect To 1 6  Important Zoop l a n kton Groups And The Tota l s Of Al l Zoop l an kton Spec i es . 

MONTHS 

U n i dent i f i ed Ca l ano i d  
Copepod # 1  . 0001 ** 

Barnac l e  Larvae . 0001 ** 

Acart i a  s pp .  
( tonsa and l i l l j eborgi i )  . 0001 ** 

Paracal anus  crass i rostri s2 . 0001 ** 
. 0001 ** 

Centropages furcatus 

Copepod Naupl i i  
( except Labi docera ) 

Corycaeus amazon i cu s  

Euterpi na acuti frons 

Euca l anus  pi l eatus 

Labi docera Naupl i i  

. 0001 ** 

. 000 1 ** 

. 000 1 ** 

. 0001 ** 

. 0001 ** 

. 0001 ** 

O i kopl eura . 0001 ** 

O i thona nana . 0001 ** 

Pol ychaete Larvae . 0001 ** 

Sagi tta . 0001 ** 

Temora turbi nata . 0001 ** 

Veneri dae ( B i va l v e )  Larvae . 0004** 

Tota l s . 0001 ** 

S ITES 

. 52 

. 2 2  

. 00 52** 

. 03* 

. 03* 

. 0 2·,� 

. 92 

. 08 

. 40 

. 2 1 

. 29 

. 58 

. 70 

. 30 

. 08 

. 03* 

. 44 

. 77  

DEPTHS 

. 08 

. 38 

. 6 1  

. 30 

. 33  

. 04* 

. 33 

. 32 

. 0 1 ** 

. 002** 

. 59 

. 36 

. 005** 

. 80 

. 0001 ** 

. 1 8  

. 93 

. 09 

1 The Ana l ys i s  Of Vari ance Was Carri ed Out On Log- transformed Data . 

M X S 

. 82 

. 7 1  

. 01 ** 

. 00 1 ** 

. 03* 

. 48 

. 1 3  

. 05b 

. 33 

. 1 7  

. 06 

. 03* 

. 0001 ** 

. 05 l b 

. 1 4 

. 03* 

. 1 1  

. 39 

M X D 

. 42 

. 7 5 

. 08 

. 004** 

. 67 

. 56  

. 007** 

. 89 

. 55 

. 30 

. 33 

. 1 4  

. 25 

. 02* 

. 58 

. 46 

. 41  

. 29 

S X D 

. 43 

. 88 

. 27  

. 7 1  

. l 0 

. 007** 

. 37 

. 44 

. 50 

. 03* 

. 23 

. 1 7  

. 06 

. 02* 

. 1 5  

. 65 

. 03* 

. 009** 

M X S X D 

. 42 

. 78 

. 30 

. 37 

. 08 

. 1 5  

. 92 

. 52 

. 43 

. 03* 

. 81  

. 5 1  

. 9 1 

. 26 

. 32 

. 3 1  

. 20 

. 30 

2The Second Of The Two L i nes Of Va l ues Wh ich  Are Presented Corresponds To An Earl i er Mi s i denti fi cat i on Of A Sma l l 
Part Of Thi s Spec i es Duri ng September .  

*S i gn i fi cantly Low Probabi l i ty Of  Factor-Associ ated Vari ati on Res u l ti ng From Chance Events . 
** H i g h l y  S i g n i ficant ly  Low Probabi l i ty Of Factor-assoc i ated Vari a t i on Resu l t i ng From Chance Events . 

bBorderl i ne Of S i g n i fi cance ( . 05 Level ) .  
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Tabl e 4 . 3- 20. Resu l ts of  Mu l t i p l e  Means  Tests  for Zoop l an kton by Cru i se 

Taxonom i c  Group 

Total  

Vener i dae  l arvae 

U n i den t i fi ed ca l ano i d copepod 

E u terpi na  acuti fron s  

Centrophages furcatus  

Corycaeus amazon i cu s  

E u ca l an u s  pi l eatus 

Barnac l e  l arvae 

Lab i docera naupl i i  

Tukey ' s  t0 . 05 = 2 . 57 

H i ghest  

September 

September 

October 

October 

October 

October 

October 

December 

December 

Cru i se Mean s  

December October 

November October 

September November 

September November 

November September 

November December 

November September 

November September 

September November 

Lowes t  

November 

December 

December 

December 

December 

September 

December 

October 

October 



Zoop l a n k ton 
Groups 

Polychaete L d r 'vae .:. �  1 1  � 0 t I ! z 11 �  __, ·i!H 3 .!__' 
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T a b l e  4 . ' 2 1  
Ma tri x Show i ng D i s t r i bu t i on of S i g n i f i ca n t  S i mp l e  Corre l a t i on s  for Sel ec ted 

Zoop l a n kton Groups by Mon t h  ( C o l umns W i th + or - )  and by S i t e W i th i n  
the Mo n t h s  September and October ( Shaded Col umns W i th Nun:b e r s }  
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to be expected .  

September  and October were se l ected for  more deta i l ed ana lys i s  (wi th i n  
mo nth and s i te corre l ati o n s )  because the greatest change i n  numbers and 
spec i es compos i ti on occurred between  these month s .  

Mai n trends i n  Tab l e  4 . 3- 2 1 are p resented bel ow by spec i es .  I n  genera l , 
the number  of  s i g n f i c ant corre l at i ons  i s  l owest i n  September ,  h i ghest  i n  
October i n  November , and next to l owest  i n  Decembe r .  Re l ati ve l y  few 
s i gn i fi cant corre l at i o ns  at g i ven  s i tes  are ev i dent for September  com
pared to October .  Th i s  pattern conforms to that for d i vers i ty i n  a 
genera l  way . 

U n i denti f i ed cal ano i d  copepod number  1 s hows a number s i gn i f i cant 
pos i t i ve corre l ati ons  by mo nths i n  October and was s i gn i f i cantly negat i ve ly  
correl ated wi th Acart i a spp and  Paracal anus  cras s i rostri s dur i ng the 
s ame mo nth . Octobe r i s  the o n ly  month when th i s  form i s  i mportant .  
S i gnfi cant negati ve corre l at ions  i n  October are p resent  across  s i tes  
whereas s i gn i f i cant  pos i t i ve corre l ati ons  occur  at  western s i te s .  

B arnac l e l arvae s how s i gn i fi cant pos i ti ve corre l at i o ns  by months but no 
s i g n i f i ca nt negat i ve ones . The s i g n i f i cant corre l at i ons  occ ur  i n  October 
and subsequent mo nths for the mo st part. Barnac l e l arvae are espec i a l ly  
correl ated duri ng October to  the mai n herb i vores Acart i a s pp . , Paraca l anus  
crass i rostr i s ,  and O i kopl eura and to vene r i d  ( b i va l ve) l arvae . 

Acarti a  spec i es are s i gn i f i cant l i n ked to Paraca l anus  cra s s i rostr i s on  
each  month and are s i gn i fi cantly posti ve ly  correl ated wi th th i s spec i es 
i n  October at a l l s i tes but B l ack  Bayo u .  Acart i a  spec i es are a l so  
negat i v e l y  correl ated with  u n i dent i f i e d  ca l a no i d  copepod number l 
i n  October and  wi th several  other copopod spec i e s  and naup l i i  at B l ac k  
Bayou dur i ng October-- a l though not negati v e l y  corre l ated dur i ng October 
w i th these  forms over a l l s i te s .  Al l month ly  s i gn i f i cant corre l at ions  
w i thout cons i de rat i o n  of  s i te were pos i ti ve except for  the  o ne case 
noted abov e .  Most  mo nth l y  s i gnn i f i cant corre l ati ons  wi th Acart i a spec i es 
occur i n  November and December .  

Paracal anus  cras s i rostr i s s hows a p attern  general ly  s i m i l ar to that o f  
Acart i a spec i es .  Both Paraca l anus  and Acarti a are s i gn i f i cantly posti v e l y  
correl ated wi th O i thona n a n a  dur i ng September ,  November , and  December .  
P araca l anus  i s  s i gn i f i cant ly  negat i v e l y  correl ated w ith  copepod l arvae 
and O i kopl eura at West  Hac kberry duri ng October .  

Centropages furcatus shows monthl y  s i gn i f i cant pos i ti ve corre l ati ons  
during  October and  November  and a s i gn i f i cant negati ve corre l ati on w i th 
Po raca l anus  c ras s i ra s tr i s  duri ng October a t  one s i te , B l ac k  Bayo u .  As 
wi th most  other spec i es , a number of  month- s i te s i gnfi cant pos i ti ve 
corre l ati ons  were spread among s i tes . 

Cope pod n aup l i i  except those o f  Labi  doc era show s i gnf i cant pos i ti ve 
corre l at i ons  wi th a number of  spec i e s .  However , there are s i gn i fi cant 
negat i ve corre l ati ons  wi th Acart i a spec i es and  Parac a l anus  c rass i rostr i s  
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duri ng October .  S i gn i f i cant pos i t i ve month- s i te corre l at i ons  a re 
scattered  across  the s i tes  and , typ i ca l l y ,  a s soc i ated ma i n l y  wi th October .  

Corycaeus  amazon i cus  shows s i g n i fi cant pos i t i ve corre l at i ons w ith  a 
n umber of  spec i es over  Octobe r , Novembe r ,  and December- -espec i  a l l y  
O i thona  nana .  Dur i ng  October , s i gn i f i cant pos i t i ve corre l at i ons of  th i s  
spec i es  are-scattered among s i tes  and s i gn i f i cant negat i ve corre l at i ons  
with  Acarti a spec i es and  Paraca l anus  c ra s s i rostr i s are p resent at B l ac k  
Bayo u .  

Euterpi na  acut i frons behaves s i m i l ar ly  to  Corycaeus amazo n i cus . It i s  
a l so espec i a l l y  strong ly  l i n ked to O i thona nana and s i gn i f i cant ly  
negati ve cor re l ated wi th Acart i a  and Paraca l an�t B l ac k  Bayou dur i ng  
October .  

Euca l anus  �i l eatus shows a number  of  s i gn i f i cant mont h l y  pos i t i ve cor
re l ati ons  i n  October and November and  a s i gn i f i cant negat i ve October 
corre l at i on at B l ac k  Bayou .  

Labi docera naup l i i  a re s i gn i fi cant ly  pos i t i v e l y  corre l ated w i th near ly  
a l l other  spec i es in  November and d i d  not  s how s i gn i f i cant month- s i te 
corre l at i ons . 

O i kopl e u ra s hows numberous s i gn f i cant post i i ve corre l at i ons  fo r the 
months of  October and November .  I t  i s  s i gn i fi cantly post i ve l y  corre
l ated wi th Euterpi na  acut i f rons  dur i ng each  month of  the  study .  It  i s  
s i gn i f i cant ly  pos i t i ve l y  correl ated w i th Corycaeus  amazon i cus , Euterpi na 
acuti fron s , Sag i tta , and Temora turb i nata du r i ng  October , Novembe r ,  and 
December .  S i gn i f i cant corre l at i ons  wi th i n  s i tes  dur i ng October were 
common but do cons i stent ly  occur  at spec i f i c  s i te s .  A l l but one of  
these  corre l at i on s  are pos i t i ve- -O i kopl eura i s  s i gn i f i cant ly  negat i ve l y  
correl ated wi th Paraca l anus  cras s i rostri s at B l ac k  Bayou duri n g  October 
and at West Hackberry dur i ng  September .  

O i thona nana s hows s i gn i f i cant pos i t i ve corre l at i ons at i nd i v i du a l  s i tes  
i n  Octobe r and a s i gn i f i cant negat i ve corre l at i o n  with  Paraca l anus  
cra s s i rostri s at B l ac k  Bayou .  Wi th i n  month s i gn i f i cant pos i t i ve cor re-
1 at i ons were most promi  nant duri ng  November , fo 1 1  owed by October .  
Howeve r ,  barnac l e  l arvae , Acart i a  spec i e s , Paracal anus , Sa�i tta , and 
Temora turb i nate were s i gn i f i cant ly  pos i t i ve l y  correl ated wi th O i thona 
i n  December ; copepod naup l i i  were s i g n i f i cant ly  pos i t i ve l y  cor re l ated 
duri ng  a l l fou r  study months ; and Acart i a  spp .  Paraca l anus  and vener i d 
l arvae were s i gn i f i cantly pos t i ve l y  co rre l ated i n  September .  

Po l ychaete l arvae show many s i g n i f i cant wi th i n month pos i t i ve corre l a
ti ons  and one negat i ve one .  These corre l at i ons  genera l l y  i nvo l ve October .  
The negat i ve corre l at i o n  i s  wi th Sagi tta i n  September , however .  A 
numbe r o f  pos i t i ve corre l at i on s  were a l so s i gn i f i cant i n  November .  
There a re many wi th i n s i te s i gn i f i cant  corre l ati ons  i n  October ,  but  
there i s  no part i c u l a r l y  cons i stent l i nk to  gi ven s i te s .  

Sagi tta s hows n umerous s i gn i f i cant wi th i n  months pos i t i ve corre l at i ons  
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TABLE 4 . 3- 22  
INVENTORY OF S I GN I F I CANT S IMPLE CORRELATIONS 

BY  S I T E S  FOR ZOOPLANKTERS WITH 1 
S I GN I F I CANT VARIAT ION ATTR I BUTABLE TO S ITES  

ZOOPLANKTER NAME 

,Acar t i a  spp . ( tons a and 1 i l ljebor9i i )  

Paraca 1 an� c ra ss_i_rQ_S t r i� 

Centrop� furca_tus  

Temora tu rb i na_ta 
Acarti a s p p .  ( tonsa and l i l.ljebor9i i )  

Pa raca la  nus  . . �ras s i_ro s t r i s  

�_e_n_!_r.QP� f_i!!_<:_Ol_u_s_ 
Temora turbi  nata 

A-'�rt i a  s p p .  ( ton_s� and 1 i_l]jebor9i i )  
Paraca 1 anus cras s i rostri s 
�n.1_ropages _furca.!_u_? 

l.e_ll!_O.� !�_i_n_�� 
Aca r t i a  spp . ( tons  a_ and .!_i_!_lj ebor..9._ij_) 

P_aracal a n_LJ2 cra2.?..i..:ostE_i.?_ 
Centroeages furca_tus  
Temora tur_b i nata 

Ac art ia spp.  ( tonsa and l_iJJjeborgi i )  
Paraca lanus  crass i ro?.!_rJ2._ 

�ntr� furg� 

TelOOra turbi nata 
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E ffects  i n  T a b l e  4 . 3 -Bb . 

+ • Signi ficant  Pos i t i ve Corre l ation  
- • S i g n i f i cant Nega tive  Corre l a t i on 
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i n  Octobe r , November , and December and a s i gn i f i cant negat i ve corre
l ati on  i n  September wi th po l ychaete l arvae , as  po i nted out abov e .  
S i gn i f i cant month- s i te corre l at i on s  are n umerous duri ng October , are a l l 
p os i ti ve , and are not cons i s tent ly  l i n ked to g i ven  s i te s . 

Temora turb i nata i s  s i gn i f i cant ly  pos i t i ve l y  corre l ated duri ng one or  
more of  the  l as t  three months wi th every entry i n  Tab l e  4 . 3-2 1  except 
Lab i docera naup l i i .  The concentrat i o n  i s  i n  October and November ,  b ut 
Temora i s  s i gn i f i cantly  pos i ti ve l y  corre l ated wi th Oc i rofl eura and 
O i thona nana i nto December .  Numerous  month- s i te corre l ati ons  are s i g
n i f i cant-:rnDctobe r .  O n l y  two of  these are negat i ve .  

Vener i d  l arvae are s i gn i f i cant ly  pos i ti ve l y  correl ated with  other spe c i e s  
duri ng var i ous of  the f i rs t  three months of  the study :  Septembe r ,  
October ,  and November .  Wi th i n  month and s i te s i gn i f i cant corre l ati ons  
i n  October are  not as  common as  wi th the  major i ty of forms . They are 
a l l pos i t i ve and are predomi nantly l i n ked to Wes t  Hackberry .  

S i gn i f i cant corre l at i ons  by s i tes  and i rrespect i ve o f  othe r factors are 
presented i n  Tab l e 4 . 3-22  for the spec i es wh i ch s how s i gn i f i cant s i te 
var i at i o n  (Acart i a ,  Paraca l anus , Centropages , and Temora) i n  Tab l e  4 . 3-
19 . 

I f  j us t  s i gn i f i cant pos i t i ve corre l at i ons  are fol l owed and the s i te s  
from wh i c h  the fewest  samp l es are i nvo l ved , B l ac k  Bayou and  B i g  H i l l  
Control , are di scounted , there i s  a general s i mi l ari ty ac ros s  s i te s  
except for  Sagi tta , vener i d  l arvae , O i thona , and perhaps Euterpi na and 
O i kopl eura .  Sign i f i cant negat i ve corre l at i o n s  are s omewhat more preva
l e nt at the easte rn s i te s . Except for the above forms , spec i es can be  
grouped i n  re l at i o n  to  corre l at i o n s  wi th Acart i a  and  Paraca l anus  or 
Centropages and Temora.  I t  appears that at l east 11 mai n spec i es re
spond to the cond i ti on s  wh i c h  i nfl uence the two a l ternat i ve s  of Acarti a/ 
Paracal anus  or  Centropages/Temora . These  data s ugges t  that there i s  a 
tendency to two a l ternative compo s i t i ons  of  zoop l ankton commun i ty dom i 
nants i n  wh i ch the n umbers of  certai n few spec i es are occas i onal l y  d i s
p roport i o na l l y  h i gh or l ow at certai n s i te s . 

O rdi nat i o n  Analys i s  

A rec i p rocal  averagi ng  ord i nat i on was perfo rmed for the zoop l ankton 
commun i ty .  Spec i e s  occurr i ng f i ve o r  fewer t i mes  were dropped from the 
data set .  F i gures 4 . 3-9 to  4 . 3-11 s how the  d i stri b uti on  of data al ong 
the 1st and 2 nd axes of  samp l e  and spec i es space . F i gure 4 . 3-9 dep i cts 
the d i stri buti on  i n  s amp l e  space wi th co l l ecti on  s i te di st i ngu i s hed .  No 
s i te spec i f i c  trend i s  apparent.  F i gure 4 . 3- 10 a l s o  s hows the d i str i 
but i on  i n  samp l e  space but wi th date of  co l l ecti on  d i st i ngu i s hed . 
E v i dence of  seasona l  changes i s  c l ea r ,  wi th the October and Novembe r 
samp l es pu l l i ng out to the l eft and September and December pu l l i ng  out  
to  the  r i ght .  Cons i derab l e  overl ap i s  present i n  between-- espec i a l l y  
between  November and September .  Th i s  s uggests a cyc l i ca l  change i n  
commun i ty compos i t i on .  The September  commun i ty i s  rep l aced by another 
commun i ty i n  Octobe r ,  wi th a return to the o r i g i na l  commun i ty i n  Novem
ber , and a s h i ft to yet a th i rd communi ty i n  December .  
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F i gure 4 . 3- 1 1  Reci proca l Averagi ng Ordi nati on  For Zoop l an kton , Shown i n  Spec i es Space 
*The Two Entri es  For P .  crass i rostri s Refl ect the Correcti on of  an  Earl i er 
Mi s i nterpretati on , i n  Whi ch T h i s  Spec i es Was L i s ted a s  Two Separate Taxa . 



Fi gure 4 . 3 -1 1  d i s p l ays the aff i n i t i e s  of  the ma i n  spec i es of  zoop l ank
ton . Groups  wh ich  vary s i m i l arl y ,  s uch  a s  O i thona and  O i kopl eura , 
Paraca l an u s  and  Acart i a  spp , and Temora and Centropage s , are c l o se  
together o n  the g raph . The  d i vergent ca l an o i d  number l i s  w i de l y  separated 
from other spec i es o n  the graph by con trast .  

Summary 

The var i o u s  ana l yses  performed ( ANOVA , corre l at i on , and ord i nat i on )  a l l 
poi nt  to the same var i a b l e ,  t ime , a s  the ma i n  factor a s so c i ated w i th 
changes i n  corrnnun i ty compo s i ti on .  As d i s cu s s ed i n  the ANOVA sect i o n , 
the mu l t i p l e  mean s tests and ranks  of means  d i st i ngu i s h  three  ma i n  groups . 
The f i rst , w i t h  h i ghest means  i n  September , i nc l ude Vener i dae  l a rvae , 
O i kopl eura , O i thona nana , Acart i a  s pp . , Sagi tta , and Paraca l anus . Th i s  
September g roup  wa s a l s o  c haracter i zed by rel at i ve l y  h i gh val ues i n  
November ( see  Tabl e , Veneri dae l arvae ) . The October g roup , i nc l ud i n g  
u n i dent i fi ed ca l ano id  n umber 1 ,  Euterpi na acut i frons , Centrophaqes furcatus , 
Corycaeu s amazon i cu s , and Euca l an u s  pi l eatus , a l ong  w i th Temora , Pol v
chaete l arvae , and  copepod na uol i i . The December group  wa s not a s  d i verse , 
w i th barnac l e  l arvae and Lab i docera na up l i i  a s  pri nc i p l e members . The 
corre l at i on  ana l yses  i nd i cated that mos t s i gn i fi cant corre l ati o n s  i n vo l ved 
members w i th i n  each group , w i th i n ter-group corre l at i ons  rel at i ve l y rare . 
The ord i nat i on  ana l yses , i n  add i t i o n  to conf i rmi ng the ANOVA res u l ts of 
no  s i gn i fi cant  s i te d i fference s  and s i gn i fi cant  cru i se d i fferences  ( wi th 
September and November s i m i l ar )  a l so  s howed , i n  the spec i e s  d i s p l ay ,  that 
spec i es that occurred together tempora l l y  formed groups o n  the d i s p l ay .  
S i nce  the study was conducted duri n g  a peri od o f  e n v i ronmental  tran s i t i o n  
( summer  to wi n ter ) , s u c h  a tempora l pa ttern cou l d  b e  expected . 

4 . 3 . 3  Benthos 

4 . 3 . 3 . l General  Character i zat i on  

A tota l  of  1 26 megafaunal  taxa were taken from the benth i c  grab samp l es 
( Ta b l e 4 . 3-23 ) . Of  these , 1 1 3  taxa were enumerated ; the rema i nder i n 
c l uded o rgan i sms s uc h  a s  hydrozoans  where the n umber of  i nd i v i dua l s i s  
mean i ng l e s s  and/or d i ff i c u l t to ascerta i n , o r  taxa wh i ch cou l d  not be 
read i l y  d i st i n gu i s hed for enumerati on purposes  and were l umped together .  
Overa l l there were 6 coel enterates , 1 0  Asche l m i n thes , l s i poncu l i d ,  
42 po l ychaetes , 3 o l i gochaete s , 1 6  ga stropods , 1 5 pel eycepods , � cepha
l opod , 24 crustacea , 6 ech i n oderms , and 2 vertebrates (Tab l e  4 . 3-23 ) . 
I n  terms o f  both n umbers of  s pec i es ( 4 1 ) ,  and numbers of  i nd i v i dua l s 
( 6 9% o f  the tota l ) the po l ychaetes wer� the dom i nant  benth i c  taxa . 
Commun i ty domi nance by pol ychaetes appears to be character i s t i c  of  
coasta l  bottom commu n i t i e s  i n  the  northern Gu l f of  Mex i co ( Ragan ]975 , 
NOAA 1 977 , TAMU 1 978 , FEA 1 978 ) . I n  other stud i es of  the coastal  Gul f 
Coast peri carideans  ( i sopod s , amph i pods , etc ) have a l s o  been found and 
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Tabl e 4 . 3- 23 

L i s t  o f  Megafaunal  Taxa taken i n  1/25 m2 

Van Veen Grabs and Reta i ned o n  1 . 00  mm screens 

COE LENTERATES 

Bunodacti s  texae ns i s  
Bunodosoma cavernata 
Cal l i acti s tri co l or 
Paranthus rapi fo rmi s 
Strob i l a  stage of  j e l lyf i s h  
Hydrozoan 

LOWER I NVERTEBRATE GROU PS 
Asche l m i nthes  

Cari noma tremaphoros  
Cerebratu l us s p .  
Do l i c hardorus heterocephal us  
Nematoda 
Nematomorpha 
Nemertea 
Pal eonemertea cf .  
Phasco l 1 on stromb i 
Po l yc l ad i a  
Turbe l l ar i a  

M i sce l l aneous 
S i puncul i dea  

ANNELIDS  

Po l ychaeta 
Agl aophamus verri l l i  
Anci strosyl l i s  s p .  
Ari c i dea  jeffreys i 
C haetopterus vari opedatus 
C i ste n i de s  gou l d i  
C l ymenel l a  torguata 
Coss ura del ta 
D i nophy l i dae 
D i oyatra cuprea  
Dri onere i s  l onga 
Eteone heteropoda 
Eun i c i dae 
G lycera sp . 
G lycera ameri cana 
G l ycera d 1 b ranch1 ata 
Goniada macu l ata 
Harmothe acu l eata 
Lep1 donotus sguamatus 
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Lumbri neri s sp .  
Lumbri ner i s tenu i s  
Mage l ona  sp .  
Mal dane sars i 
Neanthes--SUCCi nea  
Onuph i s  sp . 
Owe n i a f u s i form i s 
Parapri onospi o pi nnata 
P hyl ochaetopterus sp . 
P i l argi dae 
P i l argi s pac i f i c a  
Serpuli dae 
Streb l ospi o  benedi cti 
S i gambra tentacu l ata 
sp . #1 
s p .  #2 
sp .  #3 
sp. #4 
sp .  #5 
s p .  #6 
sp .  #7 
sp .  #15 
sp. #31 

MOLLUSKS 

Gastropoda 
Anach i s obesa 
Cantharus-carlcel l ari us 
C i rcu l us  tri l i x 
Cyc l ostrem i scus  jeannae 
Epi ton i um angu l atum 
Eu l i ma b i fasci ata 
Li ti opa mel anostoma 
Me l ane l l a  b i l i neata 
Nassari us actus 
Po l 1 n 1 ces  �i cus 
S i num perspecti vum 
'i'eCt'Onati ca pus i l l a  
Terebra protexta 
Turbon i l l a  i nterrupta 
Vo l vue l l a  oxytata 
Tecti branchia  



Tabl e 4 . 3- 2 3 ,  Cont i n ued 

Pel ecypoda 
Abra aequa l i s  
Anadara oval i s  
Anadara transversa 
Atr1 na  serrata 
Cal l ocardi a texas i ana 
C h 1 one i ntepurpurea 
Corbu l a contracta 
E ns i s  m i nor 
MaCOiiia--srevi fro ns 
Mul i n i a  l ateral i s  
Myse l l a pl anu l ata 
Nucu l ana acuta 
Nucu l ana  COiie'entr ica  
Pando ra tr1 l 1 neata 
Te l l i na vers i color  

Cephal opoda 
Lo l l i guncu l a brev i s  

ARTHROPODS 
Crustacea 

Acetes ameri canus 
Ampe l i sca  sp . 
Amph i poda 
Ba l anus  n i v i us 
Cal l i anas sa ,  sp . 
Cal l i anas s a  atl anti ca 
Ca l l i anas sa  rathbunae 
Copepoda 
Corop h i i dae 
Coroph i um sp . 
Euceramus prae l ongus 
Gammar1 dae 
Lys i osgu i l l a empusa 
Neopanope texana sayi 
Pagurus po l l i cari s 
Panopeus  herbsti i 
Persephona punctata agu i l onari s 
P i n n i xa c haetopterana 
P i n n i xa cr i stata 
P i n n i xa sayana 
P 1 nnotheri dae 
Porce l l ana sayana 
Portunus  gi bbes s i  
Po lyonyx sp . 
Sp i o n i dae c f .  
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ECH I NODERMS 

Astero i dea 

Ophi uroi dea 
Amphipho l i s sguamata 
Hemipho l i s  e l ongata 
Mi crop ho li s atra 

Ho l othuroi dea 
Thyone bri areus 
Thyone l l a  gemmata 

VERTEBRA TES 

F i s h Larvae 
Ste l l i fer  l ancaeo l atus 



c haracter i st i c o rgan i sms ; the i r near ly  comp l ete absence at the Texoma 
s i te s  i s  therefore remarkab l e .  

Ju st  1 2  taxa (Tab l e 4 . 3- 24 )  comp r i sed 83% o f  the 3 , 848 i nd i v i dual s taken 
i n  the s tudy .  The rema i n i ng taxa were fo und i nfreque ntl y ( l es s  than 
10% of  the grabs , F i gure 4 . 3 -12 ) and i n  l ow n umbers ( typ i cal l y  one o r  
two i nd i v i dual s ) .  Functi onal l y ,  commun i ty metabo l i sm was based on  
depos i t  feed i ng .  Of  the  dom i nant taxa al mos t  90% were depos i t  feeders 
( Tab 1 e 4. 3- 25 ) . 

W i th certai n except i o n s  as d i s cus sed be l ow ,  the benth i c  commun i ty was 
domi nated by Mage l ona  s p . , a depo s i t  feed i ng po lyc haete . Other  i mpor
tant taxa i nc l uded Lumbr i neri s spp . , Mu l i n i a  l ateral i s , D i opatra cuprea , 
M i cropho l i s  atra , and C lymene l l a  torguata.  These  taxa were general l y  
n o  more thanllalf as abundant as Mage l ona and are p robab l y  best cons i d
e red  as s ub-domi nants . Wh i l e  of  cons i stent h i gh i mportance i n  the com
mun i ty the ran k  o rder of  the sub-domi nants var i ed i rregu l arl y from cru i se  
to cru i s e  and s i te to s i te .  Th i s  p robab l y  refl ects a samp l i ng 1 1 n o i s e 11 
p rob l em ,  rather than a real wor l d pattern .  

The average de ns i ty of  i nd i v i dual s of  al l taxa was 2 91/m2 . Th i s  i s  
l ower than dens i t i es reported e l sewhere i n  the northern G u l f of  Mexi co 
under  comparab l e  condi ti ons . Popu l at i o n  den s i t i es of  from 5000 to 7000 
i nd i v i dual s/m2 were reported for the B uccaneer P l atform s i te off Ga l ves
to n ( NOAA 1977 ) .  Ave rage den s i ty for the Septembe r-December per i od at 
the B ryan Mound i nshore br i ne d i ffuse r  s i te ( TAMU 1978)  was 2105 
i nd i v i dual s/m2 . Ragan ( 19 7 5 )  reported a mean de n s i ty of 860/m2 i n  a 
Lo u i s i ana coastal study . Mean month ly  den s i t i es at the Weeks I s l and 
and  Chacaho u l a br i ne d i sposal  s i te s  ( DOE  1978) ranged from 530/m2 to 
700/m2 . 

4 . 3 . 3 . 2 Spati al and Temporal Var i ati ons  

Overal l popu l ati on  den s i ty var i ed w ith  both s i te and  month of  co l l ecti on  
( Tab l e 4 . 3-26 ) .  T he se  var i at i o n s  were s i gn i f i cant CANOVA P = . 0001)  
w i thout s i gn i f i cant i nteracti on  (P  = . 63 ) .  Seasonal l y  the popu l at i o n  
dens i ty fel l from September  to October ,  and rose from October to December .  
Th i s i s  comparab l e  t o  the pattern reported e l sewhere i n  northwestern  
Gu l f Coast  waters ( e . g . , TAMU 1978 ) . T h i s may be a c l i mati c  phenomeno n .  

The B i g  H i l l  s i te was marked by very l ow dens i ti es o f  o rgan i sms , 
re l ati ve to the other s i tes . T h i s appears to be corre l ated wi th s ed i 
me nt gra i n s i ze .  F i ne grai ned coastal sedi ments have been assoc i ated 
wi th depres sed  popu l at i o n  den s i t i es e l s ewhere al ong  the northwestern  
Gul f CQast (TAMU 1978) ; the sed iments at  B i g  H i l l  are  p redom i nantly 
s i l ty c l ays , i n  contrast to the sand i e r  sedi ments at the other fo ur  
s i te s .  · 

Analys i s  o f  Var i ance 

Res u l ts of  the 2-way ANOVA ' s for benthos numbers for the var i o u s  
i mportant groups are  s h own i n  Tab l e 4 . 3-2 7 .  S i gn i f i cant temporal and 
s pati al var i at i o n s  are ev i dent , w ith  the d i fferences i n  total n umber of  
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TABLE 4 .  3- 24. Benth i c  domi nants . 

Speci es  

Magel ona sp . 

Lumbri ner i s sp .  

Mu l i na l ateral i s  

D i opatra cuprea 

C l ymene l l a  torquata 

M i cropho l i s  atra 

Nucu l ana concentr i ca  

Neanthes s ucci nea 

Anc i strosyl l i s  sp 

Lumbr i neri s ten n i s  

Cossura de l ta 

Owe n i a  fus i form i s  

Acetes ameri canus 

Total Domi nants 

A l l Others 

Grand Tota l 

*Of 
Su 
Pr 
Una 

Depo s i t  feeder 
Su spens i on feeder 
Predator 
Unass i gned 

Number of 
I nd i v i dua l s 

1 , 056 

376 

353 

324 

237 

154 

147 

133 

109 

102 

87 

66 

54 

3 , 198 

650 

3 , 848 
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Percent Feed i ng  
Compo s i t i o n  � * 

27 . 44 

9 . 77 

9 . 17 

8 . 42 

6 . 16 

4 . 00 

3 . 82 

3 . 45 

2 . 83 

2 . 65 

2 . 26 

1 .  72 

1 . 40 

83 . 10 

16 . 89 

99 . 99 

**Po ly  
Pe l e  
E ch i  
Crt 

O f  

D f  

D f  

D f  

Su  

Of  

Of  

Pr  

D f  

D f  

Df  

D f  

Una 

Po l ychaete 
Pe l ecypod 
Ech i noderm 
Cru stacean 

Taxonomi c 
Affi  n i t.}:'.: ** 

P o l y  

Po l y  

Pe l e 

P o l y  

P o l y  

Ech i  

Pe l e 

Po l y  

P o l y  

P o l y  

Po ly  

Po ly  

Crt 
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Tab l e  4 . 3- 25 

Feed i ng Patterns  o f  Dom i nant Spec i es o f  Benth i c  Megafauna 

Number % 

Feed i ng Dom i nant Number Total 
Spe c i e s  I n d i v i dual s Domi nants Pattern 

Depos i t  feeders 10 2 ,  774 86 . 7  

Suspens i on feede rs 1 237  7 . 4 

P redators 1 133 4 . 2 

U nas s i gned 1 54 1. 7 
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Tabl e 4 . 3- 26 . Mean n umber of  i nd i v i dua l s wi th confi dence l i mi ts , per 1 /2 5  m2 grab  sampl ea 
by s i te a nd month . 

Month 

S eptember October November December 

S i te 
L i b 1 .  64 3 . 60 1 0 . 5 1 1 3 . 23 

B l ack Bayou v 3 . 84 ( 5 ) c 7 .  80 ( 5 )  1 1 .  8 2  ( 5 )  1 9 . 02 ( 5 ) 
L2 7 . 86 1 5 . 85 1 3 . 27  27 . 1 5  

L 1 1 . 42 1 . 48 3 . 48 2 . 87 
B i g H i l l  v 2 .  97  ( 9 ) 2 .  60 ( 9 )  5 . 96 ( 7 )  5 . 24 ( 7 ) 

L2 5 . 52 4 . 22 9 . 83 9 . 06 

L 1 4 .  1 0  1 .  5 1  7 . 68 1 3 . 56 
B i g  H i l l  Control  v 6 . 36 ( 5 )  7 .  56 ( 5 )  1 3 .  0 5  ( 5 )  1 8 . 1 4 ( 5 )  

L2 9 . 60 28 . 2 5  2 1 . 75 24 .  1 6  

L 1 7 . 54 4 . 55  8 . 03 9 . 56 
West Hackberry v 9 . 68 ( 1 0 ) 6 . 38 ( 1 0 ) 1 1 .  54 ( 6 )  1 4 . 2 0  ( 6 )  

Control L2 1 2 . 36 8 . 83 1 6 . 4 1  2 0 . 88 

L 1 3 . 32 7 . 23 7 . 89 1 1 .  7 9  
Wes t  Hackberry v 7 . 96 ( 1 6 ) 8 .  88 ( 1 7 ) 1 1 . 24 ( 1 2 ) 1 5 . 7 3  ( 1 2 ) 

L2 1 7 . 58 1 0 . 86 1 5 . 85 20 . 89 
-

L l 4 . 42 5 .  1 4  8 . 57 1 0 . 6 1  
Overa 1 1  v 6 . 23 ( 4 5 )  6 .  40 ( 46 )  1 0 . 27 ( 3 5 )  1 3 . 1 3  ( 35 )  

L2 8 . 66 7 . 92 1 2 . 28  1 6 . 2 1  
a Each  s ampl e i s  the mean of repl i cates at each sta t i o n .  

Overa 1 1  

6 . 53 
9 . 22 ( 20 )  

1 2 . 89 

2 . 88 
3 . 82 ( 32 ) 
4 . 98 

7 . 30 
1 0 . 41 ( 20 )  
1 4 . 68 

7 . 96 
9 . 48 ( 32 ) 

1 1 . 26 

8 . 02  
1 0 . 23 ( 57 )  
1 2 . 99 

b L 1 and L2 equa l s the l ower and upper confi dence l i mi ts res pect i ve l y  ( after Soka l  & Roh l f , 1 969 ) 
V equa l s the mean . 

c N umber o f  s ampl es . 



Tab l e  4 . 3- 2 7  Res u l ts o f  Ana lys i s  of  Var i ance for I mportant 
Benth i c  Megafauna l  Groups  

Ma i n  Effect I nteract i o n  
Taxo nomi c Group C ru i se  S i te Cru i se* S i te 

D i oEatra . 42 . 0001 . 75 
Neanthe s . 01 . 0001 . 09 
Cl x:mene l l a . 004 . 0001 . 15 
Lumbr i nere i s ten u i s  . 001 . 021  . 21 
Nucu l ana concentr i ca . 01 . 27 . 04 
Anc i stro syl l i s . 0001 . 06 . 008 
Cos sura . 0001 . 02 . 02 
Lumbr i nere i s sp . . 0001 . 0001 . 08 
M i cropho l i s  . 94 . 0001 . 92 
Tota l Benthos . 0001 . 0001 . 73 
M u l i n i a  . 0001 . 0001 . 51 
Tota l mi n u s  Mu l i n i a  . 0001 . 16 . 45 
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benth i c  a n i ma l s be i ng s i gn i f i cant for both ma i n  e ffects , and no  s i gn i 
f i cant i nteracti o n .  Vi rtual l y  every spec i es showed s i gn i f i cant cru i s e  
d i fferences (wi th the  except i o n s  of  D i opatra and M i c ropho l i s ) and a l l 
except N uc u l aoa and Anci strosyl l i s s howed s i gn i fi cant s i te d i fferences . 
The general  l ac k  of  s i gn i f i cant i nteracti on i nd i cates that trends for 
the d i fferent s i tes  we re s i m i l ar over t ime .  

As expected , M u l i n i a  s howed on ly  s i gn i f i cant cru i se d i fferences , 
b e i ng  present 1 n  apprec i ab l e  numbe rs o n l y  i n  Septemb e r .  When Mu l i n i a  
i s  removed from the data set , however , very s i gn i f i cant s i te and  
cru i se effects fo r the  tota l data  set rema i n ,  i nd i cati n g  that  groups 
other than Mu l i n i a  contri buted to the overa l l s i te and cru i se  d i fferences .  

Ana lys i s  of  vari ance resu l ts for Mage l ona  s howed s i gn i f i cant cru i se  
and s i te d i fferences i n  mean n umbers , wi th the i nteracti o n  term a l so 
s i gn i f i cant .  Th i s  l atter po i nt i nd i cated that dur i ng some months the 
s i tes were behav i ng d i vergent ly .  Genera l l y ,  over a l l s i tes , the mean 
n umber of  i nd i v i du a l s i ncreased through the course  of the study from the 
September  l ow.  The o n l y  major  except i o n , and the i nc i dent  respons i b l e  
for a l arge port i o n  o f  the i nteracti o n , was fo r West  Hac kberry contro l , 
where the October mean was about one- ha l f that for September .  A l s o , at 
We st  Hac kberry the November popu l at i o n  of Mage l ona  was s l i ght ly l ower 
than that for October .  D ur i ng a l l months , B i g  H i l l  had the l owest 
popu l at i on s , wi th B i g  H i l l  contro l samp l es  genera l l y  wi th h i ghest or  
near  h i ghest means . 

For a l l s i te s , h i ghest  popu l at i o ns we re fou nd dur i ng December .  The 
l ow popu l at i o n s  dur i ng Septembe r  were co i nc i dent w i th h i gh popu l ati ons  
o f  Mul i n i a  wi th the l atter decreas i ng dramat i c a l l y  i n  subsequent months  
a s  Mage l ona  i ncreased i n  abundance .  

F rom resu l ts of  the  mu l t i p l e means  tests (Tab l e  4 . 3-28)  for  c ru i se 
e ffects , the trend for the major i ty o f  the other i mportant groups a l so  
s howed a l ate fal l o r  ear l y  wi nter max i mum , w i th h i ghest  popu l at i ons  i n  
November and December . For the mos t  part the November and December  
means were s i gn i f i cant ly  h i gher than  those for  September and October .  

The ge neral  i nc rease  i n  spec i es ' n umbers cou l d  represent e i ther a 
recovery of  the benth i c  popu l at i on from an  env i ronmental  stre s s  or  a 
norma l fa l l to wi nter tran s i t i on i n  commun i ty structure . 

The s i te d i fferences ( Tab l e  4 . 3-2 9) seen i n  the mu l t i p l e means  tests  
fo l l owi ng ANOVA are c l earcut , w i th B i g  H i l l  con s i stently hav i ng the 
l owest mea n s . In no case  was the mean for B i g  H i l l  not s i gn i f i cantly 
l ower than  that for West Hackberry or  West Hac kberry contro l . For one 
group o f  spec i es ( D i opatra , Neanthes , .C l ymene l l a  and M i cropho l i s )  B i g  H i l l  
Contro l had the l owest means , wh i l e  tor another group ( Lumbr i neri s 
te nu i s ,  Lumb r i ne r i s  spp . , tota l numbers , a nd  tota l n umbers m i nus  Mu l i n i a . 

B i g  H i l l  contro l had the h i ghest means , but they we re not s i gn i f i cant l y  
h i gher  than thos e  at  a ny o f  the othe r s i tes  except B i g  H i l l .  I n  gene ral  
it was the data at B i g  H i l l  whi ch  y i e l ded the s i g n i fi cant s i te d i fferences . 
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Tabl e 4 . 3-2 8  

Summary of  Mu l t i p l e Mea ns  
Tests for a l l P os s i b l e  Pa i rwi s e  Compar i sons  of  Cru i se Mea n s  

Cru i se Means  
Dependent 

Taxonomi c Group Vari ab l e ( H i g he st  Lowes t ) 

Mul  i nt a l og N September  October December November 

Neanthes l og N December November September October 

c: 
_.,,. C lymene l l a  l og N November December October September I 0) _.,,. 

L umbri neri s spp . l og N November December October September 

Lumbri neri s ten i u s  l og N October December September October 

Total  benthos  l og N December November October September 

Tota l benthos m i n u s  Mu l i n i a  l og N December November October September 

Tukey ' s  t = 2 . 57 



Tab l e  4 . 3- 2 9 

Summary o f  Mu l t i p l e  Means  
Tests for  a l l Po s s i b l e  P a i rwi s e  :ompari sons  of  S i te Means  

Taxonom i c  Gro up Vari ab l e ( H i ghest  Lowest ) 

D i opatra l og N WH WHC BB BHC BH  

Neanthes l og N WH WHC BB BHC BH  

C l,}'.mene l l a  l og N BB WH WHC BHC BH 
c . 
.p. Lumbri neri s 
I 

ten i us l og N BHC VJHC WH BB BH  
O"I CJ1 

Lumbr i neri s l og N BHC spp .  BB WH WHC BH  

Total  benthos l og N BHC WH WHC BB BH 

Tota l benthos mi nus  Mul i n i a  l og N BHC  WH WHC BB BH  

M i c ropho l i s  l og N WHC BB WH BHC BH 

Tukey ' s  t = 2 . 735  

WH = West  Hac kberry 
WHC = West  Hackberry Contro l  
B B  = B l ack  Bayou 
BH = B i g  H i l l  
BHC ::: B i g  H i l l  Control 



Res u l ts of  these ana l yses  co i nc i de wi th the ordi nati on  res u l ts .  The 
September  commun i ty was cl  ear l y  di st i net ,  wh i l e  the October through 
December samp l i ng revea l ed the same dom i nants and s ubdomi nants p resent 
th roughout the three month per i od .  

4 . 3 . 3 . 3 Benthos - Substrate Re l at i o n s h ips 

For  the tota l data set ( a l l s pec i es comb i ned)  for cru i se s  three and 
four , res u l ts of  the corre l ati on  anal y s i s s howed a s i gn i f i cant negat i ve 
corre l at i o n  wi th percent c l ays  ( r  = -0 . 33 ,  p = 0 . 001 ) ,  percent f i nes  ( r  
= -0 . 3 1 , p = 0 . 003 ) and organ i c  matter ( r  = -O .  1 9 ,  p = 0 . 02 ) . These  
re s u l ts re l ate to  the  fact that B i g  H i l l , h i ghest  i n  percent f i nes , 
c l ays , and organ i c  matter , had by far the l owest  pop u l at i o ns  of  benth i c  
organ i sm s .  There was a l s o  a s i gn i f i cant negat i ve corre l at i o n  between  
tota l  benthos and percent cal c i um carbonate (r  = 0 . 22 ,  p = 0 . 006) , 
p o s s i b l y  i nd i cati ng a s ub strate preference . S i nce percent carbonate was 
not  s i gn i fi cant ly  correl ated wi th sed i ment  texture or o rgan i c  conte nt , 
the corre l at i o n s  between  percent carbonate and tota l benthos cou l d  
i nd i cate the source of  some of  the s i te to s i te var i ab i l i ty i n  the data .  

G roups  mo st  h i gh l y  corre l ated ( - ) wi th o rgan i c  matter i nc l uded 
C l ymer.el  l a  ( r=-0 . 26 ,  p = 0 . 0009) , and M i c ropho l i s  ( r  = 0 . 23 ,  p = 0 . 004) , 
wh i l e  tota l benthos and tota l m i nus  Mu l i n i a  had r va l ues o f  - 0 .  1 9  and -
0 . 20 ,  respecti ve l y .  Groups mo st h i gh l y  correl ated wi th carbo nate content 
i nc l uded Lumbr i nere i s  sp . (r = -0 . 23 ,  p = 0 . 0005) , tota l benthos (r = -
0 . 22 ,  p = 0 . 006) , and total m i n u s  Mul i n i a  ( r  = -0 . 23 ,  p = 0 . 004 ) .  

For percent fi ne s , Mi cropho l i s  had the h i ghest ( negat i ve )  corre l a
t i o n  ( r  = - 0 . 52 ,  p = 0 . 0001 ) ,  wh i l e  C l ymeMe l l a  had an r va l ue of  -0 . 45 
(p=0 . 0001 ) .  Other groups  wi th s i gn i f i cant negat i ve corre l at i ons  wi th 
percent f i nes  i nc l uded Lumbri nere i s sp .  ( r  = -0 . 43 ,  p = o . 000 1 ) ,  tota l 
mi n u s  Mu l i n i a  ( r  = -0 . 37 , p = 0 . 0003 ) , Neanthes ( r  = -0 . 3 1 , p = 0 . 03 ) .  
V i rtua l l y  i denti ca l  res u l ts were fou nd fo r the corre l at i on s  between  
these  same benth i c  groups and percent c l ay s .  

The overa l l i nd i cati on , therefo re , i s  that the s i gn i f i cant l y  l ower 
popu l at i ons at B i g  H i l l ,  combi ned wi th the s i gn i f i cant l y  h i gher  content 
o f  f i nes  and  organ i c  matte r i n  the sed iments , y i e l ded genera l l y  negat i ve 
corre l ati ons . Whether th i s  negat i ve corre l ati on  i s  due to spec i f i c  
s e d i ment- organ i sm re l at i onsh i p s , o r  to a common sausa l  factor i s  not 
known . 

4 . 3 . 3 . 4 Commun i ty Compo s i t i on 

Tab l e  4 . 3-30 s hows the commun i ty compo s i t i on for each s i te o n  each cru i se , 
i n  ran k o rder .  Wi th certai n except i on s  the commun i ty compos i t i on i s  
s u rpr i z i ng l y  stab l e  from s i te to s i te and cru i se to c ru i se .  Mage l ona  s p  
i s  t he  cons i stent top dom i nant , a nd  i s  genera l l y  twi ce as abundant as  
the next ran k i ng spec i es at a g i ven s i te or  cru i se .  
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TABLE 4 . 1-30.  Benth i c  Conmuni ty Compo s i t i o n  by Month and S i te .  

