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APPENDI X D 

PART I - GENE RAL DISCU�SION AND USE O F  EXISTI N G  CAVE RNS 

D. 1 I NTRODUCT I ON 

The s torage of crude oi l i n  the Strateg i c  Petrol eum Reserve Program 

wi l l  entai l the contact of oi l wi th bri ne sol uti ons. Thi s contact wou l d  

resu l t  i n  the d i s sol v i ng and entrai nment of smal l concentrati ons of hy

drocarbons i n  the bri ne through  a number of phys i cal  phenomena .  I n  order 

to as ses s the magni tude of oi l concentrati ons di s charged i n to the bri ne  

s urface control fac i l i ti es, a s tudy was performed to  determ i ne the  me

chani sms of i nteracti ons between the oi l and bri n e  wi th i n  a typ i ca l  under

ground oi l s torage cavern. Thi s appendi x d i s cu sses the res u l t s  of that 

s tudy.  

The primary cavern i nterac ti ons wh i ch woul d di s tri bute the oi l i nto 

the bri ne are di s so l uti on and d i s pers i ve reacti ons. D i s pers i ve reacti ons 

requ i re a phys i cal  energy i nput to the system to ag i tate the m i cro o i l  

parti c l es  i nto the underlyi ng bri ne. Di s sol uti on occurs on the mol ecu l ar 

l evel where the hydrocarbon so l ute di s sol ves i n to the bri ne  so l vent system . 

Al though both of these reacti ons occur s imu l taneous l y  duri ng certa i n  oper

ati onal phases, the study i nd i cates that pri nci pal ly  d i s sol ved components 

wou l d be di s charged to the surface bri ne control fac i l i ti es .  

Res u l ts  of the s tudy i ndi cate that under a worst-case s i tuati on, the 

bri n e  di s charge wou l d  conta i n  an estimated maximum 32 parts per mi l l i on 

( ppm ) of oi l .  However, th i s  cond i t i on i s  not expected to occur. A more 

reasonabl e estimate of the di s so l ved oi l - i n- bri ne concentrati on d i s charged 

from a typi cal  cavern duri ng i n i ti a l fi l l  i s  approx imate ly  1 6  ppm, and 

dur ing approximate ly  the l ater 10% of an i nd i v i dual cavern d i s charge and 

6 ppm duri ng the enti re i nd i v i dual  cavern d i s charge per i od for s ubsequent 

refi l l s .  

The secti ons whi ch fol l ow descri be the oi l /br i ne i nteracti ons 

w i th i n  a s torage cavern ( Sect i on D . 2 ) , d i s so l v i ng reacti ons ( Secti on D . 3 ) , 

d i s pers i ve reacti ons ( Secti on D . 4 ) , expected concentrati on of oi l - i n -bri ne  

d i scharged to  the  s urface bri ne control faci l i ti es (Secti on D . 5 ) , and  con

c l u s i on s  ( Secti on D . 6 ) . 

0-l 



D . 2  O I L/BR I N E  INTERACT IONS I N  A SALT SOLUT ION-MI N ED STORAGE CAVERN 

The fo l l owi ng sect i ons  bri efl y descri be the maj or i nteracti ons  that 

occur between the o i l ,  bri ne , and raw water wi th i n  a sal t dome storage 

cavern . The i nteracti ons wh i ch occur duri ng the operati onal phases of 

the storage program are i l l ustrated schemati cal ly  i n  F igure D-1 and are 

descri bed here i n as : 

The i n i ti a l o i l fi l l  and d i scharge of bri ne ; 

The l ong -term storage of o i l i n  a q u i escent state ; 

Raw water i nj ection  to d i sp l ace o i l ;  

Storage cavern cond i t i ons after o i l i s  d i sp l aced ; and 

The second and subsequent refi l l s .  

D . 2 . 1  I n i t i a l  O i l Fi l l  

The sal t dome cavern , pri or  to the i n i ti a l  o i l  fi l l , i s  fi l l ed wi th 

bri ne . As crude o i l  i nj ecti on  beg i n s , j etti ng ( approximately 8 feet per 

s econd )  causes turbu l ence at the o i l - br i ne  i n terface wh i ch produces an 

emu l s i on of o i l  and bri ne and affects so l ut ion  of various  hydrocarbons 

i nto t he bri ne .  Turbu l ence woul d be confi ned to approx imate ly  the upper 
50  feet of the cavern . As cavern fi l l i ng cont i nues , i n terface turbul ence 

wou l d  decrease as the i nterface descends . At a depth of approximate ly  

50  j et d i ameters , the  o i l  j et momentum woul d be  one-tenth of i ts i n i t i a l  

va l ue and i nterface turbul ence wou l d have ceased (Amer i can Petro l eum 

I n sti tute , 1969 ) .  

The l i ghter , more sol ub l e hydrocarbons d i ffuse across  the o i l - bri ne 

i nterface , wh i l e  the heav i e r ,  l ess  sol ub l e components s l owly beg i n  to 

form a rel ative ly dense and vi scous  refractory l ayer between the o i l and 

bri ne . Thu s ,  the maj or o i l contami nation of the bri ne occurs duri ng the 

i n i ti a l period of the f i l l i ng p hase wh i l e  turbu l ence i s  h i g h . 

Dissol ved and d i spersed o i l i s  expected to rema i n  wi th i n  the upper

most  1 00 feet of t he br i ne co l umn dur i ng i n i ti a l fi l l  due to a l ow rate 
of verti cal  d i ffus i on . Consequentl y ,  duri ng the early stages of fi l l  the 

o i l  concentrat i on of the d i s charged bri ne wou l d  be near zero . As the o i l /  

bri ne i nterface approaches the bottom of the br i ne d i s p l acement tubi ng , 

o i l  concentration  of the d i scharged bri ne wou l d  i ncrease and average 1 6  

ppm duri ng t he f ina l  stages of fi l l  ( Section D . 5 ) . 
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F IGURE D- 1  Operat iona l  phases of oi l storage program 
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D . 2 . 2  Long-Term Oi l Storage 

Duri ng l ong-term o i l  s torage , a bri ne l ayer i s  mai ntai ned at the 

bottom of the so l ut i on cavern and wou l d  amount to approximate l y  5 per

cent of the total cavern vol ume . The o i l concentrati on wi th i n  th i s  

bri n e  i s  assumed to reach equ i l i bri um duri ng l ong-term s torage . A re

fractory l ayer wou l d  form at the oi l brine i n terface because  of the l os s  

o f  s o l ub l e  hydrocarbons i nto the underlyi ng bri n e  and a consequent en

ri chment of heav i e r ,  rel ati ve ly i n so l ub l e hydrocarbons .  Any remai n i ng 

sma l l fracti on of d i s persed o i l i n  bri ne  wou l d  be expected to r i se  to 

the o i l -bri ne  i n terface contri buti ng to the refractory l ayer or be ab

sorbed by s u spended parti c l es  and i n  turn sett l e to the bottom . The 

l ong-term s torage i s  the on l y  phase of the program where t ime a l l ows 

the hydrocarbons to d i s so l ve and estab l i sh equ i l i bri um condi ti on s  wi th 

respect to the bri ne .  

D . 2 . 3  I njection  of Raw Water and  Di spl acement of Oi l 

The o i l i s  di s p l aced from the cavern by i nj ecti on of raw water i nto 

the l ower l evel , cau s i ng the u pward d i s p l acement of oi l .  The raw water 

wou l d  d i l u te the res i dual  bri n e  so l ut i on i n  the bottom of the cavern and 

may resuspend settl ed parti c l es .  The resu l tant di l ut ion of both the 

bri n e  and d i s s o l ved o i l concentration wou l d  a l l ow further di s s o l ut i on of 

o i l  i nto bri ne .  I n i ti a l l y ,  there wou l d  be  turbu l ence at the  oi l -bri ne  

i n terface wh i ch may di s perse some of the  o i l .  The refractory l ayer at 

the oi l -bri ne i n terface wou l d  effecti vely l imi t d i ffus i on and d i s pers i on .  

When the crude o i l i s  d i s p l aced from the s torage cavern, an oi l fi l m  

wou l d  rema i n  on the cavern wa l l s .  Th i s  oi l fi l m  wou l d ,  i n  time, part ly  

d i ss o l v e  i nto the bri ne  and partly ri se  to  t he  oi l -bri n e  i n terface a s  

so l ut i on of t he  underlyi ng sa l t progres ses . For ca l cu l ation  purposes , 

i n  thi s  report , th i s  o i l fi l m  was assumed to be tota l l y  d i s so l ved, 

add i ng approx imate ly  1 . 6  ppm to the o i l -i n-bri n e  concentrati on .  