West 
Hackberry West B l ac k  B i g  H i l l  
Control Hackberry Bayou Control Sig H i  1 1  

SEPTEMBER Mage l ona 26 . 1  Mul i n i a  42. 7 Mul i n i a  3 3 .  3 Mage l on a  1 4 .  3 Mul i n i a  20 . 6  

Lumbri neri s sp.  13. l N .  concentri c i a  8 . 3 Mage 1 ona 16. 7 O i opatra 13 . 0  N .  concent r i ca 1 6 .  5 

Oi opatra 10. 8  Oi opatra 6 . 4  D i  opatra 9. 1 N .  concentr i ca 1 1 .  7 Agl aophamus 15. 5 

Mi cropho l i s  8 . 1  Neanthes 4 . 6  M i c rophol i s  7 . 6  Lumbri ncri  s s p .  1 1 .  7 D i opatra 11. 3 

Owe n i a  6 . 3 C l ymene l l a  3 .  5 Owen i a  6. 1 L. tenu i s  10 . 4  Nassari us 8. 2 
Mul i n i a  5 . 0  Mul  i n i a  10 . 4  

c OCTOBER Mage l ona 17 . 4  Magelona 35. 3 Magel ona 23.  3 Mage l ona 4 5 .  0 Mage l ona 24.  l 
Di opatra 15. 3 C l ymenel l a  14 . 1  C l ymene 1 1  a 20. 0 Lumbri neri s 1 5 .  3 D i opatra 2 0 . 7 

.p. M i c ropho l i s  1 1 . 8  Oi opatra 13 . 5  Lumb r i neri s sp.  10 . 0 Nematoda 8 . 4  N .  concent ri  c a  15. 5 
I Lumb r i ne r i s  sp.  9 .  7 Lumb r i neri s s p .  8 . 0  Mi cropho l i s  10 . 0  D i  apatra 7. 6 Anc i strocyl l i s  15. 5 CJ) L. tenui s 5 .  6 L. tenui s 6. 0 Di opatra 6 .  7 L. tenui s 7 . 6  Lumb r i neri s s p .  5 .  2 -.....J 

NOVEMBER Magel ona 39. 7 · Magel ona 24 . 8  Magel ona 28. 9 Magel ona 60. 0 Parap r i on o s p i o  2 9 .  l 
Lumbri neri s s p .  13.  9 Lumb ri ne r i s  s p .  19.  0 L. tenui s 19.  0 L. tenui s 11. 0 Mage l ona 28. 2 

D i opatra 9 . 3 C l ymenel l a  11. 0  C l ymene 1 1  a 14. 0 Cossura 4 . 8  D i opatra 5 . 8  

Coss ura 6 . 6  Di opatra 8 . 3 Di opatra 8 . 3 Anc i strocyl l i s  4 . 1 Anci strocyl l i s  3 .  9 

M i c ropho l i s  6 . 0  Neanthes 6 . 1  M i c ropho l i s  5 . 8  Nematoda 3. 4 Lumbri neri s s p .  3 . 9  

DECEMBER Magel ona 30 . 0  Magel ona 33. 8 Magel ona 34 . 8 Mage l ona 50 . 8  Magel ona 4 3 .  2 

Acetes 13. 5 Di opatra 9 . 6  C l ymenel l a  1 6 .  5 Lumbri ner i s  sp.  12 . 8  N .  concentr i ca 10. 2 

Lumbri neri s sp.  9 .  2 L. tenui s 8 . 2  Lumb r i neri s s p .  12.  5 Cos sura 6. 2 Di opatra 6 . 8  

D i opatra 7 . 2  C l ymene l l a  6 .  3 Anci s trocy l l i s  7 . 1  Di opatra 4 . 1  Lumbri neri s sp.  6 . 8  

Neanthes 7. 2 Anc i strocy l l i s  5 .  4 Di opatra 4 . 0  Anc i st rocy l l i s  4 . 1 Do 1 i chadarus 4 . 5 



Be l ow Mage l ona i n  order o f  abundance are D i opatra cuprea , and Lumbr i ne r i s  
s p p .  C lymene l l a  torguata and Mi cropho l i s atra were a l so occas i ona l l y  of  
h i gh i mportance .  W ith  the  except i on of  Mage l o na  the  rank  orde r of  the 
domi nant spec i es vari ed more or  l es s  random ly  between  s i te s  and cru i se s . 

O n l y  i n  September  was there a ny s i gn i f i cant di fference i n  commun i ty 
compos i t i on .  At that t ime Mu l i n i a  l ateral i s , and to a l es ser  extent 
N ucu l ana  concentr i ca ,  e s s e nt i a l l y  rep l aced Mage l ona  a s  the  dom i nant 
speci es  at West Hackberry ,  B i g  H i l l  and B l ac k  Bayou .  Wh i l e  Mage l ona  
conti nued a s  the  top  dom i nant at  B i g  H i l l  Contro l , Mu l i n i a  and  Nucu l ana  
we re fai r l y  i mportant ( each comp ri s i ng about 10% of  the  commun i ty ,  vers us  
14% fo r Mage l ona) .  Even at West  Hackbe rry Control  Mu l i n i a  comp ri sed 5% 
of  the commun i ty ,  whereas at other s i te s , at other t i  mes i t  s e l dom 
exceeded 1% of the commun i ty ,  i f  at a l l present .  The s h i ft from a 
Mu l i n i a  domi nated commun i ty to one domi nated by Mage l ona  may be a seasona l  
phenome no n .  However the  p resence of  Mu l i n i a  has  been cons i de red by 
some ( R .  Parker  personal  commun i cati on ) to be i nd i cat i ve of env i ron
me nta l degradati ve events . 

O rdi nat i o n  Ana lys i s  

A rec i p rocal  averag i ng o rd i nat i o n  was perfo rmed for the benth i c mega
faunal  data , wi th spec i e s  occurr i n g  f i ve t i mes  or fewer be i ng dropped . 
Ax i s  1 o f  the o rd i nat i on  accounted fo r o n l y  7% o f  the var i at i o n  i n  the 
data . I nasmuch as  the fi rst ax i s ,  by defi n i t i on ,  accounts for the 
maxi mum amo unt of  vari ance , i t  i s  co nc l uded that the benth i c  megafauna 
was a re l at i ve homogenous  commun i ty ,  p robab ly  due to the dom i nance of  
Mage l ona  through a l l cru i ses . A d i s tr i buti on  p 1 ot of axes 1 and 2 of  
s amp l e  s pace ( F i gure  4 . 3-13 )  s hows that the  October- December samp l es 
c l u ster very t i ght ly  at the r i ght end of  ax.i s l ;  they are e s sent i a l l y  
i nd i st i ngu i s hab l e .  Samp l e s from September ,  howeve r ,  p u l l ed o u t  t o  the 
l e ft a l ong  the l en gth of  axi s 1.  Th i s  i s  i nterp reted as  a n  expre s s i on 
o f  the s h i ft i n  commun i ty domi nance p rev i o u s l y  noted fo r thi s commun i ty .  
T h e  c l u ste r a t  the r i ght of  ax i s  1 repre sents s amp l es dom i nated by 
Mage l ona , whi l e  those pu l l ed to the l eft are domi nated by Mu l i n i a .  
T h i s i s  ref l ected by the d i str i b u t i o n  i n  spec i e s  space ( F i gure 4 . 3-14 ) , 
as  Mage l ona  i s  at the  extreme ri ght of ax i s  1 ,  wh i l e  Mu l i n i a  i s  at the 
extreme l e ft . 

4 . 3 . 4  Deme rs a l  Nekton 

4 . 3 . 4 . 1 General  Characte r i s t i c s 

Some 79 spec i es were recovered from the 52 aggregate trawl s taken dur i ng 
the the study ( Tab l e  4 . 3-3 1 ) .  The spec i es recovered are typ i ca l  o f  the 
near shore wh i te s h r i mp ( Penaeus  set i feru s )  commun i ty character i st i c of 
s andy-mud bottom i n  waters l es s  than 10 fathoms of  the northwestern 
G u l f  of  Mex i co ( c f .  G unter 1945 , 1950 , and H i l deb rand 1954 ) . Domi nant 
spec i es i n  the trawl s are s hown i n  Tab l e  4 . 3-32 . The most character i sti c 
spec i es recove red was the serge s t i d  s hr imp Acetes amer i canus  l ou i s i anens i s , 
p re se nt i n  over 70% of  the trawl s ,  and n umbe r i n g  i n  aggregate over 26 , 700 
i nd i v i dua l s .  The squ i d ,  Lo l l i guncu l a  b revi s ,  was the most  frequent l y  
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T ab l e 4 . 3-31  R e l a t i v e  abundances of speci es i n  trawl samp l e s .  

Spec i es Co1TTI1on Name 

w w w w 
Vl Vl Vl Vl 
::::) => ::::) => 
a::: a::: a::: a::: 
u u u u  Taxonom i c  Group 

--- -------------------------------------

COELENTERATE 

Aurel i a  aurita  

R h i  zos tomeae 

Bunodact i s  texaen s i  s 

M i nyas o l i vacea 

P a ranthus rapi formi s 

:cal l i act i s  tri col or 

Ctenophore 

J e l lyfish  

Anemone 

Anemone 

Anemone 

Anemone 

Comb j e l l y f i s h  
---- --------------------------------------� 

POL YCHAETE 

MOLLUSK 

CRUSTACEAN 

Chaetopterus vari opedatus 

O i opatra cuprea 

Neanthes succi nea 

Po l i n i ces du p l i catus 

Cantharus cance 1 1  a ri  us 

N a s s a r i u s  acutus 

T ha i s  haemastoma f l o r i dana 

Nucul ana concentri ca 

Anadara oval i s  

Abra aequa l i s  

Mu l i n i a  l ateral i s  

Lo 1 1 i g uncu l a  brev i s  

C i ro l a n a  parva 

C i r o  1 ana obtrunca ta 

Sphaeroma quadri dentatum 

Acetes ame r i canus l o u i s i anens i s  

Pagurus pol l i c a r i s  

P a l aemonetes pug i o  

Penaeus aztecus 

Penaeus set if er us 

S i cyon i a  brev i rostri s 

Si cyon i a  dors al i s  

Trachypenaeus s imi 1 i s  

X i phopeneus kroyeri 

Ca l l i an a s s a  m i n i ma 

Lys i osqui  l l a  emp u s a  

C a  1 1  inectes danae 

Portu n u s  g i bbesi  i _  

Portunus sayi 

Neopanope texana sayi 

Hepatus ephel i t i cu s  

Persephona punctata 

L i b i n i a  dub i a  

U . 4- 7 1  

C h i mney worm 

Shark ' s  eye 

Cancel l a te cantharus 

S h arp-knubbed n a s s a  

F l or i da r o c k  s he l l  

Concentr i c  nut c l  am 

B l ood ark 

Common A t l a n t i c  abra 

Dwarf s u rf c l am 

B r i ef squ i d  

I s opod 

I sopod 

I so pod 

Serges t i d  s h r i mp 

Hermi t crab 

Prawns 

Brown s h r i mp 

Wh i te s h r i mp 

Rock s h r i mp 

Rock s h r i mp 

Mex i can s h r i mp 

Sea bob 

Mu d s hr i mp 

Man t i s  s hr i mp 

Swi 1TTI1i ng crab 

Swi lTTili ng crab 

Swi lTTili ng crab 

Mud crab 

C a l i co crab 

P u r s e  crab 

S p i der crab 



Taxomo n i c  Group 

ECHI NODERM 

F I SH 

Tab le 4 .  3- 3 1  ( Co n t i n u e d )  

Spec i e s  

L u i d f a  c l a thrata 

'cf. Angu i l l a  ros t rata 

Myrop h i s  punctatus 

O p i s thonema o g l i num 

Haren gu l a  pensaco l ae 

Brevoort i a  patronus 

Anchoa mi tchi  1 1  i 

Anchoa hepsetus 

Synodus foetens 

Ari u s  fel i s  

Bag re ma ri n u s  

Peri chthys pores i s s  i m u s  

Ophi d i on we l s h !  

Syngnathus l ou i s i anae 

C h l o ro s combrus chrysurus 

Caranx ruber 

Caranx hi ppos 

Umbrf na core i d e s  

M i cropogon und u l atus  

Cynos c i on s p p .  

Cynoscion aren a r i u s  

Cynos c i on nothus 

L e i o s tomus xanthurus 

S t e l l i fe r  l anceol atus 

L a ri mu s  f a s c i a tu s  

L a rval  s c i a e n i d s  

Chaetod i p teru s  faber 

Sphyraena guachancho 

Po lydacty l u s  octonemus 

As troscopus y-graecum 

T r i c h i u ru s  l epturus 

Scomberomorus ca val  l a  

Pepri l u s  paru 

P ri onotus ru b i o  

E t ropus cro s s o t u s  

C i thari chthys s p i  l opterus 

A c h i  rus 1 i neatus 

Symphurus p l a g i u s a  

Sphoero i d e s  parvus 

U . 4-72  

Common Name 

Sea s t a r  

Amer i can e e l  

Speckl ed w o rm  e e l  

Atl a n t i c  thread herr i n g  

S c a l ed s a rd i ne 

G u l f  menhaden 

Bay anchovy 

Stri ped ancho vy 

I n s hore l i zardf i s h  

Sea catf i s h  

Gafftop s a i l catfi s h  

A t l a n t i c  m i ds h i pman 

Cre s ted cus k-eel  

Chain p i pefi s h  

A t l a n t i c  bumper 

Bar j a c k  

Creva l l e  o r  corrrnon j a c k  

S a n d  drum 

At l an t i c croa ker 

Spotted s e a trout 

Sand s e atrout 

S i l ve r  s e a t ro u t  

Spot 

Star drum 

Banded drum 

Atl an t i c  spade f i s h  

Guaguanche 

A t l a n t i c  threadf i n  

Southern s targazer 

At l a n t i c  c u t l a s s f i s h  

King mac k e re l  

Harves t f i s h  

B l a c k f i n  searob i n  

Fringed fl ounder 

Bay w h i f f  

L i ned s o l e  

Bl ackcheek tongue f i s h  

L e a s t  puffer 

"" 
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Tab l e  4 . 3- 32 

Domi nant Demers a l  Ne kto n Spec i e s  Taken  From Aggregate Trawl s 
September-December 1 977  

Spec i e s  

Acetes  amer i canus  
An choa mi tch i l l i  

*X i phopeneus  kroyeri  
L o l l iguncu l a  brevi s 

*Pen aeus set i ferus 
Anchoa hep setus  
Cynos c i on nothus  
Stel l i fe r  l anceo l atus 
Portu nu s  g i bbesi i 

*M i cropogon undul atus 
Lys i osqu i l l a  empusa  
Ca l l i acti s tri co l or 
Cyno s c i on arenari u s  
S i cyon i a  dorsa l i s  
Sphoero i de s  parvus 
C i ro l ana parva 
L a rval  s c i ae n i ds 
Rh i zostomeae 
Portunu s  say i  
Persephona punctata 
Pori chthys poros i s smus 
Oph i d i on we l sh i  

*Commerc i a l  speci es . 

Feed i ng 
Type ** 

. pp  
. pp  

Sc  
Pr  
Sc 
p p  
Pr  
DPr  
Sc  
DPr  
Pr  
ZP 
Pr  
Sc  
ZP 
Dp 
ZP 
ZP 
Sc  
Sc  
Pr  
P r  

**PP  = phytopl ankton feeder 
ZP = zoopl ankton feede r 
Sc = scave nger 
Pr = predator 
DPr = demersal predator 
Dp = depos i t  feeder 

N umber N umbe r of  I nd i v i dua l s 
of  Occu rrences Per Occurrence 

37 7 22  
42  l 00  
28  54  
46 36 
44 2 1  
1 0  5 2  
3 5  2 0  
34 1 6  
34 9 
36 7 . 5  
36 4 
3 1  4 
1 9  1 5  
20 4 . 5  
1 9  4 
1 7  2 . 5  
1 7  87 
1 5  2 . 5  
1 0  3 
1 7  2 
1 7  2 
1 1  3 

U . 4-73  

Total N umber 
of I nd i v i dua l s 

267 1 4  
4200 
1 5 1 2  
1 656 
924 
5 20 
700 
544 
306 
270  
1 44 
1 24 
285 

90 
75  
43  

1 479 
38 
30 
34 
34 
33 



recovered spec i es (88% of  the trawl s )  but was take n  i n  much fewer numbers 
(1 , 656 i nd i v i dual s i n  aggregate ) .  The bay herri ng anchovy , Anchoa 
m i tch i l l i ,  was a l s o  taken frequentl y i n  re l at i ve l arge numbers (81%,  
4200 i nd i v i dual s )  as  was the  sea  bob , X iphopenaeus kroyeri ( 54% , 1 , 512 
i nd i v i dual s )  and the wh i te s hr imp , P .  seti fe rus (85% , 924 i nd i v i dual s ) . 
The maj ori ty of  spec i es ( 73%) were recovered o n l y  once or twi ce and i n  
l i m i ted numbers ( four  or fewer i nd i v i dua l s  per recovery ) . 

Tab l e 4 . 3-33  s hows the feed i ng patterns for the demersal  n ekton com
mun i ty ,  c on s i der i ng  o n l y  the domi nant or s ub-domi nant spec i es , and total 
number of i nd i v i dua l s  recovered by feed i ng type . As wou l d  be expected , 
the base of  the food pyrami d  w i th i n the demersal  commun i ty i s  the herb i v
orous phytop l an kton f i l ter  feeders ( 3  spec i e s )  compri s i ng some 76 . 2% of  
the tota l number of  i nd i v i dua l s recovered .  The  predators (8  spec i e s )  
make up 12 . 6% of  the commu n i ty ,  whi l e  the scavengers ( 6  spec i e s )  and 
the zoop l ankton feeders (4  spec i e s )  compri se  o n l y  7 . 0% and 4 . 2% of  the 
commun i ty .  

A number o f  commerc i a l l y  and recreat i onal l y  i mpo rtant spec i e s  are found 
i n  the demersal  ne kton commun i ty .  Commerc i a l l y  i mportant spec i es 
recovered from trawl s i n  the study area i nc l ude the brown s h r i mp ,  wh i te 
s h r i mp ,  sea  bob , drum , croaker , seatrout and menhaden .  Of  these o n l y  
t h e  s h r i mp (wh i te ,  brown , a n d  seabob) were of  comme rc i al s i ze .  The 
i mportant commerc i al spec i es , Ca l l i nectes sapi dus , or  the b l ue crab , 
was notab l e  by i ts comp l ete absence from the trawl s .  Th i s  probab l y  
refl ects i ts seasona l  d i str ibut i o n  patte rn c haracteri zed by wi nter i ng 
i n  the coasta l  e stuari e s . 

Recreat i ona l l y  i mportant  spec i e s  recovered i n  the trawl s i nc l ude : 
Atl ant i c  croaker , spot , seatrout , At l anti c spade f i s h  and the creval l e
j ac k .  None of  the spec i men  recovered were o f  f i shab l e  s i ze from a sport 
f i s herman ' s  po i nt of  v i ew .  

I t  i s  s omewhat di ff i cu l t to  compare reg i onal  trawl data co l l ected i n  
d i fferent stud i es by d i fferent sets o f  i nvesti gators ; trawl data i s  
q u i te sens i ti ve to var i at i o n s  i n  gear and c o l l ect i o n  methodo l ogi e s . 
Howeve r ,  adj ust i ng for these d i fferences as  far as  pos s i b l e ,  the average 
dens i ty of i nd i v i dua l s found i n  the present s tudy ( . 31/m2 ) i s  s i m i l ar 
to that found e l s ewhere i n  the reg i on  (e . g  . .  18/m2 at Wee ks I s l and ) .  

4 . 3 . 4 . 2  Spati a l  and Temporal Vari ati on s  

Cons i derat i on of  spec i es dom i nance patte rns (Tab l e  4 . 3-34 ) shows that 
commu n i ty c ompos i ti on i s  re l at i ve l y  cons i stent over space and t i me wi th 
o n l y  1 2  spec i es compri s i ng the who l e  l i st  of  dom i nants . The most i m
portant of  these  spec i e s  i nc l ude Acetes , �- m i tch i l l i ,  Lol l i guncu l a 
brev i s , Penaeus seti ferus and X iphopenaeus . Other spec i e s  achi ev i ng 
occas i ona l  numeri cal  i mportance i nc l ude Cynos c i on nothus , Ste l l i fer  l an-
ceo 1 atus , Mi cropogon undul atus , and Portunus  gi  bbes ii . 

-

U . 4- 74 



Tab l e 4 . 3-33  

Feedi ng  Patterns  of  Domi nant Spec i es of Demersa l  Nekton 

Feed i ng N umber Number of  % of 
Pattern of  Spec i es I n d i v i dual s Compo s i t i o n  

P hytopl an kton 3 31 , 434 79 . l  

Scavenger 6 2 , 896 7 . 3 

Predators  8 3 , 666  9 . 2 

Zoop l an kton 4 1 , 716 4 . 3 

Depo s i t  Feeders 1 43 . 1  

39 , 755 

U . 4-75  
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SEPTEMBER 

OCTOBER 

NOVEMBER 

DECEMBER 

West 
Hackberry 
Control 

TABLE 4. 3- 34. 

A. m i t c h i  l l  i 
Lol l i guncu l a  
Acetes 
Penaeus 

A .  m i tc h i  l l  i 
col l i gunc u l a  
A .  hepsetus 
Pe nae us  
C .  nothus 

Acetes c. nothus 
Lol l i  guncul a 
P. g i bbesi  i 
Larval s c i ae n i d s  
P e  nae us  

Acetes 
A.  m i tchi l l i  
Lo l l  i guncu l a  
Larval s c i a e n i d s  

Demers a l  Nekton P a t  terns of S p � c i  es  Dami na n c e .  

West 
Hackberry 

Acetes 
C. arenarius 
Pe nae us  
A .  mi tchi l l i  
Xi  phopenaeus 
Mi cropogon 
Lol l i guncu l a  

Acetes 
X i p hopenaeus 
Lo l l i guncu l a  
Pe nae us 
A. mitcbi l l i  
C .  nothus 
Ste 1 1  i fer 

Penaeus 
Acetes 
A .  m i t c h i l l i  
Stel l i fer 
P. g i bbe s i i  
Mi  cropoqon 
C .  nothus 
Lol l i guncu l a  

Ac et es  
Larva l sci aenids 
A .  mi tchi l l i  
C .  nothus 
Penaeus 
Lol l i gunc u l a  

B l ack 
Bayou 

A. mi tchi l l i 
Lol l i gunc u l a  
Acetes 
M i c ropogon 

A .  mi tchi l l i  
Acetes c. nothus 
Lol l i gunc u l a  
S te l l i fe r  

Acetes 
Larval s c i aenids 
Lol l i guncu l a  
C .  nothus 
A .  mi tchi l l i  
Penaeus 
P .  gi bbe s i i  

Acetes 
Larval  s c i aenids 
A .  hepsetus 
A .  m i tc h i l l i  
Lol l i gunc u l a  

Bi g Hi l l  
Control 

Acetes 
Lol l i guncul a  
Penaeus 
X i p hopenaeus 
Mi  cropogon 

Acetes 
X i phopenaeus 
Lol l i guncu l a  
Pe nae us  
C .  nothus 
A. m i tc h i  l l  i 

Larv a l  s c i ae n i d s  
Xi  phopenaeus 
Acetes 
Stel l i f  e r  
Penaeus 

Acetes 
C .  nothus 
Lol l i  gunc u l  a 
A. mi tc h i  l l  i 
Pe nae us  

Big H i l l  

Acetes 
Xi phopenaeus 
Penaeus 
M i c ropogon 
A. mi  tchi l l  i 
Lol l i gunc u l a  

Acetes 
X i phopenaeus 
Ste l l  i fer 
C .  nothus 
Pe nae us  
A .  m i tc h i l l i  
Lol l i guncu l a  

Larval s c i aen i ds 
Lol l i guncu l a  
Penaeus 
Mi cropogon 
P. gi bbes i i  
C .  nothus 
Stel l i fer 

Xi phopenaeus 
Acetes 
Larval sci aeni ds 
Lol l i  gunc u l  a 
Penaeus 
Ste l l  if er 



The means  for each s i te ,  each cru i s e  and each cru i se- s i te comb i nat i o n  
(wi th 95% confi dence l i m i ts ) , are presented i n  Tab l e  4 . 3-35  f o r  a l l 
spec i es combi ned and a l s o  for a l l spec i es combi ned wi th Anchoa m i tch
i l l i  and Acetes amer i canus removed from the data set .  Th i s  l atter data 
set  was constructed because of the very h i gh numbers of Anchoa and Acetes , 
wh i c h  wou l d  l ead to a mas k i ng of group trends as  expre s s ed by the l es s  
abundant spec i e s .  I n  the former case , B l ack  Bayou had the h i ghest over
a l l mean ( 666/trawl ) fo l l owed ,  i n  descendi ng o rde r ,  by Wes t  Hac kberry 
( 505/trawl ) ,  B i g  H i l 1 control  ( 367/trawl ) ,  B i g  H i l 1 ( 292/trawl ) ,  and 
Wes t  Hac kberry contro 1 ( 1 99/trawl ) .  October had the h i ghest mean 
( 708/trawl ) ,  wh i l e  September had the l owest  ( 1 27/trawl ) .  

F or  the total number with  the two domi nant spec i e s  removed , the s i tuat i o n  
i s  s omewhat d i fferent.  Novembe r had the h i ghest  mean ( 237/trawl ) ,  wi th 
October next h i ghest  ( 1 7 1 /trawl ) and September  aga i n the l owes t  (43 1 / 
trawl ) .  B i g  H i l l  contro l and West  Hackberry contro l had l owest  means 
( 64 and 73/trawl , respecti ve ly) , wi th B i g  H i l l  hav i ng the h i ghe st  mean 
( 206/trawl ) and B l ac k  Bayo u ( 1 64/trawl ) and Wes t  Hac kberry ( 1 22/trawl ) 
i ntermed i ate . 

The change i n  ran k order of s i te means  i ndi cate s the m i nor i mportance 
of  Anchoa at the B i g  H i l l  s i te and - the h i ghest dens i ty at the B l ac k  
Bayo u s i te . Lo l l i guncu l a and M i cropogon were the o n l y  other major  
spec i es wi th h i ghest means at the  B l ack  Bayou s i te .  

Analys i s  o f  Var i ance 

The res u l ts of  the two-way ANOVA ' s  for i nd i v i dual  (maj or)  demersa l  
spec i es , total i nd i v i dual s and total i nd i v i dual s m i nus  Anchoa m i tch i l l i  
and Acetes amer i canus  are s hown i n  Tab l e  4 . 3- 36. Overa l l the res u l ts 
i nd i cate s i gn i f i cant temporal  d i fferences , wi th s i te di fferences apparent 
for a l es s e r  n umber of  taxonom i c  groups . 

For  the total data set , there were no  s i gn i f i cant s i te d i fferences , but  
there were s i gn i f i cant cru i se  di fferences , wi th the trend  not be i ng 
s trong (p  = 0 . 035 ) . Mu l ti p l e  means te sts (Tab l e  4 . 3- ) i nd i cated that 
the September mean was s i gn i f i cant l y  l ower than those  for the October 
through December per i od ,  wi th none of  the l atter showi ng s i gn i f i cant 
d i fferences . 

For  the total number wi th Anchoa and Acetes removed , the trend for s i g
n i f i cant cru i se  d i fferences i s  muc h stronger (p  = 0 . 0009 ) , a l though 
s i te d i fferences are sti l l  not apparent.  M u l t i p l e means tests (Tab l e  
4 . 3-37 ) s h owed that the overa l l trend d i d  not change dramati cal l y ,  wi th 
the September means aga i n bei ng s i gn i f i cant l y  l ower .  However , i n  th i s  
case , the November  means ( h i ghest) were s i gn i fi cantly h i gher than those 
for Decembe r .  The October means were not s i gn i f i cant l y  d i fferent from 
those of  November .  

The d i fferent pattern for  total numbers  wi th and  wi thout Anchoa and 
Acetes can be seen as due to the 1 ac k of  s i gni fi cant cru i se d i fferences 

u .  4-77 
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TABLE 4 . 3-35  MEAN NUMBER OF DEMERSAL I N D I V I DUALS W ITH  CONFI DENCE L IM I TS PER  TRAWL BY  S ITE AND  MONTH 

( a l l s pec i es ) 

S ITE S EPT . OCT . NOV . DEC . 

L� 1 0593  4591  1 529 1 3385 

BLACK BAYOU v 900 ( 2 )  494 ( 2 )  5 63 ( 2 )  785 ( 2 )  

L2 7 5  52 207 45  

L 1 666  472 996  760  

B I G  H I LL v 1 31 ( 3 )  360 ( 3 )  382 ( 3 )  402 ( 3 ) 

L2 2 5  274 1 46 1  21 2 

L 1 
9 . 25X l 07 2921 42 244 2974 

B I G  H I LL COfHROL v 30 . 8 ( 2 ) 2054 ( 2 )  1 99 ( 2 )  1 41 9 ( 2 )  

L ? 0 1 3  1 62 676  

L 1 3 7 1 4 4367 1 69 7  4 7 5  

\4 EST HAC K8ERRY 
23 ( 3 )  5 58 ( 3 )  981 ( 3 )  1 21 ( 3 )  y. 

CONTROL 

L2 0 7 1  566  30 

L 1 1 01 41 6  3238 231  839 

WEST HACKBERRY v 466 ( 3 )  1 1 07 ( 3 )  1 95 ( 3 )  642 ( 3 ) 

Lz l 378  1 65 490 

L 1 599  1 259  596  81 4 

OVERALL v 1 27 ( 1 3 ) 708 < 1 3 )  39 1  ( 1 3 )  457 ( 1 3 )  

Lz 26 398 256 257  
a L 1 and  L2  equa l s  the l ower and u pper confidence l i mi ts respec t i ve l y  ( a fter Soka l  and Rohl f ,  1 969 ) 
Y equa l s  the mean 
b numbe r  of samp l e s  

OVERALL 
1 098  

666 ( 8 )  

403 

445 

292 ( 1 2 )  

1 9 1 

3 1 7 7  

367 ( 8 ) 

41 

700  

1 99 ( 3 )  

56 

1 248 

505 ( 3 )  

204 
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TABLE  4 . 3-35  ( Con t . )  

(EXCLUDING  ANCHOA M I TCH I LL I  AND ACETES AME R I CANUS ) 

S I TE SEPT .  OCT . NOV . D E C .  

L� 306 1 6 5  1 750  1 4897  

BLACK BAYOU v 1 63 ( 2 )  1 1 6 ( 2 )  2 79 ( 2 )  1 36 ( 2 )  

L 2 87  82  44  0 

L i 3 2 1  407 687 7 73 

B I G  H I LL v 9 1 ( 3 )  2 1 8 ( 3 )  3 3 1 ( 3 )  272 ( 3 )  

L2 2 5  1 1 6  1 60 9 5  

L 1 3824 1 1 36 247  235  

BIG  H I LL COIHROL v 6 ( 2 )  1 20 ( 2 )  1 99 ( 2 )  1 02 ( 2 )  

L 2 0 1 2  1 60 44 

L 1 1 437  638 385 79 
\� EST HAC KB ERRY 

1 5 ( 3 )  2 5 5 ( 3 ) 2 9 2 ( 3 )  20 ( 3 )  
CONTROL y 

L2 0 1 01 2 22  7 

L 1 1 1 42 273  23 1  2 1 9  

WEST HACKBERRY v 82 ( 3 )  1 47 ( 3 ) 1 38 ( 3 )  5 1 ( 3 )  
-

L2 5 7 8  8 2  7 8  

L 1 1 33 227  308  1 92 

OVERALL v 43 ( 1 3 )  7 7-1 ( 1 3 )  1 237 ( 1 3 )  1 03 ( 1 3 ) 

L2 1 4  1 27 1 81 5 5  

a L 1 and L 2 equ a l s the l ower and u pper confi dence l i mi ts respect i ve l y  ( after Sokal  a n d  Roh l f ,  1 969 ) 
Y equa l s  the mean 
b n umber of samp l es 

OVERALL 

296  

1 64 ( 8 )  

90  

3 1 5 

206 ( 1 2 )  

1 34 

274  

64 ( 8 )  

1 4  

225  

7 3 ( 1 2 )  

2 3  

1 88 

1 22 ( 1 2 )  

80 



Tab l e  4 . 3-36 :�es u l ts of Two-Way Ana l yses  of  Vari ance for Maj o r  
Taxonomi c Groups of Demersa l  Organ i sms 

Lol l i gu n cu l a  brev i s  
Anchoa mi tch i l l i  
Mi cropogon undu l atu s 
Ste l l i fe r  l anceol atus 
Penae u s  set i ferus  
X i phopeneus  k rogeri  
Portunu s  gi bbes i i 
Cyn s c i on  nothus  
Larval  s c i aen i ds 
Tota l  
Tota l mi n u s  Anchoa mi tch i l l i  

and Acetes amer i canu s  
Acetes amer i canus  
Lys i osgu i l  1 a empu s a  

*S i gn i fi ed a t  . 05 l eve l  

Mai n Effect 
Cru i s e  S i te 

. 0097* . 008* 

. 073  . 004* 

. 000 1 * . 000 1 * 

. 0092* . 0001 * 

. 0 1 0* . 006* 

. 0485* . 0001 * 

. 000 1 * . 8948 

. 0008* . 848 

. 0001 * . 9754 

. 035* . 3874 

. 0009* . 0565 

. 37  . 069 

. 235 . 1 84 

U . 4-8J 

I nteracti on  
Cru i se* S i te 

. 1 5  

. 0 1 78* 

. 02* 

. 1 25 

. 62 

. 0795  

. 2945 

. 005* 

. 1 262 

. 2401 

. 1 7 1 5  

. 0 1 1 2* 

. 65 



T a b l e  4 . 3-37  
Surrmary o f  Mul t i p l e  Means 

Tests for a l l  Pos s i b l e  Pa i rw i s e  Compa r i sons of C ru i s e Me ans  

T a xonom i c  Group 

Tota l  

L o l l i gu n c u l a  brevi s 

Penaeu s seti fe r u s  

L a rva l s c i a e n i d s  

Stel l i fe r  l an ceol atus  

Portunus gi bbes i i  

X i  phopeneus kro�eri 

Total  m i  nus Anchoa and Acetes 

Tukey ' s  t 2 . 57 

Deme rs a 1 Nekton 

Dependent 
V a r i a b l e 

l og 

l og 

l og 

l og 

l og 

l og 

l og 

l og 

( H i ghe s t  

October 

November 

November 

November 

November 

November 

November 

November 

Ta b l e  4 .  3-38 
Summa ry of M u l t i p l e  Me a n s  

Cru i s e Means 

December November 

December October 

October December 

December September 

October December 

October December 

October December 

October Decembe. 

Te s t s  for a l l  P o s s ible P a i rw i s e  Compa r i so n s  o f  S i t e  Me a n s  

Deme r s a l  Nek ton 

Taxonomic Group 

Lo l i guncu l a  b r e v i s  

P e n a e u s  s e t i f e r u s  

S t e l l i fe r  lance o l a t u s  

X i phop e n e u s  kroye r i  

Tukey ' s  t = 2 . 7 3 5  
Wl! W e s t  Hackberry 

V a r i a b l e  

log N 

log N 

log N 

log N 

WHC We s t  Hackberry C o n t r o l  
B B  B l a c k  Bayou 
BH Big H i l l  
BHC Big H i l l  Control 

( H i ghe s t  

BB 

WH 
BH 

BH 

U . 4-8 1  

S i te M e a n s  

W H  B H C  

B H  BHC 

WH BB 

WH BHC 

B H  

B B  

BHC 

BB 

Lowe s t )  

September 

September 

September 

October 

September 

September 

September 

September 

Lowe s t )  

WHC 

WHC 

WHC 

WHC 



for both spec i es and no s i gn i f i cant s i te d i fferences for Acetes . O n l y  
Lys i osgui l l  a i n  add i ti on  to Anchoa and Acetes, showed no s i g n i f i cant 
temporal  d i fference s .  For Anchoa , s i gn i f i cant s i te d i fferences were 
apparent (p = 0 . 004) but the trends were not cons i stent through a l l 
cru i ses  at a l l s i te s .  Overal l ,  the h i ghest  mean for Anchoa was at 
B l ac k  Bayou , and the l owes t  at B i g  H i l l .  As  can be seen from Tab l e 
4 . 3-38 , th i s spat i a l  pattern for Anchoa , e spec i a l l y  regard i ng the pos i ti on 
of  B i g  H i l l  i n  the ran k  o f  means , i s  q u i te the oppos i te of  the other 
major spec i e s  ( except Lol l i  unc u l a )  s howi ng s i gni fi cant d i fferences  
(wi th no s i gn i fi cant i nteract ion  , where B i g  H i l l  had a s i gn i fi cant l y  
h i gher mean or  had a mean n o t  s i gn i f i cant ly  l ower than the h i ghest mean .  

Tab l e 4 . 3-37 s hows the res u l ts o f  the mu l t i p l e means  tests for the demer
s a l  groups for wh i c h  s i gn i f i cant temporal d i fferences  and no  confound i ng 
i nteracti on  were found in  the two-way ANOVA 1 s .  The res u l ts s how the 
ge neral conform i ty i n  the behav i or of  these major  spec i e s  to the temporal 
pattern of  the total data set and tota l m i nus  A.  m i tch i l l i  and A .  
ameri canus . On l y  the l arval sc i ae n i ds had a month (October) other than 
September wi th the l owest  mean , but it was not s i g n i f i cant ly  l ower than 
September .  Except for the total data set , November showed the l argest  
numbers , i n  a l l cases  s i gn i f i cant l y  h i gher than  Septembe r ,  and , i n  
most  cases , s i gn i f i cant l y  h i gher  than the December means . Rank  order 
of cru i se means were i denti cal  for P .  seti ferus , Ste l l i fer , Portunus , 
and  X iphopenaeus  a nd  for  total mi nus Anchoa and  Acetes . Even though 
the l arva l  sc i ae n i ds had the h i ghest mean i n  November , the tre nds  for 
the other months i ndi cated d i fferent causal  mechan i sms under ly i ng i ts 
temporal di s tri buti o n .  O veral l ,  the  most  con s i s tent  trends  were for 
h i ghe st  pop u l at i o n  i n  November and l owest  i n  September .  

Overa l l ,  it  appears that Novembe r was a cruc i a l  s amp l i ng per i od i nasmuch 
a s  a number  of  the dom i nant spec i e s  reach pea k  popu l at i o n  s i ze s  at that 
t i me , ( Portunus  g i bbe s i i ,  Cynos c i on nothus . Penaeus seti ferus , and .Mi.l::r:a.�) . When the di stri but i ons  of  a l l spec i e s  are  exami ned ( F i gure 
4 . 3-1 5 ) ,  Novembe r a l s o  stands out i n  hav i n g  the l argest  total number  of 
spec i e s  and the l argest  number  of  spec i e s  ach i ev i ng maxi mum popu l at i on 
s i ze .  Th i s  s uggests  that the November  samp l i ng peri od coi nci ded wi th 
the fal l emigrati on of  spec i e s  o ut of  the estuar ies  onto the near s he l f .  
T h e  drop i n  spec i es i n  December  probab ly  coi nc i ded w ith the conti nued 
m i grat i o n  toward deeper water .  Th i s  phenome non i s  genera l l y  regarded 
as  a response to decreas i ng temperatures .  Tempe rature profi l es for the 
September- December t i me frame s how a s udden drop between October and 
Novembe r .  The reduct i o n  i n  n umbers of certa i n  spec i e s  ( e . g .  Acete s )  
d u r i ng November , though perhaps  not s tati st i cal l y  s i gn i f i cant , may be 
re l ated to the i ncrease i n  var i ous  predato ry spec i es co i nc i dent wi th 
the fa l l  m i grat i o n .  The presence of  l arval s c i aen i ds  i n  l arge numbers 
i n  November i s  taken as  an i nd i cati on of  act i ve spawn i ng by one or more 
spec i e s  of  drum ; wh i l e  th i s  taxa n umeri cal l y  domi nates the commun i ty i n  
November , part i c u l ar ly  at B i g  H i l l  and B i g  H i l l  Contro l , i ts presence 
mu st  be cons i de red of  ephemera l s i gn i f i cance . 
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L E G E N D  

0 B I G  H I LL S I T E  

• B I G  H I L L  CONTROL S I T E  

6 WEST HACKBERRY SITE 

A WEST HACKBERRY CONTROL S l lE  

• BLACK BAYOU SITE 

SEPTE M BE R  OCTO B E R  NOVE MBER D�CEM B E R  

C RU I SE 

F I GURE 4 . 3- 1 5 . AVERAGE NUMBER OF SPEC I E S/TRAWL AT EACH S I TE FOR EACH CRU I S E . 

* S i te compa r i sons are val i d  onl y for those s i tes w i t h  equal numbers of rep l i cates ( i . e .  Wes t Hackberry , Wes t Hackberry Control a nd 
B i g  Hi l l  wi th 3 repl i cates each and B i g  H i l l  Control and B l ac k  Bayou w i t h  2 rep l i cates ) .  



X iphopenaeus and Ste l l i fer  were two spec i e s fo r wh i ch s i te d i fferences 
were obv i ous l y  o f  greater i mportance than temporal  d i fferences ( Tab l e 
4 . 3- 36 ) , w i th B i g  H i l l  hav i ng s i gn i fi cant l y  h i gher means and wi th  West 
Hackberry a l so  show ing  s i gn i f i cant l y  h i gher means  than e i ther B l ack  Bayou 
or We st Hackberry contro l . West Hackberry control  con s i stent ly  had the 
l owe st means  for a l l spec i e s  tested .  Lac k of  s i gn i f i cant s i te d i ffer
ences  for the total data set was due mai n l y  to di fferent s i te s  hav i ng the 
h i ghest means  for d i fferent spec i es (as see n i n  Tab l e 4 . 3-38 ) .  Anchoa 
had by far the h i ghest means  at B l ac k  Bayou , a l ong with Lo l l i guncu l a .  
Ste l l i fe r  and X i phopenaeus  domi nated the B i g  H i l l  s i te and Penaeus  was 
mo re ub i qu i tous , wi th the means at West Hac kbe rry , B i g  H i l l , and B i g  H i l l  
Control  each s i gn i f i cantl y g reate r than those at B l ack Bayou and We st 
Hac kbe rry Contro l . Overal l ,  the most cons i stent trend was for s i gn i fi 
cant l y  l owest  popu l ati on s  at West Hackberry Contro l . 

Corre l at i o n  Ana l ys i s  

Res u l ts o f  the corre l at i o n  anal yses  ( Tab l e 4 . 3-39 ) s how a n umber of  
s i gn i f i cant corre l ati ons  wh i ch g i ve i nd i cat i on s  of  commun i ty affi n i t i e s .  
Of  spec i a l  note i s  the pos i t i ve corre l at i o n  between Anchoa m i tch i l l i  and 
Lo l l i guncu l a  b rev i s  ( p  = 0 . 37 ,  p = 0 . 00 1 4) .  Ne i ther spec i e s  i s  po s i t i ve l y  
co rre l ated w i th any other spec i es , i nd i cat i ng  the d i st i nct c haracter o f  
the i r  d i stri but i on , probab l y  re l ated to the fact that the h i ghest  popu-
1 at i on s  of both spec i es were found at B l ack  Bayou .  The d i st i nct nature 
of  the pattern of  the se two spec i e s  i s  further substanti ated by the fact 
that a l l s i gni f i cant negat i ve corre l ati ons  s hown for  the deme rsal  spec i es 
( Tab l e 4 . 3-39 ) we re assoc i ated with  these two spec i es . Anchoa was 
negat i ve l y  correl ated wi th Penaeus seti fe rus  ( r  = - 0 . 28 ,  p = 0 . 0474 ) , 
X i phopenaeus  ( r  = - 0 . 39 ,  p = 0 . 0047)  and  Stel l i fer  ( r  = 0 . 30 ,  p = 0 . 0336 ) , 
wh i l e  Lo 1 1  i guncu l  a was a l  so  negat i ve l y  correl ated with  X i  phopenaeus 
( r  = - . 29 , p = . 040 ) .  

O n  the other hand , the l argest pos i t i ve corre l at i o n  found ( r  = 0 . 68 ,  p = 
0 . 000 1 ) a l s o  i nvo l ved X i phopenaeus and , i n  th i s  case , Ste l l i fe r .  Wh i l e  
these two spec i e s  were c l o s e l y  assoc i ated w i th each othe r ,  they we re 
both pos i t i ve l y  associ ated wi th other spec i e s .  Both we re pos i t i ve l y  
corre l ated wi th f. .  seti fe rus  ( r  = 0 . 39 and 0 . 48 for X i phopenaeus  and  
Stel l i fe r ,  respecti ve l y ) , whi l e  Lo l l i guncu l a  was a l s o  co rre l ated s i g
n i fi cant l y  wi th Acetes ( r  = 0 . 27 and 0 . 37 , respect i ve l y ) . 

Penaeus set i fe rus  showed the greate st numbe r of  po s i t i ve corre l at i o n s , 
be i ng a l so  corre l ated with  Acetes ( 0 . 37 , p = 0 . 0077 )  and Portunus ( r  = 
0 . 39 ,  p = 0 . 004) as was Cynosc i on nothus ( r  = 0 . 42 ,  p = 0 . 002 , and r = 
0 . 42 ,  p = 0 . 00 1  for  Acetes and Portunus , respecti ve l y ) . Portunus  a l so  
prov i ded  the o n l y  s i g n i f i cant corre l at i on s  for l arva l sc i aen 1 ds (r  = 
0 . 43 ,  p = 0 . 004) . Lys i osgu i l l a  was po s i t i ve l y  corre l ated w i th Ste l l i fe r  
( r  = 0 . 34 ,  p = 0 . 0 1 ) as  we l l as  Portunus  ( r  = 0 . 38 ,  p = 0 . 006 ) .  

Ord i nat i on Analys i s  

A rec i p roca l averag i n g  o rdi nat i o n  was emp l oyed to exami ne var i ati on s  i n  
commun i ty compos i t i on from month to month and s i te to s i te .  Spec i e s  
wh i ch occurred i n  f i ve or  fewer s i mp l e s  we re exc l uded from the samp l e s  
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i n  wh i ch they d i d occur .  A tota l of  43% of  the var i at i o n  i n  the data 
set was attr i b utab l e  to the fi rst or second axi s of ordi nati o n .  H i gher  
orde r axes are  con s i de red on ly  in  pas s i ng i n  the present ana lys i s .  

F i gures 4 . 3-16 and 4 . 3-17 s how the d i stri but i o n  o f  trawl samp l es a l ong  
the fi rst and  second  axes of samp l e space . The date of  co l l ecti on  i s  
i nd i cated i n  F i gure 4 . 3-16 , whereas the s i te of  co l l ect ion  i s  i nd i cated 
i n  F i gure 4 . 3-17 . In the fi rst case , no patte rn i s  seen  for date , 
i nd i cati ng that temporal  var i at i o n s  i n  commu n i ty compo s i t i on are 
re l at i ve l y  m i nor .  For s i te space , there i s  l i tt l e segregati o n  of s i te s  
except for  the  c l u ster of  B i g  H i l l  s amp l e s  a l ong  ax i s  2 .  Th i s  i nd i cates 
that there are c haracteri st i c s  of  the B i g  H i l l  as semb l age wh i ch are 
s omewhat d i st i nct from the other s i te s . A l so  noted i s  a c l uster of B l ac k  
Bayou and We st  Hackberry Contro l  samp l es i so l ated to the l ower l eft o f  
the s i te space .  Compari son  wi th F i gure 4 . 3-16  i nd i cates that these 
samp l es  were from the September- October pe ri od for the B l ac k  Bayou s i te 
and September , October ,  and December at West  Hac kberry Contro l s i te .  

F i gure 4 . 3-18 s hows the d i s tr i buti on  o f  demersal  spec i e s  a l ong the f i rst 
two axes of  spec i es space .  Re l at i ng th i s fi gure bac k to the s i te space 
( F i gure 4 . 3-17 ) , the samp l e  d i stri b ut i o n  i n  s i te space i s  appare ntl y 
contro l l ed by spec i f i c  i mportant commu n i ty members . The c l uster i n  the 
l ower l eft i s  dom i nated by Acetes  ameri canus , wh i l e  the c l uster i n  the 
l ower r i ght i s  domi nated by Anchoa m i tch i l l i .  The group i n  the upper 
l eft appears to be domi nated by X iphopenaeus  and  Ste l l i fer .  Two other 
c l usters , i n  the m i d  port i o n  of  the d i stri buti on , are compo s i te groups 
domi nated by several membe rs , i nc l du i ng Cynosc i o n  nothus and l arva l 
s c i ae n i d s .  

When feed i ng patterns for the spec i es s hown i n  F i gure 4 . 3-18 are i nd i cated 
( F i gure 4 . 3-19 ) , i t  becomes apparent that p l ankton feeders on the one 
hand and scavengers on  the other are s eparated o ut ,  wi th predators over-
1 app i ng both groups . Re l ati ng th i s  to samp l e  space i n  F i gure 4 . 3-18 , 
the i nd i cat i o n s  are that the B i g  H i l l  samp l e s  are domi nated by scavengers , 
wh i l e  the other s i tes  are domi nated by zoop l ankton feeders , i nc l udi ng 
Anchoa m i tch i l l i ,  Acetes ameri canus  and l arval s c i ae n i ds . Whether or 
not th i s commu n i ty segregat i o n  i s  rel ated to the d i ffe rent substrate 
types on the l ow benth i c  megafaunal popu l ati ons  i s  not known . 

S ummary 

The  overa l l ana l yt i c  resu l ts show good correspondence between the ANOVA , 
mu l t i p l e means , corre l at i o n  and ord i nat i o n  res u l ts .  Several overl app i ng 
groups are apparent , wi th the Anchoa m i tc h i l l i /Lo l l i guncu l a group d i sti nct 
i n  the l owe r r i ght s i de of  the ordi nat i o n  d i sp l ay ( F i gure 4. 3 - 1$  and the 
h i gh l y  corre l ated Ste l l i fer/X iphopenaeus group i n  the l eft upper port i o n  
of  the f i e l d .  Acetes  domi nated the l owe r l eft corner of  the di sp l ay .  
Rank  order o f  means  s howed that Ste l l i fer and X iphopenaeus  cons i stent l y  
had s i gn i f i cant l y  h i gher means a t  B i g  H i l l ,  wh i l e  Anchoa/Lo l l i guncu l a  had 
h i ghest numbers i n  the commun i ty at B l ack  Bayou .  Acetes s howed no s i te 
or cru i se  effects . Corre l at i o n  re su l ts showed that Anchoa/Lo l l i guncu l a 
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· we re pos i t i ve l y  correl ated and were negat i v e l y  correl ated wi th X i phopen
aeus/Ste l l i fer and a l s o  P .  seti ferus . I t  i s  conc l uded that s i te effects 
are the mai n factor respons i b l e  for the spati a l  arrangement of  X i phopenaeus/ 
Stel l i fe r  and Anchoa/Lo l l i guncu l a i n  the ordi nat i o n  d i sp l ay .  The web of  
pos i t i v e  s i gn i f i cant corre l at i o n s  i nvo l v i ng f. seti ferus , X iphopenaeus , 
Portunus , Cyno s c i on , Ste l l i fer , and Acetes are mostl y due to the temporal 
co i nci dence of  the groups , a l o ng with the fact that h i ghest pop u l ati on s  
were found at B i g  H i l l  for  Ste l l i fer , X iphopenaeus , and Penaeus . 

The c l uster  of  a l l B i g  H i l l  s amp l es  i n  the upper r i ght s i de of the 
samp l e  space ( F i gure 4. 3 - 1 7)  i s  due to the domi nance of Ste l l i fer and 
X i phopenaeus at th i s  s i te .  Th i s s i te segregat i o n  i s  a l s o  respons i b l e  i n  
l arge part , for the troph i c d i sp l ay ( see F i gure 4. 3- 1 9 ,  wi th the popu l at i o n  
a t  B i g  H i l l  be i ng domi nated by scavengers  and t h e  B l ac k  Bayou s i te ,  
especi a l l y ,  domi nated by a phytop l ankton- feed i ng popu l at i o n .  The l ac k  
o f  s i gn i f i cant i nteracti on  i n  the ANOVA 1 s  for Ste l l i fer  and X iphopenae us  
i nd i cates that means  were cons i s tent ly  h i gher over t i me at B i g  H i l l , 
l eadi ng to the c l uster  of a l l B i g  H i l l  s amp l es ( over  four cru i ses ) i n  
the upper l eft corner of  the samp l e  space ( s ee  F i gure 4. 3 - r n . 

4 . 3 . 5 Surfi c i a l Sedi ments 

4 . 3 . 5 . 1 Gra i n  S i ze D i stri b ut i on  of Surfi c i a l Sedi ments 

Textural anal yses of  the s urfi c i a l s ed i ments co l l ected duri ng Cru i ses  I I I  
and I V  are presented i n  Tab l es 4 . 3-40 and 4 . 3- 41* .  The mean and med i an 
sed iment s i ze at the f i ve s i te s  ranges from med i um s i l t  ( 5� to 6�)  to 
coarse c l ay (8� to 9�) (Tab l e  4 . 3-42 and F i g u re 4 . 3-20) .  Stat i st i cal 
parameters  are s hown i n  Tab l es 4 . 3-43 and 4 . 3- 44 . In general , the total 
p ercentages  of sand , s i l t  and c l ay at the f i v e  s i te s  s hows l i tt l e change 
from C ru i se I I I  to C ru i se IV. The stati ons  wi th i n the f i ve s i tes , how
eve r , often s howed a wi de vari ati on  i n  the percentages of sand , s i l t  
and c l ay .  The West  Hackberry Control  s i te ,  the easternmos t  o f  the f i ve 
s i te s , has the h i ghest percentage o f  coarse mater i a l . Cons i deri ng that 
the currents i n  the reg i on sweep the conti nental s he l f from east to 
west , and that the M i s s i s s i pp i  de l ta i s  east of  the s i te s , the l arge 
porti o n  of  coarse sedi ments at the West  Hackber ry Co ntro l s i te mi ght be 
expected .  F urthermo re , the l argest  porti o n  of  f i ne sed iments occurs at 
the wes te rnmost  s i te-- B i g H i l l  (Tab l es 4 . 3-40 , 4 . 3- 41 , and 4 . 3- 42 ) .  
Neverthe l es s , the s i te s  between  B i g  H i l l  and Wes t  Hackberry Cont ro l are 
not a l i gned i n  a s i mp l e  1 1 coarse-to- f i ne 1 1  trend (Tab l e  4 . 3-42 ) .  The 
sed iment d i stri but i on  pattern i s  probab l y  due i n  part to a n umbe r  of 
sed ime nt s o u rces i n  add i t i on to the M i s s i ss i pp i  del ta . These s ources 
i nc l ude the Cal cas i eu and Sab i ne R i vers , as we l l as  an  occas i onal  i nf l ux 
of coarse sedi ments duri ng s tormy weather , deri ved from the near- s hore , 
sha l l ow water env i ronment farther north a l ong  the coast .  I rregu l ar 
bottom topography can a l s o  i nf l uence sedi ment d i s tr i but i on ; mai n l y  i n  

*Textural  ana l yses  of  samp l es col l ected dur i ng C ru i se s  I and II  i n  
conj unct i o n  w ith  the c hem i cal  work  are not i nc l uded i n  the d i scus s i on .  
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S i te 

West 
Hac kberry 

Contro l 

West  
Hackbe rry 

B l ack  Bayou 

B i g  H i l l  
Contro l  

B i g H i  1 1  

Tab l e 4 .  3- 40 

PERCENTAGES OF SAND , S I LT AND CLAY 

CRU ISE  I I I  

Stat i o n  % Sand % S i l t  

27  58 . 3  1 7  . 4  
28 57 . 8  1 5 . 9 
29  46 . 2  20 . 5  
30 56 . 3  2 1 . 2 
3 1  46 . 0  26 . 9  
32 48 . 0  24 . 7  

6 3 2 . 2  3 2 . 6  
7 30 . l 32 . 4  
8 1 0 . 3  3 1 . 8  

1 0  22 . 8  3 1 . l 
1 4  39 . 4  28 . 7  
1 5  9 . 0  33 . 6  
1 6  9 .  l 24 . l 
1 7  45 . l  1 4 . 9  
1 8  65 . 7  1 4 . 9 
1 9  i 25 . 3  39 . 7  
22 I 67 . 7  1 0 .  l 
45 l 55 . 0  I 1 8 .  7 
46 i 45 . l 2 1 . l 
47 ! 36 . 2  25 . 4  
48 ' 57 . 0  1 5 . 4  i 
49 i 41 . 8  23 . 7  
50  ) 1 5 .  l 37 . 0  
5 1  : 1 3 . 0  29 . 9  
52 1 7 .  l 28 . 6  
53 i 1 1 . 6 33 . 3  ' 
54 l 32 . 0  28 . 9  
37  ! l .  0 27 . 6  
38 I 2 . 6  27 . 3  . 
39 I 3 . 9  28 . 8  ! 
41 I 7 .  1 2 7 . 4  
42 2 . 6  27 . 2  
43 1 4 . 6  25 . 4  
44 1 4 .  l 29 . 2 

U . 4-92 

% C l ay 

24 . 3  
26 . 3  
33 . 3  
22 . 5  
27 . l 
27 . 3  
3 5 . 2  
37 . 5  
57 . 9  
46 . l 
3 1 . 9 
57 . 4  
6 6 . 8  
40 . 0  
1 9 . 4 
35 . 0  
22 . 2  
26 . 3  
33 . 8  
38 . 5  
27 . 6  
34 . 5  
47 . 9  
57 . l 
54 . 3  
55 . l  
39 . l  
7 1 . 4  

! 70 . l i 67 . 3  
65 . 5  
70 . 2  
60 . 0  
56 . 7  



S i te 

West 
Hackberry 

Control 

West 
Hackberry 

B l ac k  Bayou 

B i g  H i l l  
Control  

B i g  H i l l  

Tab l e  4 . 3 - 41 

PERCENTAGES OF SAND , S I LT AND CLAY 

CRU ISE  I V  

Stat i on % Sand % S i l t  

27 59 . 8  1 5 . 5  
28 59 . 7  1 9 .  l 
29 40 . 4  38 . 4  
30  53 . 0  23 . l  
3 1  42 . 2  34 . 9  
32  35 . l 3 1 . 6  

4 3 . 3  93 . 3  
6 26 . 2  38 . 3  
7 1 1 . 2 48 . 8  
8 2 . 0  30 . 5  

1 0  3 1 . 8  26 . 5  
1 4  32 . l  30 . 8  
1 5  5 . 2  28 . 9  
1 6  6 . 8  33 . l 
1 7  53 . 4  1 9 . 0  
1 8  46 . 4  5 1 . 7 
1 9  39 . 5  3 1 . 2 
22  67 . 7  1 2 . 7  
45 45 . 3  2 5 . 8  
46 40 . 4  23 . 2  
47 43 . 7  25 . 4  
48 63 . 2  1 3 . 4  
49 46 . 5  24 . 1  
50  1 4 . 2  33 . 9  
5 1  1 3 . 5  28 . 7  
52 1 0 . 6  37 . 2  
53  1 1 . 0 3 5 . 8  
54 20 . 1  3 6 . 8  
37  1 . 2 58 . 9  
38 2 . 5  34 . 8  
39  3 . 5  24 . 7  
4 1  3 . 8  33 . 9  
42 57 . 4  8 . 0  
43 5 . 2  34 . 3  
44 1 4 . 4  33 . 8  

U . 4-93 

% C l ay 

24 . 7  
2 1 . 2  
2 1 . 2  
23 . 9  
22 . 9  
33 . 3  

3 . 4  
3 5 . 5  
40 . 0  
67 . 5  
4 1 . 7 
3 7 . l 
65 . 9  
60 . l 
27 . 6  

1 .  9 
29 . 3  
1 9 . 6 
28 . 9  
36 . 4  
30 . 9  
23 . 4  
2 9 . 4  
5 1 . 9 
57 . 8  
52 . 2  
53 . 2  
43 . l  
44 . 9  
62 . 7  
7 1 . 8  
62 . 3  
34 . 6  
60 . 5  
5 1 . 8  



B i g  
H i l 1 

9 . 07  

8 . 76 

3 . 09 

- 0 . 12 

1 . 07  

B i g 
H i  1 1  

7 . 81 

8 . 20 

3 . 09 

-0 . 0 7 

0 . 98 

Tab l e 4 . 3 -42 

S urfi c i a l  Sedi ment Stati s ti ca l  Parame ters 
CRU I S E  I I I  

B i g  H i l 1 Bl ack Wes t  
Control Bayou  Hac kbe rry 

8 . 05 4 . 5 7 6 . 02 

8 . 66 7 . 46 8 . 0 1 

3 . 33 4 . 5 3 4 . 26 

0 .  1 2  0 . 56 0 . 4 1 

0 . 85 1 . 12 1 . 02 

S urfi c i a l Se d i ment Stati s ti ca l  Paramete rs 
CRU I S E  I V  

Bi g H i  1 1  Bl ack  Wes t  
Con tra l Bayou  Hackbe rry 

7 . 80 4 . 29 6 . 1 5 

7 .  9 7  6 . 99 7 . 15 

3 . 1 2 4 . 22 3 . 30 

0 . 0 1 0 . 58 0 . 2 1 

0 . 76 1 .  05 1 . 1 7 

U . 4-94 

Wes t  Hackbe rry 
Contro l 

4 . 10 

6 . 6 1 

4 . 0 1  

0 . 59 

1 . 14 

Wes t  Hackberry 
Contro l 

4 . 16  

6 . 8 1  

3 . 92 

0 . 60 

1 .  29  
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S i te 

West 
Hackberry 

Contro l ! I 
I 
! I l 
I 

West ' 

Hac kberry ! 
l 

I I 
I 
I 

B l ack  Bayou I I I I 
B i g  H i l l  
Contro l 

B i g  H i l l  

. 

Tabl e 4 . 3 - 43 

SURF I C I AL SEDIMENT STAT IST I CAL PARAMETERS 

CRU I SE I I I  

Stat i on M¢ M G I a 

27 3 . 80 6 . 7 1 3 . 9 5 
28 3 . 70 5 . 58 5 . 00 
29  4 . 55 7 . 22 4 . 09 
30 3 . 85 7 . 37 4 .  61 
3 1  4 . 55 5 . 53 2 . 42 
32  4 . 1 5  7 . 25 4 . 02 

6 5 . 20 7 . 66 4 . 04 
7 5 . 70 8 . 66 4 . 9 2  
8 9 . 05 9 . 87 4 . 52 

1 0  7 . 1 0  8 . 1 9  4 . 42 
1 4  4 . 85 7 . 0 1  3 . 67 
1 5  9 . 20 1 0 . 62 5 . 1 6  
1 6  I 8 . 75 7 .  81  2 . 45 
1 7  I 4 . 85 7 . 80 5 . 1 7  I 
1 8  I 3 . 20 6 . 00 3 . 40 I 1 9  I 5 . 40 8 . 46 5 . 1 6  
22 l 6 .  1 2  I 3 . 00 3 . 96 
45  I 3 . 80 7 . 1 5  4 . 47 
46 4 . 50 7 . 06 4 . 08 
47 5 . 60 9 . 23 5 . 8 1  
48 3 . 3 5  7 . 75 5 . 39 
49 5 . 60 l 6 . 1 3  2 . 90 
50 7 . 65 I 8 . 91 4 . 22 
5 1  8 . 45  8 . 42 3 . 44 
37  9 . 1 0  8 . 65 2 . 29 
38 8 . 80 8 .  l l  1 .  9 5  
39 8 . 95 8 .  5 1  2 . 68 
4 1  9 . 90 ! 1 0 . 65 4 . 62 
42 9 . 65 9 . 73 3 . 06 
43 8 . 60 I 7 . 98 3 . 26 
44 8 . 50 7 . 69 3 . 78 

u .  4-96 

S k I KG 

0 . 68 1 . 27 
0 . 40 1 . 30 
0.  61  0 . 87 
0 . 70 1 .  75  
0 . 40 0 . 64 
0 .  72  0 . 99 
0 . 57 0 . 88 
0 . 56 0 . 94 
0 . 1 6  0 . 88 
0 . 22 0 . 85 
0 . 55 0 . 83 
0 . 25 0 . 94 

-0 . 34 1 . 4 1  
0 . 54 0 . 80 
0 . 67 1 . 32 
0 . 55 1 . 06  
0 . 73  1 . 32  
0 . 69 2 . 08 
0 . 59 0 . 8 1 
0 . 58 0 . 90 
0 . 75  1 .  20  
0 . 1 7  0 .  6 1  
0 . 27 0 . 83 

-0 . 02 0 . 86 
-0 . 1 7  1 .  1 4  
-0 . 32 1 . 1 6  
-0 . 1 6  1 . 1 1  

0 . 1 5  0 . 93 
0 . 02 0 . 96 

-0 . 1 9  0 . 96 
-0  . 1 8  1 .  2 1  



S i te 

West 
Hackberry 

Contro l 

West 
Hackberry 

B l ack Bayou 

B i g  H i l l  
Contro l 

B i g  H i l l  

Tab l e  4 . 3 - 44 

SURF IC IAL SEDIMENT STATIST I CAL PARAMETERS 

CRU I SE IV  

Stat i on  Mcp M CT I CT 

27 3 . 65 6 . 30 4 . 03 
28 3 .  65 ' 8 . 86 6 . 2 5 
29 4 . 3 5 6 . 03 3 . 06 
30 3 . 95 6 . 3 1  3 . 41 
3 1  4 . 35 6 . 73 3 . 37 
32  5 . 05  6 . 66 3 . 42  

4 6 . 80 6 . 1 8 0 . 95 
6 5 . 55 7 .  1 3  3 .  1 7  
7 6 . 70 8 . 1 5  3 . 63 
8 9 . 00 8 . 9 1 2 . 24 

1 0  7 .  1 5  6 . 69 4 . 23 
1 4  5 . 70 8 . 28 4 . 84 
1 5  8 . 85 8 . 76 2 . 78 
1 6  8 . 35 7 . 33 2 . 8 1 
1 7  3 . 70 7 . 20 4 . 97 
1 8  4 . 40 4 . 47 2 .  1 4  
1 9  4 . 60 7 . 0 1 4 . 1 0  
22  3 . 00 5 . 76 4 . 33 
45  4 . 50 6 . 1 1  3 . 33 
46 4 . 85 8 . 06 5 .  1 1  
47 4 . 60 8 . 37 5 . 22 
48 3 . 00 5 . 88 3 . 65 
49 4 . 50 6 . 5 5 3 . 8 1 
50 8 .  1 0  7 . 69 2 . 54 
5 1  8 . 70 8 . 60 3 . 76 
52 8 .  1 0  8 . 94 3 . 87 
53 8. 1 5  7 . 40 2 . 40 
54 5 . 95 7 . 26 3 .  1 2  
3 7  7 . 75 7 . 03 1 . 69 
38 9 . 05 9 . 24 3 .  1 3  
39 9 . 2 5 8 . 78 2 . 65 
41  8 . 90 9 . 1 4  2 . 90 
42  3 . 45 9 . 06 6 . 37 
43 8 . 25 7 . 22 1 . 86 
44 8 . 05 6 . 97 3 . 03 

U . 4-97 

S k I KG 

0 . 6 1 1 . 05  
0 .  72 2 . 37 
0 . 52 1 .  1 2  
0 . 65 1 . 08 
0 . 65 1 . 2 9  
0 . 45 0 . 83 

-0 . 6 1 2 . 66 
0 . 47 0 .  77 
0 . 37 0 . 86 

-0 . 03 1 . 04 
-0 . 09 0 . 90 
0 . 49 0 . 92 

-0 . 02 1 . 04 
-0 . 42 1 .  1 0  

0 . 65 1 . 1 8  
0 . 04 0 .  61 
0 . 55 1 . 00 
0 . 60 2 . 00 
0 . 45 0 . 78 
0 . 59 0 . 93 
0 . 66 1 . 80 
0 . 74 0 . 92 
0 . 50 0 . 85  

-0 . 1 6  0 . 65 
-0 . 03 0 . 86 
0 .  1 9  0 . 82 

-0 . 30 0 . 7 5 
0 . 39 0 . 7 5 

-0 . 41 0 . 76 
0 . 04 0 . 92 

-0 . 1 6  0 . 9 5 
0 . 06 0 . 94 
0 . 83 1 . 00 

-0 . 53 1 .  23 
-0 . 32 1 .  1 2  



two ways . F i rst , topograp h i c  h i ghs  can contr i b ute sed iment to surroundi ng 
areas , and th i s  s ed i ment may not be i nd i cat i ve of  the present current 
reg i me act i ng at the s i te .  Second , the topography can a l ter the bottom 
currents w ith a tendency for coarser parti c l es to settl e-out i nto depres
s i ons  or beh i nd topograph i c  h i g h s .  The resu l t wi l l  be a patchy network  
of  coarse to  f i ne sed i ments . J udg i ng from the  wide  var i at i ons  i n  sand , 
s i l t  and c l ay percentages reported for each stat i o n  ( Tab l e  4 . 3- 40 and 
4. 3- 41 ) ,  it seems l i ke l y  that e i ther ( 1 )  the area rece i ve s  sed i ment 
from many sources , or  (2)  that the hydrau l i c  reg i me i s  very errati c  i n  
strength and con s i stency , o r  both . 

Frequency and c umu l at i ve frequency graphs  were constructed for each 
center stat i o n  of  the f i ve s i te s  us i ng data for Cru i se s  I II  and IV 
( F i gures 4 . 3- 2 1 ,  4 . 3- 22 and 4 . 3- 23 ) .  The s tat i on s  chosen are fa i r l y  
representat i ve o f  the tota l average sand , s i l t  and c l ay percentage s 
for each s i te ( Tab l e s  4 . 3-40 and 4 . 3- 4 1 ) .  I n  general , textural d i ffe r
e nces  from Cru i s e  I I I  to IV are very s l i ght , the except i on s  bei ng the 
coarse fracti on  added to West  Hackberry - Stat i o n  10 ; the coarse frac
t i o n  removed from West Hac kberry Contro l - Stati o n  30 ; and the abrupt 
i ncrease i n  fi ne sed i ment at B i g  H i l l  Co ntro l - Stat i o n  50 . The s i gn i f
i cance and i nterpretat i o n  of  these  textural changes may become apparent 
as data from future cru i ses  are anal yzed.  

Accord i ng to a c l as s i f i cati on prepared by Fo l k  ( 1966)  based on  the 
standard dev i at i o n  of  a sedi ment d i stri buti on  ( Tab l e  4 . 3-42 ) ,  the 
sedi ments at each of  the f i ve s i te s  are "very poorl y" to " extreme l y  
poorly  so rted . "  Factors contri buti ng to the poor sort i ng are , among 
others , errat i c  and i ncons i stent c u�rents , mu l t i p 1 e  sources  of  s ed i me nt , 
and i rregu l ar or rel i ct ( Ho l ocene)  bottom topography . 

S kewnes s  ( S K  - Tab l e  4 . 3-42 ) ·i s a measure o f  the asymmetry of  a di stri 
but ion  and cAn somet imes  be used to i denti fy past depo s i t i ona l  env i ron
ments . A l l s i tes  except B i g  H i l l  are s kewed toward the f i ner sed i ments 
( pos i t i ve s kewnes s  - +cp ) . Two hypotheti cal , though very d i fferent 
c u rrent regi mes  can account for the pos i t i ve s kewne s s .  The f i rst i s  a 
weak  c urrent reg i me i n  wh i ch the currents are unab l e to di s l odge and 
remove the f i ne s i l ts and c l ays , but are ab l e  to remove the coarser 
parti c l es by tracti o n  and sa l tat i o n .  The second pos s i b i l i ty i s  a strong  
current regi me operati ng acro s s  a Ho l ocene ero s i ona l  s urfac e .  I n  th i s  
case , the currents are ab l e  to remove a l l sed i ments ( eros i ona l  debri s )  
e qual l y  we l l .  The s ed i ment di stri but i o n  wou l d  there fore ref l ect the 
Ho l ocene c urrent reg i me and not the present o n e .  

T h e  othe r stat i sti cal  parameters shown o n  Tab l e  4 . 3-42 are the med ian  
d i ameter ( Md ) , t he  mean (Mcp )  a nd  kurtos i s  ( KG ) . No s i gn i f i cant di ffe r
ences  occurred i n  the mean and med i an sed iment  s i ze s  from Cru i s e  I I I  
to Cru i se IV .  I t  i s  i nteresti ng to note , however , that from Cru i s e  I I I  
to I V ,  the mean and medi a n  sedi ment s i ze s  become s l i ghtl y fi ner at West 
Hac kberry Contro l , and s l i ght ly  coarser to the west at the B l ac k  Bayou , 
B i g  H i l l  Contro l and B i g  H i l l  s i te s  ( Tab l e  4 . 3- 42 ) .  Kurtos i s  i s  a 
measure of  the degree of  peakedness  of  a d i str i b ut i o n , but has  general l y  
proven to have l i tt l e  geo l og ica l  s i gn i f i cance . 

U . 4-98 
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Control  ( Stati on 50 )  and B i g  H i l l  ( Stati on 3 9 )  duri ng Cru i ses  
I I I  and I V . 
( Above )  Cumu l at i ve frequency graphs  of  data presented i n  
h i s tograms . 



Res u l ts  o f  the Ana lyses  o f  Vari ance (ANOVA ' s ) for sed iment paramete rs 
are presented i n  Tab l e  4 . 3- 45 . For a l l gra i n  s i ze parameters mean 
p h i  s i ze (Mph i ) ,  med i an d i ameter (Md ) , percent f i nes ( s i l ts and c l ays ) , 
percent c l ays , and pe rce nt sand s )  except percent s i l t ,  res u l ts c l ear ly  
s how s i g n i f i cant ( p  = 0 . 0 5 )  s i te d i fferences wi th no  s i gn i f i cant cru i se 
e ffects and no s i gn i f i cant i nteract i on s , the l atter i nd i cati ng that 
over both cru i ses  a l l s i te s  were behav i ng s i m i l ar l y .  Anal yses  for 
percent s i l t  showed the oppos i te res u l ts , w ith  no s i g n i f i cant s i te 
d i fferences  but s i g n i f i cant cru i se d i fferences , and aga i n  no s i gn i f i cant 
i nteract i o n .  

Because of  the l ack  o f  s i gn i f i cant i nteracti on , mu l t i p l e  means tests 
we re used i n  s ubsequent ana l yses . Res u l ts of  the se  ana lyses  o f  gra i n  
s i ze parameters are shown i n  Tab l e  4 . 3-46 . B i g  H i l l  and B i g  H i l l  
Contro l , ly i ng we st  of  Sab i ne Pas s ,  had sedi ments wh i ch were s i gnfi 
cantly fi ner than those of  the more eastward s i te s . For  most parameters , 
B i g  H i l l  and B i g  H i l l  Contro l d i d  not d i ffe r s i g n i f i cant ly  from each 
othe r .  Howeve r ,  over both cru i ses , B i g  H i l l  had s i gn i f i cant l y  h i gher 
c l ay content than B i g  H i l l  Contro l . West  Hackberry , wh i ch occup i es an 
i nte rmedi ate pos i t i on in sed i ment s i ze d i stri but i o n  had , for a l l parame
te rs tested , s i gn i f i cant l y  coarser compo s i ti o n  than B i g  H i l l  and B i g  
H i l l  Contro l , and s i gnfi cant l y  fi ner compo s i t i on than Wes t  Hackberry 
Contro l , the l atte r l ocated seven m i l es east of  Cal cas i e u  Pas s .  For 
percent fi nes and Md , Wes t  Hackberry had s i gn i f i cant l y  h i gher means  
than  B l ac k  Bayou ,  wh i l e  for percent c l ays and Mph i , West  Hackberry and 
B l ac k  Bayou were not s i gn i f i cant l y  d i fferent .  B l ack  Bayou and West  
Hackbe rry Contro l , wh i ch con s i stent l y  had  the  l owest  and  next l owest  
means , respecti ve l y ,  were not  s i gn i f i cantl y d i fferent for any of these 
parameters . Poorest  segragat i on of  s i te s  i n  the Ana lyses  was found 
wi th Mph i , a l though the overa l l res u l ts are comparab l e  with the other 
parameters . As expected , the res u l ts o f  the mu l t i p l e means  tests  for 
percent sand gave res u l ts j ust  oppo s i te of  those found for percent fi nes  
( 100 percent sand ) , with  West  Hackberry Contro l and B l ack Bayou be i ng 
s i gn i fi cant l y  h i gher than the other s i te s  and Wes t  Hac kberry a l s o  s i gn i f
i cant l y  h i gher than the s i te s  west  of Sab i ne Pas s .  For  percent s i l t ,  
wh i c h  showed s i gn i f i cant cru i se d i fferences , no subsequent ana l yses  
were requ i red s i nce the means  from on ly  two cru i ses  were used .  The 
December means were s i gni fi cant l y  h i gher than those  for November , but 
the trend  was not especi a l l y  strong (p  = 0 . 04 ) . 

4 . 3 . 5 . 2 Ca l c i um Carbonate Co ntent i n  Surf i c i a l  Sed i ments 

The cal c i um carbonate percentage s for each stat i on , and the total  ave rage 
percentage fo r the f i ve s i te s  are shown i n  Tab l e s  4 .  3-47  and 4 .  3- 48 
for Cru i se s  I ,  I I , I I I  and I V .  Re l at i ve l y  l arge var i at i o n s  i n  cal c i um 
carbonate percentages we re meas ured  from s tat i on to stati o n .  No s i gn i f
i cant s i te to s i te d i fferences i n  the total ave rage cal c i um carbonate 
co ntent were measured (Tab l e  4 . 3- 4� and 4 . 3-48 ) .  
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Tab l e  4 . 3- 45 Resu l ts of  Ana l ys i s  of  Var i ance for Sedi ment Parameters 

Parameters Cru i se  S i te Cru i se* S i te 

Cru i s es  3 and 4 
M P h i  . 10 . 002* . 78 
Md . 74 . 0001* . 74 
F i nes  . 56  . 0001* . 83 
C l ays . 15 - . 0001* . 7 9  
Sands . 67 . 0001* . 85 
S i l t  . 04 . 12 . 79 

Cru i s es  1 and 4 
Organ i c  . 83 . 0001* . 08 
Carbonate . 0001 . 16 . 04* 

*S i gn i f i cant at . 05 l eve l . 
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Tab l e 4 . 3-46 Res u l ts of M u l t i p l e Means Tests for Sed i ment  Parameters 
By S i te 

Parameters ( H i ghest  Lowe s t )  

Percent Organ i c  ( 4  Cru i se s ) * BHC BH WH BB WHC 

Md ( 2  Cru i ses ) BH BHC WH BB WHC 

Percent F i n es ( 2  Cru i ses ) * BH BHC WH BB WHC 

Percent C l ays ( 2  Cru i se s )* BH BHC WH BB WHC 

Mph I (2 Cru i se s ) * BH BHC WH BB WHC 

Percent Sand ( 2  Cru i s es ) * WHC BB WH BHC BH 

*Ana lyses  perfo rmed on  data trans formed wi th Arcs i ne ( X/ 1 00 )  

T u  key ' s  t = 2 .  73  
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S ITE 

West 
Hac kberry 

Contro l 

West  
Hac kberry 

B l ac k  Bayou 

B i g  H i l l  
Contro l  

B i g  H i l l  

Tabl e 4 . 3- 47 

P ERCENT CALC IUM CARBONATE 
FOR CRU I S ES I ,  I I ,  I I I  AND I V , 1 977  

SURFIC IAL SED IMENT SAMPLES 

STATION  . CRU I S E  

2 5  0 . 243 
26 0 . 1 95 
27  0 .  56 1  
28  0 . 053 
29  0 . 733 
30  0 . 226  
3 1  0 .  3 6 1  
3 2  0 . 89 1  
33  0 . 307 
34 0 . 294 
35 0 . 273  
4 0 . 30 1  
5 0 . 675  
6 0 . 275  
7 0 . 353  
8 0 . 364 
9 0 . 362 

1 0  0 . 3 36 
1 2  0 . 406 
1 3  0 . 480 
1 4  0 . 354 
1 5  0 . 346 
1 6  0 . 6 1 5  
1 7  0 . 4 1 0  
1 8  - - - - -

1 9  0 . 304 
22  0 . 2 1 2  
24 0 . 1 01 
45  0 . 23 1  
46 0 . 1 75 
47 0 . 297 
48 0 .  l 09 
49 l .  033 
50 0 .  601 
51  0 . 3 00 
52 0 . 778 
53 0 . 532 
54 0 . 634 
36 0 . 540 
37 0 . 037 
38 0 . 564 
39 0 . 704 
41 0 . 648 
42 0 . 487 
43 0 . 842 
44 0 . 90 1  

I CRU I SE 

0 . 2 1 2  
0 . 3 1 4  
0 . 225  
0 .  1 84 
0 . 035  
0 . 200 
0 . 1 08 
0 . 081 
0 . 326  
0 . 283 
0 . 452  
0 . 489  
0 . 1 94 
0 . 1 30 
0 . 960 
0 . 1 40 
0 . 504 
0 . 241 
0 . 529  
0 . 1 92 
0 . 422  
0 . 1 80 
0 . 205  
0 . 470 
0 . 082 
0 . 292  
0 . 1 63 
0 . 3 1 3  
0 . 43 5  
0 . 373  
0 . 42 1  
0 . 1 68 
0 . 456 
0 . 220 
0 . 345 
0 . 232  
0 . 235  
- - - - -

0 . 1 99 
0 . 090  
0 .  1 36 
0 . 445 
0 . 522 
0 . 075  
0 . 320 
0 . 362 
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I I C RU I S E  

- - - - -

- - - - -

1 . 228 
0 . 81 1  
- - - - -

0 . 024 
0 .  1 4 1 
0 . 672  
- - - - -

- - - - -

- - - - -

0 . 360 
0 . 6 1 2  
0 . 385 
0 . 026  
0 . 23 0  
- - - - -

0 .  l 07  
- - - - -

- - - - -

0 . 23 1  
0 . 230  
0 . 355  
0 . 289 
0 .  1 7 1 
0 . 01 5  
0 .  1 56 
- - - - -

0 .  1 52 
0 . 054 
0 . 562 
O .  l l O 
0 . 045 
0 . 278 
0 . 266 
0 . 1 70 
0 . 225  
0 . 01 4  
- - - - -

1 .  7 58 
0 . 459 
0 . 045 
0 . 270 
- - - - -

0 . 462  
0 . 1 93 

I I I  CRU I S E  I V  

- - - - -

- - - - -

- - - - -

0 . 362 
0 . 259  
0 . 064 
0 . 804 
0 . 540 
- - - - -

- - - - -

- - - - -

0 . 1 56 
- - - - -

0 . 083 
- - - - -

0 . 1 38 
- - - - -

0 . 092  
- - - - -

- - - - -

0 . 03 1  
0 . 008 
0 . 056 
0 . 084 
0 . 060 
0 . 058 
0 . 049 
- - - - -

0 . 023  
0 . 1 27 
0 . 056 
- - - - -

0 . 073 
0 . 1 53 
0 . 0 1 4  
0 . 1 20 
0 . 1 08 
0 . 068 
- - - - -

0 . 044 
0 . 052 
0 . 050 
0 . 1 86 
0 . 1 44 
0 . 1 29 
8 . 27 6  



CRU IS E  I 

CRU I SE I I  

CRU I S E  I I  I 

CRU I S E  I V  

AVERAGE 

Tabl e 4 . 3- 48 

SURF I C I AL SED IMENTS 
PERCENTAGE OF CALC I UM CARBONATE P ER  S ITE 

B I G  B I G  H ILL  BLACK WEST 
H ILL  CONTROL BAYOU HACKBERRY 

0 . 555  0 . 459 0 . 380 0 . 367 

0 . 289 0 . 263 0 . 370  0 . 323  

0 . 529  0 . 1 90 0 . 1 84 0 . 243 

0 . 1 25 0 . 093  0 . 085 0 . 074 

0 . 374 0 . 25 1  0 . 254 0 .  25 1  
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WEST HACKBERRY 
CONTROL 

0 . 386 

0 . 1 96 

0 . 57 5  

0 . 405 

0 . 390 



C ru i se I was i n  September  of  1977 , wi th the next three cru i ses  occurr i ng 
i n  October ,  November and December .  The genera l  trend of  the cal c i um 
carbonate content was to decrease duri ng the four month per i od .  Excep
ti ons , however ,  were the West  Hac kberry Control  and B i g  H i l l  s i te s  wh i ch 
recorded a two - fo l d  i nc rease i n  cal c i um carbonate content from C ru i se I I  
to Cru i se I I I  ( Tab l e 4 . 3- 37 ) .  The general  reduct i on i n  cal c i um carbonate 
co ntent from September  to December  may be rel ated to a reducti on  i n  
o rgan i c  acti v i ty duri ng th i s  per i o d ,  as we l l as some d i s so l ut ion  o f  
ca l c i um carbonate i n  co l der water .  

Re s u l ts of  the Anal ys i s  of  Vari ance of  data for percent cal c i um carbonate 
( Tab l e  4 . 3- 34)  s howed s i gn i f i cant cru i se e ffects . The i nteracti on  term 
was a l so  s i gn i f i cant , i nd i cati ng d i verge nce i n  behav i or  for some s i te s  
o ve r  the  four  months . T he  i nteracti on  was probab l y  due  to  the  behav i or 
of  ca l c i um carbonate at West  Hackberry Control  and B i g  H i l l  as  d i scussed  
above . 

4 . 3 . 5 . 3 Tota l Organ i c Matte r Content i n  S urf i c i a l  Sediments 

The percentage of  total o rgan i c  matter at each stat i o n  samp l ed dur i ng 
the four cru i ses  i s  s hown i n  Tab l e  4 . 3- 49.  The percentage of  tota l 
o rgan i c  matter at eac h s i te i s  s hown i n  Tab l e 4 . 3-50 . No  obvi ous  
re l ati o n s h i p  can  be found  between  the  percentage of  tota l o rgan i c  matter 
and the cru ise that the samp l es we re co l l ected . 

Analyses of  Var i ance for percent organ i c  matte r ( Tab l e  4 . 3-45 ) s howed 
that there were s i gn i f i cant s i te d i ffe rences  w ith  no s i gn i f i cant i nter
act i o n , i ndi cat i ng that trends  at a l l s i te s  were s i m i l ar over t i me .  

T he re s u l ts o f  the mu l t i p l e means tests for percent organ i c  matter 
( see Tab l e  4 . 3-46 ) s how res u l ts whi c h  are extreme l y  s i m i l ar to those  
for  sed iment type . B i g  H i l l  Control  and  B i g  H i l l  had percents of  
o rgan i c  matter not s i gn i f i cantly d i fferent from each  othe r ,  but  s i gn i f i 
cantly h i gher  than those at the  s i te s  east of  Sab i ne Pas s .  T he  organ i c  
contents o f  the sedi ments at West  Hackberry we re s i gn i f i cant l y  h i gher  
than those  at Wes t  Hackberry Contro l , b ut not  B l ac k  Bayo u ,  the  l atter 
not  be i ng s i gn i f i cant l y  h i gher  than West Hackberry Contro l . 

C l ear l y ,  i n  both sedi ment s i ze  and percent organ i c  matter , there i s  an 
east-west  grad i ent , wi th i nc reas i ng percent o rgan i c  matter and decreas i ng 
g ra i n s i ze for the more wester ly  s i tes . 

Correl ati on ana lyses  were run o n  the sed iment texture paramete rs 
( percent c l ays , percent f i nes and percent sands ) for C ru i se s  3 and 4 .  
The res u l ts , presented  i n  Tab l e  4 . 3- 5 1 , s how s i mi l ar re l at i o n s h i p s  
f o r  the data f o r  the two c ru i se s . Th i s  co i nc i des  wi th the l ac k  of  
s i gn i f i cant crlli  s e  d i fferences and l ac k  of  i nteracti o n  found  i n  the 
ANOVA 1 s .  F rom the two cru i ses  comb i ned , percent organ i c  matte r was 
corre l ated (posti ve ly )  s i gn i f i cantly wi th percent f i ne s  ( r  = 0 . 48 )  and 
c l ays ( r  = 0 . 4 5 ) , and correl ated ( n egat i ve l y )  s i gn i f i cant l y  with percent 
s and (r = - . 43 ) .  The  percent carbonate was not s i gn i f i cant l y  correl ated 
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S ITE 

West 
Hackberry 

Control  

West 
Hackberry 

B l ack  Bayou 

B i g  H i l l 
Contro l  

I 

i 

B i g  H i l l  

Tab l e 4 . 3 - 49 

PERCENT TOTAL ORGAN I C  
MATTER FOR CRU I SES I ,  I I ,  I I I  AND I V , 1 977 

SURF I C I AL S ED IMENT SAMPLES 

STAT ION CRU I S E  I CRU I SE I I  CRU ISE  

25  0 . 220 0 . 1 09 - - - - -
26 0 . 3 1 8  0 . 205 - - - - -
27 0 . 095  0 . 1 67 0 . 1 75 
28 0 . 380 0 .  221  0 . 261  
29 0 . 093 0 .  1 40 - - - - -
3 0  0 .  1 23 0 . 1 42 0 . 2 1 8  
3 1  0 . 089 0 . 1 23 0 . 304 
32 0 . 540 0 . 247 0 . 048 
33 0 . 2 1 7  0 .  1 05 - - - - -
34 0 .  1 26 0 . 41 3 - - - - -
3 5  0 . 279 0 . 404 - - - - -

4 0 . 345 0 . 354 0 . 292 
5 0 . 220 0 . 436 0 . 4 1 2  
6 0 . 2 1 2  0 . 275  0 . 297  
7 0 . 1 1 6  i 0 . 296 0 . 29 1  
8 0 . 295 0 . 397  0 . 524 
9 0 . 545 0 . 466 - - - - -

1 0  0 . 224 0 . 334 0 . 363 
1 2  0 .  1 86 0 . 367 - - - - -
1 3  0 . 1 22 I 0 . 338 - - - - -
1 4  0 . 390 0 . 281 0 . 308 
1 5  0 . 383 l 0 . 435 0 . 394 
1 6  0 . 236 ' 0 . 500 0 . 5 1 7  
1 7  0 . 826 0 . 2 52 0 . 268 
1 8  - - - - - ! 0 . 308 0 . 263 
1 9  0 . 043 0 .  1 7 1 0 .  1 50 
22 0 . 1 1 8 ! 0 . 208 0 . 243 
24 0 . 348 I 0 . 345 - - - - -
45 1 .  294 I 0 . 260 0 . 340 
46 0 . 082 ' 0 . 1 88 0 . 027 
47 0 . 285 I 0 . 3 1 6  0 . 396 i 48 0 . 042 0 . 1 1 5  0 . 247 
49 I 0 .  1 04 0 . 232  0 . 222 
50 j 0 . 366 0 . 31 3  0 . 3 50 J 

51  . 0 . 502 I 0 . 425  0 . 600 ' 
52 ' 0 . 3 1 8  0 . 49 1  0 . 285 
53 1 . 6 1 3 0 . 5 1 9  0 . 062 
54 0 .  1 28 - - - - - 0 .  251  
36  0 . 036 0 . 630  -----
37 0 . 201  0 . 503 0 . 1 39 
38 0 . 230 0 . 505 0 . 420 
39 0 .  25 1  0 . 630 0 . 564 
41 0 .  1 83 0 . 55 1  0 . 500 
42 0 . 358 ! 0 . 544 - - - - -
43 0 . 264 ! 0 . 555 0 . 435  
44 0 . 238 I 0 . 41 8 0 . 309 
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I I I  CRU ISE  I V  - - - - -- - - - -- - - - -
0 .  1 87 
0 .  1 88 
0 .  1 7 1 
0 . 1 50 
0 . 1 55 - - - --- - - - -- - - - -
0 . 375  - - - - -
0 .  201  
0 . 450 
0 . 320 - - - - -
0 . 290 - - - - -- - - - -
0 . 1 96 
0 .  1 79 
0 . 563 
0 .  1 4 1 
0 . 1 79 
0 . 266 
0 . 590 - - - - -
0 . 1 9 5 
0 . 1 84 
0 . 3 24 - - - - -
0 . 1 90 
0 . 27 5  
0 . 479 
0 . 303 
0 . 300 
0 . 334 - - - - -
0 . 660 
0 . 360 
0 . 489 
0 . 797 
0 . 5 1 5  
0 . 334 
0 . 380 



CRU I S E  I 

CRU IS E  I I  

CRU I S E  I I I  

CRU I S E  I V  

AV ERAGE 

Tab l e 4 . 3- 50 

SURF I C IAL SEDIMENTS 
PE RCENTAGE OF  TOTAL ORGAN I C  MATTER  PER  S ITE 

B IG B I G  H I LL BLACK WEST 
H I LL CONTROL BAYOU HAC KBERRY 

0 . 222  0 . 585 0 . 382 0 . 236  

0 . 527  0 . 43 7  0 . 2 22 0 . 345 

0 . 394 0 . 309 0 . 246 0 . 332  

0 . 503 0 . 339 0 . 281 0 . 3 1 2  

0 . 4 1 1  0 . 41 7  0 . 283 0 . 306 

U . 4- 1 09 

\�EST HACKBERRY 
CONTROL 

0 . 220 

0 .  1 87 

0 .  201 

0 .  1 70 

0 .  1 34 



Tab l e  4 . 3- 5 1 Corre l at i ons  Between  Var i ous  Sed i ment Paramete rs 

r val ues  
C l ay Sand F i nes 

O RGANI C  MATTER 
Novembe r . 53 ( . 002 ) *  - . 48( . 006 ) *  . 47 ( . 00 6 ) *  
Decembe r . 40 ( . 02 ) *  - . 39 ( . 0 2 ) *  . 47 ( . 006 )*  
Total . 45 ( . 0002 ) *  - . 43 ( . 000 3 ) *  . 48 ( . 0001) *  

CALC I UM CARBONATE 
November  NS  NS  NS  
December NS NS NS 
Tota l NS  NS NS 

NS = Not s i gn i f i cant 
* S i gn i f i cance l eve l  
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wi th any sed i ment  s i ze parameters nor was i t  corre l ated wi th percent 
organ i c  matte r .  Th i s  mi ght i nd i cate that d i fferent env i ronmental 
vari ab l es govern the behav i o r of cal c i um carbo nate as compared to gra i n  
s i ze o r  orga n i c  matter content .  T h i s pre s umpti on  i s  further strength
ened by the fact that cal c i um carbonate s howed ( i n  the ANOVA ' s )  s i gn i f i 
cant cru i se  d i ffe rences , whi l e  none o f  the other s ed i ment parameters 
d i d .  

When the data fo r C ru i s e  3 and 4 are anal yzed by s i te ,  n o  s i gn i f i cant 
corre l ati on  between  organ i c  matter and any textu ral parameters was 
found .  Th i s expres se s  the domi nance of  s i te by s i te d i ffererences i n  
texture and organ i c  matte r ,  as we l l as the wi thi n s i te heteroge ne i ty 
found i n  the Texoma study area . 

No  s i gnf i cant corre l at i o n  between  % organ i c  matter and % cal c i um car
bonate was found .  

4 . 3 . 5 . 4  Conc l u s i ons  

Tentat i ve re l at i o n s h i ps between grai n s i ze d i stri buti on , ca l c i um car
bonate co ntent and total o rgan i c  matter content are presented i n  
Tab l e  4 . 3- 52 .  The reade r i s  caut i o ned that these conc l u s i o n s  are based 
on  data co l l ected from o n l y  four cru i s es , and gra i n s i ze data are from 
o n l y  two cru i ses . Ana lys i s  of add i t i ona l  data , wh i ch wi l l  refl ect 
seasona l  vari ati ons , may s i gn i fi cant ly  mod i fy these conc l u s i ons . 

Major features of  the sedi mentary env i ronment i n  the Texoma s tudy reg i o n  
i nc l ude a tempo ral pattern i n  CaCo3 content ( dec reas i ng wi th t ime )  but 
no  c l ear- cut spat i a l  d i stri buti o n .  Gra i n s i ze decreases  to the west  
and  organ i c  content i ncreases  to  the we st .  T he  o n l y  d i scern i b l e  change 
i n  gra i n s i ze paramete rs wi th  ti me occu rred i n  the s i l t  fract i o n , wh i c h 
s howed a s i gn i fi cant but not strong d i fference between the two cru i s e s .  

I n  conc l us i on ,  the sed iment d i stri b ut i o n  patte rns dete rmi ned to date 
s uggest  the fo l l owi ng : 

1 .  Re l at i v e l y  ge ntl e ,  though not  necessari l y  cons i stent 
bottom cu rrents occur from east to we st .  These  currents 
can , howeve r ,  become q u i te strong  du ri ng sto rmy weathe r ,  
at wh i c h t i mes  powe rful  r i p  currents can contri bute 
coarse s ed i ments to the f i ve samp l i ng s i te s . 

2 .  N umero us  so urces of  sedi ment.  I f  th i s area i s  a modern 
depos i ti ona l  env i ro nment and not a Ho l ocene eros i o nal  
s urface , then ri vers from the Sab i ne eastward to the 
M i s si s s i pp i  have produced the s i l t  and c l ay d i stri buti on  
pattern  observed . 

3 .  The sed i ments o f  the B i g  H i l l  s i te are s i gn i f i cantl y 
fi ner compared wi th the s i tes  to the east .  Part of  th i s  
c l ay may have been contri buted by s ubaqueous expos u res  
o f  the  Beaumont C l ay .  
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CaC0 3 

T . O . M .  

Tab l e 4 . 3 - 52 Summary o f  Sed i ment Rel at i onsh i ps and Trends 

CaC0 3 

No  apparent 
re l at i ons h i p .  

T . 0 . M .  

A s  average 
gra i n- s i ze for 
each s i te 
decreases , 
T . O . M .  i ncreases . 
T h i s  i s  a very 
con s i stent 
rel at i o ns h i p . 

No  apparent 
re l at i onsh i p  

T i me 

( Cru i ses  I I I  & I V )  
S i l t  percentages 
i ncrease from 
C ru i se I I I  to I V . 
Mean gra i n  s i ze 
i ncreased s l i ght ly  
at a l l s i tes  except 
West Hac kberry 
Contro l . 

Cal c i um carbonate 
content genera l ly  
decreases from 
Cru i se I ( Nov . )  

to 
Cru i se IV { Dec . ) 

No  apparent 
re l at i ons h i p  

D i stance 

Except for a 
reversa l  of  average 
sed i ment  s i ze at 
the  B l ack  Bayou and 
West Hac kberry s i tes , 
sed i ments become 
f i ner  to the wes t .  

No  apparent 
rel ati on sh i p  

H i g h  T . O . M .  content 
i s  pos i t i ve l y  cor
re l ated wi th 
decreas i ng sediment  
s i z e ,  wh i ch i s  
re l ated to d i stance 
( see  b l o c k  above ) 



4 . 4  S ummary and D i scus s i on 

The  present report presents data o n  the phytop l an kton , zoop l an kton , 
mac robenthos and deme rsal  nekton , for the Texoma regi on  co l l ected from 
September  and December 1977 .  I n  general  the commun i ty compos i t i on of  
these  groups of  organ i sms i s  c haracter i s t i c  of  the  coastal waters and 
i n  parti c u l ar of the wh i te s hr i mp grounds , of  the no rthern G u l f of Mex i c o .  
I n  te rms of  stand i ng crop the phytop l an kton , zoop l ankton and demersal  
ne kton are comparab l e  to or  somewhat h i gher  than reported e l sewhere i n  
the northern  Gu l f . The benthos , however , shows marked l y  l ower standi ng 
c rops than reported e l sewhere . The zoop l ankton s how l i ttl e i n  the way 
o f  s i te spec i f i c  trends . The benthos i s  a l so  re l at i ve l y  con stant except 
that the B i g  H i l l  s i te seems to be severe l y  depre s sed .  Th i s  appears to 
be assoc i ated wi th the f i ner sed ime nts i n  th i s  area .  Phytop l an kton and 
deme rsal  nekton s how some ev i dence for a westward ly  i ncreas i ng stand i ng 
c rop .  No obv i ous  exp l anat i on for th i s  i s  present ly  apparent .  