The raw water bei ng  i nj ected i nto the cavern wou l d ri se  toward the 

s u rface due to i ts l ower den s i ty and i nduce a ci rcu l ati on wi thi n  the 

bri n e .  Th i s  may res u l t i n  an i ncrease i n  the d i ffus i on of oi l i n to the 
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n ow non-eq u i l i bri um system . As the i nterface ri ses  wi thi n  the cavern , 

the ci rcu l at i on wou l d  decrease i n  the upper bri ne col umn due to the rap i d  

d i l uti on of  t he  raw water .  T he  bri ne temperature wi thi n t he  cavern wi l l  

eventual ly  ri se  to approximately 150°F and an i ncrease i n  sa l i n i ty wi l l  

occur as  the d i sso l uti on of the cavern wal l s  proceeds . The net effect 

i s  a decrease  i n  o i l so l ub i l i ty because the sal i n i ty factor has a greater 

i nf l uence than that of temperature (Secti on 0.3). The d i s so l ved oi l con

centrati on i n  the bri ne at the end of thi s  operati on i s  therefore the 

res u l t of :  

(1) the twentyfol d  dil uti on of the res i dual  bri ne  whi ch had 

reached equi l i bri um oi l concentrati ons at the bottom of 

the cavern , 

(2) s ome d i s so l u ti on of the oi l l ayer on the cavern wal l s ,  and 

(3) s ome smal l add i ti ona l  di s sol uti on at the o i l - br i ne i nterface 

dur ing d i s p l acement .  

0.2.4 Storage Cavern Condi ti ons  After Oi l i s  Di spl aced 

After the cavern i s  fi l l ed wi th water and the crude o i l  removed , a 

sma l l amount of the crude oi l woul d  be reta i ned as  a bl anket on top of 

the bri ne col umn . The oi l bl anket acts as a barr ier  between the so l uti on 

cavern cei l i ng and the bri ne , thereby mi n im i z i ng sal t d i ssol uti on around 

the cemented cas i ng .  The oi l at the oi l -brine  i n terface wi l l  be composed 

of a rel ati vely dense , v i s cous  l ayer and wou l d on ly  al l ow s l ow d i ffus i on 

of the so l ubl e hydrocarbon components . The add i ti onal oi l concentrati on 

d i s so l ved i nto the bri ne duri ng thi s  operati on i s  j udged to be mi n i mal . 

0.2.5 Second and S ubsequent Oi l Refi l l  Phase 

The o i l -bri ne i nterface wou l d  now have had suffi ci ent t ime for a 

dense refractory l ayer to form. Thi s l ayer woul d reduce the d i ffus i on 

and di s so l uti on duri ng subseq uent refi l l s .  Throughout s u bsequent oi l 

refi l l s  approximate ly  6 ppm of oi l i n  bri ne ( as cal cu l ated i n  Secti on 0.5) 
wi l l  be d i s charged to the s urface bri ne control faci l i t i es , prov i d i ng 

the dense  refractory l ayer conti n ues to act as a barri er .  I n  the event 

that the refractory l ayer i s  penetrated by the i nput  j et of oi l ,  reac

t i ons s im i l ar to those of the i n i ti a l fi l l  cyc l e wou l d  occur . 
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D . 3 D I SSOLUT ION REACT IONS DUR I NG CAVERN OPERAT IONS 

The sol ubi l i ti es of vari ous  hydrocarbons in water and in bri ne have 

been s tudi ed by a number of workers . The data i l l ustrated i n  Fi gure D-2 

i nd i cate that for each homo l ogous ser ies  of hydroca rbons , the l ogari thm 

of sol ubi l i ty i n  water is a l i nea r functi on of hydrocarbon mo l a r  vo l ume . 

The sol u bi l i ty of hydrocarbons  as i l l us trated i n  F i g ure D-2 and l i sted i n  

Ta bl e D - 1  i ncrea se wi th a decrea se i n  mo l ar vol ume and mo l ecu l ar wei ght 

and an i ncrea se in  branchi ng  and degree of unsaturati on . The most  so l ubl e 

hydrocarbons  are the l ow mo l ecu l ar we i g ht aromati cs ( Pr ice , 1 973 ; McAu l i ffe , 

1 976 ) . 

Rev i ew of stud i es wh i c h  were conducted to determ ine  the saturati on 

concentrati on s  for o i l  in seawater and in fres hwate r ,  i ndi cate that as 

t he hydrocarbons d i s so l ve , so l u bi l i ty rates decrease before equ i l i bri um 

cond it ion s  are establ i s hed ( Pr i ce , 1 973 ) .  

Eq u i l i bri um concentrat ions  at standard temperature and press ure for 

four d i fferent crudes are l i sted i n  Tabl e D-2. Equi l i bri um concentrations  

found by other resea rchers for crude oi l i n  both fres hwater and  sa l twater , 

range from 7 to 40 ppm wi th the preponderance of data rang i ng from 20-30 

ppm ( McAul i ffe , 1 976 ; Frankenfe l d ,  1 975 ; Ca ndl e ,  1 97 7 ;  Anderson , 1 974 ) .  

Sel ected data for the La Rosa and Murban crudes , p resented i n  Tabl e 

D-3 ,  reveal s the vari ati ons i n  eq u i l i bri um concentrations  whi ch can be 

expected . Th i s  data i nd i cates that the hydrocarbon compo s i t i on of a par

t i cu l a r  s tored crude wou l d effect the concentrati on of di sso l ved o i l  be i n g  

d i scharged wi th t he  bri ne . For the purpose of ca l cu l at ing  estimated o i l  

concentrat ions i n  a br ine di scharge , the Mi ddl e East Murban crude was 

cons i dered as  a pos s i b l e crude to be stored i n  the Strateg i c  O i l  Reserve 

Program . 

The eq u i l i br i um concentrat i on of Murban crude i n  seawater wi th a 

sa l i n i ty of  36 ppt i s  27 . 9  ppm at standard temperature and pres sure as  

s hown in  Ta bl e D-2. 

As temperature and pres s u re change wi thi n the storage cavern , the 

resu l tant equ i l i bri um concentrati ons  can be expected to change . General  

hydrocarbon sol u b i l i ty stud i es i nd i cate that as temperature and pres sure 

i ncrease , so l ubi l i ty and eq u i l i br i um concentrati ons i ncrease . Increas i n g  
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TABLE f)- 1 Aqueous s o l ubi l i tv val ues of  i nd i v i dual  compounds at 25°C ( ppm ) . 

---- -
COMPOUND PRICE MCAULIFFE 

PENTANE 39.5 38.5 

HEXANE 9.47 9.5 

HEPTAN& 2.24 2.93 

OCTANE 0.431 0.66 

NONANE 0.122 0.22 

I SO PARAFFINS 

2,3- DIMETHYLBUTANE 19.1 

2,2- D IMETHYUlUTAtiE 21.2 

2- METHYLPENTANE 13.0 

3- METHYLPENTANE 13.1 

2,4 · DIMETHYLPENTANE 4.41 

2,2- DIMETHYLPENTANE 4.40 

2,3- DIMETHYLPENTANE 5.25 

3,3- DIMETHYLPENTANE 5.94 

2,2,4- TRIMETHYLPENTANE 1.14 

2,3,4-TRIMETHYLPENT1\NE 1,36 

ISOP�NTANE 48.0 

2- METHYLHEXANE 2.54 

3-METHYLHEXANE 2.65 

3- METHYLHEPTANE 0.792 

4- METHYLOCTANE 0.115 

f!ICYCLOPARAFFIN 

(4.4.0) BICYCLODECANE .889 

NAPTHO-AROMATIC 88.9 

CYCLOPARAFFINS 

CYCLOPENTANE 160 156 

METHYLCYCLOPENTANE 41.8 42 

PROPYLCYCLOPENTANE 2.04 

PENTYLCYCLOPENTANE 0.115 

1,1,3- TRIMETHYLCYCLOPENTANE 3.73 

CYCLOHEXANE 66.5 55.2 

METHYLCY CLOHEXANE 16.0 14.0 

1,4- TR ANSDIMETHYLCYCLOHEXANE 3.84 

1 ,1,3- TRIMETHYLCYC!.OHEXANE 1.77 

AROM.:.TICS 

BENZENE 1740 1780 

TOLUENE 554 515 

M- XYLENE 134 

0- XYLENE 167 175 

P- XYLENE 157 

1,2,4 -- TRIMETHYUJENZENE 51.9 57 

1,2,4,5- TETRA METHYLBENZENE 3,48 

ETHYl-BENZENE 131.1 152 

ISOPROPYLBENZENE 48.3 50 

ISOBUTYUJENZlNE 10.1 -
SOURCE: PRICE, 1973. 

MoAULIFFE, 1969 
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TABLE D-2 Hydrocarbons d i s sol ved i n  sea water* equ i l i brated wi th oi l 
sampl e s . 