A l l four commu n i t i e s showed marked changes i n  standi ng crop from month 
to month . The phytop l an kton standi ng crop genera l l y  i ncreased from 
October  to Decembe r .  Zoop l an kton fe l l  from September to November wi th 
s ome recovery i n  December .  The benthos fe l l  from September  to October ,  
and then rose  from October to December .  The demersa l  nekton i ncreased 
through November  and then fe l l  off s l i ghtl y .  These trends seem to be 
re l ated .  The phytop l an kton , zoop l ankton and benthos s how a cons i stent 
patte rn of  m i n i mum stand i ng crops i n  October wi th restorat i on or maxi mum 
stand i ng crops i n  December .  Th i s  may be re l ated to seasona l and/or 
c l i mat i c  phenome non marki ng the onset of autumnal  env i ronmental cond i 
t i on s . The deme rsal  pattern i s  exp l i cab l e  i n  th i s  context a s  a n  exp res
s i on of  the autumnal  m i grat i o n  cyc l e .  At any event overa l l changes i n  
standi ng crop seem to support a genera l deter i orat i o n  i n  the envi ronment 
dur i ng  the September-October  t i me frame . Changes i n  spec i e s compos i t i on 
for the benthos , p hytop l an kton and zoop l ankton a l so  s upport th i s  v i ew .  
Whether the source of  th i s deteri o rat i o n  i s  c l i mati c  o r  anthropoge n i c  
i s  at thi s po i nt uncertai n .  

The mean gra i n  s i ze o f  s urfi c i a l  sed iments at the f i ve samp l i ng s i tes  
ranged from coarse c l ay to f i ne s i l t . W i th the excepti on  of  one s i te ,  
mean gra i n s i ze decreased westward . Var i at i o n s  i n  sed iment s i ze from 
C ru i se I I I  to Cru i se IV were s l i ght , but s omewhat cons i stent , wi th a l l 
s i tes  except West Hackberry Contro l s howi ng an i nc rease i n  mean gra i n 
s i ze .  The average percentage of  ca l c i um carbonate at each s i te ,  tota l ed 
for the four crui ses , ranged from 0 . 25% to 0 . 39%. There was no apparent 
re l at i o n s h i p  between cal c i um carbonate content and grai n s i ze or  tota l 
o rgan i c  matter .  There was , however , a general reducti on  i n  t he  percent
age of  cal c i um carbonate measured i n  the s ed iments from C rui se  I 
( S eptember)  to C ru i se IV  (December) . The average percentage of  total 
o rgan i c  matte r at each s i te ,  tota l ed for the fo u r  c rui ses , ranged from 
0 . 13% to 0 . 41% .  No s i gn i f i cant var i at i o n s  of total organ i c  matter were 
measured from c ru i se  to c ru i se but a very con s i stent re l at i o n s h i p  was 
determi ned between decreas i ng mean grai n s i ze and i ncreas i ng total 
o rgan i c  matter .  
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5 . 0  SYNTHES IS  AND CONCLUS I ONS 

5. l I NTRODUCTION  

S i  nee  the  i n it  i at  i on of  SPR  Program there has  been concern over  the 
e nv i ronmental  r i s ks assoc i ated wi th offshore br i ne d i sposal . These  
ri s ks , as  sources of  pote nt i a l i mpact on  the reg i onal  b i ota have been  
d i scu s sed or  outl i ned i n  vari o u s  p ub l i cat i o n s  (TAMU 1 977 , FEA 1977 ) . 
The eval uat i o n  of these ri s ks has been  made d i ff i c u l t by the absence of  
detai l ed knowl edge of  the  b i ota of  the  study s i tes , as  we l l  as  a l ac k  of 
thorough understand i ng of  the hydro l og i c ,  c hem i ca l  and geo l og i c  e nv i ro n
ment s .  Wi th i n the Texoma regi o n , conti n u i ng  stud i es , deta i l ed i n  the 
fo rego i ng sect i ons , are rap i d l y  i mprov i ng our understandi ng of  the re
g i ona l  b i o l ogy and env i ronment .  Wh i l e  these studi e s , as p resented here , 
cover o n l y  the pe r i od from September  to Decembe r ,  they are s uffi c i ent ly  
detai l ed to  permi t an i n i t i a l eval uat i o n  of  the potent i al  i mpacts of  off
s hore br i ne d i s posa l . 

5 . 2  IMPACTS ASSOCIATED WITH BR INE  D I SPOSAL 

The potent i a l i mpacts associ ated wi th offs hore br i ne d i sposa l  have been  
d i scu s sed i n  detai l i n  Append ix  Q .  It  i s  app rop ri ate at th i s  po i nt to 
p rov i de a c u rsory outl i ne of these i mpacts . 

I mpacts of offs hore br i ne d i sposa l  from the Texoma sto rage s i te s  wou l d  
b e  o f  two types : a )  phys i cal  i mpacts assoc i ated wi th the mechan i ca l  
operat i o n  of the d i ffuse r ,  and b )  chem i ca l  i mpacts assoc i ated wth the  
nature of the  effl uent .  P hys i ca l  i mpacts i nc l ude buffeti ng  of b i o l ogi cal  
o rgan i sms i n  the near f i e l d turbu l ent p l ume , the creat i o n  o f  a p hys i ca l  
barr i er  to  offs hore- ons hore movement of nekton , and the  creati on  of a 
h i gh dens i ty l en s  of  br i ne  over the bottom i nh i b i t i ng vert i cal  m ix i ng .  
Chem i cal  i mpacts are assoc i ated wi th b i o l ogi cal  responses  to  a )  e l evated 
sa l i n i ty ,  b) a l tered i o n i c  compos i t i o n , and c )  e l evated trace metal 
and hydrocarbon  concentrat i o n s .  E l evat i ons  i n  sa l i n i ty may i nf l uence the 
b i ota e i ther through behav i o ra l  or phys i o l ogi cal  modes . I mpacts through 
behav i oral  modes p r i mar i l y  e ntai l i nterference wi th offs hore- onshore 
nekton mi grato ry patterns  by d i stort i o n  of  the natural  sa l i n i ty gradi ent .  
I mpacts through  p hys i o l og i ca l  modes i nc l ude : 

l .  Osmoti c stre s s  i nf l uenc i ng wate r bal ance , ce l l u l ar resp i rat i on , 
growth and reproduct i o n .  

2 .  Changes i n  tox i c  responses  ( as t o  heavy metal s )  due to changes i n  
pH .  

3 .  Oxyge n defi c i e n c i e s  due to decrease 02 so l ub i l i ty .  

4 .  Synerg i st i c effects wi th regard to  vari ous  tol erances ( e . g . , tem
peratu re ) . 
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5 . 3 EFF ECTS OF THE BR INE  P LUME ON  THE ENV I RONMENT 

5 . 3 . 1  Area l Extent  and Ori entati on  of the Bri ne P l ume 

I n  order to gai n an u nderstandi ng of the potent ia l  i mpacts of br i ne d i s
posal  i t  i s  nece s s ary to have an u nde rstandi ng of  the d i stri but i o n  of  
the effl uent  abo ut  the  di spo sa l  po i nt , as  wel l as  a feel i ng for  i ts rate 
of  d i spersal . The i n i t i al ana lyses  wi th the the M I T  mode l ( F EA 1 977 ) 
descri b i ng the br i ne f i e l d prov i ded a gros s  and ( p robab l y  conservat i v e )  
app rox i mati o n  o f  t h e  behav i o r  of  the br i ne p l ume a t  vari ous  Texoma s i tes . 
For the West  Hackbe rry , wo rst case ( stagnati o n , see Appe nd ix  C ,  F i gure 
C . 3-9 ) , th i s  analys i s  i nd i cated that the port i o n  of  the p l ume enc l osed 
by the 3 ppt i sohal i ne was typ i cal l y  l e s s  than 119 acres , wh i l e  that 
e nc l osed by the l ppt i sohal i ne was typ i cal l y  l e ss  than 3700 acre s .  
These va l ues  were based on  model runs  as s umi ng stochast i cal l y  vary i ng 
cu rrents conso nant w i th what was then  known of  the c urrent reg i me .  
Hydrograp h i c  and meteoro l ogi cal  records co l l ected at the d i sposal  s i tes  
dur i ng the September- December t i me frame have p rov i ded a better u nder
s tandi ng of  l ocal  c urrent patterns . Uti l i z i ng s i te spec i f i c  cu rrent  
records as mode l i nputs , i mproved est i mates of  p l ume behav i or have been  
pos s i b l e .  The  re s u l ts of these runs  i nd i cate that  typ i ca l l y  l es s  than 
207 acres wi l l  be enc l osed wi th i n the 3 ppt i soha l i ne and l e ss  than 1860 
acres wi l l  be enc l osed  by the l ppt i soha l i ne .  I n  general  the base case 
and the runs  u s i ng  measured s i te- spec i f i c  current  data were very s i m i l ar .  
The ori entat i on of  the p l ume depe nds pr i mari l y  upon  current d i recti o n .  
I t  was ass umed i n  the ear ly wo r k  ( FEA 1 97 7 )  that the domi nant currents 
were a l ongs hore , a l ternati ng from east to west wi th  a general  we stward 
b i as .  Hydrograph i c res u l ts for the September- December t i me frame gen
e ral ly conf i rm the va l i d i ty of  th i s  ass umpt i o n .  Th i s  i s  c l earl y refl ec
ted i n  the p l ume or i entati on  predi cted by the MIT mode l . When the p l umes 
generated at B l ac k  Bayou , for examp l e ,  are cons i dered , the a l o ngs hore 
trend i s  qu i te c l ear ( F i gures  2 . 3-33  to 2 . 3- 40 ) as i s  the a l ternat i o n  
betwee n  eastward and we stward f l ow ,  wi th a somewhat we stward b i as .  The 
mode l runs fo r October and November at We st Hackberry ( 2 . 3-10  to 2 . 3- 16 ) 
s howed p l umes wi th a north to south or i entat i o n  due to the re l at i ve l y  
h i gh ons hore- offshore component  of  currents dur i ng th i s  t i m e .  

5 . 3 . 2 Br i ne Water Co l umn I nteracti o n  

The water co l umn chemi stry i n  the near f i e l d  may b e  affected by d i s charge 
of  l arge vo l umes of  br i ne . The presence of  a dense  l ayer of br i ne  i n  
the l owe r port i o n  o f  the water co l umn wou l d  be expected to i nh i b i t  ver
t i ca l  m i x i ng  and the supp l y  of  mater i a l s such as  n utri ents and oxygen 
from ocean water to a n i ma l s i n  the mi x i ng zone . The br i ne wou l d contai n 
prec i p i tates wh i ch wou l d affect l i ght transmi s s i v i ty and wh i ch cou l d  con
ce i vab ly  be i ngested by deme rsal  a n i ma l s .  

The fact that the bottom water l aye rs do not a l ways m i x  we l l  wi th  the 
rest of the water co l umn s uggests that addi t i ona l  l arge areas of the 
bottom may be expo sed to i ncreased sa l i n i ty l ev e l s .  Such a res u l t wou l d  
be most  l i ke ly  dur i ng s umme r when there i s  strat i f i cati o n  o f  the wate r 
co l umn . 

U . 5- 2 



The tendency of  parti c l e s  to be  di stri b uted wi th i n  mi x i ng  zones  and 
between the zones  and the s u rroundihg water i s  a funct i on of  the structure 
of  the parti c l e s  themse l ves . I n  the case of  zoop l an kto n , th i s  d i str i 
but i on  i s  part l y  d u e  t o  se l f-prop u l s i ve behav i or .  The accumu l at i o n  o f  
p l an kton at d i scont i n u i ty l ayers  i s  a wel l -documented phe nomeno n .  
Changes i n  the normal d i spers i o n of  p l ankton may occ ur  i n  the v i c i n i ty 
of  the br i ne d i s charge areas . 

The ass umpt i on of a re l at i v e l y  h i gh pH (Append i x  D . 15 ) i n  the mode l i ng 
of  c hemi cal  spec i es i n  the o utfal l mi x i ng zone s eems warranted.  Heavy 
metal and hydrocarbon contami nants wo u l d be at re l at i ve ly  l ow l evel s i n  
the source water for l each i ng and i n  the br i ne res u l t i ng from l each i ng .  

These  mate r i a l s are a l so  present at comparat i ve l y  l ow l eve l s i n  the sea
water of the Texoma br i ne d i sposal  regi o n .  Contami nant l eve l s i n  the 
br i ne wou l d  be d i  1 uted a 1 ong wi th other const i tuents and wo u l d not 
apprec i ab l y  degrade water qua l i ty i n  the wate r co l umn . One  except i o n  
may b e  i ro n , wh i c h  i s  i n  h i gh conce ntrat ions  i n  the propo sed water 
s o u rce for the West Hac kberry storage fac i l i ty .  T h i s i s  p resent  i n  par
t i c u l ate form i n  the br i ne ,  but cou l d be rel eased i nto the water co l umn 
as  ferrous  i rons  u nder anerob i c  condi t i o n s .  U nde r ox i d i z i ng  condi t i ons , 
the i ron  has a strong affi n i ty fo r phosphate , wi th  wh i c h i t  forms an i n
so l ub l e  compound , fe rri c phosphate . 

D i rect phys i cochemi ca l  changes i n  the water col umn res u l t i ng from br i ne 
d i scharge wou l d be  reversed short l y  after d i sc harge ceased . The s ed i 
me nts cou l d ,  howeve r ,  serve a s  a secondary source of  contami nat i o n .  

5 . 3 . 3 Br i ne- Sedi ment I nteracti ons  

D i ffus i o n i n  i nters t i t i a l  water i n  sedime nts i s  a very s l ow proces s  
wh i ch i s  u n l i ke ly  t o  s i gn i f i cantl y impact water co l umn chemi stry . I t  i s  
s i mp l y  too s l ow .  D uursma and E i sma ( 1973 )  stud ied  the penetrati on  of 
reacti ng i on s  i n  pore waters of  d i fferent sedi ments u s i ng rad i otracer 
tech n i q ue s .  Start i ng wi th a 10 percent conce ntrat i o n  i n  overl yi ng 
water , the extrapo l ated t ime to reac h constant concentrat i o n  to a depth 
of  1 cm ranged between 20 days and 274 years , wi th the most  typ i ca l  
val ues rangi ng between  200 days a nd  55  years . I n  natural s i tuati ons , 
the th i c kness  of the aerob i c  l ayer i s  a c l ue  to whether the sed ime nts 
are be i ng act i ve l y  mi xed- - a th i n l ayer i nd i cat i ng l arge l y  d i ffus i ve 
change . 

Sorpt i on behav i o r  ( adsorpt i o n and desorpt i o n )  of  meta l s i s  sens i t i ve to 
both pH and sal i n i ty f l uctuat i o n s  wi th i n  the observed ranges at the 
Texoma study s i te s . The adsorpti o n  of  var i ous  i o n s  i s  a l so  re l ated to 
nedox potenti al . The d i fferences between adsorpti on  u nder oxygenated 
and anox i c  condi t i ons  general l y  do not exceed an order of  mag n i tude . 
Adsorpti on i s  h i ghe r for some d i s so l ved mate r i a l s u nder the oxygenated 
reg ime and h i gher for others u nde r anox i c  condi t i o n s . Act i ve mi x i ng i n  
the  wate r co l umn i s  found to res u l t  i n  apprec i ab l e changes i n  sa l i n i ty 
of  s ed iments  i n  the Pocasset Ri ver estuary i n  Massachusetts ( Sanders , et 
a l . ,  1967 ) .  The amp l i tude and rate of change i n  sa l i n i ty are much smal l er 
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than those i n  the over l y i ng water .  Sa l i n i ty l eve l s do refl ect the reg i me 
i n  the water co l umn however .  D i urna l  sa l i n i ty changes were detected i n  
soft muds up to a depth of 4 cm , b ut by far the greatest amount  of  
c hange occ u r  near  the  s urfac e .  

I t  seems reasonab l e  t o  p roject a b u i l dup of  b r i ne components i n  t h e  sed i 
ments o f  the d i sposa l  area .  Th i s  b u i l dup wou l d  l arge l y  b e  restri cted to 
the m i xed zone at the s u rface of the sed iment . As di scus sed i n  Append i x  
Q ,  there can b e  a d i fferenti a l  b u i l dup o f  dom i nant exchange cat i ons  
ana l ago u s  to the s i tuat i o n  seen i n  so i l s . Howeve r ,  d i s rupt i o n  of 
p hys i ca l  structu re , wh i ch occ u rs because  of c h l o r i de l each i ng i n  s o i l s ,  
wou l d  not be  expected s i nce c h l o r i de wou l d  be rep l aced i n  the mari ne 
env i ronment .  

Bu i l dup of  h i gh concentrat i ons  of  br i ne in  a th i n  s u rface l aye r over  a 
re l at i ve smal l ,  re str i cted area s hou l d  be reve rsed rap i d l y  afte r b r i ne 
re l ease has ceas ed .  The rate of d i l u t i o n  s ho u l d be  comparab l e  to the 
rate at wh i ch the br i ne was concentrated . Si  nee the storage zone i s  
smal l ,  exchange of  the concentrated d i s s o l ved mater i a l s s hou l d  have con
s i derab l y  l es s  i mpact than add i t i ona l  p r i mary br i ne re l ease from a d i f
fuser .  

P rec i p i tated s o l i ds wou l d  be  accumu l ated on  s u rfaces i n  the  d i sposa l  
a rea .  I mpacts of  these mater i a l s are  not  known , except for i ron , wh i ch 
was as ses sed i n  connect i o n  wi th  i mpacts on  the wate r co l umn . Pres umab l y , 
most of these materi a l s ,  wh i ch are i n  i nact i ve form , wou l d  have l i ttl e 
effect on the ecosystem . U l t i mate l y , the prec i p i tates wou l d  be d i spersed 
and m i xed wi th the sedi ments . Some of  these compounds may d i s soc i ate 
u nder d i fferent e l ectrochem i ca l  cond i t i ons i n  the sedi ment s .  

5 . 4  EVALUATION  OF  I MPACTS 

G i ven  a knowl edge of the reg i ona l  b i ota and an unders tand i ng of the 
l i ke l y  or i entat i o n  and areal  extent of  the p l ume , it  i s  pos s i b l e  to say 
somet h i ng of the magn i tude of  effect wh i ch var i ous  postu l ated i mpacts 
may be expected to exert . There are three bas i c  assemb l age s of organ i sms 
wh i ch wou l d  be affected by br i ne d i scharge : the p l ankton , the deme rsal  
ne kton and the benthos . 

5 . 4 . l I mpacts to the P l ankton 

The p l an kto n can be  expected to be i mpacted most severe l y  i n  the i mmedi 
ate v i c i n i ty of  the br i ne d i ffu ser .  I n  th i s area max i mu n  turb u l ence as 
we l l  as exposure to maxi mum sa l i n i ty overages are to be expected .  O n l y  
those organ i sm�  q u i te c l ose  t o  the d i ffuser  ( s ay wi thi n 400 feet) can be 
expected to encounter any s i gn i f i cant p rob l ems due to turb u l e nce per s e .  
E v e n  here , the d i atom domi nated phytop l an kton commun i ty shou l d  not b e  
s i gn i f i cantly i mpacted i n  th i s  fas h i o n .  The zoop l an kton commun i ty ,  par
t i cu l a r l y  egg and l a rval forms , may be mo re sens i t i ve to th i s  type of  
stres s , but  the  durat i on of  expos ure to such  turb u l ence shou l d  be  br i e f ,  
and the refo re i nconseq uenti a l . 
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More cr i t i ca l  to the p l ankton wi l l  be expos ure to e l evated sa l i n i t i es , 
o r  assoc i ated factors such  as  e l evated p H , var i at i o n  i n  i o n i c  compos i 
t i o n , expos ure to tox i c  substances , etc . The extent to wh i ch the se 
other factors represent departures from amb i ent cond i t i o n s  s ho u l d be  
mo re o r  l es s  p roport i onate to the e l evat i on i n  sa l i n i ty .  S i nce these  
factors act i n  concert i t  i s  conve n i ent  to  d i s cu s s  the i r n et  i mpact on  
the  p l ankton s i mp l y  i n  terms of  sa l i n i ty e l evat i o n .  

Consequences for the p l ankton of  expos u re t o  b r i ne depend  on  a )  the 
s a l i n i ty excess  above amb i ent ( exposure l eve l ) ,  a nd b )  the l ength of 
t i me of  the contact ( expo s u re peri od o r  durati on ) .  Res u l ts of recent 
b i oassay work  wi th br i ne from the Bryan Mound s i te ( USDC 1 978)  i nd i cates 
that for Ske l etonema costatum , a spec i es character i st i c of  the Texoma 
study s i te excess  sa l i n i t i es of up to at l east 4 ppt have no detr imental 
effect on  growth .  The forty- e i ght hour medi an  morta l i ty of  eggs of  the 
s potted sea  trout dur i ng the hatch i ng peri od was 34  ppt , i nd i cati ng a 
re l at i ve l y  sens i t i ve stage i n  the l i fe cyc l e .  Larval sea trout morta l i ty 
was a l so  as sayed .  Expos u re to br i ne duri ng a fu l l twenty- four or  forty
e i ght hour peri od  fo r th i s  f i s h  gave nearly the same res u l ts  as exposure 
for one or  two- hour per i ods . The range i s  42  to 5 5 · ppt , correspond i ng 
to the med i an mo rta l i ty after the one- hour pu l s e  expos ure after 24  and 
48 hours , respect i v e l y .  Young s heep head mi nnows , wh i ch are sa l i n i ty 
to l erant , had a twenty- fo ur hour med i an l ethal concentrati o n  of  5 5 . 5  ppt . 

B l ue c rab l arvae ( zoeae ) showed h i gh average perce ntage morta l i ty wi th a 
1 ppt addi t i on i n  sa l i n i ty over a 30-ppt amb i ent l eve l . Wi th  the 
twenty- four hour expos ure , a l l treatment l eve l s res u l ted  i n  over a 
50  percent morta l i ty ,  whi l e  the contro l showed o n l y  about 20 percent .  
T h e  l eve l  o f  100 percent morta l i ty was reac hed at about 44  ppt . 

Stages of  wh i te s h r i mp were a l so  stud i ed . Egg hatch i ng s uccess  over 
24  hours was h i gh , between the 3 5-45  ppt va l ue range . Tox i c i ty of br i ne 
to early s h r i mp post l arvae , observed at i nterva l s of  24 , 48 , 7 2 , and 96  
hours , genera l l y  s howed l i tt l e  re l at i o n  to t i me a l though the n i nety- s i x  
hour  determ i nati o n  for one group i s  hard to i nterpret. There was how
ever , very p rec i p i tous  morta l i ty from about 44 to 48 to 56 ppt . These 
concentrati ons  were a l so i mportant wi th respect to the metamorphos i s  of 
the s h r i mp from the naup l i us to the p rotozoea stage . Most naupl i i  de
ve l oped i nto p rotozoeae by seventy-two hours at sa l i n i ty rates up to 
4 5  ppt .  N i nety- s i x  hours  after the embryo stage , deve l opment i nto p roto
zoeae was i n h i b i ted  by l ower sa l i n i t i es of 32 to 36 ppt . The br i ne  
apparently  i s  a l so l es s  tox i c  to  the  naup l i us stage , where morta l i ty 
occurred at 56  ppt o r  s l i ghtl y  l ower .  It  ha s  been  genera l l y  ass umed that 
an  expos u re t i me of a few hours wou l d  not have much effect on  zoop l ankton , 
howeve r ,  th i s was not the case wi th l arva l  sea  trout .  The t i me sca l e  pf 
effecti ve exposure durat i o n  requ i red for tox i c  effects on s en s i t i ve stages 
s uch  as  s h r i mp and sea  trout eggs and c rab zoeae has not been  very fi ne ly  
res o l ved i n  most  of  the  b i oas say studi e s  to  date . Lethal  effects may be 
expres sed very rap i d ly .  Another res u l t wh i c h  ra i se s  the same i s s ue , but 
wi th a more to l erant stage , i s  the i ndependence from t ime of br i ne
i nduced morta l i ty to early shr i mp postl arvae over 24- , 48- , 72- , and 
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96- hour  expos ure per i ods . The apparent thresho l d  response  may be a 
funct i o n  of  genet i c  and p hys i o l og i ca l  s i m i l ari ty of  the an i ma l s used  i n  
the  toxi c i ty tests . A wi der  range o f  response  mi ght be  expected i n  
nature , i n  wh i ch more s u scepti b l e i nd i v i dua l s wou l d  be  e l i m i nated at l ower 
toxi cant l eve l s  o r  sooner .  

Tab l e  5 . 4-1 s hows the per i od of exposure  under s a l i n i t i es exceed i ng 1 ppt 
above amb i ent  for a pass i ve ly transported p l an kter under a typ i ca l  
( 5  cm/sec ) current  reg i me .  The  exposure per i od var i e s  from 8 to  22 hours . 
At h i gher  excess  sa l i n i t i es exposure per i od wo u l d be  correspond i n g l y  
b r i efer .  A t  4 ppt , above wh i ch reduc t i o n  i n  growth for S ke l etoma was 
noted , exposure per iod i s  p robab ly  l es s  than 30 to 90 m i n utes . It i s  
u n l i ke l y  that s uch  b r i e f  exposures  wo u l d  mater i a l l y  affect the d i atom 
p hytop l an kton commun i ty .  

Wi th regard t o  t h e  zoop l an kton response  t o  t h e  br i ne  s hows a fai r degree 
of var i ab i l i ty .  Some of  the fo rms tested ( e . g .  b l ue crab l arvae ) s how 
s i gn i f i cant  morta l i ty at sa l i n i t i es 1 ppt above amb i ent , under exposure 
per i ods of  24 hours . Such forms wo u l d  probab l y  experi ence s i gn i f i cant 
morta l i ty g i ven  the 8 to 22 hour res i dence t i me s uggested by Tab l e  5 . 4- 1 .  
Other fo rms tes ted we re genera l l y  more to l e rant of  l o ng te rm expos u re at 
a few parts per thousand above amb i e n t ;  morta l i ty on  th i s  bas i s  wou l d  
p robab l y  be margi na l . Howeve r ,  our  know l edge o f  the effects o f  s hort 
term expos ure at marked l y  e l evated sa l i n i t i e s i s  l i mi ted .  Nonethe l e ss , 
even  i f  50% morta l i ty was assumed for entra i ned zoop l an kters a l o s s  of  
o n l y  about  . 5  zoop l an kte rs per l i ter entra i ned wo u l d  be  rea l i zed . The 
tota l l os ses  to the zoop l an kton p robab l y  rep resent a very sma l l fracti on  
of  the total  p roduct i o n  of  the area .  O n  th i s  bas i s  the zoop l an kton  com
mun i ty shou l d  be  o n l y  margi na l ly  i mpacted.  

5 . 4 . 2  Impacts to the Demersa l  Ne kton 

I n  genera l , the ne kto n of  the Texoma s tudy area s hou l d  be l es s  s e n s i ti ve 
to br i n i ng operat i o n s  than the p l a n kton .  For  the mo st  part they s hou l d  
be  ab l e  to act i v e l y  avo i d  the turbu l ent  near f i e l d  reg i o n .  The i r  l arger 
s i ze s hou l d  prov i de them w i th a re l at i v e l y  greater i mmun i ty to br i ef 
exposures  to d i l uted b r i n e .  F urther , the i r mob i l i ty , and probab l e  avo i d
ance react i o n s  wo u l d  tend to mi n i m i ze the i r exposure to br i ne overage s .  
I t  i s  l i ke l y  that many fo rms wi l l  acti ve l y  avo i d  the p l ume and so  are 
not  l i ke l y  to become entra i ned or  exposed to h i gh s a l i n i ty ove rages . At 
any rate , a swi mm i ng ve l oc i ty of  o n l y  l m/second wou l d  take a f i s h  beyond  
the  l ppt i soha l i ne i n  at  mos t  between 20 and 60 mi n utes . Forms fo l l ow
i ng the s harpest  sa l i n i ty grad i ent  wo u l d  be taken beyond the l ppt i n  
perhaps a t h i rd of  th i s  t i me .  Thus , d i rect l etha l  o r  sub l etha l conse
q uences of  expos ure to the b r i ne p l ume are l i ke l y  to be  m i n i ma l . I t  i s  
pos s i b l e that p roduct i o n o f  a b r i ne p l ume l engthwi se  a l ong  the coast 
cou l d  act as  a m i sor i entat i n cue fo r those  n ekton i c  forms ut i l i z i ng 
s a l i n i ty grad i e nts as a g u i de i n  the i r offs hore- ons hore m i grat i o ns . I n  
the September- December t i me peri od the spat i a l  var i at i o n  i n  sa l i n i ty at 
any g i ven  moment , was s everal  parts per  tho usand .  To act as  a mi sor i enta
t i o n cue the b r i ne  p l ume overages wo u l d  have to be  as l east  as great as 
the natural  var i at i o n .  The extent of  the p l ume , as i nd i cated by the 
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Tab l e  5 . 4- 1 Per i ods of Exposure to Sa l i n i ty Overages of 1 ppt or  Mo re for 
Pas s i ve l y  Transported P l ankto n , Based on  Var i o u s  MIT Mode l 
Outputs , and an  Average C urrent of 5 cm/sec . 

S i te Mode l R un  
T ime ( Ho u r s )  

B i g  H i l l  

B l ac k  Bayo u 

West  
Hackberry 

BH- 1  

BH- 2 

BB- 1 

BB- 2 

BB- 3 

WH- 3 

WH-4 

0 
48 
78 

0 
30 
54 

0 
34 
70 

0 
48 
96 

0 
24 
42 

0 
30 
60 

0 
24 
48 

Maxi mum 
D i stance 
to 1 ppt 
I sohal i ne 
(Meters )  

2351 
2038 
3605 
1411 
1881 
2822 

2351 
2195 
1881 
1568 
3762 
3918 
2508 
3605 
3135 

2038 
4232 
1568 
3292 
3918 
3918 
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T ime Before 
Organ i sm Moves  
Beyond  1 ppt  
at 5 cm/sec 
Ve l oc i ty 

13 . 1  
11 .  3 
20 . 0  

7 . 8  
10 . 5 
15 . 7 

13 . 1  
12 . 2  
10 . 5 
8 . 7 

20 . 9 
21 . 8 
13 . 9  
20 . 0 
17 . 4  

11.  3 
23 . 5  
8 .  7 

18 . 3 
21 .  8 
21 .  8 



di stance from the d i ffuser of  the l ppt i sohal i ne ,  i s  typ i ca l l y  from 1 500 
to 4000 meters . It i s  un l i ke l y  that a p l ume of  such  an extent can 
ser i ous l y  i nterfer w ith  mi grati on  patterns , part i c u l ar ly  at the d i stances 
wh i ch the proposed  d i ffusers  wi l l  be from the s hore . 

5 . 4 . 3 Impacts to the Benthos 

G i ven the re l at i ve immob i l i ty of  the benth i c  organ i sms , th i s  assemb l age 
i s  l i ke l y  to be  more severe l y  i mpacted by br i ne d i scharge than other 
b i ot i c  assemb l age s .  Expos ure peri od , for examp l e ,  wi l l  be  much l o nge r ,  
a s  rel i ef can b e  expected o n l y  through s h i fts i n  p l ume or i entat i o n .  
F urther , removal  of  the p l ume for br i ef per i ods wou l d  not prov i de i m
medi ate re l i ef for the benthos as  pore water sa l i n i t i es wou l d rema i n  
h i gh and o n l y  s l owl y return to basel i ne cond i t i ons . Al s o , a n  accumul a
t i on of heavy metal contami nants , and other tox i c  s ubstances wou l d be 
expected i n  the sed iments under ly i ng the p l ume . Stre s s  from th i s  d i rec
t i o n  wou l d  not l es sen  i f  the p l ume were temporar i l y red i rected .  Thus , 
the i mpact of  the p l ume on  the benthos i s  re l ated more to the l ong- term 
c umu l at i ve peri od of  exposure , than to the i nstantaneou s  areal coverage . 
On  th i s bas i s  a l arger area wi l l  be  stres sed than wou l d  be imp l i ed by 
i n stantaneous  areal coverage cove rs . 

F i gure 5 . 4- 1 s hows the or i entat i o n  of  the B l ac k  Bayou p l ume at vari ous  
po i nts i n  t i me , as  der i ved from the  MlT outputs d i scus sed i n  Sect i o n  U . 2 . 
Th i s  s ugge sts  that the zone of  h i ghest stre s s  wi l l  be  or i ented para l l e l 
to the s hore l i ne and somewhat b i l obed.  G i ven the domi nance by west  
f l owi ng c urrents , t he  westward l obe s hou l d  be  s omewhat l arger than that 
to the eas t .  

W i th i n t h e  stres sed area a central zone of  total morta l i ty c a n  b e  expec
ted .  Outward from th i s  wi l l  be a zone i n  wh i c h  the numbers  of  i nd i v i 
dua l s  and spec i es wi l l  gradua l ly  return to base l i ne condi t i ons . The 
exact areal extent of  these zones cannot be accurrate l y  predi cted at 
th i s ti me . 

Th i s i s  i n  part because the tox i c  br i ne responses  of  the benthos are not 
we l l  known . USDC res u l ts ( 1978)  i n  b r i ne b i oas say studi e s , s uggest that 
the bent h i c  po l ychaete Neanthes can we l l  to l erate s l i ght sa l i n i ty over
ages at l east  for short per i ods of  t i me .  I n  96- hour ST L50 b i oas says 50% 
morta l i ty d i d  not occur unti l s a l i n i t i e s  approac hed 50 ppt ( at 20° C ) . I t  
i s  not c l ear how represe ntati ve Neanthes i s  of  the Texoma benthos , o r  
what i ts tol erance i s  t o  pro l onged expos u re a t  l ow sa l i n i ty overages . 
I t  i s  a l s o  uncerta i n what the re l at i on i s  between sa l i n i ty overages i n  
the br i ne p l ume o r  e l evated sa l i n i ty and concentrat i on o f  tox i c  s ub stan
ces i n  the sed i ments . G i ven  the probab l e  b u i l dup of  sa l i n i t i es , or  the 
accumu l at i on of  heavy metal s i n  the sed iments , areas reg u l ar ly  exposed 
to a 1 ppt br i ne wi l l  be s omewhat more stres sfu l  to the benthos than 
s i mp l e  b i oas say res u l ts for s o l ut i ons  wi th 1 ppt overages . 

As a s i mp l i f i cati on , total morta l i ty may be a s s umed w i th i n  the reg i o n 
encompassed  by a g i ven  i sohal i ne .  Tab l e 5 . 4- 2  shows the m i n i mum and 
max imum areal extents for th i s l ethal  zone w ith  1 ppt and 3 ppt taken as  
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BLAC K BAYOU l ppt . 

B R I N E  PLUMES 

B l ac k  Bayou l p pt .  i soha l i nes at vari ous  
t i mes  u nder  d i fferent hydro l og i c  reg imes . 

F I GURE  5 . 4- 1  

Di ffu ser 



Tab l e 5 . 4- 2 Max i mum and Mi n i mum I nstantaneous  Areal Extent of  the 
Br i ne P l ume at 1 ppt and 3 ppt , *  based on  F i gures 

2 . 3-25 , 2 . 3-41 , and 2 . 3- 52 . 

S i te Model M i n i mum Max i mum Maxi mum 
Run  Areal  Extent Areal Extent Areal Exte nt 

1 ppt 1 ppt 3 ppt 

ft2 
2 ft2 

Mi l es2 ft2 
x107 Acres M i l es x107 Acres x107 Acres 

We st  WH- 3 3 . 0 689 1. 09 8 . 1 1860 3 . 23 . 90 207 
Hac kberry WH-4 2 . 0 459 . 73 6 . 0 1377 2 . 18 . 90 207 

B l ac k  BB-1 2 . 5 574 . 91 5 . 3 1217 1. 92 ** ** 
B ayou BB- 2 2 . 2  505 . 80 8 . 5 1960 3 . 60 . 45 104 

BB- 3 1 .  7 390 . 62 5 . 2  1194 1 . 89 . 45 104 

B i g  H i l l  BH- 1 . 7 161 . 25 2 . 0 459 . 73 . 23 52  
BH-2 1 .  0 230 . 36 3 . 15 7 24 1 .  27 . 20 46 

*Mi n i mum areal extents cannot be determi ned at 3 ppt as  th i s  i s  i n  the 
near- f i e l d reg i o n  where model  p red i cti ons  are not avai l ab l e .  

**Mode l p red i ct i on s  fo r maxi mum areal extent at B l ac k  Bayou , Run  BB-1 ,  
not avai l ab l e at 3 ppt .  
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the contro l l i ng sa l i n i ty overages .  For  a 1 ppt contour  a mi n i mum of  
from about  161  to  689  acres and  a maxi mum of  from about  459 to 1960  acres 
wou l d  be l os t ,  depend i ng on s i te and hydro l ogi c reg i me .  If a 3 ppt i so
hal  i ne i s  chosen  as  the contro l l i ng overage the maxi mum l os s  wou l d  be  
from about  46 to 207  acres . The above ana lys i s  as s umes a stat i c  p l ume . 
where a l l owance i s  made for the movement i n  p l ume pos i ti on l arger im
pacted areas are to be  expected .  

Tab l e 5 . 4- 3  s hows the  average d i s tance from the d i ffuser  to  the  1 ppt 
i so  ha l i ne , for each of  the proposed d i ffuser  s i tes  as p redi cted i n  
var i o u s  M I T  model  r un s .  I f  a rad i u s  o f  these magn i tudes i s  used  to de
f i ne the area of  i mpact , the standi ng  crop i n  an area of  from 6. 7 to 
12 . 1 square mi l es ,  depend i ng on s i te ,  wou l d  be l o st .  S i nce the p l umes  
do  not  norma l l y  extend i nto the  north or  south quadrants wi th respect to 
the d i ffuser , the actual area l os t  shou l d be  about ha l f of the above 
va l ues , o r  from 3 to 6 square mi l es .  

The i mpacted area can be  s i gn i f i cant l y  reduced i f  a h i gher i sohal i ne can 
be  j usti f i ed as  encompas s i ng the zone of  morta l i ty .  For  examp l e ,  the 
d i stance to the outer l i m i t  of the 2 ppt i sohal i ne i n  the MIT  outputs 
( o r  the center of  the area enc l osed by the 1 ppt i sohal i ne i n  cases where 
the 2 ppt i so ha l i ne i s  not present) i s  taken as the contro l l i ng rad i us , 
o n l y  abo ut 0 . 5 square mi l es wou l d typ i ca l l y  be i mpacted ( average of  a l l 
s i tes ) .  

I n  compar i ng the vari ous  s i tes  i t  shou l d  be  noted that the s tandi ng crop 
at B i g  H i l l  i s  s i gn i f i cantl y  l es s  than that at B l ac k Bayou or  West  Hack
berry .  S i nce the impacted area i s  a l so  sma l l est  at th i s s i te the 
abso l ute l os s  at B i g  H i l l  wi l l  be  much l es s  than at the other s i te s  ( by 
a factor of  f i ve ) . On  the other hand sediments at B i g  H i l l  are s i gn i f i 
cant l y  f i ner  than those  at the other s i tes . Th i s  may enhance the accumu
l at i o n  of trace metal s i n  the sed iments s omewhat i ncreas i ng the zone of 
morta l i ty .  
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Tab l e  5 . 4- 3  

Radi u s  
S i te (m )  

B i g  H i l l  2351 

B l ac k  2769 
Bayou 

West  3161 
Hackberry 

Impact of  bri ne di scharge on  benth i c  commu n i t i e s  a s s umi ng 
tota l morta l i ty in  an area swept by a radi u s  equal  to the 
average di stance from the di ffuser to the maxi mum extent 
of  the 1 ppt i sohal i ne 

Area # I ndi v i dual s # Indi v i dual s 
m2 x 10 7 mi l es2 Per m2 x 102 Lost x 109 

1. 7364 6 . 7 1 .  35  2 . 34 

2 . 4088 9 . 3 3 . 13 7 . 33 

3 . 1391 12 . 1  3 . 80 11 . 93 
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SECT I ON 6 .  0 

PHYS I CAL PARAMETERS FOR CRU I SES I THROUGH IV  

( September- December 1977 ) 





CRU ISE  I 

Depth Temperatu re D i s so l ved Oxygen 
Si te Station  Meters oc ( ppm} Sal i n i t.}'. ( ppt) 
West  4 28 . 00 7 . 30 22 . 70 
Hackberry 2 28 . 00 7 . 40 23 .40 

3 28 . 50 7 . 90 23 .40 

4 28 . 50 7 . 80 23 . 75 
5 28 . 50 8 . 1 0  23 . 75 
6 28 . 50 7 . 60 24 .46 
7 29 . 00 7 . 60 24 . 81 
8 29 . 00 7 . 60 24 . 81 
9 29 . 00 7 . 95 24 . 81 

5 28 . 50 8 . 1 0  26 . 58 
2 28 . 50 7 . 75 25 . 52 
3 28 . 50 7 . 70 25 . 52 
4 28 . 50 7 . 70 25 . 87 
5 28 . 50 7 . 70 25 . 87 

6 28 . 50 7 . 50 26 . 23 
7 28 . 50 7 . 1 0  26 . 23 
8 28 . 50 6 . 20 26 . 23 
9 28 . 00 4 . 90 26 . 23 

1 0  28 . 00 4 . 50 26 . 23 

6 28 . 00 7 . 1 5  26 . 94 
2 28 . 50 7 . 75 26 . 58 
3 28 . 50 7 . 80 26 . 58 
4 28 . 50 7 . 70 26 . 94 
5 28 . 50 7 . 80 26 . 94 
6 28 . 50 7 . 80 26 . 94 
7 28 . 50 7 . 80 26 . 94 
8 28 . 50 7 . 80 26 . 94 
9 28 . 50 7 . 70 26 . 94 

1 0  28 . 50 7 . 80 26 . 58 
1 1  29 . 00 7 . 80 27. 30 

7 29 . 50 8 . 1 0  26 .5.8 
2 29 . 25 8 . 1 0  26 . 58 
3 29 . 00 8 . 00 26 . 58 
4 28 . 50 8 . 00 26 . 58 
5 28 . 50 7 . 70 26 . 94 
6 28 . 25 7 . 50 27 . 66 
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CRU I SE I 

Depth Temperature D i s sol ved Oxygen 
S i te Sta t i on Meters o c  (��m) Sal i n i ty ( ppt ) 

7 28 . 2 5 7 . 30 27 . 66 

8 28 . 2 5 7 . 50 27 . 66 

9 28 . 00 4 . 90 28 . 0 1 

1 0  28 . 00 4 . 40 28 . 37 

8 1 29 . 50 8 . 60 24 . 46 

2 29 . 2 5 8 . 80 24 . 8 1  

3 28 . 50 8 . 50 25 . 1 6  
4 28 . 50 5 . 85  2 5 . 52  

5 2 8 . 25  6 .  1 0  26 . 2 3 

6 28 . 00 6 .  1 0  26 . 94 

7 28 . 00 6 . 60 27 . 30 

8 28 . 00 4 . 90 27 . 66 

9 28 . 00 3 . 7 5 26 . 94 

9 28 . 50 7 . 70 25 . 87 

2 28 . 00 7 . 80 26 . 23 

3 28 . 00 7 . 80 26 . 58 
4 28 . 00 7 . 7 5 26 . 58 
5 28 . 00 7 . 90 26 . 94 
6 28 . 00 7 . 20 26 . 94 
7 28 . 00 7 .  1 0  26 . 94 
8 28 . 00 6 . 40 27 . 30 
9 28 . 00 4 . 60  28 . 01 

1 0  28 . 00 4 . 20 28 . 0 1 

1 0  2 8 . 00 8 . 00 25 . 3 2 
2 28 . 00 7 . 45 26 . 23 
3 28 . 00 7 . 45 26 . 5 8  
4 28 . 00 8 .  1 0  26 . 94 
5 28 . 00 7 . 80 26 . 94 
6 28 . 00 7 . 80 27 . 30 
7 28 . 00 7 . 80 27 . 66 
8 28 . 00 6 . 90 27 . 30 
9 28 . 00 6 . 00 27 . 66 

1 0  28 . 00 4 . 30 28 . 01 

1 2  28 . 50 7 . 90 26 . 23 
2 28 . 50 7 . 90 26 . 23 
3 28 . 50 7 . 80 26 . 58 
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CRU I SE I 

Depth Temperature D i s so l ved Oxygen 
S i te Sta t i  on Meters o c  ( ppm) Sa l i n i ty ( pp t )  

4 28 . 00 8 .  1 0  26 . 58 

5 28 . 00 8 . 00 26 . 94 

6 28 . 00 7 . 70  26 . 94 

7 28 . 00 7 . 40 27 . 30 

8 28 . 00 7 . 30 27 . 30 

9 28 . 00 5 . 30 27 . ( 6 

1 0  28 . 00 4 .  1 0  28 . 01 

1 3  29 . 00 7 . 90 26 . 2 3 

2 28 . 50 7 . 90 26 . 58 

3 28 . 2 5 7 . 80 26 . 58 

4 28 . 2 5 8 . 00 26 . �'4  

5 28 . 00 7 . 70 27 . 30 

6 28 . 00 7 . 85  27 . 30 

7 28 . 00 7 . 30 27 . 20 

8 28 . 00 6 . 20 27 . 20 

9 28 . 00 4 . 9 5 27 . E 6 

1 0  28 . 00 4 . 20 2 7 . E 6  

1 4  28 . 50 8 . 30 26 . 58 

2 28 . 25 8 . 20 26 . 94 

3 28 . 00 8 . 30 26 . 94 

4 28 . 00 8 . 40 27 . 30 

5 28 . 00 8 . 30 27 . 66 

6 28 . 00 8 .  1 0  27 . 66 

7 28 . 00 7 .  50 27 . 66 

8 28 . 00 6 . 40 27 . 66 

9 28 . 00 5 . 6 5 28 . 01 

1 0  27 . 50 4 . 60 28 . 0 1 

1 5  29 . 00 8 . 20 26 . 23 

2 28 . 7 5  8 . 4 5  2 5 . 87 

3 28 . 50 8 . 30 26 . 23 

4 28 . 00 7 . 70 26 . 23 

5 28 . 00 7 . 60 26 . 58 

6 28 . 00 7 . 6 0  26 . 94 

7 28 . 00 7 . 40 27 . 30 

8 28 . 00 6 . 20 27 . 66 

9 28 . 00 5 . 20 27 . 66 

1 0  28 . 00 4 . 7 5 2 5 . 5 2  
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CRU ISE  I 
Depth Temperature 

Si te Stati on Meters oc 
H i  2S . OO 

2 28 . 00 

3 28 . 50 

4 28 . 50 
5 28 . 50 

6 28 . 00 

7 28 . 7 5  

8 28 . 7 5  

1 7  28 . 50 

2 28 . 50 

3 28 . 50 

4 28 . 50 

5 28 . 50 

6 28 . 50 

7 28 . 5  

8 28 . 50 

9 28 . 50 

1 0  28 . 50 

1 9  29 . 50 

2 29 . 2 5  

3 29 . 25 

4 29 . 00 

5 28 . 50 

6 28 . 50 

7 28 . 25 

8 28 . 25 

9 28 . 00 

1 0  28 . 00 

1 1  28 . 00 

2 2  29 . 00 

2 28 . 7 5  

3 28 . 50 

4 28 . 50 

5 28 . 50 

6 28 . 50 

7 28 . 00 

8 28 . 00 
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D i ssol ved Oxygen 
( 1212m} 

7 . 35 
7 . 30  

Z . 20 

7 . 60 

7 . 20 

7 . 1 0  

7 .  1 5  

6 . 80 

7 . 3 5  

7 . 25 

7 . 20 

7 . 20 

7 . 20 

7 . 1 0  

7 . 00 

6 . 8 5  

6 . 60 

6 . 30 

8 . 1 0  

8 . 1 5  

8 . 20 

8 . 20 

8 . 20 

8 . 20 

7 . 80 

7 . 6 0  

7 . 00  

4 . 4 5  

3 . 7 5  

7 . 5 5  

7 . 50 

6 . 90 

7 . 70 

7 . 9 0  

8 . 1 0  

7 . 9 0  

7 . 9 0  

Sa 1 i n  i!t ( ppt ) 
24 . 81 

24 . 81 

24 . 81 

24 . 81 

2 5 . 1 6  

2 5 . 1 6  

2 5 . 1 6  

2 5 .  l e  

2 5 . 87 

2 5 . 87 

24 .' 46 

24 J 81 

2 5 ., 1 6  

2 5 . 1 6  

2 5 . 1 6  

2 5 ; 52 

2 5 . 52 

2 5 . 1 6  

2 6 . 58 

2 6 . 94 

26 . 94 

2 6 . 94 

27 . 30 

2 7 . 30 

27 . 30 

27 . 66 

27  . 6 6  

28 . 01 

28 . 01 

26 . 23 

26 . 23 

26 . 58 

2 t>. 58  

2 6 .  94 

26 . 94 

27 . 30 

27 . 30 



CRU I SE I 
Depth Temperature D i s so l ved Oxygen 

S i te Sta t i on Meters o c  (ppm)  Sa l i n i ty ( ppt )  
----

9 28 . 00 7 . 70 2 7 . 30 

1 0  28 . 00 7 . 60 27 . 30 

24 1 28 . 50 6 . 95 23 . 75 

2 28 . 50 7 . 00 23 . 7 5 

3 28 . 50 7 . 00  23 . 75 

4 28 . 50 7 . 00 23 . 75 

5 28 . 50 6 . 95 23 . 7 5 

6 28 . 50  7 .  1 5  23 . 7 5 

7 23 . 50 7 .  1 5  23 . 75 

25  30 . 50 7 . 30 27 . 30 

2 23 . 50 7 . 60 27 . 66 

3 28 . 50 7 . 80 27 . 66 

4 28 . 00 7 . 80  2 7 . 66 

5 28 . 00 7 . 80 27 . 66 

6 28 . 00 7 . 80 27 . 66 

7 28 . 00 7 . 7 5  27 . 66 

8 27 . 50 7 . 80 27 . 66 

9 27 . 50 7 . 40 27 . 66 

1 0  27 . 50 7 .  1 0  28 . 0 1 

26 1 28 . 50 8 . 90 24 . 46 

2 28 . 00 9 .  1 0  25 . 1 6  

3 28 . 00 9 .  1 0  26 . 23 

4 28 . 00 8 . 1 0  26 . 94 

5 28 . 00 7 . 80 27 . 30 

6 27 . 50 7 . 30 2 9 .  1 0  

7 28 . 00 5 . 65  27 . 66 

8 27 . 50 5 . 50 27 . 66 

27 28 . 00 8 . 50 24 . 81 

2 28 . 00 8 . 2 5 25 . 1 6  

3 28 . 00 7 . 80 26 . 23 

4 28 . 00 7 . 80 26 . 94 

5 28 . 00 7 . 80 26 . 94 

6 28 . 00 7 . 60 26 . 94 

7 28 . 00 7 . 30 27 . 30 

8 28 . 00 7 . 00 27 . 30 

9 28 . 00 7 . 05 27 . 30 

1 0  28 . 00 7 . 05 2 7 . 30 
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CRU I SE I 

Depth  Temperatu re D i s so l ved Oxygen 
S i te Sta t i o n  Meters cc {pQm ) S a l  i n i t,}:' ( ppt) 

28 28 . 00 7 . 20 27 . 30 

2 27 . 50 7 . 20 27 . 30 

3 27 . 50 7 . 30 27 . 30 

4 27 . 50 7 .  l 0 27 . 30 

5 27 . 50 7 . 20 27 . 30 

6 27. 50 7 .  1 5  28 . 0 1 

7 27 . 50 7 .  l 0 27 . 66 

8 27 . 50 6 . 30 27 . 66 

9 27 . 50 6 . 05 28 . 01 

1 0  27 . 50 5 . 9 5 28 . 01 

29 28 . 00 7 . 9 5 25  . 1 6  

2 28 . 00 7 . 85  26 . 2 3 

3 28 . 00 7 . 85  26 . 94 

4 28 . 00 7 . 90 27 . 30 

5 28 . 00 8 . 00 24 . 94 

6 28 . 00 7 . 35 27 . 30 

7 27 . 50 7 . 00 27 . 30 

8 27 . 50 6 . 05 27 . 66 

9 27 . 50 6 . 05 27 . 66 

1 0  27 . 50 6 . 0 5 27 . 66 

30 28 . 00 7 . 50 25 . 1 6  

2 28 . 00 7 . 9 5 2 5 . 52 

3 28 . 00 7 . 9 5  26 . 58 

4 28 . 00 7 . 85 26 . 58 

5 28 . 00 7 . 80 26 . 94 

6 28 . 00 7 . 6 5  27 . 30 
7 27 . 50 7 . 5 5 26 . 94 
8 27 . 50 6 . 50 27 . 66 
9 27 . 50 6 . 35 27 . 66 

1 0  27 . 50 6 . 3 5  27 . 66 

3 1  28 . 00 7 . 8 5  24 . 46 

2 28 . 00 8 . 00 25 . 1 6  
3 28 . 00 8 . -0 26 . 23 
4 28 . 00 8 . 30 26 . 58 
5 28 . 00 7 . 30 26 . 58 
6 27 . 50 6 . 70  26 . 58 

7 27 . 50 6 . 80 26 . 58 
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CRU I S E  I ----
Depth Temperature 

S i te Sta ti on Meters oc 
3 1  8 27 . 50 

9 27 . 50 

1 0  27 . 50 

32 28 . 00 

2 28 . 00 

3 28 J l0 

4 27 . 50 

5 27 . 50 

6 27 . 50 

7 27 . 50 

8 27 . 50 

9 27 . 50 

l 0 27 . 50 

33 29 . 00 

2 28 . 00 

3 28 . 00 

4 28 . 00 

5 28 . 00 

6 28 . 00 

7 27 . 50 

8 27 . 50 

9 27 . 50 

l 0 27 . 50 

34 29 . 50 

2 28 . 50 

3 28 . 50 

4 28 . 50 

5 28 . 00 

6 28 . 00 

7 28 . 00 

8 28 . 00 

B i g  
H i l l  

3 5  2 7  . 00 

2 27 . 00 

3 26 . 50 

4 27 . 00 

5 27 . 00 
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D i s s o l ved Oxygen 
{QQITTJ 

6 . 80 

5 . 30 

5 .  l 0 

7 . 90 

7 . 65 

7 . 50 

7 . 50 

7 . 30 

6 . 90 

5 . 50 

5 . 30 

5 . 00 

4 . 80 

9 . 20 

9 . 60 

9 . 20 

7 . 2 5 

5 . 80 

6 . 30 

5 . 7 0 

5 . 50 

5 . 30 

5 . 20 

8 . 60 

8 . 80 

8 . 90 

9 . 00 

8 . 50 

6 . 70 

5 . 20 

4 . 80 

8 . 00 

8 . 00 

7 . 9 5  

7 . 9 5 

7 . 7 0 

Sa l i nlli_ ( ppt ) 
26 . 94 

27 . 30 

26 . 2 3 

25 . 5 2 

26 . 94 

27 . 30 

27 . 30 

27 . 30 

27 . 66 

27 . 66 

27 . 6 6 

27 . 66 

26 . 94 

26 . 94 

2 6 . 94 

26 . 94 

27 . 30 

27 . 66 

27 . 66 

27 . 66 

27 . 66 

27 . 66 

28 . 01 

25 . 1 6  

25 . 1 6  

25 . 5 2 

25 . 5 2 

25 . 52 

26 . 58 

27 . 66 

?8 . 01 

26 . 23 

26 . 23 

26 . 58 

27 . 66 

27 . 30 



CRUI SE I 

Depth Temperature D i s s ol ved Oxygen 
S i te Stat i on Meters o c  ( eem) Sa l i n i t_y ( ppt )  

6 27 . 00 7 . 7 5  27 . 30 

7 27 . 00 7 .  7 5  27 . 66 

8 27 . 00 7 . 6 5  28 . 37 

9 27 . 50 7 . 4 5  29 . 09 

1 0  27 . 50 7 . 50 28 . 37 

1 1  27 . 50 7 . 20 28 . 37 

3 6  27 . 50 7 . 7 5 26 . 58 

2 27 . 50 7 . 70  26 . 58 

3 27 . 50 7 . 70 26 . 94 

4 27 . 00 7 . 40 26 . 23 

5 27 . 00 7 . 35 2 6 . 23 

6 27 . 50 7 . 00 2 8 . 37 

7 27 . 00 6 . 30 27 . 66 

8 27 . 00 6 . 00 27 . 66 

9 27 . 50 4 . 00 27 . 66 

37  27 . 00 7 . 70 22 . 70 

2 27 . 00 7 . 8 5  24 . 81 

3 27 . 00 7 . 7 5 2 5 .  1 6  

4 27 . 00 7 . 6 5  25 . 32 

5 27 . 00 7 . 60 2 5 . 52 

6 27 . 00 7 . 40 27 . 66 

7 27 . 50 7 . 50 28 . 37 

8 27 . 50 7 . 80 28 . 3 7 

9 27 . 50 6 . 85  28 . 01 

1 0  27 . 50 6 . 30 28 . 37 

38 27 . 00 8 . 00 2 5 .  87 

2 27 . 50 8 . 00 26 . 23 

3 27 . 00 8 . 00 26 . 23 

4 27 . 00 7 . 7 5 26 . 2 3 

5 27 . 50 7 . 90 27 . 30 

6 28 . 00 7 . 60 28 . 37 

7 28 . 00 7 . 20 28 . 37 

8 28 . 00 7 .  1 5  28 . 37 

9 28 . 00 7 .  1 5  28 . 37 

1 0  28 . 00 7 . 00 28 . 3 7 

1 1  28 . 00 5 . 60 22 . 70 



CRU I SE I 

Depth Temperature D i s so l ved Oxygen 
( ppt ) S i te Stati on Meters o c  ( ppm) Sa 1 i n i t,Y 

39  27 . 00 7 . 40 2 5 . 52 

2 27 . 00 7 . 40 25 . 52 

3 27 . 50 7 . 50 25 . 52 

4 27 . 00 7 . 40 2 5 . 52 

5 27 . 00 7 . 40 2 5 . 52 

6 27 . 00 7 . 40 2 5 . 52 

7 27 . 50 7 . 30 28 . 37 

8 27 . 50 7 .  1 5  28 . 37 

9 27 . 50 7 . 00 28 . 37 

1 0  27 . 50 7 . 20 28 . 37 

1 1  28 . 00 6 . 50 24 . 81 

4 1  27 . 50 7 . 60 25 . 1 6  

2 28 . 00 7 .  50 2 5 . 52 

3 28 . 00 7 . 60 25 . 52 

4 28 . 00 7 . 60 25 . 52 

5 28 . 00 7 . 60 29 . 1 0  

6 27 . 50 7 . 35 26 . 94 

7 27 . 50 6 . 80 26 . 94 

8 27 . 00 4 . 50 27 . 66 

9 27 . 00 5 .  1 0  22 . 00 

1 0  27 . 00 5 .  1 0  22 . 00 

42 27 . 50 8 .  1 0  23 . 7 5 

2 27 . 50 8 . 00 23 . 7 5  

3 28 . 00 7 . 90 2 5 . 1 6  

4 28 . 00 8 . 1 0  2 4 . 8 1  

5 28 . 00 8 . 00 26 . 23 

6 28 . 50 7 . 55 28 . 01 

7 28 . 00 7 . 80 28 . 0 1 

8 28 . 00 7 . 30 28 . 01 

9 28 . 00 6 . 90 28 . 37 

1 0  28 . 00 6 . 50 ? J  . 66 

43 27 . 00 8 . 1 0  25 . 52 

2 27 . 50 8 . 1 0  25 . 52 

3 27 . 50 8 . 1 0  2 5 . 52 

4 27 . 50 8 . 1 5  25 . 5 2 
5 27 . 50 7 . 90 26 . 58 

6 27 . 50 7 . 50 28 . 0 1  
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CRU I S E  I 

Depth Temperature D i s s o l ved Oxygen 
S i te  Stat i on meters o c  ( ppm )  Sa l i n i ty ( PPT)  ---

43 � 27 . 00 7 . 35 28 . 37 
8 27 . 00 7 . 00 28 . 3 7 
9 27 . 00 6 . 90 29 . 09 

10 27 . 00 7 . 20 28 . 73 
1 1  2 7 . 00 6 . 75 28 . 73 

44 1 2 7 . 50 7 . 35 25 . 1 6  
2 27 . 50 7 . 35 25 . 1 6  
3 27 . 50 7 . 35 25 . 5 2 
4 27 . 00 7 . 40 25 . 5 2  
5 27 . 00 7 . 2 5 25 . 5 2 
6 27 . 00 7 . 1 0 26 . 58 
7 27 . 00 6 . 45 26 . 58 
8 27 . 00 4 . 20 22 . 70 

B l ct c k  4 5  1 2 5 . 25 7 . 60 2 6 . 58 
Bayou 

2 28 . 75 7 . 7 5 26 . 58 

3 28 . 7 5 7 . 75 26 . 58 

4 28 . 7 5 7 . 7 5 26 . 58 

5 28 . 75 7 . 75 26 . 94 

6 2 8 . 75 7 . 85 26 . 23 
7 28 . 75 7 . 55 26 . 23 
8 28 . 75 7 . 75 25 . 52 

9 28 . 75 7 . 65 25 . 87  
10  28 . 50 7 . 55 2 5  . 8 7 

46 1 28 . 50 7 . 55 25 . 87 

2 2 8 . 50 7 . 70 25 . 52 

3 28 . 50 7 . 70 2 5 . 52 

4 28 . 50 7 . 65 25 . 52 

5 28 . 50 7 . 65 25 . 52 

6 28 . 50 7 . 70 26 . 23 

7 28 . 50 7 . 70 26 . 23 

8 28 . 25 7 . 80 26 . 23 

9 28 . 2 5 7 . 7 5 2 6 . 23 

1 0  28 . 2 5  7 . 7 5 26 . 2 3 
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CRU I S E  I 

Depth Temperature 
S i te Stat i on meters o c  

47 1 28 . 7 5 

2 2 8 . 75 

3 28 . 75 

4 28 . 75 

5 28 . 7 5 

6 28 . 50 

7 28 . 50 

8 28 . 50 

9 2 8 . 50 

10  28 . 50 

48 1 28 . 50 

2 28 . 50 

3 28 . 25 

4 28 . 2 5 

5 28 . 2 5 

6 28 . 25 

7 28 . 25 

8 28 . 2 5  

9 28 . 25 

1 0  28 . 25 

1 1  28 . 25 

49 1 28 . 50 

2 28 . 50 

3 28 . 50 

4 28 . 50 

5 28 . 50 

6 28 . 50 

7 28 . 50 

8 28 . 50 

9 2 8 . 50 

10 28 . 50 

50 1 28 . 25 

2 29 . 00 

3 29 . 00 

4 29 . 00 
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Di s s o l ved Oxygen 
( oQm ) 
7 . 90 

8 . 3 5 

8 . 35 

8 . 3 5 

8 . 3 5 

8 . 3 5 

8 . 20 

8 . 1 0 

8 . 00 

7 . 85 

7 . 85 

7 . 85 

8 . 00 

8 . 00 

8 . 00 

8 . 00 

8 . 00 

8 . 00 

8 . 00 

8 . 00 

8 . 00 

8 . 00 

8 . 20 

8 . 1 5 

8 . 1 5 

8 . 20 

8 . 20 

8 . 1 0 

7 . 85 

7 . 50 

7 . 30 

8 . 35 

8 . 60 

8 . 50 

8 . 55 

Sa l  i n_i!y ( ppt ) 
26 . 94 

26 . 2 3 

26 . 2 3 

26 . 2 3 

26 . 23 

26 . 2 3 

26 . 2 3 

26 .5 8 

26 . 5 8  

26 . 58 

26 . 58 

26 . 23 

26 . 23 

26 . 23 

26 . 23 

26 . 23 

Z6 . 23 

26 . 23 

26 . 2 3 

26 . 23 

:�6 . 23 

26 . 58 

26 . 5E 

2 6 . 5[. 

25 . 87 

2 5 . 87 

25 . 87 

26 . 87 

26 . 8/ 

26 . 23 

26 . 23 

26 . 5t 

26 . 5£ 

26 . 5E' 

26 . 5f 



CRU ISE  I 

Depth Temperature D i sso l ved Oxygen 
S i te Stati on meters o c  ( EEm ) Sa l i n i t,l'. ( pp t ) 

B i g  H i l l  50 5 29 . 00 8 . 50 26 . 94 

6 29 . 00 8 . 25 27 . 66 

7 29 . 00 7 . 80 28 . 0 l 

8 29 . 00 7 . 50 28 . 01 

9 2 9 . 00 7 . 50 2 8 .  01 

10 29 . 00 7 . 30 28 . 01 

51  1 29 . 00 8 . 2 5 26 . 58 

2 29 . 00 8 . 20 26 . 58 

3 29 . 00 8 . 30 26 . 58 

4 29 . 00 8 . 35 26 . 94 

5 29 . 00 8 . 30 26 . 94 

6 29 . 00 8 . 40 26 . 94 

7 29 . 00 8 . 40 26 . 94 

8 29 . 00 8 . 1 0 27 . 66 

9 29 . 00 7 . 3 5  28 . 0 1 

1 0  28 . 75 7 . 05  28 . 0 1  

5 2  1 29 . 00 8 . 50 25 . 87 

2 29 . 00 8 . 40 25 . 87 

3 29 . 00 8 . 6 5 25 . 87 

4 29 . 00 8 . 6 5  25 . 87 

5 28 . 75 7 . 9 5  26 . 58 

6 28 . 7 5 7 . 60  27 . 30 

7 28 . 50 6 . 90 28 . 0 1 

8 28 . 50 6 . 30 28 . 0 1 

53 1 28 . 50 8 . 30 24 . 4  6 

2 2 8 . 50 8 . 40 24 .81  

3 29 . 00 8 . 35 24 . 4  6 
4 29 . 00 8 . 55 24 . 4  6 

5 29 . 00 8 . 45 2 5 .  1 6  

6 29 . 00 8 . 05 25 . 1 6  

7 28 . 50 7 . 85 25 . 52 

8 28 . 50 7 . 80 25 . 52 

9 28 . 50 7 . 60 25 . 87 

1 0  28 . 50 7 . 30 25 . 87 

U . 6 - 1 2  



CRU ISE  I 

Depth Temperature Di s so l ved Oxygen 
S i te Stat i on meters o c � ��m ) S a l i n i t� ( ppt ) 

54 1 29 . 00 8 . 1 5 26 . 58 

2 29 . 00 8 . 1 5 26 . 58 

3 28 . 75 8 . 1 0 26 . 94 

4 28 . 75 8 . 05 26 . 94 

5 28 . 75 8 . 1 0 26 . 94 

6 28 . 50 8 . 1 0 27 . 66 

7 28 . 50 7 . 90 28 . 01 

8 28 . 50 7 . 60 28 . 0 1 

9 2 8 . 50 7 . 60 28 . 0 1 

1 0  28 . 50 7 . 60 28 . 0 1 

1 1  2 8 . 50 7 . 40 28 . 37 

U . 6- 1 3  



CRU ISE  I I  

Depth Temperature D i s so l ved Oxygen Sal i n i ty 
Si te Sta t i o n  meters oc ( eem ) (eet ) 
Wes t 4 1 23 . 00 7 . 18 23 . 50 
Hackberry 

2 2 3 . 00 7 . 18 23 . 50 

3 23 . 00 7 . 18 23 . 50 

4 23 . 00 7 . 18 23 . 50 

5 23 . 00 7 . 18 23 . 75 

6 23 . 00  7 . 18 23 . 75 

7 23 . 00 7 . 18 23 . 7 5  

5 1 2 2 . 50 6 . 7 9  24 . 00 

2 23 . 00 6 . 70 24 . 00 

3 23 . 00 6 . 70 24 . 00 

4 22 . 7 5  6 . 57 24 . 50 

5 22 . 7 5  6 . 57 24 . 50 

6 22 . 7 5  6 . 57 24 . 50 

7 22 . 75 6 . 57 24 . 50 

8 22 . 75 6 . 57 24 . 50 

9 22 . 7 5 6 . 52 24 . 50 

1 0  22 . 7 5 6 . 52 24 . 50 

6 1 23 . 00 6 . 4 1  25 . 2 5 

2 2 3 . 00 6 . 4 1  25 . 2 5 

3 23 . 00 6 . 36 25 . 2 5  

4 2 3 . 00 6 . 32 25 . 50 

5 2 3 . 00 6 . 32 2 5 . 50 

6 2 3 . 00 6 . 32 25 . 50 

7 2 3 . 00 6 . 3 2  25 . 50 

8 2 3 . 00 6 . 3 2  25 . 50 

9 23 . 00 6 . 2 3  25 . 50 

10  23 . 00 6 . 10 25 . 50 

1 1  23 . 00 6 . 02  25 . 50 

1 2  23 . 00 5 . 80 25 . 2 5 

7 1 23 . 00  7 . 0 1  24 . 50 

2 23 . 00  7 . 0 1  24 . 50 

3 23 . 00  6 . 97  25 . 00 

4 23 . 00  6 . 88 25 . 00 

5 23 . 00  6 . 88 25 . 00 

6 23 . 00  6 . 88 25 . 00 

U . 6- 1 4  



CRU ISE  I I  

Depth Temperature D i s so l ved Oxygen Sal i n i ty 
S i te Stati on meters o c ( 22m ) (QQt )  

7 7 23 . 00 6 . 88 2 5 . 00 

8 23 . 00 6 . 88 2 5 . 00 

9 23 . 00 6 . 88 2 5 . 00 

1 0  23 . 00 6 . 88 2 5 . 00 

1 1  23 . 00 6 . 88 24 . 50 

8 1 23 . 00 6 . 83 24 . 50 

2 23 . 00 6 . 83 24 . 50 

3 23 . 0Q 6 . 87 24 . 50 

4 23 . 00 6 . 92 24 . 50 

5 23 . 00 6 . 88 25 . 00 

6 23 . 00 6 . 97 2 5 . 00 

7 23 . 00 6 . 97 2 5 . 00 

8 23 . 00 6 . 97 25 . 00 

9 23 . 00 7 . 00 24 . 50 

10 23 . 00 6 . 9 5  23 . 00 

9 1 23 . 00 6 . 6 5  23 . 7 5 

2 23 . 00 6 . 52 24 . 00 

3 23 . 00 6 . 52 24 . 00 

4 23 . oo 6 . 52 24 . 50 

5 23 . oo 6 . 49 24 . 50 

6 23 . 00 6 . 49 24 . 50 

7 23 . 00 6 . 40 24 . 50 

8 23 . 00 6 . 40 24 . 50 

9 23 . 00 6 . 40 24 . 50 

1 0  23 . 00 6 . 40 24 . 50 

1 1  23 . 00 6 . 40 24 . 50 

10  1 2 3 . 00 6 . 6 1  24 . 00 

2 23 . 00 6 . 48 24 . 50 

3 23 . 00 6 . 57 24 . 50 

4 23 . 00 6 . 49 24 . 50 

5 23 . 00 6 . 49 24 . 50 

6 23 . 00 6 . 45  2 5 . 00 

7 23 . 00 6 . 45  2 5 . 00 

8 23 . 00 6 . 45  2 5 . 00 

9 23 . 00 6 . 45  2 5 . 00 

1 0  23 . 00 6 . 36 25 . 00 
1 1  23 . 00 6 . 24 23 . 00 

U . 6- 1 5 



CRU ISE  I I  

Depth Temperature D i s sol ved Oxygen Sal i n i ty 
S i te Stati on meters o c (22m} (22t) 

1 2  1 2 3 . 00 6 .  56 23 . 7 5 

2 2 3 . 00 6 . 52 24 . 00 

3 23 . 00 6 . 52 24 . 00 

4 23 . 00 6 . 52 24 . 00 

5 23 . 00 6 . 52 24 . 00 

6 23 . 00 6 . 52 24 . 00 

7 23 . 00 6 . 52 24 . 00 

8 23 . 0 0  6 . 52 24 . 00 

9 23 . 0 0  6 . 52 24 . 00 

1 0  2 3  . 0 0  6 . 35 1 9 . 50 

1 3  1 2 3 . 00 6 . 57 24 . 50 

2 23 . 00 6 . 57 24 . 50 

3 23 . 00 6 . 54 2 5 . 25 

4 2 3 . 0 0  6 . 54 25 . 25 

5 23 . 00 6 . 54 25 . 50 

6 23 . 00 6 . 54 25 . 50 

7 23 . 00 6 . 54 25 . 50 

8 23 . 00 6 . 54 2 5 . 50 

9 23 . 00 6 . 54 25 . 50 
10 23 . 0 0  6 . 54 25 . 50 

1 1  23 . 00 6 . 54 25 . 00 

1 4  1 23 . 00 6 . 82 23 . 50 
2 23 . 00 6 . 82 23 . 50 
3 23 . 00 6 . 7 5 24 . 50 

4 23 . 0 0  6 . 7 5 25 . 00 
5 23 . 0 0  6 .  7 5  25 . 00 
6 23 . 00 6 . 7 5  25 . 00 

7 23 . 00 6 . 7 5 25 . 00 
8 23 . 0 0  6 . 7 5 25 . 00 

9 23 . 0 0  6 . 79 25 . 00 
1 0  23 . 00 6 . 7 9  2 5 . 00 
1 1  23 . 00 6 . 7 5 25 . 25 

1 5  1 2 3 . 00 6 . 67 25 . 25 
2 23 . 00 6 . 67 25 . 25 

3 23 . 00 6 . 67 25 . 25 

4 23 . 00 6 . 62 25 . 25 

U . 6- 1 6  



CRU ISE  I I  

Depth Temperature D i s s ol ved Oxygen Sal i n i ty 
S i te Stat i on meters o c  (22m ) (��t )  

1 5  5 23 . 00 6 . 62 25 . 25 

6 23 . 00 6 . 62 25 . 2 5 

7 23 . 00 6 . 62 25 . 2 5 

8 23 . 00 6 . 62 25 . 2 5 

9 23 . 00 6 . 7 5  24 . 50 

1 0  23 . 00 6 . 79 24 . 50 

1 6  1 23 . 00  6 . 96 23 . 75 

2 23 . 00 7 . 1 3 24 . 00 

3 23 . 00 7 . 18 23 . 7 5 

4 23 . 0 0  7 . 1 3 24 . 00 

5 23 . 00 7 . 1 3 24 . 00 

6 23 . 00 7 . 1 3 23 . 50 

7 23 . 00 7 . 09 23 . 50 

8 23 . 0 0 7 . 09 23 . 50 

9 23 . 00 7 . 08 20 . 00 

17  1 23 . 0 0 6 . 74 23 . 50 

2 23 . 0 0  6 . 82 23 . 7 5 

3 23 . 0 0  6 . 87 23 . 75 

4 23 . 0 0  6 . 87 23 . 75 

5 23 . 0 0  6 . 82 24 . 00 

6 23 . 0 0  6 . 82 24 . 00 

7 23 . 0  0 6 . 82 24 . 00 

8 23 . 0 0  6 . 82 24 . 00 

9 23 . 0 0 6 . 79 24 . 00 

1 0  2 3  . 0 0  6 . 70 24 . 00 

1 8  1 2 3 . 00 6 . 96 24 . 00 

2 23 . 0 0  7 . 0 1  24 . 50 

3 23 . 0 0  7 . 01 24 . 50 

4 23 . 0 0  7 . 0 1 24 . 50 

5 23 . 0 0  7 . 0 1 24 . 50 

6 23 . 00 7 . 01 24 . 50 

7 23 . 00 7 . 0 1  24 . 50 

8 23 . 00 7 . 0 1  24 . 50 

9 23 . 0 0  7 . 0 1  24 . 50 

10  23 . 0 0  7 . 0 1 24 . 50 

U . 6 - 1 7  



CRU ISE  I I  

Depth Temperature Di s s o l ved Oxygen Sa l i n i ty 
S i te Stat ion  meters o c ( EEm ) ( EEt )  

1 9  1 23 .00 6 . 79 25 . 25 

2 23 .oo 6 . 79 25 . 50 

3 23 .00 6 . 88 25 . 50 

4 23 .00 6 . 88 25 . 50 

5 23 .oo 6 . 88 25 . 50 

6 23 .00 6 . 79 25 . 50 

7 23 .oo 6 . 79 25 . 50 

8 23 .00 6 . 79 25 . 50 

9 23 .00 6 . 79 24 . 50 

10  23 .00 6 . 79 24 . 50 

1 1  23 .00 6 . 79 24 . 50 

1 2  23 .00 6 . 23 24 . 50 

20 1 23 .00 6 . 87 24 . 00 

2 23 .00 6 . 7 9 24 . 00 

3 23 .00 6 . 74 24 . 50 

4 23 .00 6 . 79 24 . 00 

5 23 .00 6 . 79 24 . 00 

6 23 .00 6 . 79 24 . 00 

7 23 .00 6 . 69 24 . 00 

8 23 .00 6 . 83 24 . 00 

9 23 .00 6 . 53 25 . 00 

10 23 .00 6 . 45 25 . 00 

24 1 23 .00 6 .  77 23 . 50 

2 23 .00 6 . 60 23 . 50 

3 23 .00 6 . 60 23 . 50 

4 23 .00 6 . 60 23 . 50 

5 23. 00 6 . 5 2 24 . 00 

6 23 .00 6 . 52 24 . 00 

7 23 .00 6 . 5 2 24 . 00 

8 23 .00 6 . 5 2 23 . 00 

25  1 23 .50 7 . 14 25 . 50 

2 23 .50 7 . 18 25 . 50 

3 23 . 50 7 . 2 7 2 5 . 50 

4 23 . 50 7 . 2 7 25 . 50 

5 23 . 50 7 . 27 2 5 .  50 

6 23 . 50 7 . 30 24 . 50 

U . 6 - 1 8  



CRU I S E  I I 

Depth Temperature D i s so l ved Oxygen Sal i n i ty 
S i te Stat ion  meters o c  ( Q[Jm)  (Q[Jt )  

2 5  7 23 . 5 0 7 . 23 25 . 50 

8 23 . 5 0 7 . 23 25 . 00 

9 23 . 50 7 . 23 25 . 25 

1 0  23 . 50 7 . 23 25 . 25 

1 1  23 . 50 7 . 23 25 . 00 

1 2  23 . 50 7 . 23 25 . 25 

1 3  23 . 50 6 . 67 25 . 50 

26 1 23 . 50 7 . 2 2 25 . 2 5 

2 23 . 50 7 . 44 2 5 . 25 

3 23 . 50 7 . 48 25 . 2 5 

4 23 . 50 7 . 53 25 . 25 

5 23 . 5(' 7 . 57 25 . 2 5 

6 23 . 50 7 . 48 24 . 50 

7 23 . 50 7 . 6 1 23 . 7 5 

8 23 . 50 6 . 29 23 . 7 5 

27  1 23 . 50 7 . 1 4 25 . 25 

2 23 . 50 7 . 2 2 25 . 25 

3 23 . 50 7 . 2 2 25 . 2 5 

4 23 . 50 7 . 1 8 25 . 25 

5 23 . 50 7 . 1 8 25 . 2 5 

6 23 . 50 7 . 10 25 . 2 5 

7 23 . 50 7 . 0 1  25 . 2 5 

8 23 . 50 6 . 7 5  2 5 . 25 

9 23 . 50 5 . 89 25 . 50 

10 23 . 50 5 . 85 2 5 . 50 

28 1 23 . 50 7 . 52 26 . 7 5  

2 23 . 50 7 . 6 1  26 . 75 

3 23 . 50 7 . 6 1  26 . 75 

4 23 . 50 7 . 74 26 . 7 5 

5 23 . 2 5 7 . 74 26 . 7 5 

6 23 . 25 7 . 48 26 . 7 5 

7 23 . 2 5 6 . 88 25 . 7 5 

8 23 . 2 5 6 . 54 25 . 50 

9 23 . 2 5 6 . 1 9 25 . 50 

1 0  23 . 00 6 . 1 0 25 . 50 

U . 6 - 1 9  



CRU ISE  I I  

Depth Temperature D i s s o l ved Oxygen Sal i n i ty 
S i te Sta t i on meters o c ( 1212m ) ( 1212t ) 

29  1 23 . 50 7 . 14 25 . 2 5 

2 23 . 50 7 . 18 25 . 50 

3 23 . 25 7 . 14 25 . 7 5 

4 23 . 25 7 . 18 25 . 7 5 

5 23 . 2 5 7 . 3 1  25 . 50 

6 23 . 25 7 . 39 25 . 50 

7 23 . 2 5 7 . 27 2 5 . 50 

8 23 . 25 6 . 24 26 . 00 

9 23 . 00 5 . 93 26 . 00 

10  23 . 00 5 . 63 26 . 00 

30 1 23 . 00 7 . 74 25 . 75 

2 23 . 00 7 . 83 25 . 75 

3 23 . 00 7 . 83 2 5 . 75 

4 23 . 00 7 . 80 2 5 . 75 

5 23 . 00 7 . 78 25 . 75 

6 23 . 00 7 . 65  25 . 7 5 

7 23 . 25 7 . 74 25 . 7 5 

8 23 . 25 7 . 48 25 . 50 

9 23 . 25 6 . 4 1 25 . 7 5 

10 23 . 2 5 5 . 89 23 . 00 

3 1  1 23 . 25 7 . 87 24 . 50 

2 23 . 25 7 . 83 25 . 2 5  

3 23 . 2 5 7 . 83 25 . 2 5 

4 23 . 2 5 7 . 87 25 . 2 5 

5 23 . 2 5  7 . 87 2 5 . 25 

6 23 . 25 7 . 87 25 . 2 5 

7 23 . 00 7 . 87 2 5 . 25 

8 23 . 00 6 . 79 25 . 50 

9 23 . oo 5 . 81 25 . 7 5 

1 0  23 . 00  5 . 79 

32  1 23 . 50 7 . 74 25 . 2 5 

2 23 . 50 7 . 87 25 . 2 5 

3 23 . 50 7 . 87 25 . 2 5 

4 23 . 50 7 . 9 1 2 5 . 2 5  

5 23 . 50 7 . 9 1  25 . 2 5 

6 23 . 50 7 . 9 1  25 . 2 5 

U . 6 -20 



CRU I SE I I  

Dep t h  Temperature D i s so l ved Oxygen Sal i n i ty 
S i te Sta t i on meters o c  {QQm) ( QQt )  

32 7 23 . 50 7 . 87 25 . 2 5 

8 23 . 50 6 . 6 3 26 . 50 

9 23 . 50 6 . 0 1  26 . 50 

1 0  23 . 50 5 . 7 1  26 . 50 

33 23 . 50 7 . 5 7 24 . 00 

2 23 . 50 7 . 6 1 24 . 00 

3 23 . 50 7 . 69 24 . 00 

4 23 . 50 7 . 74 24 . 00 

5 23 . 50 7 . 5 3 24 . 50 

6 23 . 50 7 . 57 25 . 00 

7 23 . 50 7 . 57 25 . 00 

8 23 . 50 7 . 57 25 . 00 

9 23 . 50 7 . 48 25 . 25 

1 0  23 . 50 5 . 59 25 . 50 

1 1  23 . 50 5 . 26 2 5 . 50 

34 23 . 50 7 . 9 2 24 . 00 

2 23 . 50 7 . 57 24 . 00 

3 23 . 50 7 . 48 24 . 00 

4 23 . 25  7 . 48 24 . 00 

5 23 . 25 7 . 44 24 . 50 

6 23 . 25 7 . 44 24 . 50 

7 23 . 2 5 7 . 44 24 . 50 

8 23 . 05 7 . 27 24 . 50 

9 23 . 00 5 . 85 25 . 00 

35  23 . 25 6 . 79 24 . 50 

2 2 3 . 25 6 . 83 24 . 50 

3 23 . 50 6 . 7 9 24 . 50 

4 23 . 50 6 . 5 3 24 . 50 

5 23 . 50 6 .  66 24 . 50 

6 23 . 50 6 . 4 5 25 . 00 

7 23 . 2 5 6 . 49 25 . 00 

8 2 3 . 25 6 . 58 25 . 00 

9 2 3 . 25  6 . 58 25 . 00 

1 0  23 . 25 6 . 58 25 . 00 

1 1  23 . 25 6 . 49 25 . 2 5 

u .  6 - 2 1  



CRU I S E  I I 

Depth Temperature D i s s o l ved Oxygen Sa l i n i ty 
S i te Stat ion  meters o c  ( 1212m) (1212t ) 

1 2  23 . 25 6 . 49 25 . 25 

1 2  1 / 2 23 . 25 6 . 36 2 5 . 2 5 

36 23 . 2 5 6 . 56 22 . 50 

2 23 . 25 6 . 5 1 22 . 7 5 

3 2 3 . 25 6 . 42 23 . 00 

4 2 3 . 25  6 . 5 1 23 . 00 

5 23 . 25 6 .  5 1  23 . 00 

6 23 . 2 5 6 .  5 1  23 . 00 

7 23 . 2 5 6 . 6 1  23 . 00 

8 23 . 2 5 6 .  5 1  23 . 00 

9 23 . 2 5 6 . 5 2 23 . 7 5  

37 2 3 . 50 6 . 9 2  24 . 00 

2 23 . 50 6 . 88 24 . 50 

3 23 . 50 6 . 9 6  23 . 25 

4 23 . 2 5 6 . 96 23 . 25 

5 23 . 2 5 6 . 69 23 . 50 

6 23 . 2 5 6 . 69 23 . 50 

7 23 . 2 5 6 . 69 23 . 50 

8 23 . 2 5 6 .  6 1  23 . 50 

9 23 . 2 5 6 . 4 1  24 . 50 

1 0  23 . 2 5 6 . 4 1  24 . 50 

1 1  23 . 2 5 6 . 4 1  24 . 50 

1 2  23 . 2 5 6 .  3 1  24 . 50 

38 2 3 . 7 5  6 . 88 24 . 50 

2 23 . 50 6 . 88 24 . 50 

3 23 . 50 6 . 88 24 . 50 

4 23 . 50 6 . 70 24 . 50 

5 2 3 . 50 6 . 6 2 24 . 50 

6 23 . 2 5 6 . 6 2  24 . 50 
7 2 3 .  25  6 . 70 24 . 50 
8 23 . 2 5 6 . 5 3 25 . 00 
9 2 3 . 25 6 . 4 1 25 . 00 

1 0  23 . 2 5 6 . 4 1 25 . 25 
1 1  23 . 2 5 6 . 4 1  25 . 2 5 
1 2  23 . 2 5 6 . 30 25 . 25 
1 3  23 . 2 5 6 . 24 25 . 2 5 

U . 6 -22  



CRU I S E  I I  -----

Depth Temperature Di s s o l ved Oxygen Sa l i n i ty 
Si te Stat i on meters o c  

__ ill�---- _iB_e_tl_ _ --

39 1 2 3 . 2 5 6 . 9 1 23 . 00 
2 23 . 2 5 6 . 82 23 . 2 5 
3 23 . 2 5 6 . 9 1 23 . 2 5 
4 23 . 2 5 6 . 9 1  23 . 7 5  

5 23 . 2 5 6 . 88 24 . 50 
6 23 . 2 5 6 . 88 24 . 50 
7 2 3 . 2 5 6 . 42 24 . 50 
8 23 . 2 5 6 . 92 24 . 50 
9 23 . 2 5 6 . 92 25 . 2 5 

1 0  23 . 2 5 6 . 84 25 . 00 

4 1  1 23 . 2 5 6 . 68 22 . 00 
2 23 . 2 5 6 . 60 22 . 7 5 
3 23 . 2 5 6 . 60 22 . 7 5 
4 23 . 2 5 6 . 56 23 . 00 
5 23 . 2 5 6 . 5 5 22 . 50 
6 23 . 2 5 6 . 7 3 2 3 . 00 
7 23 . 2 5 6 . 78 23 . 7 5 
8 23 . 2 5 6 . 69 23 . 7 5 
9 23 . 2 5 6 . 58 24 . 50 

1 0  23 . 2 5 6 . 3 1 24 . 00 

42 1 2 3 . 2 5 7 . 04 23 . 00 
2 2 3 . 2 5 7 . 00 23 . 7 5 
3 23 . 25 7 . 00 23 . 7 5 
4 23 . 2 5 6 . 82 2 3 . 7 5 
5 23 . 2 5 6 . 78 23 . 7 5 
6 23 . 2 5 6 . 78 23 . 7 5 
7 23 . 2 5  6 .  7 1  23 . 7 5 
8 23 . 2 5  6 . 6 5  24 . 00 
9 2 3 . 2 5 6 . 74 24 . 00 

10  23 . 2 5  6 . 6 1 24 . 50 
1 1  23 . 2 5 6 . 6 1 24 . 50 
1 2  23 . 2 5  6 . 44 24 . 50 

43 1 23 . 50 6 . 6 5 2 3 . 00 
2 23 . 50 6 . 78 24 . 00 
3 23 . 2 5  6 . 49 24 . 50 

U . 6-23  



CRU ISE  I I  

Depth Temperature D i s so l ved Oxygen Sal i n i ty 
S i te Stati on meters o c (ppm ) ( ppt ) 

---

43 4 23 . 2 5 6 . 27 24 . 50 

5 23 . 2 5 6 . 45 2 5 . 00 

6 23 . 25 6 . 49 24 . 50 

7 23 . 25 6 .  53 24 . 50 

8 23 . 25 6 . 53 24 . 50 

9 23 . 2 5 6 . 58 24 . 50 

1 0  23 . 5 0 6 . 6 2 2 5 . 00 

1 1  23 . 50 6 . 6 2 2 5 . 00 

1 2  23 . 7 5 6 . 40 24 . 50 

1 3  23 . 5 0 6 . 49 25 . 00 

44 1 23 . 50 6 . 63 2 1 . 50 

2 23 . 50 6 . 63 22 . 00 

3 23 . 50 6 . 55 22 . 50 

4 23 . 50 6 . 59 22 . 50 

5 23 . 50 6 . 50 22 . 50 

6 23 . 50 6 . 46 22 . 50 

7 23 . 50 6 . 47 22 . 75 

8 23 . 50 6 . 38 22 . 75 

B l ack  45 1 23 . 00 6 . 82 25 . 25 
Bayou 2 23 . 50 6 . 6 7 25 . 2 5 

3 23 . 50 6 . 67 25 . 25 

4 23 . 50 6 . 58 25 . 2 5 

5 23 . 50 6 . 58 25 . 25 

6 23 . 50 6 . 58 25 . 25 

7 23 . 50 6 . 67 25 . 25 

8 23 . 50 6 . 6 7 25 . 50 

9 23 . 50 6 . 67 25 . 50 

1 0  23 . 50 6 . 24 25 . 50 

46 1 23 . 50 6 . 3 1  24 . 50 

2 23 . 50 6 . 36 24 . 50 
3 23 . 00 6 . 36 24 . 50 
4 23 . 00 6 . 37 24 . 50 

5 23 . 00 6 . 3 1  24 . 50 

6 23 . 00 6 . 27 24 . 50 

7 23 . 00 6 . 27 24 . 50 

L' . 6 - 24 
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S i te Stat i on meters 
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CR_\J I S E  _ll 
Temperature 

o c  

23 . 00 

23 . 00 

23 . 00 

23 . 2 5 

23 . 25 

23 . 25 

23 . 2 5 

23 . 25 

23 . 25 

23 . 2 5 

23 . 2 5 

23 . 2 5 

23 . 2 5 

23 . 2 5 

23 . 2 5 

23 . 2 5 

23 . 25 

23 . 2 5 

23 . 2 5 

23 . 2 5 

23 . 00 

23 . 0 0  

23 . 0 0  

23 . 2 5 

23 . 25 

23 . 25 

23 . 7 5 

23 . 75 

23 . 50 

23 . 50 

23 . 50 

23 . 5 0  

23 . 5 0  

23 . 2 5  

23 . 2 5 

23 . 25 

U . 6-25  23 . 2 5 

D i s s o l ved Oxygen Sa l i n i ty 
( ppm)  __ (_p_p!L 
6 . 27 24 . 50 

6 . 1 7 24 . 50 

6 . 78 2 4 . 50 

7 . 0 1 26 . 50 

6 . 58 26 . 00 

6 . 62 25 . 7 5 

6 . 60 25 . 7 5  

6 . 60 25 . 7 5 

6 .  54 25 . 7 5 

6 . 60 25 . 50 

6 . 60 25 . 2 5 

6 . 62 25 . 25 

6 . 60 25 . 2 5 

6 . 60  25 . 50 

6 . 57 24 . 50 

6 . 53 25 . 2 5 

6 . 62 25 . 25 

6 . 62 25 . 2 5 

6 . 6 2 25 . 25 

6 . 6 2 25 . 2 5  

6 . 62 25 . 25 

6 . 58 25 . 2 5 

6 . 62 25 . 7 5 

6 . 67 25 . 75 

6 . 62 25 . 75 

6 . 58 25 . 50 

6 . 79 24 . 50 

6 . 88 24 . 50 

6 . 88 24 . 50 

6 .  811 25 . 25 

6 . 84 25 . 2 5 

6 . 79 25 . 2 5 

6 . 7 5 25 . 25 

6 . 7 1  25 . 00 

6 . 66 25 . 00 

6 . 66 25 . 50 

6 . 66 25 . 50 



CRU I SE I I  

Depth Tempe rature D i s so l ved Oxygen Sa l i n i ty 
S i te Stat i o n  meters oc ( QQm ) ( QQt ) 

48 1 23 . 50 6 . 88 2 5 . 2 5 
2 23 . 50 6 . 88 25 . 25 
3 23 . 50 6 . 88 2 5 . 50 
4 23 . 50 6 . 88 25 . 50 
5 23 . 50 6 . 83 25 . 50 
6 23 . 50 6 . 79 2 5 . 50 
7 23 . 50 6 . 7 5 25 . 50 
8 23 . 50 6 . 49 2 5 . 7 5 
9 23 . 50 6 . 41 2 5 . 75 

10 23 . 50 6 . 41 2 5 . 50 
1 1  23 . 50 6 . 41 25 . 50 

49 1 23 . 75 6 . 66 2 5 . 25 
2 23 . 75 6 . 66 25 . 25 
3 23 . 75 6 . 66 25 . 2 5  
4 23 . 75 6 . 66 25 . 2 5  
5 23 . 50 6 . 53 2 5 . 25 
6 23 . 50 6 . 45 25 . 2 5 
7 23 . 50 6 . 58 25 . 2 5  
8 23 . 50  6 . 62 25 . 2 5  
9 23 .50  6 . 62  25 . 2 5 

1 0  23 .50  6 . 62 25 . 25 
1 1  23 .50  6 . 45 25 . 50 

B i g 50 1 24 .00 7 . 17 23 . 7 5 
H i  1 1  2 24 .00 7 . 17 23 . 75 

3 23 . 75 7 . 1 3 24 . 00 
4 23 . 75 6 . 9 1  24 . 00 
5 23 . 50 6 . 75 24 . 50 
6 23 . 50 6 . 88 2 5 . 00 
7 23 . 50 6 . 84 2 5 . 25 
8 23 . 25 6 . 79 25 . 2 5  
9 23 . 25 6 . 66 25 . 50 

1 0  23 . 25 6 . 58 25 . 50 
1 1  23 . 2 5 6 . 58 25 . 50 

U . 6-26  



CRU ISE  I I  
Depth Temperature  D i s so l ved Oxygen Sa l i n i ty 

S i te Stat i on meters o c  ( ppm )  (ppt )  

SOE 1 23 . 7 5  7 . 0S 24 . 00 
2 23 . 7S 6 . 96 24 . SO 
3 23 . 7 S 6 . 88 24 . SO 
4 23 . SO 6 . 7S 24 . SO 
s 23 . 2 S 6 . 62  2S . 2S 
6 23 . 2S 6 . 66 2S . SO 
7 23 . 2 S 6 . 66 2S . SO 
8 23 . 2S 6 . 28 2 S . SO 
9 23 . 2S 6 . 06 2S . SO 

10  23 . 2S S . 89 2 S . SO 

sow 1 24 . 2 S 7 . 22 23 . 7S 
2 24 . 00 7 . 3 1  23 . 7S 
3 23 . 7S 7 . 18 24 . 00 
4 23 . 7 S 6 . 7S  24 . SO 
s 23 . SO 6 . S8 2 S . 2S 
6 23 . SO 6 . 41 2S . 2S 
7 23 . 2 S 6 . 28 2S . SO 
8 23 . 2 S 6 . 36 2S . SO 
9 23 . 25 6 . 23 2S . SO 

10  23 . 2S 6 . 1 1 2S . SO 

S l  1 23 . SO 6 . 64 22 . 00 
2 23 . SO 6 . 69 22 . 7 S 
3 23 . SO 6 . 73 23 . 2 S 
4 23 . SO 6 . 96 2 3 . 2S 
s 23 . SO 7 . 0S 2S . 2S 
6 23 . SO 6 . 84 2S . 2S 
7 23 . S O 6 . 74 2S . SO 
8 23 . SO 6 . 7 S 2 S . 50 
9 23 . SO 6 . 7 1 2 S . SO 

10  23 . SO 6 . 62 2S . SO 
1 012 23 . SO 6 . 49 2S . SO 

S2 1 23 . 7 S 6 . 78 23 . 7 S 
2 23 . 7S 6 . 86 23 . 7 S 
3 23 . 75 6 . 86 23 . 7S 
4 23 . S O 6 . 83 2 3 . 7S 
5 23 . SO 6 . 74 23 . 7 S 
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Depth Temperature  D i s s o l ved Oxygen Sa l i n i ty 
S i te Stati on meters o c  ( ��m )  ( ��t )  

52 6 23 . 75 6 . 57 24 . 50 
7 23 . 25 6 . 44 24 . 50 
8 23 . 25 6 . 3 1  24 . 50 

53 1 23 . 75 7 . 1 3 23 . 75 
2 23 . 7 5  7 . 04 23 . 75 
3 2 3 . 50 6 . 90  24 . 00 
4 23 . 50 6 . 70 24 . 50 
5 23 . 50 6 . 54 25 . 00 
6 23 . 50 6 . 41  25 . 25 
7 23 . 50 6 . 41 2 5 . 25  
8 23 . 50 6 . 36 25 . 25 
9 23 . 50 6 . 28 25 . 25 