COMPOUND SOUTH LOUISIANA 
CRUDE 

(1) 
ppm 

ALKP.NES 

ETI-IANE .54 

PROPAr<E 3.01 

n BUTANE 2.36 

ISOBUTANE 1.69 

n PENTANE .49 

ISOPENTANE .70 

CYCLOPENTANE + 2 METHYLPENTANE .30 

METHYLCYCLOPENTANE .23 

HEXANE .09 

CYCLOHEXANE 

METHYLCYCLOHEXANE .22 

n HEPTANE .06 

c1 6  n PARAFFIN .012 

C17 11 PARAFFIN .009 

TOTAL c1 2- c
24 

n PARAFFINS .089 

AROMATICS 

BENZENE 6.75 

TOLUEC<E 4.1 3 

ETHYLBENZENE 1.56 

M- P- XYLENE 

0- XYLENE .40 

TRIMETHYLBENZEtJE .76 

NAPHTHALENE .12 

1 METHYLNAPHTHALENE .06 

2 METHYLNAPI-:THALENE .05 

DIMETHYLNAPHTHALEN E .06 

OTHER AROMA11CS 021 

TOTAL SATURATES 9.86 

TOTAL /'ROMA11CS 13.90 

TOT.AL DISSOLVED HYDROCARBONS 23.76 

•seawater {36 PPT) at Standard Temperature and Pr(>ssurc 

SOURCE: 1 ANDERSON. et. a!., (1974) 
2 MCAlJL.IFFE (1976) 

0-9 

KUWAIT VENEZUELA MIDDLE EAST 
CRUDE LA ROSA MUBBAN CRUDE 

(1) CRUDE (2) 
ppm (2) ppm ppm 

.23 2.011 .23 1 
3.30 3.63 2.150 

3.66 1.88 2.880 

.90 .76 .BOO 
1.31 .60 1.340 

.98 1.030 

.59 

.190 .275 .355 

.290 '.65 1.35 

.190 .410 

.080 .160 .235 

.090 .100 .330 

.0006 

.0008 

.004 

3.36 3.30 6.080 

3.62 2.80 6.160 

1 .58 .275 .825 

.840 1.940 

.67 .350 1 .010 

.73 .300 .750 

.02 

.02 

.008 

.02 

.013 

1 1.62 11.200 1 1.100 

1 0.03 7.860 1 6.800 

21.63 1 9.000 27.900 



0 I 
__, 

0 

TABLE D-3 Rel at i ve aromati c components of crude and the i r  effect on e qu i l i br i um concentrati ons*.  

MUR BAN CRUDE LA P.OSA CRUDE 
( A BU DHABI) (VENEZUELA) 

EQUILI BRIUM PERCENT COMPOSITION EQUILI BRIUM PERCENT COMPOSITION 

CONCENTRATIONS ppb IN CRUDE CON CENTRATIONS ppb IN CRUDE 
---

BENZENE 6,080 .13 3,300 .07 
TOLUENE 6,160 .49 2,800 .22 
TRIMETHYL BENZENE 750 .74 300 .30 I TOTAL 12,990 1.36% 6,400 .59% 

-

•1n Seawater at Standord Tompcraturo and Prossuro 
REF. MCAULIFFE, 1976 



the sal i n i ty of the so l vent yi e l ds  a decrease i n  the hydrocarbon so l ub i l 

i ty and a reducti on of the equi l i br i um concentrati ons . The fol l owi ng  

sect ions  summarize  the ant i ci pated changes in  cavern equ i l i bri um con

centrati ons  of the o i l  i n  bri ne as a resu l t of a temperature i ncrease 

to 1 50°F ,  an  i ncrease i n  pressure to approximate ly  1 500 psi  and an i n 

crea se i n  sa l i n i ty to 31 0 parts per thousand . 

0. 3 . 1 Increased Temperature Effects on Equ i l i bri um Concentrations  

As  i l l u strated in  F i g ures 0-3 and  0-4 the  temperature/sol ub i l i ty 

rel at ionsh i p i s  non- l i near and unti l temperatures i n  excess  of 257°F 

a re rea ched s i gn i fi cant i ncreases i n  so l ub i l i t i es do not occur . The 

operati ng temperature for the caverns wi l l  be approximate ly  1 50°F .  

Pu bl i s hed data i nd i cate that for an i ncrease o f  from 70°F to 1 50°F an 

equ i l i bri um concentrati on i ncrease of 1 . 5 i s  the maxi mum that can be 

rea sona bl y expected ( Pr i ce , 1 973 ; Gri swol d ,  1 942 ) . For model cal cu l a 

t i on purposes , a temperature mul t i p l i e r  of 1 . 5 has been uti l i zed . 

0. 3 . 2  Increa sed Sal i n i ty Effects on Equ i l i bri um Concentrations  

The aqueous sol u bi l i ty of hydrocarbons  i s  an i nverse function of  

sa l i n i ty ( Pr ice , 1 973 ; Cand l e ,  1 977 ) . Wi t h i n  the  sal t dome caverns 

br i ne concentrations  wi l l  be i n  excess  of 31 0 parts per thousand ( ppt ) 

( McAu l i ffe , 1 96 9 ) . The resu l ts of so l u bi l i ty experiments on d i screte 

hydrocarbons  l i sted i n  Tabl e 0-4 i nd i cate that l a rge reductions  i n  

hydrocarbons  so l u bi l i ty can be expected wi th  i ncrea ses  i n  sal i n i ty .  

Recent stud i es o n  a number o f  domesti c crude o i l s  (Tabl e 0-5 )  exh i b i t  

s im i l ar decreases i n  hydrocarbon  sol ub i l i ty when compared over the 

sma l l er range of sa l i n i ty .  Based on these stud i es a sal i n i ty mul ti p l i er  

of 0 . 1 5  i s  rea sonabl e and perhaps even conservati ve . 

0. 3 . 3  Increa sed Pressure Effects on Equ i l i bri um Concentrati ons  

The  effect of i ncrea s i ng pressure on the  so l u bi l i ty of hydrocarbons 

i s  to i ncrease the i r so l ubi l i ty .  As i l l u strated i n  F ig ure 0-5 , th i s  

effects i s  mo st s i gn i fi cant for the l i g hter o r  l ower mol ecu l ar we i g ht 

hydrocarbons such as  methane and butane . S imi l ar effects for l arger 

hydrocarbon mol ecul es  cou l d not be i denti f i ed .  The data as l i sted i n  

0- 1 1  
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TABLE D-4 So l ubil ity of i n d i v i d ua l  hydrocarbons i n  aqueous soluti ons 
at  250C as a function of NaC l  concentra t i on . 

.NaCI 
CONCENTRATION 

IN PPM PENTANE 

0 39.5 

1,002 36.8 

10,000 34.5 

SEA WATER • 27.6 

34,472 

50,030 22.6 

125,100 10.9 

199,900 5.91 

279,800 2.64 

358,700 •• 2.01 

• ARTI F ICIAL SOLUTION 
•• SATURATED NaCI SOLUTION 

SOURCE: Prlce, 1973 

SOLUBILITY OF HYDROCARBON IN PPM 

BENZENE TOLUENE METHYLCYCLOPENTANE I 
1740 544 41.8 

1718 526 38.0 

1628 490 36.3 

1391 402 29.2 

1194 359 27.0 

593 182 12.7 

388 106 5.72 

2 1 4  53.8 3.36 

134 37.2 1.89 
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TABLE D-5 ni sso l ved oi l content of br ines  enu i l i brated w i th var i ous oi l s .  

BR INE GRAVIMETR IC 

ppt mg/1 

GULF COAST TEXAS 1 9.64 

CONDENSATE 30 5.83 

100 2.45 

GULF COAST TEXAS H IGH 1 6.87 

GRAVITY CRUDE 30 4.03 

100 2.15 

LOUISIANA MEDI UM 1 6.16 

G RAVITY CRUDE 30 5.53 

100 3.68 

EAST TEXAS MED I UM 1 11.49 

G RAVITY CRUDE 30 6.96 

100 3.11 

EAST TEXAS LOW 1 5.02 

G RAVITY C RUDE 30 3.96 

100 2.41 

CAL I F ORNIA LOW 1 0.40 

GRAVITY CRUDE 30 0.31 

100 0.60 

CALI FO RNIA MED I UM 1 9.64 

G RAVITY CRUDE 30 4.58 

100 3.87 

ALASKA CRUDE 1 9.56 

30 7.83 

100 5.04 

F LO R I DA C RUDE 1 10.51 

30 7.51 

100 4.15 

SOURCE: Caudle, 1977 
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Ta bl e 0-6 a nd shown i n  Fi g ure D-5 , ta ken a t  a temperature of 1 60°F to 

approxi mate cavern cond i t i ons , i nd i cates a correspondi ng  i ncrease i n  

so l ub i l i ty wi th pressure i n  add i t i on to the i mportance of the hydrocar

bons mo l ecu l ar s i ze and bo i l i ng po i nt .  Thi s data s uggests that pressure 

has a d i m i n i s h i ng effect on the sol ubi l i ty of the hydrocarbons  as the i r  

mo l ecu l ar we i g hts and bo i l i ng po i nts  i ncrease ( Pr i ce , 1 973 ; Mc Ke l ta and 

Wehe , 1 962 ) . For conven i ence , the bo i l i ng po i nts of the hydrocarbons  

are a l so l i sted on F i g u re D-5 . S i nce no data was l ocated for pres sure/ 

so l u bi l i ty rel ati ons h i ps  for the h i g her bo i l i ng po i n t  hydrocarbons ,  a 

pressure mu l ti p l i er of 5 wa s u sed for cal c u l ation  purposes . The pressure 

mu l ti p l i er of 5 i s  p l otted on F i g ure D-5 i n  rel at i on to the bo i l i ng po i nt 

of benzene . The pressure mu l ti pl i er  factor of 5 appears to be a rea son

a bl e worst case a s s u mpti on and on ly  operati ng data or prec i s e  experi menta

t i on wou l d  prov i de c l o ser approxi mati ons . 