10 23 . 25 6 . 19 25 . 25 

54 1 23 . 50 6 . 95  24 . 00 
2 23 . 50 6 . 79 25 . 25 
3 2 3 . 50 6 . 84 25 . 00 
4 23 . 50 6 . 22 25 . 25 
5 23 . 50 6 . 54 25 . 25 
6 23 . 50 6 . 41 25 . 25 
7 23 . 50 6 . 41 25 . 50 
8 23 . 50 6 . 41 2 5 . 75 
9 23 . 50 6 . 36 25 . 75 

10  22 . 50 6 . 19 2 5 . 75 
11 2 2 . 50  6 . 19 25 . 75 
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Depth Temperature D i sso l ved Oxygen Sal i n i ty 

S i te Stati on meters o c  ( ppm )  ( ppt )  

Wes t  4 1 19 . 50 7 . 99 26 . 00 
Hac kberry 2 19 . 50 7 . 14 26 . 00 

3 19 . 50 7 . 14 26 . 00 
4 1 9 . 50 7 . 0 5  26 . 00 
5 19 . 50 7 . 0 1  26 . 50 
6 19 . 50 7 . 0 1  26 . 50 
7 19 . 50 6 . 92 26 . 50 

6 1 19 . 50 7 . 5 1 27 . 50 
2 19 . 50 6 . 97 27 . 50 
3 20 . 00 6 . 97 27 . 7 5  
4 20 . 00 6 . 89 27 . 7 5  
5 20 . 00 6 . 89 27 . 75 
6 20 . 00  6 . 80 27 . 75 
7 20 . 00 6 . 80 27 . 7 5 
8 20 . 00  6 . 80 27 . 75 
9 20 . 00  6 . 80 27 . 75 

10  20 . 00  6 . 80 27 . 75 
1 1  20 . 00  6 . 80 27 . 75 

7 1 19 . 50 6 . 97 27 . 00 
2 19 . 50 6 . 89 27 . 00 
3 19 . 50 6 . 80 27 . 25 
4 20 .00 6 . 72 27 . 50 
5 20 . 00  6 .  72 27 . 50 
6 20 . 00 6 .  72 27 . 50 
7 20 . 00 6 . 63 27 . 00 
8 19 . 50 6 . 63 27 . 00 
9 19 . 50  6 . 63  27 . 00 

1 0  1 9  . 50  6 . 63 27 . 25 

8 1 19 . 50 6 . 97 27 . 50 
2 19 . 50 6 . 97 27 . 50 
3 19 . 50 6 . 97 27 . 50 
4 19 . 50 6 . 89 27 . 50 
5 19 . 50 6 . 89 27 . 50 
6 19 . 2 5 6 . 89 27 . 00 
7 19 . 25 6 . 80 27 . 00 
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Depth Temperature D i s so l ved Oxygen Sal i ni ty 

S i te Stat i on meters o c  ( ppm ) (ppt )  

8 8 19 . 25 6 . 80 27 . 00 

9 19 . 25 6 . 80 27 . 00 

10  1 19  .50  7 . 40 27 . 50 

2 19  .50 7 . 14  27 . 50 

3 19 . 7 5 7 . 14 27 . 50 

4 1 9 . 75 7 . 14 27 . 50 

5 1 9 . 50 7 . 06 27 . 00 

6 1 9 . 50 7 . 06 27 . 00 

7 1 9 . 50 7 . 06 27 . 00 

8 1 9 . 50 7 . 06 27 . 00 

9 19 . 50 7 . 06 27 . 00 

10  19 . 50 7 . 06 27 . 2 5 

1 1  20 . 00 6 .  72 22 . 75 

14  1 1 9 . 7 5 7 . 23 27 . 00 

2 1 9 . 50 7 . 23 27 . 00 

3 1 9 . 50 7 . 14 27 . 00 

4 1 9 . 50 7 . 14 27 . 00 

5 20 . 00 7 . 23 27 . 50 

6 20 . 00 7 . 06 27 . 50 

7 20 . 00 7 . 06 27 . 50 

8 19 . 50 7 . 06 27 . 50 

9 1 9 . 50 7 . 06 27 . 00 

1 0  1 9 . 50 7 . 06 27 . 00 

1 5  1 1 9 . 50 7 . 23 27 . 00 

2 1 9 . 50 7 . 14 27 . 00 

3 1 9 . 50 7 . 06 27 . 00 

4 1 9 . 50 7 . 06 27 . 00 

5 1 9 . 50 7 . 06 27 . 00 

6 1 9 . 50 7 . 06 27 . 00 

7 1 9 . 50 7 . 06 27 . 00 

8 1 9 . 50 7 . 06 27 . 00 

9 1 9 . 50 6 . 97 27 . 00 

1 6  1 19 . 50 7 . 14 25 . 25 

2 1 9 . 50 7 . 0 5  25 . 75 

3 1 9 . 50 6 . 88 26 . 00 

4 1 9 . 50 6 . 88 2 6 . 00 
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Depth Temperature D i s s o l ved Oxygen Sal i n i ty 

S i te Stat i on meters o c ( ppm )  ( ppt )  

1 6  5 1 9 .  50 6 . 88 26 . 00 
6 1 9 . 50 6 . 88 26 . 00 
7 1 9 . 25 6 . 88 25 . 50 
8 1 9 . 2 5 6 . 7 1  25 . 50 
9 19 . 50  6 . 62 25 . 50 

17  1 19 . 50 7 . 14 27 . 00 
2 19 . 50 6 . 97 27 . 00 
3 19  . 50  6 . 97  27 . 00 
4 19 . 50 6 . 97 27 . 00 
5 19 . 50 6 . 97 27 . 00 
6 19 . 50 6 . 97 26 . 00 
7 19 . 50 6 . 97 26 . 00 
8 1 9 .  50 6 . 97 27 . 00 
9 19 . 50 6 . 80 27 . 00 

18  1 19 . 00 7 . 3 1  27 . 00 
2 19 . 50 6 . 97 27 . 25 
3 19 . 50 6 . 80 27 . 25 
4 19 . 50 6 . 80 27 . 2 5 
5 19 . 50 6 . 89 27 . 50 
6 19 . 50 6 . 89 27 . 50 
7 19 . 50 6 . 7 2  27 . 50 
8 19  . 50 6 .  72  27 . 50 
9 1 9  . 50  6 . 72 27 . 50 

10 1 9 .  50 6 . 72 27 . 50 

19  1 19  .00 7 . 14 27 . 50 
2 1 9 . 50 6 . 89 27 . 50 
3 19 . 50 6 . 80 27 . 50 
4 1 9 . 50 6 . 80 27 . 50 
5 19 . 50 6 . 80 27 . 50 
6 1 9 . 50 6 . 80 27 . 50 
7 20 . 00 6 . 89 27 . 00 
8 20 . 00 6 .  72  27 . 00 
9 20 . 00 6 . 72 27 . 00 

1 0  20 . 00  6 .  72  27 . 00 
1 1  20 . 00  6 . 46 27 . 00 
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Depth Temperatu re D i s s o l ved Oxygen Sa l i n i ty 

S i te Stat i o n  meters o c  ( ��m )  ( ��t )  
2 2  1 1 9 . 5 0  6 . 89 27 . 00 

2 19 . 5 0 6 . 80 27 . 00 
3 1 9 . 50 6 . 80 27 . 00 
4 1 9 . 5 0 6 . 80 2 7 . 00 
5 19 . 50 6 . 80 27 . 00 
6 19 . 50 6 . 89 27 . 00 
7 1 9 . 50 6 . 89  27 . 00 
8 19 . 50 6 . 80 27 . 00 
9 1 9 . 50 6 . 97 27 . 50 

10  1 9 . 50 6 . 97 27 . 50 
2 7  1 2 1 . 25 7 . 86 27 . 25 

2 2 1 . 00 7 . 86 27 . 25 
3 20 . 75 7 . 52 27 . 75 
4 20 . 50 7 . 23 2 7 . 75 
5 20 . 25 7 . 06 27 . 25 
6 20 . 25 7 . 06 27 . 25 
7 20 . 25 6 . 93 27 . 7 5 
8 20 . 00 6 . 59 2 7 . 75 
9 1 9 . 95 6 . 2 1 28 . 00 

10 1 9 . 95 5 . 87 28 . 50 
28 1 2 2 . 00 7 . 3 1 27 . 75 

2 2 1 . 25 7 . 22 27 . 75 
3 20 . 75 7 . 35 27 . 75 
4 20 . 75 7 . 27 27 . 7 5  
5 20 . 50 7 . 14 27 . 75 
6 20 . 25 7 . 01 27 . 75 
7 20 . 25 6 . 93 27 . 75 
8 20 . 25 6 . 93 27 . 75 
9 20 . 25 6 . 88 27 . 75 

10  20 . 25 6 . 46 27 . 75 
2 9  1 2 2 . 25 7 . 44 25 . 50 

2 22 . 25 7 . 40 27 . 25 
3 20 . 75 7 . 35 27 . 25 
4 20 . 50 7 . 18 27 . 2 5  
5 20 . 25 7 . 06 2 7 . 50 
6 20 . 25 6 . 93 27 . 7 5 
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Depth Temperature D i s so l ved Oxygen Sa l i n i ty 

S i te Stati on  meters o c  ( ppm)  ( ppt ) 

29  7 20 . 25 6 . 76 27 . 75 
8 20 . 00 6 . 25 27 . 7 5 
9 19 . 9 5 6 . 04 28 . 50 

10  1 9 . 95 5 . 87 28 . 50 

30 1 22 . 50 7 . 27 27 . 25 
2 2 1 . 25  7 . 57 27 . 2 5 
3 20 . 7 5 7 . 35 27 . 25 
4 20 . 25 7 . 18 27 . 2 5 
5 20 . 25 7 . 06 27 . 25 
6 20 . 25 7 . 0 1 27 . 50 
7 20 . 25 6 . 84 27 . 50 
8 20 . 25 6 . 7 5  27 . 75 
9 20 . 00 6 . 25 27 . 7 5 

10 19 . 9 5 5 . 9 5 28 . 50 

3 1  1 2 1 . 25  7 . 52 27 . 25 
2 2 1 . 25 7 . 52 27 . 25 
3 20 . 50 7 . 3 5  27 . 2 5 
4 20 . 25 7 . 06 27 . 50 
5 20 . 25 6 . 93 27 . 50 
6 20 . 25 6 . 76 27 . 50 
7 20 . 00 6 . 50 27 . 50 
8 19 . 9 5 6 . 1 2 27 . 7 5 
9 19 . 95 5 . 99 28 . 50 

32 1 22 . 2 5 7 . 32 27 . 25 
2 2 1 . 2 5 7 . 32 27 . 25 
3 20 . 75 7 . 27 27 . 50 
4 20 . 7 5 7 . 18 27 . 50 
5 20 . 50 7 . 18 27 . 50 
6 20 . 25 7 . 05 27 . 75 
7 20 . 25 6 . 97 27 . 75 
8 20 . 25 6 . 7 5 27 . 25 
9 20 . 25 6 .  7 1  27 . 75 

10  20 . 25 6 . 58 27 . 75 
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Depth Temperature D i s s o l ved Oxygen Sa l i n i ty 

S i te Stat i on meters o c  ( [![!m)  ( [![!t )  

B i g  37  1 20 . 50 6 . 80 27 . 7 5 
H i  1 1  2 20 . 00 6 .  72  27 . 7 5 

3 20 . 00 6 .  72  27 . 7 5 
4 20 . 00 6 .  72 27 . 7 5 
5 19 . 50 6 . 55 27 . 75 
6 19 . 50 6 . 96 27 . 7 5  
7 1 9 . 50 6 . 55 27 . 7 5 
8 19 . 50 6 . 46 27 . 7 5 
9 19 . 50 6 . 46 27 . 7 5 

10  19 . 50 6 . 2 1 27 . 7 5 

38 1 2 1 .  50  5 . 93 28 . 00 
2 2 1 .  25 7 . 0 1  28 . 50 
3 2 1 . 50 7 . 0 1 28 . 50 
4 20 . 50 6 . 89 28 . 50 
5 20 . 25 6 . 59 28 . 50 
6 20 . 00 6 . 67 28 . 00 
7 20 . 0 0 6 . 59 28 . 00 
8 19 . 75 6 . 55 28 . 50 
9 19 . 75 6 . 46 28 . 50 

1 0  20 . 0 0 6 . 30 28 . 50 
1 1  20 . 0 0 6 . 1 3 28 . 50 

39 1 2 1 .  00  6 . 97  2 7 . 00 
2 20 . 5 0 6 . 97  27 . 00 
3 20 . 0 0  6 . 97 27 . 2 5 
4 20 . 0 0  6 . 89 27 . 50 
5 19 . 5 0 6 . 65 27 . 50 
6 19 . 5 0 6 . 55 27 . 7 5 
7 19 . 5 0 6 . 55 27 . 7 5 
8 1 9 .  5 0  6 . 46 27 . 75 
9 19 . 5 0 6 . 38 28 . 00 

10  19 . 5 0 6 . 2 1 27 . 50 

41 1 20 . 2 5 7 . 3 1 27 . 25 
2 20 . 2 5 7 . 36 2 7 . 50 
3 20 . 25 7 . 40 27 . 50 
4 20 . 2 5 7 . 33 27 . 50 
5 20 .00 6 . 89 27 . 50 
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----

Depth Temperature Di s so l ved Oxygen Sa l i n i ty 
S i te Stati on meters o c  ( ppm ) ( ppt )  

41 6 20 . 00 6 . 76 27 . 75 

7 19 . 7 5 6 . 55 27 . 75 

8 19 . 7 5 6 . 59 27 . 7 5 

9 19 . 7 5  6 . 42 27 . 7 5 

10 19 . 7 5 6 . 33 27 . 50 

42 1 2 1 . 0 0 7 . 57 27 . 25 

2 20 . 7 5  7 . 1 4 27 . 25 

3 20 . 25 7 . 14 27 . 2 5 

4 20 . 25 7 . 0 1  27 . 50 

5 20 . 0 0 6 . 58 27 . 50 

6 19 . 7 5 6 . 33 27 . 75 
7 19 . 7 5 6 . 2 5 27 . 7 5 
8 1 9 . 7 5 6 . 2 1 27 . 75 

9 19 . 7 5 6 . 2 1 27 . 7 5 
10 19 . 7 5 5 . 9 5 27 . 75 

43 1 2 1 . 25  6 . 89 27 . 75 

2 2 1 . 25  6 . 84 28 . 50 

3 20 . 7 5  6 . 84 28 . 50 
4 20 . 50 6 .  72 28 . 50 
5 20 . 50 6 . 63 28 . 50 
6 20 . 2 5 6 . 59 28 . 50 
7 20 . 00 6 . 55 28 . 50 
8 20 . 00 6 . 30 28 . 50 
9 20 . 0 0  6 . 2 1 28 . 50 

10  20 . 0 0 6 . 2 1 28 . 50 
1 1  20 . 00 6 . 1 7 28 . 50 

44 1 20 . 5 0 7 . 05  26 . 50 
2 20 . 2 5 7 . 18 27 . 00 
3 20 . 0 Q  7 . 06 27 . 00 
4 20 . 0 0 7 . 10 27 . 2 5 

5 19 . 7 5 6 . 50 27 . 00 
6 19 . 5 0 6 . 38 27 . 25 
7 19 . 7 5 6 . 46 27 . 2 5 
8 19 . 50 6 . 50 27 . 2 5 
9 19 . 50 6 . 38 27 . 50 
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Depth Temperature D i s s o l ved Oxygen Sal i n i ty 

S i te Stati on meters o c  (QQm )  {QQt )  
4 5  1 20 . 75 7 . 6 1 26 . 50 

2 20 . 25 7 . 6 5  26 . 50 
3 2 0 . 00 7 . 6 5 26 . 50 
4 2 0 . 00  7 . 6 5  26 . 50 
5 2 0 . 00 7 . 52 26 . 50 
6 20 . 00 7 . 23 27 . 00 
7 20 . 00 7 . 0 1 27 . 25 
8 20 . 00 6 . 84 27 . 25 
9 20 . 00 6 . 80 27 . 25 

1 0  20 . 00 6 . 76 27 . 25 

46 1 20 . 00 7 . 52 27 . 50 
2 20 . 00 7 . 48 27 . 50 
3 20 . 00 7 . 48 27 . 25 
4 19 . 95 7 . 48 27 . 25 
5 19 . 95 7 . 44 27 . 25 
6 1 9 . 95 7 . 3 1  27 . 25 
7 1 9 . 95 7 . 18 27 . 50 
8 1 9 . 95 7 . 18 27 . 50 
9 1 9 . 95 7 . 06 27 . 25 

1 0  1 9 . 95 6 . 97 27 . 25 
1 1  1 9 . 95 6 . 59 27 . 25 

47 1 20 . 00 7 . 52 27 . 25 
2 20 . 00 7 . 52 27 . 25 
3 20 . 00 7 . 6 1 27 . 2 5 
4 20 . 00 7 . 6 1 27 . 25 
5 20 . 00 7 . 44 27 . 25 
6 20 . 0 0  7 . 27 27 . 25 
7 20 . 0 0  7 . 09 27 . 25 
8 20 . 0 0  7 . 0 1 27 . 25 
9 20 . 0 0  6 . 84 27 . 25 

1 0  20 . 0 0  6 . 55 27 . 25 
1 1  20 . 0 0 5 . 99 27 . 25 

48 1 20 . 75 7 . 57 25 . 25 
2 20 . 50 7 . 65 26 . 00 
3 20 . 2 5 7 . 9 1 26 . 50 
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Depth Temperatu re D i s so l ved Oxygen Sa l i n i ty 

S i te Stati on meters o c ( ppm )  ( ppt )  

48 4 20 . 00 7 . 70 26 . 50 

5 20 . 00 7 . 57 27 . 00 

6 20 . 00 7 . 09 27 . 25 

7 20 . 00 6 . 97 27 . 2 5 

8 20 . 0Q 6 . 97  27 . 2 5 

9 20 . 00 6 . 93 27 . 25 

10  20 . 00 6 . 93 27 . 2 5 

1 1  20 . 00 6 . 80 27 . 25 

49 1 20 . 00 7 .  77 27 . 75 

2 20 . 00 7 . 69 27 . 50 

3 2 0 . 00 7 . 65 27 . 50 

4 20 . 00 7 . 69 26 . 50 

5 20 . 00 7 . 65 26 . 50 

6 20 . 00 7 . 35 27 . 25 

7 20 . 00  7 . 27 27 . 25 
8 20 . 00  7 . 18 27 . 2 5 
9 20 . 00 6 . 93 27 . 25 

1 0  20 .00 6 . 50 27 . 2 5 

B i g  50 1 20 .00 6 . 46 27 . 50 
H i  1 1  2 20 . 00  6 . 55 27 . 75 

3 20 . 00  6 . 55 28 . 00 
4 20 . 00 6 . 55 28 . 00 
5 20 . 00  6 . 55 28 . 00 
6 20 . 00  6 . 55 28 . 00 
7 1 9 .  50 6 . 55 28 . 00 
8 1 9 .  50 6 . 55 27 . 50 
9 19 . 50 6 . 46 27 . 50 

1 0  19 .50 6 . 28 25 . 00 

51  1 20 .00 8 . 2 5 28 . 00 
2 20 . 00  8 . 1 5 29 . 00 
3 20 . 00  8 . 1 5 2 9 . 00 
4 20 . 00  7 . 3 1  2 9 . 00 
5 20 . 00  6 . 55 29 . 00 
6 1 9 .  50 6 . 55 29 . 00 
7 1 9 .  50 6 . 55 29 . 00 
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Depth Temperature D i s so l ved Oxygen Sal i n i ty 

S i te Stat i on meters o c  ( ��m )  (��t )  

5 1  8 19 . 50 6 . 46 27 . 50 
9 1 9 . 5 0  6 . 46 27 . 50 

10  19 . 50 6 . 28 25 . 00 

52 1 20 . 75 6 . 58 27 . 50 
2 20 . 5 0  6 . 58 2 7 . 75 
3 20 . 25 6 . 58 27 . 75 
4 20 . 00 6 . 58 27 . 75 
5 20 . 0 0  6 . 58 27 . 7 5 
6 20 . 0 0  6 . 58 27 . 7 5 
7 20 . 0 0  6 . 58 27 . 75 
8 20 . 0 0 6 . 54 27 . 7 5 

53 1 20 . 75 6 . 58 27 . 50 
2 20 . 5 0 8 . 67 27 . 75 
3 20 . 25 6 . 67 27 . 7 5 
4 20 . 00 6 . 67 27 . 75 
5 20 . 00 6 . 67 27 . 75 
6 20 . 00 6 . 67  27 . 75 
7 20 . 00 6 . 58 27 . 75 
8 20 . 0 0  6 . 58 27 . 75 
Q 20 . 0 0  6 . 50 27 . 75 

54 . 20 . 0 0 6 . 69 24 . 00 .l 

2 20 . 00 6 . 62 25 . 00 
3 20 . 0 0 6 . 62 2 5 . 00 
4 20 . 0 0 6 . 62 25 . 00 
5 20 . 0 0  6 . 70 25 . 25 
6 20 . 0 0  6 . 70 2 5 . 25 
7 20 . 0 0 6 . 70 25 . 25 
8 19 . 50 6 . 70 2 5 . 2 5 
9 1 9 . 50 6 . 62 2 5 . 2 5 

10  20 . 00 6 . 53 2 5 .  50 
1 1  20 . 0 0 6 . 53 25 . 50 

U . 6-38 



CRU I S E  I V  
Depth Temperature D i s so l ved Oxygen Sa l i n i ty 

S i te Stat i on meters o c  ( ��m )  ( ��t )  

West 4 1 14 . 50 10 . 17 18 . 15 
Hac kberry 2 14 . 25 10 . 79 18 . 1 5 

3 14 . 25 10 . 9 7  18 . 15 
4 14 . 25 10 . 97 18 . 50 
5 14 . 25 10 . 09 1 9 . 7 5 
6 14 . 50 9 . 80 2 1 . 25 
7 14 . 7 5 9 . 46 23 . 00 
8 1 5 . 00 9 . 3 1 24 . 00 
9 1 5 .00 8 . 79 24 . 00 

6 1 14 . 7 5 10 . 05 17 . 50 
2 14 .50 10 . 3 5 18 . 15  
3 14 . 25 lC' . 6 1  18 . 15 
4 14 . 2 5 10 . 41 18 . 50 
5 14 . 2 5 10 . 2 1 19 . 25 
6 14 . 50 9 . 98 2 1 . 25 
7 14 . 75 9 .  72  23 . 00 
8 1 5 . 00  9 . 20 25 . 00 
9 1 5 . 50 8 . 89 25 . 00 

10  1 5 . 75 8 . 52 26 . 00 
1 1  1 6  . 00  7 .  77  27 . 50 

7 1 14 . 7 5 10 . 41 18 . 50 
2 14 . 50 10 . 77  18 . 50 
3 14 . 50 10 . 93 18 . 90 
4 14 . 50 10 . 35 19 . 75 
5 14 . 50 10 . 2 1 20 . 50 
6 14 . 50 9 . 79 2 1 . 65 
7 14 . 75 9 . 48 22 . 75 
8 1 5 . 00 9 . 34 23 . 25 
9 1 5 . 50 8 . 84 25 . 25 

10 1 5 . 25 8 . 4 1 25 . 25 

8 1 14 . 7 5 10 . 04 18 . 90 
2 14 .50 10 . 58 18 . 90 
3 14 . 50 10 . 66 1 9 . 25 
4 14 . 25 10 . 57 19 . 25 
5 14 . 25 10 . 27 1 9 . 75 
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Depth Temperature D i s so l ved Oxygen Sa l i n i ty 

S i te Stat i on meters o c  ( QQm )  ( QQt ) 

8 6 14 . 25 9 . 97 20  . 1 5 
7 14 . 50 9 . 7 1  2 1 . 1 5 
8 14 . 50 9 . 59 2 2 . 00 
9 1 5 . 00 9 . 00 23 . 25 

1 0  1 5 . 00 8 . 6 1 24 . 50 

10 1 14 . 50 10 . 4 1  1 8 .  50 
2 1 4 . 50 10 . 67 1 8 . 90 
3 14 . 25 10 . 74 19 . 25 
4 14 . 25 10 . 53 19 . 75 
5 1 4 . 25  10 . 23 20 . 1 5 
6 1 4 . 25  10 . 03 20 . 50 
7 14 . 50 10 . 54 20 . 90 
8 14 . 50 10 . 38 22 . 00 
9 1 5 . 00 9 . 55 23 . 00 

10  1 5 . 00 8 . 98 25 . 50 

14 1 1 5 . 00 10 . 82 19 . 50 
2 14 . 75 1 1 . 00 19 . 50 
3 14 . 75 10 . 97 19 . 75 
4 14 . !X) 10 . 56 20 . 50 
5 14 . !X)  10 . 50 2 1 . 25 
6 1 5 . 00  10 . 81 2 2 . 00 
7 1 5 . 00  1 0 . 80 22 . 40 
8 1 5 . 00  1 0 . 42 23 . 00 
9 1 5 . 25 9 . 55 2 5 . 00 

10 1 5 . :D  8 . 89 25 . 50 

1 5  1 14 . 50 1 1 . 09 19 . 50 
2 14 . 25 10 . 7 1 19 . 75 
3 1 4 . 25 10 . 53 19 . 75 
4 14 . 25  10 . 44 19 . 75 
5 14 . 25 10 . 30 20 . 50 
6 14 . 50 10 . 27 20 . 90 
7 14 . 75 1 0 . 40 2 1 . 65 
8 14 . 7 5 10  . 1 2 22 . 00 
9 1 5 . 00  8 . 94 25 . 00 

10  1 5 . 25 8 . 30 23 . 25 
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Depth Temperature D i s s o l ved Oxygen Sa l i n i ty 

S i te Stati on meters o c  ( �QITI ) ( QEt )  

1 6  1 1 5 . 00 1 0 . 40 1 8 . 90 
2 14 . 7 5 1 1 .  37  19 . 2 5 
3 1 4 . 75 1 1 . 53  1 9 . 50 
4 1 4 . 50 10 . 97 19 . 7 5 
5 14 . 50 10 . 74 20 . 50 
6 1 4 . 75 1 0 . 28 22 . 40 
7 1 5 . 00 1 0 . 37 23 . 60 
8 1 5 . 25 9 . 57 24 . 00 

1 7  1 1 5 . 25 1 0 . 41 20 . 1 5 
2 1 5  . 00 10 . 74 20 . 50 
3 1 5 . 00 1 0 . 74 20 . 50 
4 1 4 . 75 10 . 54 20 . 50 
5 1 4 . 75 10 . 44 22 . 7 5  
6 1 5 . 00  10 . 38 23 . 2 5 
7 1 5 . 2 5 10 . 02 23 . 60 
8 1 5 .  50 10 . 02 23 . 60 
9 1 5 .50 9 . 46 2 5 . 00 

10  1 5  .50 9 . 24 22 . 00 

1 8  1 1 5 .00 1 0 . 62 19 . 75 
2 1 5  .oo 10 . 85 20 . 1 5 
3 1 4 . 75 1 0 . 85 20 . 1 5 
4 1 4 . 7 5  10 . 76 2 1 . 2 5  
5 1 5 .00 10 . 6 1  22 . 7 5 
6 1 5 . 00 1 0 . 42 2 3 . 00 
7 1 5 . 00 10 . 29 23 . 2 5 
8 1 5 . 25 10 . 1 1 23 . 60 
9 1 5 . 2 5 10 . 1 1 2 3 . 60 

10  1 5 . 2 5 9 . 6 1  25 . 2 5 
1 1  1 5 .  50 9 . 22  2 4 . 00 

19  1 1 5 . 00  10 . 53 1 9 . 7 5 
2 1 5 . 00 1 0 . 85 20 . 1 5 
3 1 5 . 00  1 0 . 94 20 . 1 5 
4 1 4 .  50 10 . 56 20 . 50 
5 1 4 . 50 10 . 46 22 . 00 
6 1 5 . 00  1 0 . 35 22 . 75 
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CRU I S E I V  
Depth Temperature D i s s o l ved Oxygen Sa l i n i ty 

S i te Stat i on meters o c  ( ppm )  ( ppt )  

19 7 1 5 . 00 10 . 27 22 . 75 
8 1 5 . 00 10 . 2 1  23 . 25 
9 1 5 . 00 10 . 2 1  23 . 25 

10  1 5 . 00 10 . 2 1  23 . 25 
1 1  1 5 . 50 9 . 16 27 . 00 
1 2  1 6 . 00 8 . 29 27 . 25 

22 1 1 5 .  50 10 . 89 20 . 90 
2 1 5 .  50 1 1 . 1 1 2 1 . 25 
3 1 5 .  50 1 0 . 9 7  22 . 40 
4 1 5 .  50 1 0 . 73  2 3 . 25 
5 1 5 . 75 1 0 . 54 23 . 60 
6 1 5 . 7 5 1 0 . 34 24 . 00 
7 1 5 .50 10 . 34 24 . 00 
8 1 5  . 50 1 0 . 34 24 . 00 
9 1 5  .50 9 . 80 25 . 00 

1 0  1 5  .50 9 . 23 2 5 . 50 

27 1 1 5  .oo 1 1 .  26 1 5 . 40 
2 14 . 95 1 1 . 19 16 . 1 5 
3 14 . 95 1 0 . 04 18 . 90 
4 14 . 95 9 . 68 22 . 00 
5 1 5 .00 9 . 42 2 3 . 60 
6 1 5 . 25 9 . 2 1  24 . 50 
7 1 5 . 2 5 9 . 03  25 . 00 
8 25 . 7 5 9 . 0 1 2 5 . 25 
9 1 5 . 75 8 . 80 2 5 . 75 

10  1 5 .00 8 . 45 25 . 75 
1 1  16 .00 8 . 37 25 . 75 

28 1 14 . 7 5 1 0 . 27 16 . 1 5 
2 14 . 25 1 0 . 25 16 . 90 
3 14 . 50 9 . 79 20 . 1 5 
4 14 . 7 5 9 . 18 2 1 . 65 
5 1 5 . 00 9 . 16 23 . 60 
6 1 5 . 25 9 . 16 23 . 60 
7 1 5 . 25 9 . 2 1 24 . 50 
8 1 5 . 7 5 9 . 0 1  2 5 . 25 
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CRU I S E  IV  
Depth Temperature D i s s o l ved Oxygen Sa l i n i ty 

S i te Stat i on meters oc ( ppm )  ( ppt )  
---

28 9 1 5 . 7 5 8 . 81  2 5 . 50 
10 1 5 . 75 8 . 55 25 . 50 
1 1  1 5 . 7 5 8 . 55 25 . 50 

29  1 14 . 75 1 1 . 2 1  1 5 . 75 
2 14 . 25 10 . 8 5  1 7 . 50 
3 14 . 50 10 . 64 1 9 . 50 
4 14 . 75 10 . 02 22 . 40 
5 1 5 . 00 9 . 68 23 . 60 
6 1 5 . 0 0 9 . 1 3 24 . 50 
7 1 5 . 05 9 . 0 1  25 . 25 
8 1 5 . 1 5 8 . 81 25 . 50 
9 1 5 . 1 5 8 . 62 2 5 . 75 

10 1 5 . 1 5 8 . 46 25 . 50 
1 1  1 5 . 75 8 . 38 25 . 50 

30 1 14 . 50 1 0 . 64 16  . 1 5 
2 14 . 25 10 . 43 16 . 90 
3 14 . 2 5 1 0 . 1 3  18. 90 
4 14 . 25 9 . 6 1  20 . 1 5 
5 14 . 7 5  9 . 29 23 . 00 
6 1 5  . 0 0 9 . 07 24 . 50 
7 1 5 . 25 9 . 04 24 . 50 
8 1 5 . 25 9 . 0 1  2 5 . 25 
9 1 5 . 7 5 8 . 84 25 . 25 

10 1 5 . 75 8 . 66 25 . 2 5 

31  1 1 5 . 00 10 . 70 1 6 . 90 
2 14 . 9 5 10 . 83 1 7 . 75 
3 14 . 50 10 . 76 18 . 90 
4 14 . 50 10 . 49 18 . 90 
5 14 . 7 5 10 . 00 22 . 7 5 
6 1 !1 . 0 0 9 . 68 23 . 60 
7 1 5 . 0 0  9 . 48 24 . 00 
8 1 5 . 25 9 . 30 24 . 50 
9 1 5 . 25 9 . 20 25 . 00 

10  1 5 . 7 5 8 . 84 25 . 25 
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CRU ISE  I V  
Depth Temperature D i s so l ved Oxygen Sal i n i ty 

S i te Stat ion meters o c  ( ppm )  ( ppt )  

32 1 13 . 50 10 . 16 16 . 90 
2 14 . 00 1 0 . 5 1 17 . 25 
3 14 . 25 1 0 . 1 3 18 . 90 
4 14 . 25 9 . 57 20 . 90 
5 14 . 50 9 . 35 2 1 . 6 5  
6 14 . 75 9 . 24 23 . 60 
7 1 5 . 00 9 . 14 24 . 00 
8 1 5 . 05 9 . 13 24 . 50 
9 15 . 05 9 . 0 1 25 . 25 

10 1 5 . 7 5 8 .  7 1  25 . 75 

B i g  37 1 14 . 50 9 . 40 24 . 00 
H i  1 1  2 14 . 50 9 . 56 24 . 50 

3 1 4 . 50  9 . 55 25 . 00 
4 14 . 7 5 9 . 52 25 . 25 
5 1 5 . 25 9 . 29 26 . 00 
6 1 5 . 25 9 . 10 26 . 50 
7 1 5 . 75 8 . 99 27 . 00 
8 1 5 . 75 8 . 88 27 . 25 
9 1 5 . 75 8 . 88 27 . 25 

38 1 1 5 . 7 5 9 . 2 1  24 . 50 
2 1 5 . 75 9 . 56 24 . 50 
3 1 5 . 25 9 .  72 25 . 00 
4 15 . 2 5 9 .  72 2 5 . 00 
5 1 5 . 0 0 9 . 63 2 5 . 00 
6 1 5 . 2 5 9 . 39 27 . 25 
7 1 5 . 75 9 . 14 27 . 25 
8 1 6 . 00 9 . 05  27 . 25 
9 1 6 . 00 9 . 04 27 . 50 

1 0  16 . 00 8 . 87 27 . 50 
1 1  16 . 00 8 . 87 27 . 50 
1 2  1 6 . 00 9 . 03 2 5 . 00 

39 1 14 . 50 9 . 73 24 . 50 
2 14 . 90 9 . 73 24 . 50 
3 14 . 90 9 . 73 24 . 50 
4 14 . 9 5  9 . 63 2 5 . 00 
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CRU ISE  IV 

Depth Temperatu re D i s s o l ved Oxygen Sal i n i ty 
S i te Stati on  meters oc (ppm)  ( ppt )  

39 5 14 . 95 9 . 52 2 5 . 25 
6 1 5 .50 9 . 24 27 . 00 
7 1 5 .50 9 . 07  27 . 00 
8 1 5 . 7 5 9 . 07  27 . 00 
9 1 5 . 75 8 . 97 27 . 25 

1 0  25 . 75 8 . 80 27 . 2 5 
1 1  1 5 . 75 8 . 88 27 . 2 5  
1 2  1 5 . 75 8 . 92 26 . 50 

41 1 14 . 75 9 . 90 24 . 50 
2 14 . 7 5 9 . 90 24 . 50 
3 14 . 7 5 9 . 90 24 . 50 
4 1 5 . 2 5 9 . 41  27 . 00 
5 1 5 . 25 9 . 22  27 . 25 
6 1 5 . 50 9 . 0 5  27 . 2 5 
7 1 5 . 75 9 . 07 27 . 00 
8 1 5 . 7 5 8 . 90 27 . 00 
9 1 5 . 7 5  8 . 90 27 . 00 

10  1 5 . 75 8 . 90 27 . 00 
42 1 1 5 . 25 9 . 38 24 . 50 

2 1 5 . 00 9 . 56 24 . 50 
3 1 5 . 00 9 .  72 2 5 . 00 
4 1 5 . 00 9 . 52 25 . 25 
5 1 5 . 00 9 . 40 2 5 . 50 
6 1 5 . 7 5 9 . 14 27 . 25 
7 1 5 . 7 5 8 . 97 27 . 25 
8 1 5 . 7 5 8 . 96 27 . 50 
9 1 5 . 75 8 . 88 27 . 25 

10  1 5 . 75 8 . 70 27 . 50 
43 1 1 5 . 2 5 9 . 94 23 . 60 

2 1 5 . 00 9 . 56 24 . 50 
3 1 5 . 00  9 . 38  24 . 50 
4 1 5 . 00  9 . 37 2 5 . 00 
5 1 5 . 00  9 . 18 2 5 . 2 5 
6 1 5 . 75 8 . 50 27 . 75 
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CRU I S E IV  
Depth Temperature D i s s o l ved Oxygen  Sal i n i ty 

S i te Stat i on meters o c  ( ppm )  (ppt )  

43 7 1 5 . 7 5 8 . 42 27 . 75 
8 1 5 . 7 5 8 . 34 27 . 75 
9 1 5 . 75 8 . 84 27 . 75 

10  1 5 . 75 8 . 38 27 . 25 
1 1  1 5 . 7 5  8 . 1 5 2 5 . 25 

44 1 14 . 7 5  9 . 52 25 . 25 
2 14 . 7 5 9 . 58 2 5 . 50 
3 14 . 7 5 9 . 58 25 . 50 
4 1 4 . 75 9 . 58 25 . 50 
5 1 5 . 00 9 . 33 27 . 00 
6 1 5 . 25 9 . 05 27 . 25 
7 1 5 . 50 8 . 96 27 . 50 
8 1 5 . 50 8 . 89 27 . 50 

45 1 14 . 25 9 . 73 20 . 90 
2 14 . 25 10 . 00 20 . 90 
3 1 4 . 25 10 . 08 20 . 90 
4 14 . 50 9 . 66 2 2 . 7 5 
5 1 4 . 75 9 . 43 23 . 25 
6 1 5 . 00 9 . 40 25 . 50 
7 1 5 . 25 9 . 26 26 . 50 
8 1 5 . 75 9 . 07 27 . 00 
9 1 5 . 75 8 . 97 2 7 . 25 

1 0  1 6 . 00 8 .  7 1  27 . 25 

46 1 1 3 . 50 1 0 . 14 20 . 1 5 
2 13 . 7 5  10 . 14  20  . 1 5  
3 1 3 . 7 5 10 . 1 4  20 . 1 5 
4 14 . 00 10 . 03 20 . 50 
5 1 4 . 00 9 . 68 2 2 . 00 
6 14 . 50 9 . 59 2 3 . 60 
7 1 4 . 7 5 9 . 40 24 . 00 
8 1 5 . 25 9 . 10 26 . 50 
9 1 5 . 50 8 . 92 26 . 50 

1 0  1 5 . 50 8 . 58 26 . 50 

U . 6-46 



CRU I S E  I V  
Depth Temperatu re D i s so l ved Oxygen Sal i n i ty S i te Stat i on meters oc ( ��m )  ( �Qt ) 

47 1 1 3 .  7 5  10 . 24 2 1 . 25  
2 14 . 00 10 . 22 2 1 . 65 
3 14 . 25 1 0 . 2 1  20 . 90 
4 14 . 25 9 . 89 2 1 . 25 
5 14 . 2 5 9 . 81 23 . 00 
6 14 . 7 5 9 . 56 24 . 50 
7 1 5 . 25 9 . 35 26 . 50 
8 1 5 . 50 9 . 22 27 . 2 5 
9 1 5 . 75 9 . 07 27 . 00 

10  1 5 . 7 5 8 . 90 27 . 00 
1 1  16 . 00 8 . 56 26 . 50 

48 1 14 . 25 9 . 49 22 . 40 
2 14 . 25 9 . 67 22 . 40 
3 14 . 2 5 9 . 67 22 . 40 
4 14 . 2 5 9 . 60 2 3 . 2 5 
5 14 . 50 9 . 2 1  24 . 50  
6 1 5 . 2 5 9 . 10 26 . 50 
7 1 5 . 75 9 . 0 1 27 . 7 5 
8 16 . 00 8 . 82 28 . 50 
9 1 6 . 00 8 . 88 27 . 2 5 

10  16 . 00 8 . 63 2 7 . 25 
1 1  16 . 2 5 8 . 04 27 . 2 5 

49 1 1 3 . 7 5 1 1 . 41 19 . 7 5 
2 1 3 . 7 5 10 . 85 20 . 1 5 
3 14 . 00 10 . 47 20 . 1 5 
4 14 . 00 9 . 92 22 . 40 
5 14 . 50 9 . 60 23 . 25 
6 14 . 75 9 . 42 23 . 60 
7 1 5 . 0 0 9 . 29 26 . 00 
8 1 5 . 7 5 9 . 18 26 . 50 
9 1 5 . 7 5 9 . 10 26 . 50 

1 0  1 5 . 75 8 . 56 27 . 00 
B i g  50 1 13 . 2 5 9 . 98 2 3 . 00 H i  1 1  

2 1 3 . 25 9 .  77 2 3 . 25 
3 1 3 . 50 9 . 68 23 . 60 
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CRU ISE  I V  
Depth Tem�e rature D i s s o l ved Oxygen Sa l i n i ty 

S i te Stat i on meters c (QQm) (QQt )  

50 1 13 . 25 9 . 98 23 . 00 
2 1 3 . 25 9 . 77 23 . 25 
3 13 . 50 9 . 68 23 . 60 
4 13 . 50 9 . 41  25 . 50 
5 1 4 . 75 9 . 32 2 5 . 50 
6 1 5 . 00 9 . 27 26 . 50 
7 1 5 . 25 9 . 10 26 . 50 
8 1 5 . 25 9 . 1 0 26 . 50 
9 1 5 . 50 8 . 82 27 . 00 

5 1  1 13 . 25 10 . 70 2 2 . 75 
2 1 3 . 25 10 . 02 2 2 . 40 
3 13  . 25 9 . 81 23 . 00 
4 1 3 . 75 9 . 63  23 . 00 
5 1 5 . 00 9 . 27 25 . 25 
6 1 5 . 00 9 . 0 1 26 . 50 
7 13 . 25 8 . 93 26 . 50 
8 1 5 . 25 8 . 84 26 . 50 
9 1 5 . 25 8 . 73 27 . 00 

52  1 14 . 00 9 . 33 23 . 60 
2 14 . 00 9 . 33 23 . 60 
3 1 4 . 25 9 . 42 23 . 60 
4 1 4 . 50 9 . 2 1 24 . 50 
5 1 5 . 00 9 . 14 2 5 . 75 
6 1 5 . 25 9 . 10 26 . 50 
7 1 5 . 25 9 . 0 1 26 . 50 
8 1 5 . 50 8 . 82 27 . 00 

53 1 1 4 . 25 9 . 52 2 5 . 25 
2 1 4 . 25 9 . 40 24 . 00 
3 14 . 25 9 . 4 2  23 . 60 
4 1 4 . 25  9 . 40 24 . 00 
5 1 5 . 00 9 . 27 25 . 25 
6 1 5 . 25 9 . 10 26 . 50 
7 1 5 . 50 9 . 10 26 . 50 
8 1 5 .  50 8 . 99 27 . 00 
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CRU I SE I V  
Depth Temperature D i s so l ved Oxygen Sal i n i ty 

S i te Stat i o n  meters o c  ( ��m} (��t )  
53 9 1 5 .  7 5  8 . 88 27 . 7 5  

1 0  1 5 .  7 5  8 . 88 27 . 7 5  

54 1 3 .  7 5  9 . 7 2  2 3  . 00 
2 1 3 . 7 5  9 . 63 23 . 00 
3 1 3 .  7 5  9 . 55 23 . 00 
4 1 3 .  7 5  9 . 55 23 . 00 
5 1 4 . 50 9 . 42 23 . 60 
6 1 5 . 0  9 . 1 0  26 . 50 
7 1 5 . 25 8 . 90 27 . 00 
8 1 5 . 50 8 . 88 27 . 25 
9 1 5 .  7 5  8 . 88 27 . 25 

1 0  1 5 .  7 5 8 . 7 1 27 . 25 
1 1  1 5 .  7 5  8 . 7 1 27 . 25 
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D E PARTM E N T  OF TH E ARMY 
N E W O R L E A N S  D I ST R ICT. C O R PS O F  E N G I N E E R S  

P. 0 .  BOX 15 0 2 15 7  
N E W  O R L E A N S .  LOU I S I A N A  7 0 1 6 0  

IN REPLY REFER TO 
LMNPD-RE 9 Novemb er 1 9 7 7  

Mr . Michael E .  Carosel la 
Execut ive Com..�unicat ions 
Ro om 3 3 0 9  
Federal Energy Admin i s t r a t ion 
Wa sh ing ton , DC 2 04 6 1  

D e ar Mr .  Carose lla : 

Your four-volume d r a f t  envir onmental imp a c t  s t a t emen t  ( EIS ) , with 
c over l e t t e r  d a t ed 12 S e p t embe r 1 9 7 7 ,  conc erning the Texom.a Gro up of 
salt dome crude o i l  s torage sites wa s r e f erred to the New Orleans and 
Galve s ton D i s t r ic t s  f rom our Wa shington o f f ic e  for review comment s .  
Th i s  i s  a c o o r d inated reply . 

We have r ev iewed these do cumen t s  in accordanc e wi t h  our areas o f  
r e spons ib i l i t y  and exper t is e  a s  o u t l ined in the Co unc il o n  Env iron
mental Qua l i t y  gu idel ine s ,  T i t l e  40 , CFR, P a r t  1 5 00 , publ ished in the 
" Fe d eral Re g i s ter" d a ted 1 Au gus t 1 9 7 3 ;  and US Army Corp s of En g ineers 
a dmin i s tra t ive proced ures for p ermi t a c t ivit ies in navigab l e  wa t e r s  o r  
o cean wa t e r s ,  T i t l e  3 3 ,  C F R ,  P a r t s  3 2 0- 3 2 9 , pub l i shed i n  the "Federal 
Re g i s ter" d at ed 1 9  July 1 9 7 7 .  

We o f f e r  the f o l lowing commen t s  regard ing the d r a f t  EIS : 

a .  There are numerous mis spelled and /or misused genera and 
s p e c i e s  in the text , and several b io l o g ic a l  r e f erenc e s  are misquo t e d . 

b .  Tlie s t a t emen t s  on pages 3 . 2-21 and B . 2 - 5 7  which d e s c r ib e  
Choup ique I s l an d  a s  b e ing c r e a t e d  by f i l l ing w i t h  d r e d g e d  ma t e r ial are 
incorrec t .  Th e is land is the r e sult of a dredged cu t o f f  a s s o c iated 
with the con s t r u c t ion o f  the Ca l c a s ieu Sh ip Channel . 
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LMNPD-RE 9 Novemb er 19 7 7  
Mr . Michael E .  Ca r o s e l l a  

c .  The s e c t io n s  wh i c h  d e s c r i b e  t h e  envi ronme n t a l  s e t t ing o f  e a c h  
p ro p o sed p r o j ec t s i t e  sho u l d  inc l u d e  d i s c u s s i on s _g_f t he vec t o r  p ro b lems 
a nd p o t en t i a l s  tha t ex i s t  at each s i t e .  The imp a c t  s e c t io n s  a l so 
s ho u ld d i s c u s s  t h e  impa c t s  of t he p r o p o s e d  proj ec t s  on the ve c t o r  

p ro b l em s  and po ten t ia l s .  

d .  Rev i ew o f  the adve r s e  imp a c t s  wh i c h  wo u l d  b e  c a u s ed b y  
c o n s t r u c t i o n  o f  t h e  B i g  H i l l ,  V i n t o n ,  a nd B l a c k  Bayou fac i l i t ie s  
ind i c a t e s  t ha t  t h e s e  env i ronmen t a l  imp a c t s  ,.70u l d  b e  severe and 
unnec e s sary s in c e  a d e q u a t e  c a p a c i ty wou ld b e  a f f o r d e d  by expans i o n  of 
t h e  We s t  Hackberry s i t e .  

e .  The b r i ne d is p o s a l  l ine d i f fu s e r  f o r  the We s t  Hackb e r r y  s i t e  
mu s t  b e  l o c a t ed a t  a s u f f ic i e n t  d i s ta n c e  o f f sho re in the gul f a nd we s t  
o f  t h e  Ca l c a s i e u  S h i p  Channel so a s  t o  p r e c lude in t r o d u c t ion o f  wa t e r s  
o f  h i gher s a l i ni t i e s  t o  t h e  Sh ip Chann e l  and Ca l c a s ieu Lake . The 
b r i n e  d i s p o s a l  s y s t em ,  i n c l ud ing the s e t t l ing p ond s , mu s t  b e  p r o p e r l y  
c o n s t r u c t ed and mon i t o r ed t o  i n s u r e  tha t only the lower s a l in i t y  levels 
p ro j e c te d  in the d r a f t EIS would en t e r  t h e  surround ing ma r shland s and 
t h e  g ul f . 

f .  The e n t ire s t u d y  ar ea is subj ec t to hur r i cane t i d a l  f l o o d ing 
to some ex t en t , and the B l a c k  Ba y o u  s i t e and p ip e l in e  t erminal s i t e  in 
� a r t i c u l a r  a p p e a r  to be sub j e c t  t o  f l o o d ing from the 1 p e r c e n t  chanc e  
:1u r r i c ane t id a l  s ur g e . 

g .  The impac t s t a t emen � d o e s  no t a p p e a r  to a d d r e s s  ( ex c e p t in 
� n e  o r  two b r i e f  r e f er e n c es ) t he f lo o d  p o t en t ia l  o f  the s i t e s , the 
s u s c e p t ib il i t y  o f  t he s i t e s  o r  o f f s i t e  fa c i l i t i e s  t o  flood dama g e , 
t h e  p o s s i b l e  environmen t a l  imp a c t s  o f  s u c h  f l o o d  damage , or the f l o o d  
p r o t ec t io n  m e a s u r e s  p la nned i f  r e q u ir ed . 

h .  On p a g e s  9 . 2- 2  and 9 . 2 - 3 ,  r e f er en c e s  to Co r p s  o f  En g in e e r s  
r eg u l a t io n s  s h o u l d  b e  c hanged to agree wi t h  the c u r r e n t  r e g u la t ions . 
On 1 9  J u l y  1 9 7 7 ,  T i t l e  3 3 ,  CFR,  P a r t s  2 0 9 . 1 2 0  and 2 0 9 . 1 3 1  we r e  r e s c in d e d  
and super s e d ed b y  r eg u l a t io n s  c o n t a ined in Ti t l e  3 3 , CFR , P a r t s  3 2 0  
t hrough 3 2 9 . 

i .  App e n d i x  0 ,  p a r a graph 5 ,  page 0- 4 0  should s p e c i f y  t he wave 
h e i g h t s  a t  t he f a c i l i t i e s . 
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U1NPD-RE 9 Novemb er 19 7 7  
}tt . Micha e l  E .  Caro s e l la 

P e r s o nne l o f  t h e  F e d e r a l  En e r gy Admin i s t r a t ion and the C o r p s  of 
En g ineers have b een �� intaining c l o s e  l ia i son conc e rning the r e quired 
Corps regula t o ry p e rmi t s . Thank you f o r  the oppo rtunity to r eview 
a nd corm::lent o n  the d r a f t  E I S . 