0 . 3 . 4  Ca l cu l a t ions  of  Di sso l ved Oi l Concentrat i ons  

Ba sed on the  preced i ng di scus s i on , expected cavern eq u i l i bri u m  con 

centration  for Murban crude can be co mputed as  fo l l ows : 

Seawater 
Equ  i l  i bri u rn  

( 2 7 .  9 p p m )  

Te mperatu re 
�lu 1 t i p 1 i e r 

X ( 1 . 5 ) X 

Sal i n i ty 
Mul ti p l i er  

( 0 . 1 5 )  

Pressure 
Mu l t i p l i er  

X ( 5 )  = ( 31 . 4 pp m )  

A l l owi ng t he cavern br i ne to reach eq u i l i bri u m  cond i t ions , the con

centrati ons of hydrocarbons  wi l l  be rough ly  equ i va l ent to  that  of sea

water concentrations  as  determi ned by McAu l i ffe . Persona l co mmun i cations  

wi th  McAu l i ffe on  th i s  su bj ect revea l s that  25-30 ppm  wou l d  be  a reasonab l e  

eq u i l i bri u m  concentrat ion . 

The equ i l i bri u m  concentration  wou l d occur on ly  dur i n g  the l ong o i l  

s torage peri od . However , thi s concentration  wou l d u l t i mate ly  be di l u ted 

by a factor of 20 by raw water dur i ng di s p l acement of the o i l  ( see Sect i on 

2 a nd 3 ) . Th i s  d i l u t i on wou l d l ead to non -equ i l i bri u m  cond i t ions  and a 

resu mpt i on of d i sso l u t i on . Dur i ng  the rel at i ve ly  s hort peri ods between 

cessation of o i l  wi thdrawal and co mpl etion  of cavern refi l l  the enti re 

vo l u me of  br ine s ho u l d not atta i n  an equ i l i bri u m  concentrat ion of di s 

s o l ved o i l . So l u t ion  wou l d be reta rded by the refractory l ayer at  the 
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TABL E  D-6 Pres s u re effect on so l ub i l i ty .  

SMOOTHED VALUES FOR THE SOLUBILITY OF 

METHANE IN WATER I N  THE VAPOR-LIQUID R EGION 

PRESSURE, MOLE FRACTION CK4 X 1 03 

psi a 160° F* 

200 0.203 

400 0.407 

600 0.599 

800 0.780 

1,000 0.945 

1,250 1.133 

1,500 1.308 

2,000 1.608 

2,500 1.861 

3,000 2.094 

3,500 2.309 

4,000 2.516 

5,000 2.888 

6,000 3.221 

7,000 3.5 1 9  

8,000 3.782 

9,000 4.007 

10,000 4.2 1 1  

•Temperature of the System 

SOURCE: McKetta and Wehe (1962) 
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TABLE D-6 cont i n ued.  

SOLUB I LITY OF n-BUTANE I N  WATE R  

PRESSURE MO LE F RACTION OF n-BUTANE X 10
3 

psi a 160
° F• 

20 0.012 

40 0.029 

60 0.044 

80 0.058 

100 0.071 

200 0.088 

300 0.088 

400 0.088 

500 0.089 

600 0.089 

800 0.089 

1,000 0.090 

5,000 0.098 

10,000 0.103 

*Temperature of the System 

SOURCE: McKetta and Wehe (1962) 
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bri ne/o i l  i nterface and downward d i ffus i on of d i sso l ved o i l wi l l  proceed 

very s l owl y .  

The  d i sso l ved o i l concentrati ons co ntri buted fro m the  cavern wal l 

( based on the d i menti ons of cavern nu mber 4 at Bryan Mound ) wi l l  be 1 . 6 

ppm .  Th i s  cal cu l at ion  was ba sed on an esti mated 50 mi cron o i l  fi l m  re

ma i n i ng on the wal l dur ing  o i l d i sp l ace ment and s u bsequent di sso l ut ion 

i nto the br i ne  as  the underl y i ng  sa l t  i s  d i s so l ved away . The o i l fi l m  

a dher i n g  to the cavern wa l l  woul d be th i c k  for heavy , v i scous  crudes 

b ut  rel at ive ly  th i nner for the l i g hter more fl u i d  crudes . An effect i ve 

f i l m  t h i c kness  was cal cul ated by cons i deri n g  the l argest ( i n mo l ecul ar  

vol u me )  hydrocarbon wh i c h  has a mea surabl e so l u b i l i ty .  Under cavern 

operati ng cond i t i ons , the l argest norma l  paraffi n wh i ch woul d d i sso l ve 

i n  apprec i abl e a mounts i s  c 1 0  ( decane ) wh i ch has a typ i ca l  l ayer th i c k

ness of 50 mi crons . A mol ecu l a r  l ayer was esti mated to re ma i n  on the 

cavern wa l l .  

An a na l ys i s  of the wal l  o i l l ayer co mponent to the bri ne ( based on 

cavern nu mber 4 )  i n d i cates that for a m i l l i meter wa l l  l ayer , the o i l i n  

br ine  concentration  wou l d i ncrease to 28 . 6  pp m .  The l atter concentrat ion 

i s  rough ly  equ i val ent to the equ i l i bri u m  concentrati on for the enti re 

vol u me .  

The  a mount of  hydrocarbons wh i ch wou l d d i s so l ve fro m the  o i l -bri ne 

i nterface duri ng  o i l fi l l  and wi thdrawal and duri ng non-o i l storage pe

r i ods  i s  d i ffic u l t to esti mate due to the l ack  of experi menta l  data . 

The rates of  so l u bi l i ty as  determi ned by Price  ( 1 973)  were based on 

s tud i es of hydrocarbons and bri ne so l ut ions i n  test  tubes . Under these 

cond i t i ons , Pri ce observed that i t  req u i red 2-4 days to ach i eve equ i 

l i br i u m  cond i ti ons . Under these rel ati ve ly  s l ow rates and g i ven the 

i nfi n i te ly  l arger vol u mes of the cavern , i t  i s  reasonab l e to a s su me that 

o n l y  the br i ne cl o se to the o i l -br i ne i nterface woul d be affected by 

d i s so l ved o i l  duri ng  o i l fi l l i ng and wi thdrawal phases . The di ssol ut ion 

of  hydrocarbons dur i n g  the o i l wi thdrawal and refi l l  phases s hou l d be 

reduced wi th the exi stence of the refractory l ayer at  the o i l -bri ne 

i nterface . Th i s  l ayer wi l l  devel op  as  a resu l t of l i ghter , more sol ubl e 

hydrocarbons d i sso l v i ng i nto the underl yi n g  bri ne l eav i n g  the heav i er ,  

rel a t i ve ly  i n sol ub l e hydrocarbons at the i nterface . The res i stance of 

th i s l ayer to d i sso l uti on woul d i ncrease wi th t i me unti l practi cal l y  

a l l  d i ffus i on acros s the i nterface ceases . 
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The hydrocarbon concentrati on due to di s so l uti on occurri ng duri ng  

the per i od of non-equ i l i br i um cond i ti oned between o i l wi thdrawal and 

cavern refi l l  wi l l  be 3 ppm . Th i s  va l ue i s  based on  the assumpti on that 

the time between cessati on of drawdown and comp l et i on of refi l l  wi l l  be 

of such s hort durati on so that on ly  the vol ume of the uppermost  50 feet 

of bri ne  wi l l  approach eq u i l i bri um.  Ass um i ng a 500 foot cavern hei ght , 

a ten-fo l d d i l uti on of the equ i l i bri um concentrati on wou l d  occur ; re

s u l ti ng i n  3 ppm of o i l d i spersed wi thi n  the bri ne col umn . Thi s  average 

va l ue  woul d  change as a functi on of the cavern geometry and phase wi th i n 

the bri ne d i scharge cycl e .  The add i ti on of thi s  component to the total  

hydrocarbon concentrati on bei ng d i scharged woul d  be mi nor dur i ng fi rst 

q uarter of a cavern's d i s charge cyc l e  and i ncrease as the o i l bri ne  i n

terface descends toward the bottom of the bri n e  pi pe . The near equ i l i b

r i um concentrati on c l ose to the o i l bri ne i nterface woul d  not be d i s 

charged d u e  to cavern en l argement and di ffu s i on duri ng o i l wi thdrawal 

and refi l l  phases . 

The total d i s s o l ved hydrocarbon concentrati on expected to be d i s 

c harged i s  deri ved a s  fol l ows: 

( 1 )  Long-Term Storage 
Equ i l i bri um Component = 1 . 6  ppm Assumes the res i dua l  5% vo l ume 

of bri ne atta i n s  equ i l i bri um of 
31 . 4  ppm and i s  d i l u ted 20 times 
duri ng o i l wi thdrawa l . 

( 2 )  Wal l Oi l Component = 1 . 6 ppm The so l u ti on of the 50 m i cron 
o i l fi l m  from the cavern wal l ' s  
surface . ( cavern geometry dependent ) 

( 3) O i l W i thdrawa l , Non
Storage Peri od and 
Refi l l ,  Non - Equ i l i bri um 
Component = 3. 1 ppm Ass umes the u pper mos t  f i fty feet 

of the cavern vo l ume atta i n s  equ i 
l i bri um concentrati ons and i s  d i 
l uted by the rema i n i ng bri ne vol ume . ( cavern geometry dependent ) 

Total d i s so l ved hydro-
carbon concentrati ons = 6 . 1 ppm or 6 ppm 
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0.4 D ISPERS ION REACT IONS 

Wherea s d i s so l uti on occurs on  a mo l ecu l a r  l eve l , d i s pers i ve reac

t i ons occur  o n  a parti cl e l evel . Th i s  react ion  req u i res  a breakup of 

t he o i l  i nto parti cl e s  and d i s pers i ng them i n to the underl y ing  bri ne . 

The energy for th i s  react i on i s  produced duri ng the i n i t i al o i l  i �j ec

t i on where o i l  i s  j etted at a ve l o c i ty of approxi mate ly  8 feet pe:  sec

ond i nto the br ine  and mi cro parti cl es  d i s persed i nto the upper a rea of 

b r i ne .  Th i s  ag i tat ion  wou l d  d im i n i sh and eventua l l y  cease as  the down

ward o i l -jet momentum i s  ba l a nced by the bufferi ng force of  the o i l  

t hereby l im i t i ng the depth o f  the turbul ent zone . 

Stud i e s  of  the d i spers i on of  o i l  i n  seawater under o i l  s l i c k  con 

d i t i ons i nd i cate that the greatest  amount  o f  o i l  i s  d i spersed i n  a par

t i cl e  s i ze of  40 m i c rons  or  l es s  in d i ameter ( Pri ce , 1 973 ) .  For 

i l l us trati ve purposes data for Bunker C ,  l i sted i n  Tabl e 0-7 , show the 

d i s tr i bution  of part ic l e s i zes  ranges from 1 0  to 80 mi crons . 

The suspen s i on t ime for o i l  parti c l es  i n  the bri ne woul d be  very 

s hort because of  the l a rge den s i ty d i fferenti a l  of the o i l  ( sp . gr . approx . 

. 85 ) versu s  the br ine  ( s p . gr .  1 . 1 9 ) .  Stud i es of crude d i s pers i ons , 

Ta bl e D-8 , i n  s eawater i l l u strates the rate of  fl oatat ion . W i th the 

g reater den s i ty d i fferent i a l , a s  i n  saturated bri ne , the d i s persed o i l  

w i th i n  the caverns wo ul d be expected to s how even fa ster fl oatat ion  rates . 

W i th i n  the cavern , even under the mo st rap i d  f i l l  rates , the d i s persed 

parti cl es  woul d have several weeks in wh i ch to ri se and coa l esce at the 

o i l / br i ne i nterface . Th i s  i s  be l i e ved to be s uffi c i ent t ime for the d i s 

persed o i l  concentrat ions  to decrease to val ues of  l es s  than 1 ppm . For 

cal cu l a ti on of o i l  i n  bri ne , a va l ue of 1 ppm of d i spersed o i l  i s  a s s umed 

to be d i scharged to the bri ne surface contro l  fac i l i t i es .  
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TABLE D- 7 D i str i buti on of parti c l e  s i ze beneath an o i l s p i l l*. 

NO. AND VOL. O F  PARTICLE::S I N  t{J-MJCRON RANGE CENTERED AT 

10u 20u 

NUMBER 323 147 

VOLUME 0.45 0.96 

• B UN K E R  C OI L  

SOURCE: The Fate of Oil Spilt at Sea 

30u 40u sou 60u 

57 19 4 3 

1.42 1.35 0.40 0.66 

TABLE D-8 Settling  t ime and d i s persed o i l parti cles*.  

T IME O F  SETTLING DAYS OIL CONTENT PPM 

0.01 
31 

0.02 
10 

0.04 
4.5 

0.33 
2.5 

1.0 
4.6

·· 

'·' 1.5 

2.2 
2.7 •• 

147 
0.6 

SOURCE: THE FATE OF OIL SPILT AT SEA. 

* TYPE OF CRUDE OIL NOT STATE D  

•• R EASONS F O R  OIL CONTENT INCRE ASE NOT GIVEN 
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70u 

3 

1.12 

SOu 

1 

0.60 



0. 5 D I SCHARGE OF  THE O I LY BR I N E  TO THE SURFACE CONTROL FAC I L ITY 

The d i scha rge of bri ne conta i n i ng hydrocarbons , as s chemat ica l l y  

i l l u strated i n  F i g ure D-6 , wi l l  i nvol ve di fferent scenar ios  dependent 

upon whether it i s  dur i ng i n i t i ta l  fi l l  or  su bsequent refi l l s .  

For i n i t i a l  fi l l , an  assumpt ion  was made that the top 50 feet of  

br ine  became saturated wi th  hydrocarbons  ( 31 . 4  ppm ) and th i s  was d i l uted 

i nto the uppermost 1 00 feet y i el d i ng approx imatel y 1 6  ppm ( see Sect ion 

0. 2.  1 ) .  Th i s  i n i ti a l l y  h i g h  hydrocarbon concentration  woul d res u l t from 

the fresh  unwea thered crude no t hav i ng suffi c i ent t ime to form a refrac

tory l ayer before f i l l  i s  compl eted . I n  su bsequent fi l l s the refractory 

l ayer wi l l  be present . The 1 6  ppm wou l d  exh i bi t  a concentration  grad i ent 

(0 to 31 ppm )  when d i scharged ; however , i ts average over the d i scharge 

per i od i s  expected to be about  1 6  ppm .  

I t  i s  expected that l ow l evel s o f  o i l  averag i ng approximately 6 ppm 

woul d be d i scharged cont i nuou s ly  during  su bsequent refi l l s .  Conti ngent 

u pon d i ffer i ng cavern geometr ies , the o i l concentrat ion woul d vary from 

4 to 1 5  ppm . 

The on ly  ava i l a bl e data from s im i l ar operations  a re from the German 

o i l  s torage fac i l i ty at  Etzel , Germany and the French o i l  storage faci l i ty 

at Manosque , France .  

The Etze l data ( Kavernen Bau - und Betri ebs - BmbH , n . d . ) i nd i ca te 

that the o i l  concentrat ion  of bri ne d i scharged from the bri ne control 

s urface fac i l i ty i s  l es s  than 1 ppm . 

The Manosque data ( LOOP , I nc . , 1 975 ) i nd i cate an o i l  concentrati on 

of 1 7  ppm i n  the bri ne  d i sc harged from the cavern to the s urface fac i l i 

t i es . Ne i ther the durati on of storage or type of crude were i denti fi ed . 

These data from the two operati ng o i l storage fac i l i t i es c l earl y 

i nd i cate that wi th an  expected e i g hty percent reduction  of the o i l con 

centrat ion due to vapor i zat ion  o f  l i ght hydrocarbons  such as  butane , 

pentane and benzene ( McAu l i ffe , 1 96 9 )  and an add i t i onal  reduction by o i l 

s k immi ng , the est ima ted o i l  co ncentrat ion i n  the d i scharged bri ne of 

approximate l y  6 ppm appears rea sonabl e for the proposed U . S .  fac i l i ti es .  
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D . 6  CONCLUS I ONS  OF THE O I L  BR I N E  STUDY 

The major conc l u s i on of th i s  study i s  that there i s  i ns uffi c i ent 

t ime , turbu l ence and c i rcu l at i on wi th i n  the cavern duri ng o i l  fi l l  and 

wi thdrawa l phases , to a l l ow the d i sso l ved o i l  to reach equi l i br i um .  

Pract i ca l  operati ng experience o f  mi nes i n  France ( Part I I I ) have sub

stant i ated these conc l u s i on s . Equ i l i br i um concentrations  for the th i r

teen crudes s tud i ed wi l l  not exceed approx imatel y  31 ppm under the 

cavern operat i ng cond i ti on s .  Thu s ,  dur ing the time when the cavern i s  

pri nc i pa l ly  fi l l ed wi th non-equ i l i br i um o i l - br i ne concentrati ons of l es s  

than 31 ppm , d i sso l u t i on and d i ffus i on reactions  wi l l  occur i n  the upper 

bri ne co l umn . 

The res u l ts of the study i nd i cate that the d i sso l ved o i l i n  the 

br ine  d i scharged to the br i ne  surface control fac i l i ty i s  expected to 

average 1 6  ppm for the l ater stages of the i n i t i a l  o i l fi l l  of  each  cav

ern and average approx imate ly  6 ppm for s ubsequent o i l refi l l s  from a 

cavern of  s pec i fi c  geometry .  D i fferi ng cavern geometry effects the dur

at ion of the i n i ti a l  o i l d i scharge and the concentration  of the d i s so l ved 

o i l  i n  s ubsequent d i scharge s .  The o i l  concentrat ion i n  the br i ne wi l l  be 

pr i nc i pa l ly  composed of d i sso l ved hydrocarbons rather than di s persed o i l 

as  i s  common ly  found beneath o i l s l i c ks at sea . The d i s persed o i l com

ponent wh i ch i s  created duri ng i n i ti a l  turbu l ent  o i l i nj ection  i s  q u i c k ly  

a nd natura l ly  removed from the br i ne col umn d ue  to  i ts h i g h  buoyancy and 

l es s  than 1 ppm wou l d  be expected in the br i ne d i scharge .  