C o p y  furnished : 

Mr . C h ar l e s  War ren , Cha irman 
C o un c il on Environmen t a l  Qu a l i t y  
Wa shing t o n ,  D C  2 05 0 6  

S inc e r e l y  yours , 

EARLY J .  RDSH I l l  
Colone l ,  C E  
D i s t r i c t  En gineer 
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U N ITE D S T.ATE S  D E P A l=I T M E N T  O F  C O M M E l=I C E  
N a t i o n a l  O c e a n i c  a n d  Atm o s p h eric A d m i n istration 
NAT!Ol\AL �v1b f: , '\;E  F !S-1 E R ; E S  s � r; '., : E  
Duv a l  Bui lding 
9 4 5 0  Gandy Bou l eva rd 
S t .  P e te r s b urg , FL 3 3 7 0 2  { ! 2 

O c tober 2 7 , 1 9 7 7  

TO : Di rector , Ofc of E c o l o gy & 
._ Envjrg!l.llenta l , Cons e rvati on ,  0F:: E 1911 

F S E 6 1/ G3  

Jr ,,,, ��� cz__ .. 1C:�( N v 0 l -
TH RU : v 

'-
As sistan t D i r e c tor for S cienti fi c  · a�d 'I'e chni c a l  
S ervices , F 5  / · 

FR0l1 o ;.( Wi l � i am H • .  S tevens on/f.f,,�//4i:� �// i 

, Re gi ona l D i re c to r  l · / / " 

S UB JECT : Comments on D ra f t  Envi ron.'Tlental Irr.pact S t a t2ment -
Te xom a  Group S a l t  Domes ( FEA 7 7 - 8 )  ( DE I S  # 7 7 0 9 . 2 6 )  

The d r a f t  envi ronrne ntal impact s tateme n t  fo r Texon a  G ro up S al t  
Domes that a ccomp a n i e d  your memo randwn o f  S epter� e r  2 1 , 1 9 7 7 , 
has been re ceived by the National Mar i n e  Fi s h e r i e s  S e rv i ce for 
revi ew and comrnen t .  

Th e s t atement h a s  been reviewed and th e fo l l owi n g  c owments are 
o f fered for y our con s i der ati on . 

Gen e r a l  Comments : 

The 5 brine d i sp o s a l  s i te s  i n  the Gu l f  o f  Mexi co are l o c a ted in 
water d epth s  of e i the r 3 0  or 4 4  fee t .  The p ro po s e d  s i tes are 
l ocated with i n  th e  l imi t s  o f  Grid Nos . 17 and 1 8  identi f i e d  by 
th e N.MFS for th e pu rpo s e  of computing .·;·1.1l f  of Nexico s h r imp 
f i s he ry s ta ti s ti c s . During 1 9 7 5 , 7 0 %  o f  the s hr imp h arves ted 
wi th i n  Gr i d  No . 1 7 , or mo re th an 3 . 7  mi l l ion pounds of s h r iDp 
va l u ed at more th an $ 5 . 4  mi l l i on ,  were caug h t  in water depth s  
o f  6 0  f e e t  o r  le s s . ( Anon . 1 9  7 6 , Gu l f  coa s t  shrimp data , 
a nnual s ll!Ilffia ry 1 9 7 5 .  Cur rent F i shery S tati s t i c s  No . 6 9 2 5 ,  u . S . 
Dept . o f  Comm er ce ,  NOAA-NMFS , 2 6 ) . Al s o  during 1 9 7 5 ,  4 5 %  o f  
th e s h r imp h a rves te d  within G r i d  No . 1 8 ,  or about 2 . 8  mi l l io n  
pounds o f  s h rimp va lued at about $ 5 . 4  mi l l io n , wer e c au ght i n  
water depths o f  6 0  feet or l es s . Becau s e  o f  the impor tance of 
thi s  area to marine f i s h e r i e s  the s e c tions o f  th e FEI S  conta i n 
i ng d i s cu s s i ons con c e rr.ing propo s ed b r i n e  d i s po s a l  in the Gu l f  
should provi d e  th e  ra tio n a l e  for s e l e c ting the br i ne d i s charge 
s i tes and d i s c u s s  a l terna tive s including di s ch a rging i n  wate r s  
d e eper than 6 0  fe e t .  The anti c ipated impa cts o n  m ar i ne l i fe 
and the i r  h abi tats s hould be compa red ,  e speci a l ly wi th regard 
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to mi g ra t i o n  rou te s and spawning a r e a s  o f  maj or c omponents o �  
th e f i s he ry . The F E I S , o r  a s upplement the r e to , s hou l d  i nc lu c e  
r e s u l ts o f  J abor a tory s tu d i e s  o n  l a rv a l  s t ag e s  o f  s everal 
s p e c i e s  o f  mar in e  f i s h e s  and c r u s taceans e ndemi c to the propo s ed 
d i s po s a l  s i te s , i n c lud i ng wh i te s hr imp . Th e s e  bio a s s ay s  shou l d ,  
for e ac h  d om e ,  te s t  the to l e r an c e  o f  tho s e  s e l e c t e d  s p e c i e s  to 
the b r in e ,  at d � s charge tempe r a tu r e s , tha t h ave been put i nto 
s ol u t ion w i th wa t e r  f rom each p ropo s 2d i n take l o c a ti on . The 
need fo� s u c h  tol e rance s tu d i e s  p r i o r  to b r i n e  d i s po s a l at a 
n e a rby s i te h a s  b ee n  d i s cus s ed by KMFS p ar t i c ipants i n  a 
S trateg i c  P e trol e um Re s e rv e  works hop on environmen t a l  cons i de r 
a ti o ns o f  b r i n e  d i s po s a l  ne ar F r e epor t ,  Te xas , he l d  i n  Hou s ton , 
Tex a s , on February 1 7  and 1 8 , 1 9 7 7 . The s e  d i s cu s s ions are 
i n c l uded i n  th e pro c e e d ing s of th e work s ho p . The FEI S should a l so 
d i s cu s s  the f eas i b i l i ty o f , as we l l  as envi ronmen t a l  impa cts 
a s s o c i ated w i th , a l te rnative m e thods o f  b r i ne d i s p o s a l  for the 
en l arg ement or creation o f  tho s e  pos s ib l e s to ra g e  ar eas for 
which F EA is p r e s e n t ly c ons i d e r ing d i s po s a l  in the Gu l f . 

From the DE IS r ev i ew ,  i t  appears th a t  the a l ternative l e a s t 
dama g ing to f r e shw a ter cormner c i a l  and mar i ne f i s h e ry r e s our ce s  
a n d  the i r  hab i t a t s  wou l d  b e  s to r a g e  a t  the Vinton a n d  B i g  H i l l 
s a l t  domes , e spe c i a l l y  i f  that enab l e d  a l l  the brine to b e  
d i s po s e d  b y  i n j e c t i on we l l s . 

S p e c i f i c  Comments : 

Vo l ume I 

3 . 0  De s cr i p t io n  o f  the Env i ronment 
3 .  2 Re g i onal Env i ronrnent 
3 . 2 . 5  S p e c i e s  and E c o s y s tems 
3 . 2 . 5 . 2  Ecosy s tems 

P a g e  3 . 2 - 2 5 ,  paragraph 2 .  The F E I S  s hou l d  note that two Loui s i an a  
Dep a r tmen t o f  Wi l d l i f e and F i s h e r i e s  marine b i o l o g i s ts repo r t ed 
that the de c l i ne i n  shr imp harv e s ts from S ab i ne Lake s ince 1 9 6 8  
c ou l d  b e  d i re c t l y  a t tributed to the ope ratio n al pro c edures o f  
T o l edo Bend Dum . (Wh i te , C . J .  and W . S . P e rre t . 1 9 7 4 . S h o r t  
t e rm e f :'.:ects o f  th e To l edo B end P ro j e c t  on S ab i n e  Lake , Lou i s i a !� a . 
Proc . 2 7 th S . E .  As so c . G ame and Fi s h  Corrrrn . pp . 7 1 0 - 7 2 1 ) . 

4 . 0  Envi ronme n t a l  I mpacts o f  the P ropos ed and Al t e rnative Acti ons 
4 . 3  P ro p o s e d  S i te - Wes t Ha ckb e rrv Exnan s i o n  
4 . 3 . 5  Spe c i e s  and E co s y s tems 
4 . 3 . 5 . 2  Ooe r a ti o n s  Imoa c t s  

D i s p l 2ccment Wa ter S y s t em s  I mpa c t s  

� ag e  4 . 3 - 4 2 ,  pa raaraoh 1 .  The orooo s ed w a t e r  i n t ake loc ati on i n  
a la ck Lake i s  re l a t i v e ly n e ar t h e  mou th o f  B l ack Lake B avou . a 
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migration route f o r  ma r ine o r ganisms to the Lake . The FE I S  
s hou ld d i s c u s s  whether oper ation o f  the s tru c ture a t  th e pro
pos e d  loc a ti on wou ld r e s u l t  in min ima l en tra i nmen t o f  organisms 
in B l a ck Lake . I f  no t ,  the F E I S  s hould determine the l o cation 
which wou ld resu l t  in the l e a s t amount o f  entra inment . The FSIS 
should also inc l u de d r awing s s howing w ater c i r cu l a t � � n  p 3 tt2r�s 
in the Lake u nd e r  va r io u s  wind and tidal c onditions . 

4 . 4  Al te r n a t ive S i te - B l a c k  B ayou 
4 . 4 . 2 Water 
4 . 4 . 2 . 1  Cons tru c t i on Impac ts 

Page 4 . 4 - 2 , p a ra gr aph 3 .  The pre s ent s a l i n i ty regime o f  B l ack 
B ay o u  and Ri ght P rong should b e  d i s cus s ed s i n ce tho s e  s a l i n i t i e s  
wou ld b e  i nc r e a s e d  b y  th e w i thdrawal o f  l e ac h ing water . 

4 . 4 . 5  Spe c i e s  and E co s y s tems 
4 . 4 . 5 . 1  Co n s truc tion I�pacts 

P age 4 . 4 - 1 0 , Imp a c t s  a t  th e S torage Lo c a tion . The FE I S  s hould 
d i s c u s s  m e a s u r e s  to reduce we tl and impa cts r e s u l ting from con
s tru c tion o f  the 10 a c re fi l l  for the cen tral p l ant . Thes e 
measures i n c lude ( 1 ) u s i ng a ny previ o u s l y  a l te red a reas for the 
p l ant s i te and ( 2 ) us ing spoi l from ex i s ting and new d i s po s a l  
ar e a s  r a th e r  than dredging add i tion u l  we t l ands for f i l l .  

4 . 4 . 5 . 2  Operati ona l IGp a c ts 

P age 4 . 4 - 1 2 , D i s p l a ce�ent/Le aching Water S y s tem Impa cts . The 
F E I S  shou l d  dis cu s s  the imp a c t s  as s o ci ated w i th wa ter w i thd rawal 
f r om the Gu l f  Intrac o a s t al wa terw ay ( G IWW )  i n s tead o f  B l ack 
Bayou . The s a l i n i t i e s  in B l a ck Bayou and Ri ght P rong would 
probab ly no t b e  i ncre a s e d  a s  much , and there wou ld proba b ly b e  
l e s s entra inment o f  illa rine orga ni sms s i nce the s tructu r e  w o u l d  
b e  f u r ther from S ab i n e  Lake . 

4 . 5 Alte r n a t i ve S i te - Vinton 
4 . 5 . 5  S pe c i e s  and E c o s y s tems 
4 . 5 . 5 . 1  Cons tru c ti on I mp ac ts 

P age 4 . 5 - 7 , Br i ne D� s po s a l Sys tem Imp ac ts . The FE I S  s hould d i s 
cu s s  the a l te rnat ive o f  l o c a ting a l l  te n o f  the p ropo s e d  i n j e c
tion we l l s  i n  are a s  o ther than tidal mar s h e s . Th i s  s h o u l d  
el iminate ' the we tl and d e s tru c ti on r e s u l ti ng from the d r edg ing o f  
a 2 . 2  mi l e - l ong acces s canal wi th i t s  a s s o c i ated s po i l  d i s po s a l  
( 3 5  ac res ) .  Fb r  the p r e s ently propo s e d  s y s tem , th e F E I S  s hou ld 

e v a luate and compare the impac ts of u s i ng l and-b a s ed d r i l l i ng 
r i g s  and con s tru c t ing b o ard roads for a cc e s s  wi th th e imp a c t s  
o f  u s ing b a rg e -mounted d r i l l i n g  r i g s  a nd drag l i nes , the l a t ter 
for excav ation . 
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4 . 6  A l ternative S i te - B i g  H i l l 
4 . 6 . 5  S pe ci e s  a n d  E c o s y s t ems 
4 . 6 . 5 . l  Cons t ru c tion Imp a c t s  

P age 4 . 6 - 8 , D i s p l a c ement/Le a c h i n g  Water S y s tem Imp a c t s . The F E I S  
s hou l d  e x p l a i n  why th e l e s s  e nvi ronme n ta l ly d arr.ag i ng d is p l acement/ 
l each i n g  wa ter pipe l i ne rou te and b ri ne d i s po s al pipe l ine route 
are cons i d e r e d  o n l y  as a l ternative s to the p ropo s ed rou tes , no t 
the propo s e d  r o u te s . 

4 . 6 . 5 . 2  Ope r a ti on s  Im9 a ct s  

P ag e  4 . 6 - 1 5 , B r i ne Di s p o s a l  S y s tem Impac ts . The impa c t s  o f  br ine 
3 i s po s a l  f r om th e B i g  H i l l  s torage s i te s ho u ld be d i s c u s s e d  in 
a t  l e a s t  the d e t a i l  as the We s t  H a ckb e rry s i te . 

5 . 0 Mi t i g a t i on Me a s u r e s  a nd Un avo i d ab l e Adver s e  Impacts 

P ag e  5 . 0 - 2 ,  Tab l e  5 . 2 - 1 . P ropos e d  S i te -��s t H a ckberry E xpans i o n  
S i te Co n s truc t io n  a n d  Oper a t i o n  

T h e  D ra f t  E I S , i n  d i s c u s s i n g  imp a c t s  r e s u l ting from wa t e r  wi th 
dr aw a l  from B l ack Lak e , i n d i c a t e s  tha t  s a l i n i t i e s  i n  th e B l ac k  
L ake a r e a  s h o u l d  d e crease s l i gh t ly a nd t h a t  the h ab i ta t s  o f  
c o�me rc i a l ly impo r tan t s p e c i e s  wou l d  n o t  b e  changed i rrevers ib l y . 
B ecau s e  o f  the f ra g i l e  condi tion o f  th e B l ack Lake e s tu a r ine 
s y s tem , th e FEA srw u l d  d eve lop a conting ency p l an for water 
wi th dr awa l tha t  cou ld be put i nto e f f e c t  s hou l d  the wi thdraw a l  
r e s u l t  in i n c re a s e d  s a l in i ty i n  B l ack L ake r a th e r  th an a d e cr e a s e  
a s  pred i c te d . I n  s u ch a p l a n , water cou l d  be w i thdrawn f rom th e 
G I \'71;' , \•:e s t  o f  the Alk a l i Di t ch , wh i ch s h o u l d  r ed u c e  th e amount 
o f  e n t r a iru:,er:t of mar i ne organ i s :ns as we l l  a s  r e du ce any 
s a l i n i ty i n c r e a s e  i n  B l a ck Lake . 

8 . 0  S u.Inm ary o f  P ropo s e d  and A l t e rn ative A c ti v i t:E s  

T h e  FE I S  s hou lc d i s c u s s  th e va rious a l te rnatives s ug ges ted i n  
the s e  conunen ts . 

Vo l ume I I  

Appen d i x  A De s cr i p tion o f  the P r o j e c t  
A . 4 P ropos e d  S torage S i te - We s t  H ackb e r r1 E x p ans i on 
A . 4 - 4  S i te Deve l opment 
A . 4 . 4 . 2  A l t e rn ative Phys i ca l  F ac i l i t i e s  
A .  4 .  4 .  2 . 1  ��-'·" Water S upply 

P ag e  4 - 2 7 .  Ano th e r  po s s ib l e  a l te r n a t i ve water source tha t  s h o u l d  
b e  c on s i de � ;:> d  in the FE I S  i s  the G I WW w e s t  o f  t h e  A l k a l i D i tch . 
Th i s  a l te r n a ti ve wou l d  b e  l e s s  du�a g i n g  to marine f i shery r e s o u r c e s  
i n  tha t  the re wou ld probab l y  b e  l e s s  e n tr a inme n t  o f  m a r i n e  organ
i sms at a wa t e r  i n take s tructu re i n  the f r e s h e r  wa ters o f  the 
G IWW . 
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A . 4 . 4 . 2 . 2  B r i n e  D i s po s al 

Page 4 - 2 9 .  The FE : s  should cons i d e r , a s  a n  a l te rn a tive to the 
propo s e d  br i ne d i s p o s a l  pipel ine wh i ch p a ra l l e l s  the Ca l c a s i eu 
S h i p  Ch�nne l , anot� e r  p i pe l i n e  a l i gn�e n t  a l s o  para l l e l ing the 
S h ip Channe l  wh i ch wou ld maximi ze trie u s e  of e x i s t i n g  s po i l  
d i spas 2 l  areas and o ther non -we t l and areas . Th i s  a l i g n nent was 
sugges ted by the Env i r onmental As s es sment B r anch Are a S upervi s o r  
o f  NMFS i n  Galves ton , Texa s , i n  an Augu s t  1 9 , 1 9 7 7 ,  respons e to 
a requ e s t from the New Orl eans D i s tri c t , Corps o f  Eng i n e e rs ' 
Regu l a tory F u n c t i o n s  Ch i e f ,  for a pre l imi nary evalu ation o f  th e 
permi t ao.o l i c at i on by FEA pri o r  to i s s uance o f  th e pub l i c  n o t i c e . 
Th i s  a l i gnmen t  wou ld impact much l e s s  w e t l ands and oys ter b e d s  
th an tr.e prop o s e d  a l inemen t a n d  wou ld caus e  m u c h  le s s  d i s tu rb ance 
to marine l i fe m i gr ation th an the a l i nemen t  i n  S t arks C an a l . 

I t  i s  r eq u e s ted t h a t  o ne copy o f  th e F i n a l  E I S  be s en t  our Area 
Supervi s o r ,  Env i row�e ntal As s e s sment Branch , 4 7 0 0  Ave nu e  U ,  
G a lv e s t on , TX 7 7 5 5 0 . 

cc : 
FS 3 ( 3 )  
FS E 6 1 2  
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To : 

F rom : 

W i l l iam A r on , D i rec t o r  

U N I T E D  STAT E S  D E P A R T M E N T  O F  C O M M E R C E  
N a t i o n a i O c e a n i c  a n d  A t m o s p h e r i c  A d m i n i s t ra t i o n  
Rockv 1 l le ,  V.ary a �, j  208 5 2  

O f f i ce o f  E c o l ogv and EnviroJ:!L;e n t a l  C ons e r va t ion 

/.. . .  CJvi.....� �. �r d o n  Li l l , D e p u ty D i re c tor 
Na t i o na l Oce an S urvey 

S ub j : DE IS 7 7 0 9 . 2 6 - S t ra te g i c  Pe t r o l e um Re s e rve 
Texoma Group S a l t  D ome s 

The s ub j e c t s t a teme n t  has been reviewe d w i th in the areas 
o f  NOS re s p ons ib i l i ty and e xpe r t i s e , and in term s  o f  the 
impac t of the pro p o s e d  ac t i o n  on NOS ac t iv i t ie s  and p r o j e c t s . 

The f o l lowing c omme n t s  a re o f fe red for your c o n s id e ra t ion : 

A ppend i x  D . 2 5  - The MIT Trans i e n t  P lume Ana lys i s  -
The mode l i n g  approach u s ed t o  charac te r i ze the d i s pe r s i o n  
o f  b r ine i n t o  s u rroun d i n g  wa te r s  may s u f fe r  from a s s ump t ive 
mathema t ic a l  s im p l i f i c a t ions . The a s s ump t i ons o f  c o n s tant 
d e p th and ve r t ic a l ly cons t a n t  current wou ld appe a r  to be 
Neakne s s e s  in the MIT mode l .  

Append ix G - O i l  S p i l l  R i s k  and O i l  Po l lu t i on 
The pres e n t  s t a te - o f - the - a r t  for o i l  s p i l l  analys i s  inc lude s 
mod e l s wh i c h  provide l i nes o f  p r obab i l i s t i c impac t and 
p r obab i l i s t i c  t ime to impac t  i n  this a rea , Th is inf orma t i o n , 
m i s s i n g  in the s ub j e c t DE IS , wou ld im pr ove the p la n  for c on 
ta i nme n t  a nd remova l o f  s p i l le d  o i l . 
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november 17 . 1977 

Mr. Thomas A .  Noe l 
Act i n g  As s i st ant Secretary 
Res ource App l i cat i on 
Department of Energy 
1725 M Street 
Wash i ngto n .  O . C .  20461 

Oe ar Mr .  noel : 

We have rev iewed the Draft Environment a l  Impact St atement for the pro
posed Texoma Group Sa l t  Domes of the Strateg 1 c  Pet ro l e um Re serve ( SPR) Program. Th e  Texoma group con s i s t s  o f  four proposed cand fdate s i tes 
located i n  the Gu l f  Coast reg i o n  of southwestern Lou i s i an a  and south
eas tern Texas . The primary s f te for ( SPR ) deve l opment 1n th i s  group 
h an exp ans f on of the West Hackberry Ear l y  Storage Reserve ( ESR)  fa-
c i l  f ty l oc ated 1n Cameron Par i s h ,  Lou t s 1 an a .  The three other cand i dates 
are new s 1 tes . They are the B l ack Bayou s a lt dome located in Cameron 
Par i sh , Lou i s iana,  the V 1 n ton s a l t  dome located 1n Ca l c as ieu Par i sh ,  
Lou 1 s 1 an a ,  and the B 1 g  Hi l l  s al t dome i n  J�fferson County, Texas . One 
or a comb f nat i on of these � i tes may be deve loped as an a l t ernat i ve to 
th� e�pans i on of th! West Hackberry EarJy Stor age Re serve { ESR )  fac i l i ty .  

We offer the fol l ow i n g  comments for cons 1 derat 1on f n  prepar at 1on -of 
the Ff nal E I S :  

1 .  Th e  draft s t atel!\ent f n d i cates that for unloadfng purposes,  
d1 spl acement water for the salt do."!les wi l l  be wt thdra�m from Slack  
Bayou , Sab i ne lak e ,  Intercoa stal  Waterway, o r  V1nton Can a l . Th i s  
procedure wi l l  nece s s i tate the cons truct ion o f  a water f ntake s tructure 
fn e 1 ther one of th�se water suppl fes . The F i n a l  wou l d  be s trengt�ened 
f f  f t  included more 1 nformat fon addres s fn g  the i n take s tructure �nd 
des i gn .  Th i s  i nforma t 1 on shou l d  i n c l ude work ing dra�1ngs of proposed 
i ntake facf  l i t fe s  and shou l d  address 1 n take f l ow ve l oc i ty and the screen
fng des fgn  that wf l l  be used.  
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2 .  Accord i ng to the s t a t�nent . construct i on of numerous p f pe 1 1 ne 
sys tems for both br 1 ne d f  s pos a l  or raw water supply cou l d  neces s i tate 
the ut 1 1 f z at 1 on wet l and h ab i tat . We wou l d  1 1 ke to po f nt out that the 
po1 1 cy of the Env1 ronr.ie n tal Protect i on Agency, as pub l i shed fn the fede ra l ReTi s t er ( 40 CFR 230 , Scpt�ber 5 ,  1 9 7 5 )  requ 11"'es that part i 
cular cogn z ance and con s i derat i o n  be g ' ven any propos a l that h as po
ten t i al to damage or de stroy wet l ands by dredg i n g  act i v1 1 ty. The ap
pl i c ant shou l d prov i d e ,  where any dredg i n g  oper a t i o n s  i n  wet l ands are 
concerned , subst ant f ve eva l u a t i o n  of th� proposed project and al ter
n at i ve act f ons . In concl us 1 on ,  the s e l ected proj�ct act i on shou l d  be 
the most prac t i c ab l e  of al l a l t ern�t i ves and pro v i de pos s i b l e  �1 t i gat i ve 
measures to m f n fre1 z e h ant1 to the wet l and env i ronment . I n  thP. sel ect 1 on 
of any r f ght-of-ways , efforts shoul d be made to avo i d  �etl ands . Adequate 
d i scus s 1 on on th i s  matter shou l d be provided f n  th e F i n a l  EI S.  -

3 .  The proposed Texoma Group Strateg fc Petrol eum Reserve projects 
1nvolve hydroc arbon storage by c.�p l ac�nt of crude o i l i nto s a l t domes , 
so l ut i on m 1 n 1 n g  of the s a l t to cre ate or e nl arge ex i s t 1 n g  s torage capac i ty,  
and.  i n  sor.:e cases , d i spos a l of the produced or d i spl aced br fnes by 
deep we1 1  1nject i o n .  Al l these t�s of operat i ons wi l l  be r�gul ated 
under the Underground Inject fon Contro l (UIC)  progr am  of the Safe Ori nk -
1 n g  Water Ac t  ( Publ i c Law 93-523 ) , a s  per Dr aft regu l at ions . August 3 1 ,  
1976.  Therefore , the data presented i n  the Draft EI S n e e d s  to be strength
ened to support an effect i ve eva l uat ion of the e n v i ron�ental  f mpacts 
of these operat i o n s . Tiie appl i c ant shou l d  prov i de suff i c i ent data to 
EPA from the t e s t i ng and analys i s  program, before f n i t f at fng any of 
the emp l acement , m1 n f n g ,  or d i s pos al oper at i o n s . When the St ate of 
lou f s i an a  as sumes p r imary enforcement author i ty of the Underground 
Inject ion Control Progr am ,  the d a t a  and an a lyses prov i ded shou l d be 
cons i s tent both w f th those requ i rements proposed i n  EPA Adm i n i s trator ' s  
Dec i s i on St atement 1 5  { 39 CFR : 69 } , or thos� requ i red under the super
ced i n9 UIC regu l a t 1 on s .  when th ey become appl i c ab l e ,  and tho s e  requ 1 red 
for p�rm 1 t app l i c a t i on under St atew i de Order 29-B of the Lou i s i an a  
Dep artment of Conser-vat ion , 01 1 and Sas 0 1 v f s ion . In add f t 1 o n ,  c lose 
eoo�d 1 nat 1 on shou l d  be afforded EPA and Lou f s 1ana Dep artmen t of Cons�rva
t fon 1n a l l  phases of data requ i ref:\ent s ,  co1 1 ection and presentat 1on . 
Al s o ,  sel ected tec hn i ca l  data shou l d  be provi ded to the publ i c  i n  the 
form of 1 -t>y reques t• append i x  to the F 1 n a l  EI S .  We are requestfng 
that the 1 nten t 1 on s  of the app1 1 cant to co:nply wi th the above recomncndat i ons 
be adequat e ly addres sed in the F f n a l  EIS.  

4.  In addres s i ng the amb i ent a 1 r  qua l i ty s t a n d a rds , Tab l e  C .  3-8 
on page C �  3-56 of the draft statement d i scus ses s t andards for the Pre 
vent 1on of S i gn i f i c ant Deter i orat i on ( P SO )  i n  a C l a s s  I I  area for on l y  
Su l fur D i o x i de ( SO? )  and To ta l Sus pended P art i cul ate ( TS? ) cr l ter f a  
po l l ut ant s .  Th e  st a t ement needs to recogn i ze th a t  the C l ean A 1 r  Act 
amendment , s i gned Au9ust 7 ,  1977, has ch anged past PSD s t andards by 
requ 1 r fng new PSO s t andards to i n c l ude a l l cr i ter i a  po l l ut J n t s  ( 1 . e . , 
SO ,  TSP, non-methane hydroc arbons ( NHHC ) . n i t r i ous ox i des ( NO ) ,  carbon mo�ox f de ( CO) , and photochem i c a l  oxi dants (03 ) . TI1ese  st andar�s shou l d  
be addressed 1 n  the Fi nal EI S .  
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5 .  Th e  draft EI S faf l ed to adequ,'\tely address the •en f ss f on offset • 
po l i cy . Incre ased hydrocarbon em 1 s s fons from f f l l  and t,t i thdrawal opcra
t f ons may c a u s e  non-f'l�thane hydroc arbons and photochemical  o x i dants 
to be exceeded for tempor ary per f ods w i th 1 n  the i � rl f  ate storage fac i l i ty 
area� . Al though no long -term adverse i mpacts on a i r  qu a l f ty are expected , 
the •em f ss 1 on offset•  pol i cy shou l d  be addressed f n  the f f n al s tater:ien t . 

6.  The l eve l s  of envf ronment a l  n o f se t abu l ated on page F-1 5 ,  
Vo l ume IV,  of t h e  Draft EI S h a v e  been l abe l l ed as •es t ab l i sh e d  gu i de l f ne s •  
from EPA. Th f s  phtase 0es t ab 1 1 shed gu fdel f n c s •  1 s  i n correct . Rather , 
th i s  tab l e  ref l ects • i dent i f ied l evel s •  wh f c h  are requ i s i te s to protect 
pub l i c  he a l t� and wel fare w i th an adequate marg i n  of s afety for both 
act f v i ty inter ference and hear i n g  loss . Furthei"tl'!Ore, the no i se leve l s 
c i ted 1 n  th i s  tab l e  do not const f tute a regul a t fon . spec f f1cat i on ,  or 
standard . Th i s  df screpancy !hou l d  be corrected 1n the F i n a l  EI S .  

7 .  no sewage d i sc h arges are di scussed for any of the Texoma Group 
s i tes . If such d i scharges ex i st ,  di scharg� po f n t s , treatment , and 
pos s i b l e  i m9acts to rece f v i ng streams should be d 1 scussed.  In add 1 t 1 o n ,  
Nat io n a l  Pol l ut ant Of scharge E1 1 m fnat fon System ( NPDES)  permit app1 i 
cat i on for such d f scharge s shou l d  be addressed . Th 1 s subject shou l d  
be addressed i n  the f i n a l  E I S .  

8.  Th e  dra ft statement d 1 d  no� adequately address the Spi l l  Pre
vent i o n  Control and Counterme asure (SPCC) P l an .  The F 1 n a l  E I S  shou l d  
cont a in  a st atement that a SPCC P l an wi l l  be prepared w i th i n  s i x  months 
after the fac 1 l f t 1 e s  beg f n  operat ion and sha l l  be fu l ly 1mp l emented 
no l ater than one year after operat fons be g i n ,  and wi l l  meet the requ i re
me n t s  of Code of Federa l  Regu l at ions 40 CFR 1 12 .  

9 .  Th e  d i s p l aceme n t  water i ntake located f n  B l ack lake for the 
West Hackberry s i t e  cou l d  have a major 1mpact on the exten s 1 ve crab 
and shr imp f i shery i n  the B l ac k  lake are a .  W i th the projected o f  l wi th
drawal r ate of 1 . 47 �f l l ion barre l s  per day, the ent i r e  vo l ume of Bl ack 
Lake (8 , 768 acre-feet ) w i l l  be pumped f nto the domes in 46 days , or 
three ent 1 re l ake volumes dur i ng the f 1 ve snonths requ i red to empty the 
dO!'les .  TI\ 1 s  magn 1 tude of w i thdrawal cou l d  adverse l y  impact the crab 
and shrfrnp fi shery by destroyfng the postl arval popu l at ion f n  the l ak e .  
EPA recommends that t h e  a l ternate intake locat ion on t h e  I ntercoas t a l  
Waterway be strongly con s i dered. The appl i c ant ' s intent ion on th f s  
rnatter shou l d  b e  incl uded t n  the Ff nal EI S. 
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These comnents c l as s i fy your Draft Env 1 ronQenta1  Impact St atement as 
[R -2 . Spec 1 f i c a 1 1 y, based on the 1 nforna t 1 o n  con t � i ned i n  the draft 
s t atemen t ,  we have e n v i ronme n t a l  reserv a t i ons concern i ng the l o s s  of 
v a l u ab l e  wet l and h ab i t a t ,  the pos s 1 b l e  long-term c umu l a t i ve i mpacts 
t o  groundwater aqu i fe r s , and the po s s i b l e  adverse i �pact s to the crab 
an� shr imp f 1 sh ery 1 n  the Bl ack Lake are a .  We are reques t 1 ng add 1 t i o n a l  
f n forrn� t i on reg ard i ng a i r ,  no i se ,  was te water t re a tme n t ,  a n d  other arel!s 
as addressed 1 11 the above corrrnents . The c l as s 1 f 1 cat 1 on and the date 
of our co;mi.ents w i l l  be pub l t shed ¥.'the Federal Re� f s t er 1n accordance 
w 1 t h our respons i b i l i ty to 1 nform the pu51 lc of our-v-rciis on proposed 
Federa l  act i ons , under Sect i on 309 of the Clean A 1 r  Act . 

Oef i n i t 1 ons of the ca tegor f e s  are prov i ded on the attachment . Our pro 
cedure t s  to categor i ze our cormients on both the env 1 ro nmenta1  consequences 
of the proposed ac t i on and on the adequacy of the impact s t atement at 
the draft stage , whenever poss i b l e .  

w� apprec i a te the opportun i ty to rev 1 ew the Draft Env 1 ronmenta1 Imp act 
St atemen t ,  and we wou l d  be happy to di scu s s  our comments w i th you .  
P l ease send us two cop i e s  of the F i n al Env1 ror.men t a l  Impact Statement 
at the s ame t i me  1 t  f s  sent to the Counc i l  on Env i ronmental Qua 1 1 ty. 
Si ncerely, 

Ad l ene Harr i son 
Reg i o n a l  Adm 1 n i s trator 

Enc losure 
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GLO S SARY OF TERMS 





GLOS SARY OF T E RMS 

T h e  f o l l ow i ng g l o s s a r y  of t e r ms is p r o v i d e d  f o r  t h e  r e v i ew e r  
w h en r e a d i ng t h i s  r e p o r t .  

a c r e - f oo t  

ad s o r p t i on 

a l d e hyd e s  

a l l uv i um d e po s i t s  

amph i pod 

a na e r o b i c  

anhyd r i t e  

aq u i c l ud e  

aqu i f e r  

a m ea s u r e  o f  w a t e r  d r a i na g e  o r  r u no f f  
vo l ume e q u a l  t o  t h e  q u a n t i ty o f  w a t e r  
t h a t  wo u l d  c o v e r  o n e  a c r e  o f  l a n d  t o  
a d ep th o f  o n e  f o o t  ( 4 3 , 5 6 0  c u b i c f e e t ) . 

an ad h e s i on o f  an e x t r em e l y  th i n  l ay e r  
o f  mo l e c u l e s t o  t h e s u r f a c e s  o f  s o l i d  
b od i es o r  l i q u i d s  w i th wh i c h i t  i s  i n  
c on t ac t . 

va r i o u s  h i g h l y  r e a c t i v e  c ompo u n d s  
ty p i f i ed b y  a c e t a l d e hyde a n d  c h a r a c t e r 
i z ed by t h e  g r o u p  CHO . 

r o c k  f r agme n t s  t h a t  a r e  t r an sp o r t ed by 
mode r n  r i ve r s  and d e p o s i t ed in r i v e r  b e d s , 
f l o o d  p l a i ns , l a k e s  and e s t u a r i e s and 
n at u r a l  l e v e e s . 

sma l l , f r ee -sw i mm i ng c r u s t a c e a n s  
( i n c l ud e s  b e a c h  f l e a s ) . 

r e f e r s  t o  l i f e o r  p r o c e s s e s  o c c u r r i ng 
i n  t h e  a b s ens e o f  f r e e  o x y g e n ; r e f e r s  t o  
c o n d i t i on s  c h a r a c t e r i z ed b y  t h e  a b s e n c e  
o f  f r e e  o xy g e n . 

a n  e v ap o r i t e  m i n e r a l , C a s o
4

, as s o c i a t e d  
w i t h  g y p s um a n d  f o un d  i n  s ed i m e n t a r y  
r o c k s . 

a g e o l og i c  f o r ma t i on s o  impe r v i o u s  
th a t  f o r  a l l  p r a c t i c a l  p u r p o s e s  i t  
comp l e t e l y  o b s t r u c t s  t h e  f l ow o f  
g r o u n d  w a t e r  ( a l th ough i t  m a y  b e  
s a t u r a t ed i t s e l f ) , and comp l e t e l y  
c on f i n e s  oth e r  s t r a t a  w i th wh i c h  i t  
a l t e r na t e s  i n  d e p o s i t i on .  

a w a t e r  b e a r i ng s t r a t a . 



aqu i t a r d  

a r c u a t e  f a u l t  

a r e na c e o u s 

a r t e s i an w a t e r  

a r t e s i an w e l l  

b a y o u  

b b l  

b e n t h o s  

b i o c i d e 

b i o ty p e s  

b l a n k e t  o i l  

b l e b  

b o t t om s c o u r  

B PD 

MB/D 
MMB/D 

a g e o l o g i c  f o r m a t i o n o f  a r a th e r  
i mp e r v i o u s  and s em i -c o n f i n i ng n a t u r e  
wh i ch t r a nsm i t s  w a t e r  a t  a v e r y  s l ow 
r a t e  comp a r e d  t o  a n  aq u i f e r . 

a f au l t t h a t  h a s  a c u r v ed t r a c e  on a n y  
g i ve n  t r a n s e c t i ng s u r f a c e . 

d e r i ved f r om s a nd o r  c o n t a i n i ng s and . 

g r o u nd w a t e r  t h a t  i s  u n d e r s u f f i c i e n t  
p r e s s u r e  t o  r i s e  a b o v e  t h e  l e v e l  a t  
wh i ch i t  i s  e nc o u n t e r e d  b y  a w e l l ,  b u t  
wh i c h  d o e s  n o t  n e c e s s a r i l y r i s e  t o  o r  
above t h e  s u r f a c e  o f  t h e  g r o u nd . 

a w e l l w h i c h  r e a c h e s  a r t e s i a n w a t e r . 

a s t r e am o r  s ma l l r i v e r  t h a t  i s  a 
t r i b u t a r y  t o  a n o t h e r  r i v e r  - t e r m  
l o c a l  t o  s o u t h e r n  s t a t e s . 

b a r r e l  o r  b a r r e l s  - o n e  b a r r e l  o f  
p e t r o l e um e q u a l s  4 2  U . S . g a l l on s . 

o r g a n i s m s  f i x e d  t o  o r  g r ow i ng o n  
t h e  bo t t om o f  w a t e r  bod i e s . 

s u b s t an c e  d e s t r u c t i ve t o  m a n y  
d i f f e r e n t  o r g a n i sms . 

o r g a n i sm s  s h a r i ng a s p e c i f i ed 
g e n o type . 

u s ed d u r i ng f o r m a t i o n  o f  s o l u t i o n 
c av i t y t o  p r e v e n t  u n d e s i r ed 
l e a c h i ng o f  c a v i ty c e i l i ng . 

a s ma l l , u s u a l l y  r o u n d e d  f r ag m e n t  
o f  o n e  m at e r i a l e n c l o s ed i n  a n o t h e r . 

bo t t om s c o u r  i s  t h e  e r o s i on o f  
s e d i m e n t  by mo v i ng wa t e r  f r om t h e  
bo t t om o f  t h e  s t r e am c h a n n e l . 

ba r r e l s  p e r  d ay - an o i l  p r od u c t i on 
o f  d i s t r i b u t i on r a t e . 

t h o u s and b a r r e l s  p e r  day . 
m i l l i on b a r r e l s  p e r  day . 



b r a c k i s h  

b r e c c i a  

b r e c c i a t e d  

b r i ne 

b r i ne s a f e t y  l a y e r  

o
c 

c a l c a r e o u s  

c a l c i t e  

s l i g h t l y  s a l i ne w a t e r  b e tw e e n  f r e s h  
wat e r  { < 0 . 3  p p t }  and s e a  w a t e r  
c o n c e nt r a t i o ns ( - 3 5  pp t } . 

a r o c k  c o n s i s t i ng o f  s h a r p  c o r ne r ed 
b i t s cemented t o g e t h e r  by s a nd c l ay 
or l i m e . C o l l ap s e  br e c c i a s a r e  
d e r i ve d  f r om m a t e r i a l  b r o k e n  u p  d u r i ng 
t h e  c o l l ap s e  o f  a s o l u t i on c av i ty 
r o o f , wh i l e f i s s u r e  b r e c c i as a r e  
a c c um u l a t i on s  o f  f r ag m e n t s  i n  a 
s o l u t i on f i s s u r e . 

c o nve r t ed i nt o , c h a r a c t e r i z ed b y , o r  
r e s emb l i ng a b r e c c i a ;  e s p .  s a i d  o f  a 
r o c k  s t r u c t u r e  ma r k e d  b y  a n  a c c umu l a t i on 
o f  a ng u l a r  f r ag me n t s . 

c o n ce n t r a t ed o r  n e a r l y  c o n c e nt r a t ed 
s a l t  w a t e r  ach i eved b y  d i s s o l v i ng 
w a t e r  w i th t h e  s a l t  i ns i d e  a s a l t  
d om e , t h u s  c r e at i ng a c av i ty . 
B r i ne p r od u c e d  i n  t h i s  way i s  c o mmo n l y  
u s e d  a s  f e e d s t o c k  { r aw m a t e r i a l }  b y  
c h em i c a l  i nd u s t r i e s o r  f o r  r e f i n i ng 
i nt o  c o mmon s al t .  

t h e  b r i ne s a f e ty l a y e r  i s  t h a t  
amo u n t  o f  b r i ne wh i ch s h o u l d  b e  a t  
t h e  b o t t om o f  t h e  c av i ty wh e n  i t  i s  
" f u l l "  o f  c r ude t o  a s s u r e  t h a t  c r ud e  
d o e s  n o t  g e t  p u s h e d  o u t  o f  t h e  b r i ne 
s t r i ng i nt o  t h e  br i ne s u r g e  p i t s . 

d e g r e e s  C e l s i u s  { f o r me r l y  c a l l ed 
C e nt i g r a de } - c o n v e r � i o n o f  C e l s i u s  
t o  Fah r e nh e i t i s  9 / 5  C + 3 2

° 
= 

° F .  

comp o s ed o f  o r  c h a r a c t e r i s t i c  o f  
c a l c i um o r  l im e s t o n e , h a v i ng a 
c h a l k y  n a t u r e .  

c a l c i um c a r bo n a t e , c aco
3

, a m i n e r a l  
f o u n d  i n  t h e  f o r m  o f  l i m e s t o n e , 
c h a l k and m a r b l e . 



c a p  r o c k  

c a s t  and s t a c k  
d r ed g i ng 

c av e r n o u s  p o r o s i ty 

C e n t i p o s e  

c f s 

c h e n i e r s  

c h l o r d ane 

c l a d o c e r a  

c o  

a m a n t l e  o f  a s s o c i a t e d  m i ne r a l s  a c r o s s  
t h e  t o p  o f  mo s t  s h a l l o w , p i e r cement 
s a l t  domes . No w e l l  d e f i ne d  l a ye r s  
a r e  ev i d e n t  d u e  t o  compl e x i t y a n d  
i r r e g u l a r i ty ;  h oweve r , th r e e  f a i r l y 
we l l -d e f i ned z on e s  a r e  d i s t i ng u i s h a b l e  
i n  d ev e l op ed c ap r o c k : 

( 1 )  anhy d r i t e z o n e  
( 2 )  t r a n s i t i o n z o n e  - c o n t a i n s s u l f u r , 

gypsum , and l e s s  i mp o r t an t  m i n e r a l s  
( 3 )  c a l c i t e z on e  - t op z on e  i n  d e v e l o p ed 

c ap r o c k . 

type o f  d r edg i ng t h a t  d ep o s i t s  d r ed g e  
spo i l  o n  the b a n k  o f  t h e  c a n a l / r i v e r  b y  
m e a n s  o f  p ip e l i ne o r  c o nveyo r be l t .  

c o n t a i n i ng c av i t i e s o r  c a ve r n s , s omet i me s  
q u i t e  l a r g e . M o s t  f r e q u e n t l y  f o und i n  
l i m e s t o n e s  and d o l o m i t e s . I n  t h e  c a s e  o f  
cap r o c k  " l � r ge " m e a n s  t e n s  o f  f e e t . 

u n i t  f o r  mea s u r i ng v i s c o s i t y ,  wh i ch i s  
the t en d e n c y  o f  a f l u i d  t o  r e s i s t  c h a n g e  
o f  f o r m . 

c u b i c  f e e t  p e r  s e co n d  - a r a t e  o f  w a t e r  
vo l um e  f l ow .  

l ong s i nu o u s  r i d g e s  o f  s a nd d e po s i t ed o n  
t op o f  the s wamp d e p o s i t s o f  a d e l t a .  
Th ey r ep r es en t  s t at i on a r y  p h as e s  o f  a 
r e g r e s s i ng s h o r e l i ne .  Th e type a r e a f o r  
th e i r  d e v e l opment i s  the M i s s i s s ip p i  D e l t a .  

a c ho r i n a t e d , h i g h l y  p o i s on o u s , v o l a t i l e 
o i l  c 1 0 H 6 c 1 8 , u s ed a s  an i n s e c t i c i d e . 

s ma l l , aquat i c  c r u s t a c e a n s  ( i nc l ud e s  w a t e r  
f l e a s ) . 

c a r bo n  mo no x i d e  - a c o l o r l e s s , o d o r l e s s , 
h i g h l y  po i s on o u s  g a s , p r od u ce d  b y  the 
i nc o mp l e t e  combu s t i on of any c a r bo n a c e o u s  
mat e r i a l , i . e . , g a s o l i ne .  



C OD 

c o l l o i d 

c o n c r e t i o n  

c o n e  o f  i n f l u e nc e  

c o n s o l i d a t ed r o c k  

C r e t a c e o u s  

c r ud e  o i l  

d a r cy 

c h em i c a l  o x yg e n  d em and . 

a s u b s t a n c e  t h a t , when app a r e n t l y  
d i s s o l ved i n  w a t e r , d i f f u s e s  n o t  a t  
a l l  o r  v e r y  s l o w l y  th r o u g h  a memb r ane , 
and u s u a l l y  h a s  l i t t l e  e f f e c t  o n  
f r e e z i ng p o i n t , bo i l i n g p o i n t ,  o r  
o s mo t i c  p r e s s u r e  o f  th e s o l u t i on . 

a n o d u l a r  o r  i r r eg u l a r c o n c e n t r a t i on 
o r  a g g r e g a t e  o f  m i ne r a l  m a t t e r  g e ne r a l l y  
f o rmed b y  o r d e r l y  and l o c a l i z e d  p r e 
c i p i t a t i on f r om aq u e o u s  s o l u t i o n  i n  
t h e  p o r e s  o f  s ed i me n t a r y  r o c k  and 
u s u al l y  of a c o mp o s i t i on w i d e l y  
d i f f e r e n t  f r om t h a t  o f  th e r o c k  
i n  w h i ch i t  i s  f o und , i t  g e n e r a l l y  
f o r m s  abo u t  a c e n t r a l  n u c l e u s  a n d  
i s  h a r d e r  t h a n  t h e  e n c l o s i ng r o c k .  

a c t u a l l y  a t r u nc a t e d  c o n e  ( F r u s t r um ) , 
ape x  d o w n , p r o j e c t ed f r om t h e  c ap r oc k  
t o  t h e  g r o u n d  s u r f ac e . The a ng l e  o f  
t h e  f r u s t r um i s  d e p e nd e n t  o n  t h e  s h e a r 
a ng l e  o f  th e ove r bu r de n . I t  i s  t h e  
l a r g e s t  vo l ume o f  m a t e r i a l a b o v e  a 
c a v e r n t h a t  w o u l d  b e  i n f l u e n c e d , 
d u r i ng a c o l l ap s e . 

coh e r e n t  and r e l a t i ve l y  h a r d , n a t u r a l l y  
f o rmed mas s o f  m i ne r a l  m a t t e r . 

a p e r i od o f  t i me f r om 1 3 6  m i l l i on ye a r s  
t o  6 5  m i l l i on y ea a r s  ag o .  

u n r e f i n ed o i l  a s  i t  comes f r om t h e  g r o u nd . 

a m e a s u r e  o f  t h e  p e r m e a b i l i ty o f  r oc k . 
One d a r c y ( D )  eq u a l s a p e r m e a b i l i ty s u ch 
t h a t  o n e  m i l l i l i t r e ( m l ) o f / f l u i d ,  h av i ng 
a v i s c o s i ty o f  o n e  c e n t i p o s e , f l ows i n  o n e  
s e c o nd u nd e r  a p r e s s u r e  d i f f e r e n t i a l  o f  
one a tm o s p h e r e  t h r o u g h  a p o r o u s  m a t e r i a l 
h a v i ng a c r o s s - s e c t i o� a l  a r e a  o f  o n e  
s q u a r e  c e nt i me t e r  ( cm ) , and a l e ng th o f  
o n e  c e n t ime t e r . The w o r k i ng u n i t  i s  t h e  
m i l l i d a r cy ( m D ) , o n e  t h o u s a n d t h  o f  a 
d a r cy . D a r c y ' s  Law r e l a t e s  t o  t h e  f l ow 
o f  f l u i d s , e s p e c i a l l y g a s  o i l ,  and w a t e r  
i n  t h e  u n d e r g r o u nd r o c k s . 