Stud i es of  the  effects on hydrocarbon so l u b i l i ty as  a functi on of 

i ncrea s i ng the temperature of 1 50°F ,  pressure to 1 500 ps i and sa l i n i ty 

to 31 0 ppt i nd i cate that so l u bi l i ty changes of : 1 . 5  times wou l d  occur 

due to temperature i ncrease , 5 . 0 times  for pres sure and 0 . 1 5  t imes  for 

sa l i n i ty .  The net effect of these wou l d  be an i ncrease i n  so l u bi l i ty 

of  on ly  1 . 1 25 t imes  i n  compari son to seawater equ i l i br i um concentrat ion s .  

Th u s , cavern o i l  equ i l i br i um concentrat ions  wi l l  be very s i mi l ar to val ues 

measured for the var i ou s  crudes in seawater at s tandard cond i t i ons  of tem

perature and pressure .  

The o i l fi l m  rema i n i ng on the cavern wa l l  i s  not expected to appre

c i a bly  a ffect the net o i l  concentra:i ons  of the br i ne  due to the l arge 
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d i l ut i on effect wi thi n the cavern and the estimated 50 mi cron th i c kness  

of the  wal l  fi l m .  

At the s tart of fi l l i ng operat i on s  the o i l jet  vel oc i ti es s hou l d 

be control l ed to l imi t the amount of turbul ence dur ing  i n i ti a l fi l l  and 

the pos s i bl e  d i srupti on of the refractory l ayer duri ng  the s u bsequent 

refi l l s .  

A refractory l ayer i s  expected to form at  the o i l bri ne i n terface 

whi ch wi l l  reduce d i s so l ut i on and to a degree d i spers i on react i on s . 
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PART I I  - SOLUT ION MI N I NG AND USE OF 

NEW CAVERNS 

D .  1 O i l - I n -Br i n e ,  Cavern Con structi on and Operati on Effects 

D. 1 . 1  Cavern Con structi on and I n i t i a l F i l l  

The caverns at the proposed SPR storage s i tes are to be constructed 

by uti l i z i ng the l each- then-fi l l  and/or l each/fi l l  methods .  Leach-then

fi l l  i s  the primary method .  I t  req u i res  that the cavern to be l eached 

to i ts des i gn capac i ty before crude oi l storage beg i n s . Thi s  method has 

t he advantage of l ess  potenti a l  for oi l - br i ne i n teracti on s  than l each/fi l l  

does , but the di sadvantage that the l engthy ( 2  yea r )  l each i ng process  

must  precede o i l f i l l .  The l each/fi l l  method may be uti l i zed to reduce 

the t ime req u i red for i n i t i a l  o i l storage . Leach/fi l l  a l l ows for 

s torage of crude oi l concurrently wi th al l but the i n i t i a l  months of 

cavern l each i ng ,  but has a potenti a l  for h i gher hydrocarbon ( H C )  concen

trat i ons i n  the bri ne d i sp l aced from the caverns than the l each-then

f i l l  method does . These h i gher HC concentrati ons  wou l d  have a negati ve 

i mpact on a i r  qua l i ty and on the br i ne di sposa l area . 

D .  1 . 1 .  1 Leach-Then-Fi l l  Method 

When the l each- then- fi l l  method i s  uti l i zed , caverns wou l d  be 

l eached to thei r des i gn capaci ty i n  a cont i nuous operati on . The res u l t

i ng caverns wou l d  be  approximate ly cy l i ndri cal  in  shape and have a 

maxi mum d i ameter of about 300 feet .  B l anket oi l ( to restr i ct upward 

growth of the cavern roof ) wou l d  be i n sta l l ed early i n  the l each i ng 

process and wou l d  rema i n  i n  p l ace for the durati on of l each i ng operati ons . 

At the conc l u s i on of l each i ng of a cavern , o i l fi l l  wou l d  be 

i n i t i ated , d i sp l ac i ng bri ne from the cavern . I n i ti a l l y ,  the d i sp l aced 

br ine  wou l d  have negl i g i b l e  HC concentrati ons . Bri ne wi th l ow HC 

concentrati ons wou l d  then be d i sp l aced for about two-thi rds of the oi l 

f i l l  peri od . F i na l ly ,  br i ne  ( near the oi l - br i ne i n terface ) wi th h i gher 

HC concentrati ons wou l d  be d i sp l aced . Duri ng the f i na l  stages of oi l 

f i l l , HC  concentrati ons are ant i c i pated to average 1 6  ppm . 

Gri ne d i s p l aced to the surface control faci l i ty ( br i ne  pond ) wou l d  

be reta i ned for sett l i ng of i n so l u bl e mater i a l . A four hour retenti on 

t ime i s  p l anned , duri ng wh i ch 50 to 1 00 percent of the hydrocarbon s i n  
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i n  the bri ne wou l d  evaporate . The rema i n i ng hydrocarbons wou l d  be trans

ported wi th the  bri ne to  the  d i sposal area . Mon i tori ng of HC concentra

t i ons  i n  the bri ne i s  p l anned , both at the cavern we l l heads and at the 

output of the surface contro l faci l i ty .  Fi l l i ng operati ons wou l d  be 

adj u sted to mai nta i n  effl uent HC concentrati ons be l ow state standards 

( at a l evel  of  about 1 0  ppm). Fi l l i ng  wou l d  be curta i l ed i f  concentra

t i on s  exceeded state standards . 

D .  1 .  1 . 2 Leach/Fi l l  Method 

The l each/fi l l  procedure wou l d  permi t crude o i l to be stored about 

MMB of  avai l ab l e capac i ty i s  reached in  a g i ven cavi ty .  Wi th the 

desi gned cavern d i ameter ,  1 MMB wou l d  occupy the upper 1 00 feet of the 

cavern . As wi th the l each- then-fi l l  concept , the o i l - i n-bri ne wou l d  

rema i n  w i t h i n  the upper 1 00 feet of the br i ne col umn .  Therefore , after 

a fi l l  of 1 MMB of o i l ,  the o i l - i n- br i ne wou l d  extend 200 feet be l ow the 

top of the cavern . Add i ti ona l fi l l  wou l d  be added as space i s  l eached . 

Wi th the l each/fi l l  procedure the l each cas i ngs  and zones of act i ve 

l each i ng wou l d  precede o i l fi l l  by on l y  a short vert ica l  d i s tance . 

O i l l evel s wou l d  be adj usted for optimum l each i ng confi gurat ion . The 

vo l ume of bri ne in the cavern wou l d  be sma l l er than wi th l each-then-fi l l  

and the tota l e l apsed t ime i n  wh i ch o i l -bri ne act i v i ty coul d occur wou l d  

be l onger . Hence , tota l hydrocarbons d i sso l ved i n  bri ne are l i ke ly  to 

be h i gher for th i s  method than l each-then-fi l l .  Depend i ng on cas i ng 

depths and o i l fi l l  i ncrements uti l i zed , h i gh concentrat i ons  of o i l i n  

br i ne  cou l d  b e  rel eased earl i er us i ng th i s  method than for l each-then

f i l l .  Conti nual  mon i tori ng of the hydrocarbon concentrat ions wou l d  be 

requ i red to determi ne the appropri ate cri ter ia  for l each and fi l l  rates 

and schedu l es ,  to ma i nta i n  concentrations  be l ow state standards . 

D .  1 . 2 Second and Su bsequent Oi l Refi l l s/Wi thdrawa l s 

Fo l l owi ng d i sp l acement of stored o i l duri ng the fi rst wi thdrawa l , 

HC concentrati ons wou l d  be s i mi l ar whether l each-then-fi l l  or l each/fi l l  

p rocedures were u sed for cavern construct i on .  The princ i pa l  effects of 

s ubsequent fi l l /wi thdrawa l cyc l es on the quant i ty of o i l d i ssol ved i n  

br i ne  woul d be 1 )  cavern en l argement duri ng wi thdrawa l , 2 )  the d i l uti on 

of res i dua l bri ne duri ng refi l l ,  and 3 )  the di ssol uti on of o i l rema i n i ng 

on the cavern wa l l s  duri ng wi thdrawa l . 
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As sumi ng  an i n i ti a l cyl i ndri cal cavern of 1 0  MMB capac i ty ,  1 000 

feet in hei g ht and 270 feet (average ) in d i ameter , cavern en l argement 

wou l d be experi enced approximate ly  as shown i n  Ta bl e 0-9 .  Us i ng fresh 

water as the d i s p l acement source , the cavern wou l d  grow from i ts i n i t i a l  

1 0  MMB capac i ty to about 1 8 . 6 MMB i n  s i ze over the 5 cyc l es . As on ly  1 0  

MMB of crude o i l i s  p l anned to be stored dur i ng  each fi l l ,  about 3/4 as 

much bri ne as �i l wou l d  be conta i ned in the cavern after the fi fth o i l 

fi l l . The cavern di ameter could en l arge by as much  as 50 feet and the 

area of the bri ne-oi l i nterface wou l d  i ncrease by 40 percent over 5 

cyc l es . The refractory l ayer wou l d  then be spread over the l arger area , 

and add i t i ona l  o i l wou l d  be expected to enter the l ayer .  

Cycl i ng the cavern wi th 1 0  MMB o f  crude oi l duri ng  each fi l l  and 

w i thdrawa l wou l d  have the effect of mov i ng the br i ne-oi l i n terface 

h i gher i n  the cavern wi th each cycl e .  Because bri ne i s  removed from the 

bottom of the cavern du ri ng  o i l fi l l , the h i g h  HC concentrati on s i n  

bri ne (near the top o f  the bri ne ) wou l d  be farther from the bri ne exi t 

wi th each add i ti onal cyc l e .  

Long-term storage of crude oi l between wi thdrawal s wou l d  cause 

i ncreas i ng  vol umes of brine  to reach equi l i br i um HC concentrati ons 

(31 . 4  pmm) pr ior  to d i l ut i on duri ng wi thdrawa l . Account i n g  for d i l ut i on 

by d i sp l acement water , concentrati on s  wou l d  i ncrease 1 0- fol d for 5 cycl es . 

Short-term d i sso l ut i on wou l d  a l s o  occur i n  the i n terim between the 

i n i t iati on of a wi thdrawa l and the comp l eti on of a refi l l ; most ly  

occurr i n g  duri ng  the per i od of  no  acti v i ty pr i or to refi l l . As sumi ng 

the upper 50 feet of the br i ne reaches equ i l i bri um HC concentrati on , the 

average HC  concentrati on shown in Tabl e 0-9 wou l d  resu l t .  Average HC 

concentrati ons  wou l d  i ncrease i n  l ater cyc l es as the vol ume of the 50 

foot thi ck l ayer becomes a greater port i on of the cavern vol ume uti l i zed 

for a 1 0  MMB refi l l .  

O i l i n  bri ne resu l ti ng from res i dual  oi l on cavern wa l l s  enteri ng  

sol uti on duri ng wi thdrawa l s  is  on ly  s l i ght ly  affected by cavern 

en l argement .  As cavern vo l ume i ncreases , the surface area i ncreases 
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at a sma l l er rate , and the res u l t ing  average HC i n  bri ne concentrati ons 

wou l d  be l ess  for l ater cyc l es .  These concentrati ons are greatly 

affected by the th i c kness of the res i dua l  oi l fi l m  and c l i n gage th i c ker 

than the 50  mi crons assumed wou l d  great ly  i ncrease concentrati ons . 

0. 2 Summary 

In  s ummary , hydrocarbon concentrati ons of d i s p l aced bri ne duri ng  

o i l fi l l  wou l d  be re l ati ve l y  h i g h  (due to turbu l ence and mi x i ng earl y in  

the fi l l )  d u r i ng the l atter stages of the i n i t i a l  fi l l .  Fol l owi n g  the 

i n i t i a l  fi l l ,  a dense refractory l ayer wou l d form , l essen i ng those 

effects dur i ng  l ater fi l l s .  The l ater fi l l s/wi thdrawa l s  wou l d  be 

affected by the rate of cavern en l argement and the i ncrea s i ng d i s tance 

from the bri ne wi thdrawa l p i pe to the refractory l ayer .  The second fi l l  

wou l d  d i s p l ace the l east hydrocarbons due to the format i on of the 

refractory l ayer and the sma l l percentage of cavern en l argement .  Duri ng  

s ubsequent fi l l s ,  the effects of cavern en l argement wou l d become more 

pronounced w ith  HC  concentrati ons approach i ng eq u i l i br i um cond i t i ons . 
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TABLE D-9 Fi l l /wi thdrawal cyc l e vs . cavern s i ze re l ati onsh i n . 

Residual Brine Short-term 

Active Total Brine After Dilution Long-Term Storage Oil Cl i ngage Clingage Oil Oil Total Dissolved 

Fill Withdrawal Cavern Cavern 10 t1MB During Equilibrium on Cavern Concentration Dissolution 4 HC Concentration 

Cycle ____J:_yc_!_ e __ _v 0 l Ulll_l"_._ll�_!! _volume,�� .J:.i..ll_, _ _fif1!L_ Withdrawal Concentra_!_ion, 2 
P.2_11l !i_a_!_!_s_>-�_!:JE.!___ in Brine, ppm Ratio P.Pill_ __ _pp_!!)_ __ ---�-

0 10.0 10.5 0.5 

ll. 7 12.2 2.2 l :20 1.6 27 2.6 l :20 1.6 5.8 

3 2 13.4 13.9 3.9 l :4.5 7.0 30 2.5 1:16.0 2.0 ll. 5 

0 4 3 15. l 15.6 5.6 I l :2.6 12.1 32 2.3 l: 13.9 2.3 16.7 

w 
w 5 4 16.8 17.3 7.3 l: 1.8 17.4 34 2.2 l: 12.2 2.6 22.2 

5 lB. 6 19. l - l: l. 4 22.4 36 2.1 l: 10.9 2.9 27.4 

l) Including 0.5 MMB sump 
2) Equilibrium concentration� dilution 
3) Assuming 50 micron thickness 
4) Assuming only upper 50' of caver·n reaches equilibrium concentration of 31.4 PPM 



PART I I I  

COMMENTS OF GERARD FED I DAa CONCERN I NG 

STUD I ES OF THE O I L  CONTENT OF BR I N ES 

D I SCHARGED FR0�1 SALT CAVERNS AT MANOSQUE ,  FRANCE 

I am Gerard Fed i da ,  Manager of Proj ects at GEOSTOC K ( Soci ete Franca i se 

De Stoc kage Geo l og i que )  at  the t ime of th i s  study and the coord i nator of 

the group wh i c h  wrote the reports on the content of o i l i n  br i nes d i scharged 

from sa l t  caverns at Manosque , France .  

�1y profes s i ona l tra i n i ng i n  eng i neer i ng  was obta i ned at the  Ecol e 

Po lytechn i que and Eco l e Nati ona l e  Superi eure des Techn i q ues Avancees i n  

Pari s ,  France .  I have been assoc i ated wi th GEOSTOCK s i nce 1 973 , and  was 

formerly associ ated wi th C . G .  Dori s ,  a French offs hore eng i neer i ng fi rm .  

G EOSTOCK i s  a s u bs i d iary of four o i l  compan i es i n  France ,  and has 

s pec i a l i zed i n  perform i ng des i gn and management serv i ces in the i mp l emen

tati on of the French strateg i c  petrol eum reserve and other underground 

hydrocarbon storage faci l i ti es .  GEOSTOCK present ly i s  the opera tor for 

approximately 90 mi l l i on ba rrel s of a vari ety of hydroca rbons , i nc l ud i ng 

LPG ,  ga sol i ne ,  naptha and crude o i l . 

I n  November 1 97 7 ,  the Department  of Energy ( DOE ) entered i nto a 

contract wi th Geostorage I nc . , the Ameri can subs i d i ary of GEOSTOCK ,  for 

the fo l l owi n g  four stud i e s  re l ated to the storage of crude o i l  i n  sal t

sol ution caverns at Manosque ,  France :  

1 .  A compi l at ion of sel ected h i s tori cal data and mea surements of 

t he o i l content of br i nes ta ken duri n g  severa l years of fac i l i ty 

operati on ; 

2 .  Sampl i ng and measurement o f  the o i l  content o f  bri nes from 

caverns wh i ch had conta i ned crude o i l  for prol onged peri ods ; 

3 .  Sampl i ng and meas urement of the oi l content o f  bri nes d i sp l aced 

from caverns duri ng  norma l fi l l  o perat i ons ; and 

4 .  A compi l ati on of sel ected h i s torical  temperature profi l es made 

w i th i n  certa i n  caverns .  Th i s  l atter study has no d i rect 

beari ng on my test imony and wi l l  not be d i scussed further .  

aJo i nt Envi ronmental Protection Agency-Corps o f  Eng i neers Pub l i c  Hear i ng 
on Bryan Mound Br ine  D i ffuser Appl i cat i on , May 2 ,  1 978 . 
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( Transparency No . l ) a The Manosque storage comp l ex i s  l ocated i n  

the south of France , 55 mi l es northeast  of Marse i l l e .  

Between  1 968 and 1 973 , 1 8  cavi t ies  were l eached i n  a mas s i ve sal t 

format ion . I n  a second p hase of deve l opment currently underway , 1 8  new 

cav i t i es are bei ng created .  The vol ume of these cavi ti es ranges from 

700 , 000 to 2 . 5  mi l l i on barre l s .  

The fac i l i ti es i nc l ude two bri ne surge ponds for 1 . 2 mi l l i on barre l s  

capac i ty at Manosque ,  two 20" p i pel i nes l i n k i ng the s i te to bri ne l akes 

and ref i ner i es and VLCC faci l i ti es on the Med i terranean coast  near 

Marsei l l e ,  and the neces sary pump i ng equ i pment  and contro l s .  Bri ne 

sampl es are per i od i ca l ly  taken at the Rognac stati on here . The descr i p

t i on  of th i s  comp l ex i s  anal ogous to the genera l  system descr i pti on of 

the DOE comp l ex appeari ng  i n  the Bryan Mound fi nal  Envi ronmenta l  Impact 

Statemen t .  