DDT 

d e c i be l s : as 

d BA 

d i ch l o r o-d i ph e ny l - t r i c h l o r e th a n e  - p ow e r f u l  
i ns e c t i c i d e  e f f e c t i v e  o n  c o n t a c t . 

l o g a r i t hm i c  u n i t  m e t h o d  o f  e xp r e s s i ng t h e  
r e l a t i v e  i n t e n s i ty o f  s o u nd p r e s s u r e . The 
human ear i s  s en s i t i v e  t o  c h ang e s  i n  
a t m o s p h e r i c  p r e s s u r e  ( s o und v i b r a t i o n s ) 
r ang i ng f r om j u s t  b a r e l y  aud i b l e  a t  
0 . 0 0 0 2  µba r  t o  t h e  th r e s h o l d  o f  p a i n  a t  
2 0 0 0  µb a r s . Th i s  r ang e i n  s en s i t i v i ty i s  
s o  t r emendo u s  t h a t  a mo r e  wo r k ab l e  e x p r e s s i o n  
o f  th e s e  r a ng e s  i s  t o  c ompr e s s t h em o n  a 
l o g a r i thm i c  s c a l e . I n  o r d e r t o  d o  th i s , 
t h e  r e f e r e n c e  s o u n d  p r e s s u r e  i s  u s u a l l y 
tak e n  a s  t h e  s o und p r e s s u r e  d e t e c t a bl e , 
t h a t  o f  0 . 0 0 0 0 2  µb a r s . Th e i n t en s i ty o f  
s ou nd i s  t h e n  m e as u r ed i n  d e c i be l s  b y  t h e  
f o l l ow i ng f u n c t i on :  

( P r e s s u r e  ) 
I n t e n s i ty ( i n d B )  = 2 0  l o g 1 0  ( 0 . 0 0 0 2  µba r )  

Us i ng th i s  m e t h o d , t h e  r a ng e o f  human 
s en s i t i v i ty is f r om 0 as ( p r e s s u r e  at 
0 . 0 0 0 0 2  µba r ) to app r o x i m a t e l y  1 4 0 as 
( p r e s s u r e  a t  2 0 0 0  µba r ) .  

P s y c h a c o u s t i c  s t u d i e s i nd i c a t e  t h at a 1 0  d B  
i n c r e a s e  i n  s o u nd i n t e n s i ty i s  p e r c e i v e d  a s  
a d o u b l i ng o f  l o ud n e s s .  

A -w e i g h ted l e v e l  - a u n i t  i s  s im i l a r  t o  d B  
S o u nd P r e s s u r e  Leve l ( S P L )  i n  t h a t  i t  
r ep r e s e n t s  s o un d  i nt e n s i ty l ev e l . H ow e ve r , 
t h e  A-w e i gh t ed l ev e l  i n c l u d e s  a t t e nu a t i o n  
a t  e a c h  fi e q u e n c y  wh i c h  i s  s im i l a r  t o  t h e  
e a r ' s  a t t e n u a t i on o f  f r e q u e n c i e s . S i n c e  
th e h uman e a �  i s  m u c h  l e s s  s e n s i t i v e  t o  
low f r e q u e n c y , i t  i mp l i e s th a t  a s o un d  a t  
2 5 0  H z  o f  6 5  d B  ( S P L )  i s  p e r c e i ve d  
r e l a t i v e  t o  a s o un d  a t  1 0 0 0  H z  o f  6 5  d B  ( S P L )  
a s  m u c h  l e s s  i n t e n s e . T h e  A-we i g h t e d  s c a l e  
h a s  be e n  d e v e l o p e d  t o  a d j u s t  b y  f r e q u e n c y  
t h e  ov e r a l l  s o u n d  p r e s s u r e  l e v e l  o f  n o i s e  t o  
a n  app r o x i ma t i on o f  h o w  t h e  e a r  w o u l d  h e a r  
th e n o i s e . 



d e l t a i c  

d ep o s i t i on a l  b a s i n  

d e t r i t u s  

d i ap i r  

d i a z o n i um 

d i e l d r i n  

d i s s em i na t e d  
a nh yd r i t e 

d i s t r i bu t a r y ( s t r e a m )  

d i u r na l 

D O  

d o l om i t e  

p e r t a i n i ng t o  o r  ch a r a c t e r i z ed b y  a 
d e l t a ;  e . g . , " d e l t a i c  s ed i men t at i on " . 

a s egment o f  t h e  e a r t h ' s  c r u s t  w h i c h  
h as be e n  downwa r p e d , f o r m i ng a b a s i n ,  
w i th i n t e r m i t t e n t  r i s i n g s  and s i n k i n g s . 
The s ed i m e n t s  i n  s u c h  b a s i n s  i nc r e a s e s 
i n  t h i c k ne s s  t ow a r d  t h e  c e n t e r  
o f  t h e  ba s i n . 

m a t e r i a l p r o d u c e d  by t h e  d i s i n t eg r a t i on 
and w e a t h e r i ng o f  r o c k  th at h a s  b e e n 
moved f r o m  i t s s i t e  o f  o r i g i n .  A l s o , 
f r agment s o f  d e t ac h ed o r  b r o k e n down 
m at e r i al s u c h  a s  l e ave s and o t h e r  p l a n t  
p ar t s . 

a n  i nt r u s i on o f  s a l t  f r om th.e s a l t  
bed i n t o  o v e r l y i ng s ed i me n t s , o f t e n  
i n  t h e  f o r m  o f  a r i dg e  o r  s t a l k - l i k e  
p i e r c e m e n t  s t r u c t u r e . 

t h e  g r o u p i ng ( o r g a n i c  c h em i s t r y )  , = 

N ::  N ,  ( t r i p l e  bond o f  n i t r og e n ) . 

c h l o r i n a t e d  o r g a n i c c h em i ca l , 
C 2 H8 c 1 6 0 ,  a wh i t e  c r y s t a l l i n e  
cbn t a c t  i n s e c t i c i d e , o b t a i n e d  by 
o x i d a t i on o f  a l d r i n ;  u s ed i n  m o t h 
p r o o f i ng .  

p a r t i c l e s  o f  a nhyd r i t e ( C aso 4 ) 
d i sp e r s ed t h r o u g h  e n c l o s i ng r o c k . 

A n  i r r e g ul a r , d i ve r g e n t  s t r e a m  f l o w i ng 
away f r o m  the m a i n  s t r e am and n o t  
r e t u r n i ng t o  i t ,  a s  i n  a d e l t a  o r  o n  
a n  a l l uv i a l  pi a i n . I t  m ay b e  p r od u c e d  
by s t r e am d e po s i t i on c h o k i ng t h e  
o r i g i na l  c h an n e l . A n t : t r i b u t a r y . 

r e c u r r i ng o n  a d a i ly cy c l e o r  i n  
t h e  d a y t ime a s  oppo s ed t o  n o c t u r n a l . 

d i s s o l ved o x yg e n . 

a c ommo n r o c k  f o rm i ng m i n e r a l  C aMg ( C 0
3

) 2 



d o l o m i t i c  

d ow nt h r o wn 

d w t  o r  DWT 

e l e c t r i c  l o g s  

e m u l s i f i c a t i on 

e nd r i n  

e n t r a i nm e n t  

e u r y h a l i ne 

e u r y t h e r m a l  

e u t r oph i c  

e v ap o r i t e  

c o n t a i n i ng d o l o m i t e ; b e i ng c ompo s ed o f  
d o l o m i t e . 

the w a l l  o f  a f au l t  t h at h a s  moved 
down i n  r e l a t i o n t o  th e o t h e r  w a l l .  

d e a d we i g h t  c ap a c i ty - n a v a l  a r ch i t e c t u r e  
t e r m  f o r  t o t a l  c a r r y i ng c ap a c i ty o f  
a s h i p e x pr e s s ed i n  l o n g  t o n s  ( 2 , 2 4 0  
p o u n d s ) ; d i s p l ac em e n t  o f  a f u l l y  
l o a d e d  v e s s e l  l e s s  t h e  w e i g h t  o f  t h e  
s h i p  i t s e l f . 

the l o g  o f  a w e l l  o r  bo r e h o l e  o b t a i n e d  
by l o w e r i ng e l e c t r od e s  i n  t h e  h o l e  
a nd me a s u r i ng va r i o u s  e l e c t r i ca l  
p r op e r t i e s o f  t h e  g e o l o g i c  f o r ma t i o n s  
t r a ve r s ed . 

t h e  p r o c e s s  o f  d i s p e r s i ng o n e  l i q u i d 
i n  a s e c o n d  i mm i s c i b l e  l i q u i d  ( l i q u i d s  
t h a t  w i l l  n o t  m i x  w i th o n e  a n o t h e r ) .  

a po i s on o u $  wh i t e  c r y s t a l , 
C 1 2H 8 c 1 6 0 , i n s � l � b l e  i n  w a t e r  
u s ed a s  a p e s t i c i de . A s t e r e o - i s o m e r  
o f  d i e l d r i n .  

c ap t u r e  o f  a n  o b j e c t  or o r g a n i sm b y  
a f l ow i ng l i q u i d  o r  g a s . 

o r g an i sm s  t h a t  c a n  t o l e r a t e  a w i d e  
r a n g e  o f  s a l i n i t i e s . 

o r g a n i sm s  t h a t  c a n  t ol e r a t e  a w i d e  
r a n g e  o f  t em pe r a t u r e . 

r i ch i n  n u t r i en t s  a n d  o r g a n i c  m a t e r i a l s , 
the r e f o r e , h i g h l y  p r od u c t i v e . 

a s ed i m e n t  r e s u l t i ng f r om t h e  evapo r a 
t i o n  o f  s al i ne w a t e r . Mo s t  evap o r i t e s  
a r e  d e r i ve d  f r om b o d i es o f  s e a  w a t e r . 
Evap o r i t e m i n e r a l s  a r e  f o r me d  i n  t h e  
r ev e r s e  o r d e r  o f  th e i r  s o l ub i l i t i es , i . e . , 
t h e  l e a s t  s o l u b l e  f o r m  f i r s t .  



f au l t  

f l e x u r e  

f l o a t i ng r o o f  t a n k  

f l uv i a l 

F r a s c h  m i n i ng 

g d r y  w t/m
2

/ y r  

a f r ac t u r e  i n  r o c k  a l o n g  wh i ch 
the r e  h a s  b e e n  an o b s e r ved amo u n t  
o f  d i sp l a c eme n t . F a u l t s  a r e  r a r e l y  
s i ng u l a r  p l a n a r  u n i t s ; n o r m a l l y  
oc c u r r i ng as p a r a l l e l  s e ts o f  p l an e s  
a l o n g  wh i c h  movement h a s t a k e n  
p l a c e  to g r e a t e r  o r  l e s s e r  e x t e n t . 
S u c h  s e t s  a r e  c a l l e d  f au l t  o r  f r ac t u r e  
z ones . 

bend i ng o f  sed i me n t a r y  l a ye r s . 

a v e r t i c a l  cyl i nd r i c a l  t a n k  w i th 
a r o o f  d e s i gned t o  f l o a t  on t op 
o f  the s to r ed l i q u i d  p r od u c t  ( c ommo n l y  
o i l )  as the l e v e l  i n  t h e  t a n k  r i s e s  
a nd f a l l s . 

f o r med o r  p r od u c e d  b y  the a c t i o n 
o f  f l ow i ng wa t e r . 

much m i ned s u l f u r ( e l em e n t a l  s u l f u r ) 
i s  p r o duced f r om c ap r o c k  o r  s a l t  
domes by the F r a s c h  p r o c e s s  u t i l i z i ng 
s u p e r h ea t ed s t eam to me l t  t h e  s u l f u r  
i n  c ap r o c k . D r i l l i ng we l l  d e s i g n 
c on s i s t s o f  a c o n c e n t r i c  a r r a ng ement 
of p ip es of v a r i o u s  d i amet e r s . S t e am 
i s  i n j ec t ed i n to th e s u l f u r  b e a r i ng 
z o n e  t h r ough o n e  o f  the i n n e r  tu b i ng 
s t r i ng s . Comp r e s s ed a i r i s  i n j e c t ed 
t h r o u gh the i nn e r mo s t t u b i ng s t r i ng 
w h i ch f o r ce s  w a t e r  and mo l t e n  s u l f u r  
t o  r i s e  i n  t h e  l a r g e  o u t e r  d i ame t e r  
p i p e s . T h e  m o l t e n  s u l f u r  t h e n  f l ows 
thr ough h e ated p i p e s  to s e t t l i ng 
t a n k s .  F r a s c h p r oc e s s  s u l f u r  
i s  v e r y  pu r e , a s  much a s  9 9 . 5  p e r c e n t  
s u l f u r . 

g r am s  d r y  w e i g h t  p e r  s q u a r e  me t e r  p e r  
y e a r  - a mea s u r e  o f  t h e  r a t e  o r  
o r g a n i c p r odu c t i o n p e r  a r e a o f  y i e l d . 



g eomo r ph o l ogy 

g e o s y n c l i n e 

g e o syn c l i na l  a x i s  

G P D  

G P M  

g r aben 

g y p s um 

h a l i t e  

the s c i e n c e  t h at t r e a t s  the g e n e r a l  
c o n f i g u r a t i on o f  t h e  E a r t h ' s  s u r f a c e ; 
spe c i f i c a l l y , the s tudy o f  the 
c l a s s i f i c a t i o n , d e s c r i p t i o n , nat u r e , 
o r i g i n ,  and d e v e l opme n t  o f  p r e s ent 
l an d f o r m s  and t h e i r  r e l a t i o n s h i p s  t o  
u nde r l y i ng s t r u c t u r e s , a n d  o f  t h e  
h i s to r y  o f  g e o l o g i c  c h a n g e s  as r e c o r d e d 
by t h e s e  s u r f a c e  f ea t u r e s . 

a l a r g e , g e ne r a l l y  l i ne a r , g e o l o g i c  
t r o ugh wh i ch s u bs i d ed d e ep l y  th r o ug h 
o u t  a long p e r i od o f  t i me ,  i n  wh i ch 
a th i c k  s u c c e s s i on o f  s t r a t i f i ed 
s ed i m e n t s  ac c umul ated ( f o r  e x ampl e ,  
the G u l f  o f  Me x i co dep r e s s i o n ) . 

a l i n e wh i ch i s  pa r a l l e l  t o  · t h e  
l o ng e s t  h o r i z o n t a l  d ime n s i o n o f , 
and r o ugh l y  b i s ec t s , a g e o s y n c l i n e . 

g a l l o n s  p e r  day - f l ow r a t e  f o r  
l i q u i d s . 

g a l l o n s  p e r  m i n u t e  - f l ow r a t e  f o r  
l i q u i d s . 

a b l o c k  o f  t h e  e a r th ' s  s u r f a c e  t h a t  h a s  
a l ong h o r i z o n t a l  d i me n s i on a nd i s  f o r med 
when t e ns i on f au l t i ng r e s u l t s  i n  t h at 
b l o c k  d r op p i ng i n  r e l at i on s h i p  to t h e  
s u r f ac e  on e i t h e r  s i de . 

a n  e v ap o r i t e  m i n e r a l , C a so4 2 H 2o 
f o und i n  c l a y s  and l imes t o rie s , 
s omet i me s  a s s o c i a t ed w i th s u l f u r . 

hyd r og e n  s u l f id e ;  an i n f l ammabl e ,  
p o i s o n o u s  g a s  w i th t h e  c h a r a c t e r i s t i c  
sme l l  o f  r o t t en egg s . 

a n  e vap o r i t e  m i n e r a l , N aC l , commo n  
s a l t .  



h e r p e t o f  a u n a l  

H o l o c e n e  

h o r i z o n s  

H P  o r  h p  

h um i c a c i d  

hy d r a u l i c  d r e dg i ng 

i m p i ngeme n t  

i n c ep t i s o l  

i n j e c t i on w e l l  

r ep t i l e s  and amph i b i ans r eg a r d e d  
c o l l e c t i ve l y  as a f aun i s t i c  
g r o up i ng . 

t h e  p e r i od o f  t ime f r om o n e  
m i l l i on y e a r s  a g o  t o  p r e s e n t . 

1 .  the v a r i o u s  l ay e r s  o f  s o i l , 
each o f  w h i ch i s  a f ew i n c h e s  to 
a foot o r  mo r e  th i c k ; 
2 .  a p l a i n  o f  s t r a t i f i c a t i o n 
as s umed t o  h a v e  b e e n  o n c e  h o r i z o n t a l  
a n d  c o n t i n u ou s ; a p a r t i c ul a r  s t r a t a
g r aph i c  l ev e l  i n  t h e  g e o l o g i c  c o l umn 
or i n  the s y s temat i c  p o s i t i on o f  a 
s t r a t um i n  t h e  g e o l o g i c  t im e  s c a l e . 

h o r s epowe r ; e q u a l  t o  a r a t e · o f  
3 3 , 0 0 0  f oo t -p o und s p e r  m i n u t e , 
t h e  powe r r eq u i r ed t o  r a i s e  3 3 , 0 0 0  
pounds a d i s t a n c e  o f  one f o o t  i n  
a t i me o f  o n e  m i n u t e . 

a g e l a t i n uo u s  mate r i al f o rmed a s  
a p r e c i p i t a t e  w h e n  o r g a n i c mat t e r  
i s  t r e a ted w i th a s t r ong ba s e ,  and 
the r e s u l t i ng s o l u t i on i s  a c i d i f i ed .  

th i s  method i n c l ud e s  a s u c t i on 
p i p e l i ne w i t h e i th e r  p l a i n  s uc t i on 
o r  c u t t i ng h e ads f o r  d i gg i ng h a r d  
ma t e r i a l .  T h e  s ed i me n t s  d r e d g e d  
a r e  conveyed by p i pe l i ne e i t h e r  t o  a 
b a r g e  o r  t o  a depos i t i o n a r e a on 
s h o r e . 

e n t r app i ng o f  o b j e c t  o r  o r g a n i sm 
ag a i n s t  a s c r e e n  o r  f i l t e r  by the 
f o r c e  o f  a l i q u i d  o r  gas mo v i ng 
th r o ugh o r  ag a i n s t  the s c r e e n . 

a n  o r d e r  o f  s o i l c l a s s i f i c a t i on -
a n  i n cept i s o l  i s  a v e r y  y o u ng 
s o i l , the h o r i z on s  a r e  not 
d i s t i n c t . T h e r e  i s  no a l l uv i a l 
c l a y  i n  t h e  s u 9 s o i l . 

a w e l l  t h a t  b r i ne w i l l  b e  
f o r ced i n t o  a s  p a r t  o f  t h e  b r i n e 
d i s p o s a l  p r o c e s s . 



i nv e r s i on 

i s oh a l i ne 

i s o p a c h  

i s o p l e t h  

i so s t at i c  

K c a l  

2 K c a l /m / y r  

kg 

l ea c h  

a r ev e r s a l  i n  t h e  n o r m a l  a tm o s 
ph e r i c  t empe r a t u r e  g r a d i ent s u c h  
th at t empe r a t u r e  i n c r e a s e s  w i th 
a l t i t ude ( w i th i n  3 0 0  t o  6 0 0  f e e t ) 
and r e s u l t s i n  a n  atmosp h e r i c  i n 
ve r s i on . The w a r m e r  a i r o n  
top a c t s  a s  a c e i l i ng t o  a n y  
mat e r i a l  n o r ma l l y  d i f f u s i ng 
v e r t i c a l l y .  

a l i ne d r awn o n  a map o r  c h a r t  
conne c t i ng p l a c e s  o f  e q u a l  
s al i n i ty .  

a l i ne o n  a map j o i n i ng p o i n t s  
o f  e q u a l  t h i c k ne s s  o f  a r o c k  
o r  s ed i me n t  t ype . 

( 1 )  a g r aph p l o t t i ng t h e  
o c c u r r e nc e  o r  f r e q u ency o f  a 
phenome non i n  me t e o r o l o g y , 
e t c , a s  a f u nc t i on o f  two 
v a r i abl e s , t ime and s p a c e . 

( 2 )  the l i ne c o n ne c t i ng p o i n t s  
o n  a g r ap h  t h a t  h a v e  e q u a l  o r  
c o r r e spond i ng v a l u e s  w i th r eg a r d  
t o  c e r t a i n  v a r i a b l e s  - s y n o n ym -
i s o l i ne . 

s u b j e c t  t o  e q u a l  p r e s s u r e  f r om 
e v e r y  s i de . 

k i l o c a l o r i e .  

k i l o c a l o r i e  p e r  s q u a r e  me t e r  
p e r  y e a r  - a m ea s u r e  o f  t h e  r a t e  o f  
o r g a n i c e n e r g y  p r od u c t i on p e r  
a r e a  o f  y i el d . 

k i l og r am .  

t o  r em o v e  s o l ub l e  c o n s t i t u e n t s  f r om 
a s u b s ta n c e  by the a c t i on of a 
p e r c o l a t i ng l i q u i d , i n  th i s  c a s e ,  
wat e r  t a k i ng s a l t  f r om a s al t  dome 
i nt o  s o l u t i on . 



l i t t o r a l  

l o g n o r m a l  
d i s t r i b u t i o n 

l o ng ton 

l o t i c  

L P G  p r o d u c t s  

m a c r ophy t e  

M e r c a l l i  s c a l e  

m e t e o r i c  w a t e r  

mg 

mg/l 

M i o c e ne 

a s h a l l ow z o n e  t h a t  e x t e n d s  
f r om s h o r e  t o  t h e  l a k ew a r d  
l i m i t  o r  r oo t e d  a q u at i c  p l a n t s ; 
the s h o r ew a r d  r eg i o n o f  a w a t e r  
body ; i n  m a r i ne e n v i r o nmen t s , th e 
t i d a l  z o n e . 

a d i s t r i b u t i on i n  w h i c h  the l og a r i thm 
o f  a p a r ame t e r  i s  norma l l y 
d i s t r i b u t ed . 

2 , 2 4 0  p o und s , a s  opp o s e d  t o  2 , 0 0 0  
p o u n d s  i n  a s h o r t  ton . 

p e r t a i n i ng t o  f l ow i ng w a t e r s  s u ch 
a s  s t r e am s  and r i v e r s . 

l i q u i d  p e t r o l e um g a s , c omme r c i a l 
p e t r o l e um d e r i v at i ve s  s u ch a s  
p r opane , eth ane , ethy l e ne , e t c .  

any p l ant t h a t  c a n  be s ee n  w i th the 
n a k e d , u n a i d ed eye ; e . g . , aq u a t i c  
m o s s e s , f e r n s , l i ve r wor t s , r o o t e d  
p l a n t s . 

a 1 2-po i n t s c a l e  f o r  c l a s s i f y i ng th e 
magn i t u d e  o f  an e a r t h q u a k e .  

w a t e r  wh i ch o c c u r s  i n  o r  i s  
d e r i ved f r om t h e  a tmo sph e r e . 

m i l l i g r am s  - 1/1 0 0 0  o f  a g r am . 

m i l l i g r am s  p e r  l i t e r . 

t h e  t i m e  s p an f r om 1 2  t o  2 6  m i l l i on 
y e a r s  ago c h a r a c t e r i z ed by th e 
d e v e l opment o f  l a r g e  mo u n t a i n  
r an g e s  ( th e  f o u r th epo ch o f  t h e  
Te r t i a r y  P e r i od ) . 



Moh s c a l e  

m o n o c l i ne 

M S L  

N /A 

N aC L  

n e k t on 

N O  
x 

n o r ma l  f au l t  

a n  emp i r i c a l  h a r d n e s s  s c a l e  r e l a t ed 
t o  s t a nd a r d  m i ne r a l s : 

M i ne r a l  

1 0 . D i amo nd 
9 .  C o r u nd um 8 . Topaz 
7 .  Q u a r t z  
6 .  O r th o c l a s e  
5 .  Apat i t e 
4 .  F l u or i t e 
3 .  C a l c i t e  
2 .  Gypsum 
1 .  T a l c  

Common e q u i v a l e n t s  

H a r d  f i l e 
P e n k n i f e  
W i ndow g l a s s  
T e e t h  

F i ng e r n a i l  

The s t e p s  b e tw e e n  v a r i o u s  m i ne r a l s  a r e  
b y  n o  means e q u a l , e . g . , d i amon d  i s  
a bo u t  t e n  t i me s a s  h a r d  a s  co r u n d um , 
whe r e a s  c o r u n d um i s  o n l y  a bo u t  1 0 %  
h a r d e r  t h a n  t opaz . 

s t r a t a  that d i p  f o r  a n  i nde f i n i t e  o r  
u n k nown l e ngth i n  o n e  d i r e c t i on a n d  
wh i ch d o  n o t  ap a r e n t l y  f o r m  s i d e s  o f  
h i l l s  o r  v a l l ey s . 

a s tep-l i k e  be nd i n  o th e r w i s e h o r i z o n t a l  
o r  g e n t l y  d i pp i ng b ed s . 

M e a n  S e a  Le v e l .  

n o t  av a i l a b l e  o r  u nk n ow n . 

s od i um c h l o r i d e  ( s a l t ) . 

ma c r o s co p i c s w i mm i n g  o r g a n i sms a b l e  t o  
n av i g a t e  a t  w i l l ( f i s h , amph i b i a n s , 
l a r g e  a q u a t i c  i ns e c t s , e t c . ) . 

n i t r og e n  o x i de s  = NO ,  N0 2 , e t c . 

a f a u l t  i n  w h i ch t h e  ov e r l y i ng w a l l 
app e a r s  t o  h av e  be e n  moved d ownwa r d  
r e l a t i v e  t o  t h e  u n d e r l y i ng w a l l . T h e  
ang l e  o f  t h e  f a u l t  i s  u s u a l l y 4 5 ° t o  9 0 ° . 



o c c l u d e d  

o c s  

OD 

O r g/m 3 

o ve r bu r de n  

p at h og e n i c 

p e l ag i c  
s e d i me n t s  

p e r me a b i l i ty 

p e r me a b i l i ty o f  an 
aq u i f e r  

p e r v i o u s  

p r ev e n t s  t h e  p a s s ag e  o f . 

O u t e r  Con t i ne n t a l  Sh el f .  

o u t e r  d i ame t e r  - i n  r e f e r e n c e  t o  p i pe 
o r  t u b i ng s i z e . 

o r g an i sm s  p e r  c ub i c  met e r . 

ma t e r i a l o f  any na t u r e  c o n s o l i d a t ed 
o r  u nc o n s o l i d at ed t h a t  ov e r l i e s a 
depos i t  o f  u s ef u l  mat e r i a l s ,  
m i ne r a l s , c o a l , o r  s a l t . 

d i s ea s e  c a u s i ng . 

s ed i me n t s  de r i ved f r om o p e n  
o ce a n  s e t t l i ng f r om t h e  s h e l l s  o f  
u n i c e l l u l a r  o r g an i s m s  k nown a s  
f o r am i n i f e r a . T h e  s he l l s  a r e  
comp o s ed o f  e i th e r  c al c i um 
o f  s i l i c o n . I n  add i t i on ,  r e d  
c l a y s  o f  l a nd mas s o r i g i n  a r e  
a l s o  d e p o s i t ed . 

a r o c k  i s  s a i d  t o  be p e r m e a b l e  i f  
wat e r  o r  o th e r  l i qu i d s  i n  c o ntact 
w i th i ts u pp e r s u r f a c e  t e nd t o  p a s s  
th r o u g h  t h e  r oc k  m o r e  o r  l e s s  f r e e l y  t o  
t h e  l ow e r  s u r f a c e . P e r me a b i l i ty may 
b e  a ch i eved by the r oc k  b e i ng e i th e r  
p o r o u s  o r  p e r v i o u s . T h e  e s s e n t i a l  
f ea t u r e  o f  a bed o f  p e r m e a b l e  r o c k  
i s  t h a t  t h e  l i q u i d  i t  c on t a i ns may 
b e  e x t r a c t ed by pump i ng . P e rmeabi l i ty 
i s  meas u r ed i n  d a r c i es . 

t h e  capa c i ty o f  an a qu i f e r  t o  
t r a n sm i t w a t e r  u n d e r  p r e s s u r e .  

a r o c k  i s  s a i d t o  b e  p e r v i o u s  i f  
it i s  p e rmea b l e  by v i r t u e  o f  
mech a n i c a l  d i s co n t i n u i t i es s u ch 
a s  j o i nt s , bedd i ng p l ane s , 
f i s s u r e s , e t c . ( e . g . , s ome 
l i me s to n e s  and s om e  i g n e o u s  r o c k s ) . 



p H  

p h o t o s y n th e s i s  

phy topl an k t on 

p i e r c em e n t  dome 

p i e z ome t r i c  
s u r f a ce 

p impl e-mo u n d s  

p i n c h -o u t  

a m ea s u r e  o f  a c i d i ty o f  a l i q u i d  
d e t e r m i ned b y  $h e  c o n c e n t r a t i on o f  
hyd r o n i um ( H1 0 ) i on s  p e r  mo l e  
o f  l i q u i d .  The pH v a l u e  eq u a l s  
th e neg a t i ve l og a r i thm o f  the 
hyd r o n i um c o n c e n t r a t i on� 7 A hyd r og e n  
i on c o n c e n t r a t i on o f  1 0  eq u a l s  a 
p H  o f  7 .  The s c a l e  has a r a nge f r om 
1 to 1 4  w i t h v a l u e s  b e l o w  7 i nd i c a t i ng 
i n c r e as i ng a c i d i ty ,  and v a l u e s  abo v e  
7 i nd i c a t i ng i n c r e a s i ng a l k a l i n i ty . 

th e metabo l i c  p r oc e s s  by w h i c h  
s im p l e  s ug a r s  a r e  manu f ac t u r e d  
f r om c a r bon d i o x i d e and w a t e r  by 
p l a n t  c e l l s  u s i ng l i g h t  a s  an e n e r g y  
s o u r c e . 

m i nu t e , pa s s i ve l y  f l o a t i ng p l a n t  
l i f e  o f  a body o f  w a t e r . 

a s al t  dome i n  wh i ch the s a l t  co r e  
h a s  br o k e n t h r ough t h e  o ve r l y i ng 
s t r a t a  u n t i l  i t  r e a c h e s  o r  app r o a c h e s  
the s u r f ac e . 

an i m ag i na ry s u r f a c e  th at e ve r yw h e r e  
co i n c i de s  w i th th e s t at i c  l e v e l  
o f  t h e  w a t e r  i n  t h e  aq u i f e r . 

sma l l  r o unded c i r c u l a r  e l e va t i on s  
1 5  t o  3 0  f e e t  i n  d i ame t e r  and 2 
t o  6 f e e t  i n  h e i g h t .  

th e t e r m i n a t i on o r  e nd o f  a s t r a t um 
o r  o t h e r  r o c k  body t h at na r r ow s  o r  
t h i n s  p r o g r e s s i ve l y  i n  a g i ve n  
h o r i z on t a l  d i r e c t i on u n t i l  i t  
d i s appe a r s ,  and t h e  r o c k s  t h a t  i t  
on c e  s ep a r a t ed a r e  i n  con t ac t ; e s p . 
a s t r a t i g r ap h i c  t r ap f o rmed by t h e  
t h i n n i ng o u t o f  t h e  p o r o u s  a n d  
p e r m e a b l e  r o c k  b e t w e e n  two l a y e r s  o f  
i mp e r me a b l e  r o c k . 



P l e i s t o c e ne 

P l i o c e n e  

P l ow p a n  

p o r o s i ty 

p pm 

p p t  

p r od u c t  

p r og r ad a t i o n 

p s i  

p s i g  

a t im e  s p a n  f r om 1 t o  2 m i l l i o n 
y e a r s  ag o c h a r a c t e r i z ed b y  4 i c e  a g e s  
i n  No r th Ame r i c a ( th e  e a r l i e r o f  
t h e  2 epo c h s  c omp r i s ed i n  th e Q u a t e r n a r y  
P e r i od ) . 

l a t e s t  epoch o f  t h e  Te r t i a r y  o r  t h e  
c o r r e sp o nd i ng s y s t em o f  r o c k s . 

A c ompac t e d  l ay e r f o r m e d  i n  s o i l j u s t  
b e l ow th e p lowe r l ay e r . 

a r oc k  i s  s a i d  t o  b e  p o r o u s  i f  
i t  p o s s e s s e s  c a v i t i es b e t w e e n  t h e  
m i ne r a l  g r a i ns m a k i ng u p  th e r o c k  
wh i c h  c a n  c on t a i n l i q u i d . Th e 
t e r m  p o r o s i ty r a t i o  o r  s i mp l y  p o r o s i ty 
i s  g i ve n  t o  t h e  p e r c e n t a g e  o f  vo i d  
s p a c e  t h at a r o c k  c o n t a i n s . P o r o s i t i es 
o f  s ed i m e n t a r y  r o c k s  r a n g e  f r om l e s s  
t h a n  1 %  t o  1 5 % ; l o o s e  s a nd a n d  
g r av e l  m ay r e a c h  4 5 % ; w h i l e c l ay s , 
w h i ch a r e  e x c e e d i ng l y  p o r o u s  r o c k s , 
s om e t i me s  r e a c h  5 0 %  p o r o s i ty .  
( Po r o u s  r o c k  i s  n o t  ne c e s s a r i l y 

p e r me a b l e ) .  

p a r t s  p e r  m i l l i on . 

p a r t s  p e r  t h o u s and . 

r ef i ne d  p e t r o l e um p r od u c t s . 

t h e  b u i l d i ng f o r w a r d  o r  o u tw a r d  t ow a r d  
t h e  s ea o f  a s h o r e l i ne o r  c o a s t l i ne 
( a s o f  a b e a c h , d e l t a ,  o r  f a n )  b y  
n e a r s h o r e d e po s i t i on o f  r i v e r bo r n e  
s ed i me n t s  o r  b y  c o n t i n u o u s  a c c um u l a t i on 
o f  be a c h  m a t e r i a l t h r ow n  u p  by w a v e s  o r  
mo v e d  b y  l o n g - s h o r e  d r i f t .  

p o u n d s  p e r  s q u a r e  i nc h  - p r e s s u r e  
m ea s u r eme n t . 

g u a g e  p r e s s u r e  i n  p o u n d s  p e r  s q u a r e  
i nc h  a nd i nc l ud i ng p r es s u r e  o f  
a t m o s ph e r e , a s  o p p o s e d  t o  a b s o l u t e  
p r e s s u r e  ( p s i a ) , p r e s s u r e  me a s u r e  w i th 
r e sp e c t  t o  z e r o  p r e s s u r e .  



raw water 

reentrant 

revetment 

r o s e  (wind r o s e ) 

rot i f  er 

s a l ine 

s a l i n i ty 

s a l t  rock 

sedime ntary 

s e d ime ntary 
d i f ferentiat ion 

s e i smic 

senes cence 

a s  u s ed in t h i s  report - raw water i s  
that water u s ed for c avity l e aching or 
oil d i s p l ac ement . 

renter ing or d i rec ted i nwa rd a s  a 
rentr ant angle in a c o a s t l ine or any 
i ndent ation in a l and form , u s ua l ly 
mo re or l e s s  angu lar i n  charac t e r . 

a fac ing made on a s o i l  or rock embank
me nt to prevent s c our by weather o r  
water . 

a graphic i l l u s t r a t io n  o f  wind speed 
and d i r e c t io n  r e l a ted to percent 
f r eque ncy o f  oc currenc e .  

a phy lum o f  minute , mu l t i c e l l u l a r  
aquat i c  organi sms wh i c h  po s s e s s  a 
whe e l - l ike bank o f  c i l i a  at the 
anter ior ( or a l ) end . 

water contain ing a s i gni f i cant quantity 
( < . 3  ppt ) o f  d i s so l ved natur a l  s a l t s  

o f  sod ium , magne s ium , etc . 

the number o f  grams o f  s a l t ( s )  d i s s o lved 
in one k i l ogram of s a l t  s o lution 
( s e awate r ) . Usua l ly expre s s ed in 

un i t s  o f  par t s  per thous and . 

a gene r a l  term for a d i a p i r i c  s a l t  body 
of whatever shape , c f . s a l t  c ore . 

ro c k s  formed from mat e r i a l  der ived f rom 
pre -exi s ti ng rock s by proc e s s e s  o f  
denudation ( depo s ition o f  eroded mate r i a l ) 
together with mate r i a l  o f  organic o r i g i n . 

the progre s s ive s e paration by e r o s i o n  and 
transportat ion of a we l l  d e f i ned rock ma s s  
into phy s i c a l l y  and c hemic a l l y  unl ike 
p rodu c t s  that are re sorted and depo s i ted 
a s  sedime n t s  over mor e  or l e s s  s e parate 
are a s , e . g . , the segregation and d i s pe r s a l  
o f  the compo nen t s  o f  an igneous r o c k  i n to 
sand s tone , shal e s , and l ime s to ne s . 

perta ining to an ear thquake or earth 
v ibration , inc lud ing tho se that are 
arti f i c i a l l y  i nduced . 

b i o l o g i c a l  changes r e l a ted to aging 
( o ften s e a s o na l )  . 



s e s s i l e 

s h a l e  

s l i p  d i p  f a u l t  

S M S A  

so 
x 

s o i l  c a t en a  

s o i l s e r i es 

s o l u t i o n c a v i t y 

s o n a r  

s o n a r  c a l i p e r  
s u r v ey 

s o u r  c r u d e  

s t a n d a r d  e l u t r i at e  

s t o m a t a  
( p l u r al o f  s t o m a ) 

p e r t a i n i ng t o  t h o s e  o r g a n i s m s  t h a t  a r e  
a t t ac h e d  t o  s u bs t r a t e  a nd n o t  f r e e  t o  
m o v e  a bo u t . 

a f i s s i l e r o c k  compo s e d  o f  l am i n a t ed 
l ay e r s  o f  c l ay l i k e ,  f i ne g r a i ne d  s ed i m e nt s . 

movement a l o n g  a f a u l t  p l a n e  i n  t h e  
d i r e c t i o n  o f  t h e  d i p  o f  t h e  f au l t .  

S t and a r d Met r op o l i t a n  S t at i s t i c a l  A r e a . 

S u l p h e r  O x i d e s  - so2 , e t c . 

a s o i l  s e r i e s , a h o r i z o n t a l  g r ad at i on o f  
s o i l s  o f  a s i m i l a r  o r i g i n .  

a s p e c i f i c  c l a s s i f i c a t i on o f  s o i l  types f o r  
a l i m i t e d  g e og r ap h i c  a r e a . · 

c a v i ty f o rm e d  i n  s o l u b l e  r o c k s  ( o r s a l t )  
p r i m a r i l y  b y  s o l u t i o n a c t i on ( n a t u r a l  o r  
m a n -m a d e ) .  

a s y s t em t h a t  u s es u nde r w a t e r  s o und , 
a t  s on i c  o r  u l t r a s on i c  f r eq u en c i e s ,  t o  
d e t e c t  and l o c a t e  o b j e c t s  i n  w a t e r . 

a t e c h n i q u e  f o r  m e a s u r i ng i n t e r n a l  
c on f i g u r a t i on s  o f  a c a v i t y . 

c r u d e  o i l  w i t h a h i g h  s u l f u r  c o n t e n t . 

t h e  s u p e r n a t a n t  r e s u l t i ng f r om t h e  
v i g o r o u s  3 0  m i n u t e  s h a k i ng o f  o n e  
p a r t  o f  �o t t om s ed i me n t  w i th 4 p a r t s  
w at e r  ( o n  a v o l ume t r i c  b a s i s )  c o l l e c t e d  
f r om t h e  s am e  s ampl e s i t e , f o l l ow ed by a 
1 - h o u r s e t t l i ng t i m e  a n d  app r op r i a t e  
0 . 4 5 m i c r on s  ( µ )  f i l t r a t i on .  

a sma l l  o p e n i ng o r  p o r e  i n  a 
s u r f ac e . 



s t r i k e  

s u b a ng u l a r  

s ub s t r a t a  

s u r g e  t a n k  

s u s p e n d e d  s o l i d s , 
s u s p e n d e d  p a r t i c u l a t e  
ma t t e r  ( pa r t i c u l a t es ) 

sw e e t  c r ud e  

t a x o n  

t e c t o n i c  

T e r t i a r y  

t h a l w e g  

t h e  c o u r s e  o r  b e a r i ng o f  th e o u t c r op 
o f  a n  i n c l i ne d  b e d  o r  s t r u c t u r e  o n  a 
l e v e l  s u r f ac e ; t h e  d i r e c t i on o r  
b e a r i ng o f  a h o r i z o n t a l  l i n e i n  t h e  
p l a n e  o f  a n  i n c l i ne d  s t r a t u m , j o i n t , 
f au l t  c l e avag e p l a ne o r  o th e r  
s t r uc t u r a l  p l ane . I t  i s  p e r pend i 
c u l a r  t o  t h e  d i r e c t i on o f  t h e  d i p .  

a g r ad e  o f  r o undn e s s  o f  r o c k  i n  w h i c h 
t h e  f r a gme n t s  r e t a i n  t h e i r  o r i g i na l  
a ng u l a r  f o r m , b u t  t h e  e d g e s  and 
c o r n e r s  a r e  r o u n d e d  o f f . 

a l a y e r  o f  s t r a t u m  o f  e a r th o r  r o c k  
l y i ng i mm ed i at e ly u n d e r a n o t h e r . 

a s t o r ag e  t a n k  w h i ch s e r v e s . t o 
k eep t h e  p ump i ng r a t e/ p r e s s u r e  
t h r o u g h  a p i p e l i ne c o n s t a n t  by 
s to r i ng e xc e s s  or p r ov i d i ng a 
s u r p l u s  w h e n  t h e  r a t e  o f  p ump i ng 
" s u r g e s " u p  o r  d o w n , r e s p e c t i v e l y . 

a d i r e c t  mea s u r e m e n t  q u a n t i f y i ng 
any f i n e l y  d i v i d ed s o l i d  a nd/o r 
l i q u i d  m a t t e r  w h i c h  d o e s  n o t  
s e t t l e  f r o m  t h e  amb i e n t  a i r .  

c r u d e  o i l  w i th a l ow s u l f u r  c o n t e nt . 

t h e  name appl i ed t o  a g r o up o f  
p l a n t s  o r  a n i ma l s  i n  a f o r m a l  s y s t e m  
o f  nomenc l a t u r e . 

o f , p e r t a i n i ng t o , o r  d e s i g n a t i ng 
t h e  r o c k  s t r u c t u r e  a nd e x t e r na l  f o r m s  
r e s u l t i ng f r om t h e  d e f o r m a t i o n o f  th e 
ea r th ' s  c r us t .  A s  app l i ed t o  
e a r t h q u a k e s , i t  i s  u s ed t o  d e s c r i be 
s h o c k s  d ue t o  v o l c a n i c  a c t i o n o r  t o  
c o l l ap s e  o f  c a v e r n s o r  l a nd s l i d e . 

t h e  p e r i od o f  t i m e  e x t e nd i ng f r om 6 5  m i l 
l i on t o  2 t o  3 m i l l i on y e a r s  ago . 

a l i ne j o i n i ng t h e  d e e p e s t p o i n t s  i n  
a c h ann e l . 



th r ow 

T K N  

t o x a p h e n e  

t r a n sm i s s i b i l i ty ,  
c oe f f i c i e n t  o f  

t r e nd 

t u r b i d i t y 

t u r b i d i ty p l um e  

t h e  amo u n t  o f  ve r t i ca l  d i sp l a c ement 
a s  a r e s u l t  of f au l t i ng . 

t o t a l  K j e l d a h l  n i t r og e n  ( s um o f  f r e e  
ammo n i a  and o r g a n i c  n i t r og e n  c o mp o u nd s ) . 

o r g a n i c  c ompo u n d , c 1 H 0 c 1 8 , a 
t o x i c  w a x y , amb e r  s o 2 i � , w i t h  m i l d  
ch l o r i ne- c amph o r  sme l l , s o l u b l e i n  
o r g a n i c  s o l v e n t s , m e l t s  a t  6 5- 9 0 °c . 
U s ed a s  i n s ec t i c i d e  ( a l so k nown a s  
t e ch n i c a l  ch l o r i n a t e d  c amph e n e ) . 

t h e  r a t e  o f  f l o w  o f  w a t e r  i n  g a l l o n s  
p e r  d a y  t h r ough a ve r t i c a l  s t r i p 
o f  t h e  aq u i f e r  o n e  f o o t  w i d e e x t e nd i ng 
t h r o u g h  t h e  ve r t i ca l  t h i c k ne s s  o f  t h e  
aqu i f e r  a t  a h yd r a u l i c  g r ad i e n t  o f  
o n e  f o o t  p e r  f o o t  a n d  a t  t h e  p r e va i l i ng 
t empe r a t u r e o f  t h e  w a t e r . Th e 
t r a n s m i s s i b i l i t y f r om a p ump i ng t e s t  
i s  r ep o r ted f o r  t h e  p a r t  o f  t h e  aqu i f e r  
t ap p ed b y  t h e  w e l l . 

( 1 )  t h e  d i r e c t i on o r  bea r i ng o f  th e 
o u t c r op o f  a b e d , d i k e ,  s i l t . 

( 2 )  t h e  i nt e r s e c t i o n o f  t h e  p l a ne o f  
a bed , d i k e ,  j o i nt ,  f au l t , o r  o t h e r  
s t r u c t u r a l  f ea t u r e  w i t h t h e  s u r f ac e  
o f  t h e  e a r t h . 

a m ea s u r e  o f  t h e  amo u n t  o f  l i g h t  th a t  
w i l l  p a s s  t h r o ug h  a l i q u i d . I t  
d e s c r i be s  t h e  d e g r e e  o f  o p aq u e n e s s  
p r od u c e d  b y  s u sp end e d  p a r t i c u l a t e  
m a t e r i a l . 

a l o c a l i z ed a r ea o f  s u s p e n d e d  s ed i m e n t s  
o f t e n  a s s o c i a t e d  w i t h  d r e d g i ng 
o p e r a t i o n s  t h a t  r e d u c e s  th e amo u n t  o f  
l i g h t  p e n e t r a t i o n  t h r o u g h  t h e  w a t e r  
i n  t h a t  l o c a l i z ed a r e a . 



u n c o n f o r m i t y  

u n c o n s o l i d a t ed 
( s ed i me n t ) 

u n d i f f e r e n t i at e d  

v o l . 

v u g g y  po r o s i t y 

v ug s  

w i nd r o s e  

t h e  s t r u c t u r a l  r e l a t i o n s h i p  betwe e n  
r o c k  s t r a t a  i n  c o n t ac t , c h a r a c t e r i z ed 
by a l a c k  o f  c o n t i n u i ty i n  d e p o s i t i o n  
a n d  c o r r e s pond i ng t o  a p e r i o d o f  n o n 
d e po s i  t i on ,  w e a t h e r i ng , o r  e s pe c i a l l y  
e r o s i o n  ( e i th e r  s u b a r e a l  o r  s u ba q u e o u s ) 
p r i o r  t o  t h e  d e p o s i t i o n o f  t h e  y o u ng e r  
be d s ,  and o f t e n , b u t  n o t  a l w ay s  m a r k ed 
by a b s e n c e  o f  p a r a l l e l i sm b e tw e e n  t h e 
s t r a t a . 

1 .  a s e d i me n t  t h a t  i s  l o o s e l y  a r r a n g e d  
o r  u n s t r a t i f i e d who s e  p a r t i c l e s  a r e  n o t  
c emen t ed t o g e t h e r ,  o c c u r r i ng e i th e r  a t  
t h e  s u r f a c e , o r  a t  d e p th . 
2 .  s o i l  m a t e r i a l  t h a t  i s  i n  a l o o s e ly 
agg r e g a t e d  f o r m . 

( se e  s e d i me n t a r y  d i f f e r e n t i a t i on )  

v o l ume . 

p o r o s i ty d u e  t o  v ug s  i n  c a l c a r eo u s  
r o c k .  

c av i t i es o f t e n  w i th m i ne r a l l i n i ng s  
d i f f e r e nt i n  c ompo s i t i o n  f r om t h e  
s u r r o u nd i ng r o c k . 

a d i ag r am s h ow i ng , f o r  a g i v e n  p l a ce , 
t h e  r e l a t i v e  f r e q u e ncy o r  f r eq u e n cy 
and s t r e n g th o f  w i nd s  f r om d i f f e r e n t  
d i r e c t i o n s . 