T h e  two 20" p i pel i nes menti oned above serve to carry excess bri ne 

and, petro l eum between Manosque and the petrochemi cal  i ndustr i es near 

Marse i l l e .  One of these p i pel i nes i s  dedi cated to bri ne and the other 

to petrol eum ; they are not used i nterchangeabl y .  

( Transparency No . 2 ) a Each cav i ty i s  equi pped wi th two concentr i c  

p i pes . Hydrocarbons  are pumped i nto a cav i ty through the annu l us  and 

br i ne i s  di sp l aced through  the suspended tubi ng (Transparency No . 3 ) a to 

the surface bri ne ponds , where mos t  di ssol ved and di spersed hydrocarbons 

separate out . Th i s  method i s  vi rtual ly i denti cal to the one i n  whi ch 

DOE wi l l  operate i ts faci l i ti es .  Any excess  br i ne i s  pumped through  20"  

p i pe l i ne ,  menti oned ear l i er ,  to the bri ne l a kes near Marsei l l e .  Duri ng  

drawdown cyc l es , the procedure is  s i mp ly  reversed . 

S i nce i ncepti on of the project at Manosque , frequent samp l es of the 

bri ne i n  the 20" p i pe l i ne have been col l ected i n  order to mon i tor corros i on 

and o i l content .  For Part  1 of  our study a tota l of 40  ana lyses were 

comp i l ed for the peri od J anuary 4 ,  1 97 2 ,  through November 25 , 1 97 6 .  

These ana lyses represent both l each ing  under a hydrocarbon b l anket and 

actual storage operati ons . 

aTransparenc i es No . 1 ,  2 and 3 were presented as part of Mr . Fedi da • s  
testimony but have not been i nc l uded i n  th i s  Append i x .  
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As noted earl i er ,  the bri ne d i sp l aced from the var i ous caverns 

i n i ti a l ly f l ows i nto one of two 600 , 000 barrel capac i ty surface ponds 

whi ch act as surge p i ts .  Any fi l m  wh i ch forms on the ponds i s  peri od i 

cal ly sk immed and d i s posed of . 

( Trans parency No . 4 )  ( Tab l e  D- 1 0 )  Each of the 40 samp l es ,  se l ected 

for thi s comp i l ation , was wi thdrawn from the 20" pi pe l i ne at the Rognac 

pump stat ion , whi ch you wi l l  reca l l i s  l ocated near Marsei l l e .  

A l l samp l es were analyzed us i ng an i nfrared spectrometri c method 

s im i l ar to the one recommended by Mi chael Gruenfe l d ,  Envi ronmenta l  

Protection Agency ,  Ed i son , New Jersey .  Thi s method i nvol ves a l i q u i d

l i q u i d extract of the bri ne wi th a su i tabl e sol vent such as Freon- 1 1 3  

or carbon tetrach l ori de , fo l l owed by a measurement of the i nfrared 

absorbance of the so l uti on . Us i ng th i s  method the practi ca l  l i mi t of 

detecti on i s  0 . 5  parts per mi l l i o n  ( ppm ) . 

Re si dence t ime of the bri ne i n  the ponds var i ed from one day to 

more than 3 weeks dependi ng on the sca l e  and type of operati on at the 

t ime . Di fferences i n  res i dence time of bri ne i n  the ponds appear to 

have an i ns i gn i fi cant effect on i ts oi l content s i nce mos t  hydrocarbons 

e i ther vo l ati l i ze ,  or come out of sol ut i on and form a surface fi l m ,  

wi thi n a short time after the bri ne reaches the surface , due to the 

decrease i n  pressure . 

Other parameters of s imu l taneous movements i n  the caverns were a l so 

comp i l ed ,  such  as bri ne temperature and dens i ty ,  d i s tances between the 

o i l / bri ne i n terface and the shoe of the bri ne d i s p l acement cas i ng ,  and 

the spaci ng between the s hoes of the oi l i njecti on  and br i ne di sp l acement 

cas i ngs . No re l ati onshi p was es tab l i s hed between these parameters and 

the concentrati on of o i l i n  the bri ne samp l es ,  the d i stri buti on of wh i ch 

appears i n  transparency no .  4 ( Tab l e  D-1 0 ) .  

The second part of our study req u i red the co l l ection and ana lys i s  

of bri ne samp l es from caverns whi ch  had conta i ned crude o i l i n  q u i escent 

storage for pro l onged peri ods . The purpose of th i s  tas k  was to obtai n 

data on the o i l content of bri nes wh i ch approached equ i l i bri um wi th the 

s tored oi l before the samp l es had undergone the separati on effects of 

the surge ponds . 
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------------------ - --------- -

We sel ected four cav i ti es wh i ch we fel t  were appropri ate for thi s 

study . Two sampl es were co l l ected at the we l l head of each cavern . The 

fi rs t sampl e was co l l ected after the vol ume of bri ne stand i ng i n  the 

tub i ng had been d i s p l aced to the surface . The second samp l e  was co l l ected 

after an add i ti onal few thousand barre l s had been d i sp l aced . 

The resu l ts of the ana lys i s  of these samp l es i s  presented i n  the 

next transparency ( No . 5 )  ( Tabl e D- 1 1 ) .  As you wi l l  note , bri ne from 

cav i ty ET , whi ch  had contai ned crude oi l for 1 3  months , conta i ned on ly  

1 2 . 7  parts per  mi l l i o n  o i l .  You wi l l  reca l l that these samp l es were 

col l ected before any settl i ng of the bri ne had taken p l ace i n  the ponds . 

Al l samp l es exh i b i ted a s trong odor of hydrocarbons and degas s i ng when 

they were co l l ected . Th i s  i s  con s i s tent wi th what i s  known about the 

sol ub i l i ty of hydrocarbons i n  bri ne , name l y ,  that the l i g ht  hydrocarbons , 

espec i a l ly  those l i ke butane and propane are the more so l ub l e ,  and 

sol ub i l i ty i s  press ure dependent .  Therefore , when bri ne from beneath 

s tored crude o i l i s  produced to the surface , the reduction i n  pressure 

wi l l  cau se d i ssol ved hydrocarbons to vo l ati l i ze .  

Our fi nal  study regard i ng oi l - i n-bri ne , ca l l ed for the samp l i ng and 

ana lys i s  of bri nes d i s p l aced from cav i ti e s  duri ng normal fi l l  cyc l es . A 

total of 24 samp l es were co l l ected from the wel l heads of fi ve cav i ti es 

for the purposes of th i s  tas k .  The resu l ts of the ana lyses of these 

sampl es i s  presented i n  the next transparency ( No . 6 )  (Tabl e D- 1 2 ) . As 

can be seen , the maxi mum o i l content was on ly 9 . 4  ppm , before any 

settl i ng i n  the s urge ponds , wh i ch i s  wi thi n the range reported earl i er 

for h i s tori ca l  data of operati ona l  cav i t i es . 

A l l of the samp l es exh i bi ted a hydrocarbon odor and mos t  were 

obv i ou s ly  degass i ng .  

Al l of the o i l - i n- br i ne ana l yses reported were made on sampl es 

obtai ned from a hydrocarbon storage faci l i ty wh i ch has been i n  operation  

for ten years . The sampl es were obta i ned from ori g i ns as di fferent as 

the wel l heads of stati c s torage , the wel l heads of operati ng s torage and 

the effl uent of a bri ne settl i ng pond . These ana lyses show that the o i l 

concentrati on i s  be l ow 1 5  parts per mi l l i on even i n  the worst case and 

averages four  to fi ve ppm . 
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TABLE D- 10 Conten t of o i l i n  bri nes d i s p l aced from caverns at Manosque , France . 

OPERAT I ONAL CAVERNS 

___ il_8_SI\t1fl.E..., S><.L) __ 

O I L  CONTENT ( PPM) 

LEACH I NG OF NEW CAVERNS 

--�<�2����>----

l 0 . 0-13 . 8  RANGE 0-10 J 
I 2 . 8  MED I AN 2 . 6  I 
I 11 . 6 AVERAGE 3 I 3 I 

TRANSPARENCY NO . it 



0 
I w 1.0 

TABLE  D- 1 1  O i l content of  bri n e  s amp l es from cavi t i es conta i n i n g  crude o i l for prol onged per i ods.  

CAV I TY 

ET 

A 

u 

F 

TRANSPARENCY Nn . 5 

(ALL SAMPLES COLLECTED AT THE WELLHEAD)  

M I N I MUM 

STORAGE TOTAL O I L  CONTENT (PPM) 
T IME  F I R ST SAI-1P LE 

13 MONTHS 12 . 7  

3 WEE KS 9 . '1 

3 WEE KS 6 . 1  

3 WEE KS 2 . 2  

------------------ - ----- - - - - - ------ - - - ---

SECOND SAMP LE 
-

9 . 3  

3 . 8  

1 . 7  

1 . 6  

--- - --- ---
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TABLE D- 12 Oi l content of  bri ne d i s p l aced from cav i t i es dur i nq normal fi l l  operat i on s . 

(1\LL SAMPLES COLLECTED AT THE WELLHEAD) 

ToTAL O t L CoNTENT ( PPM) --
START OF END OF 

CAV I TY CAVERN f i LL CAVERN F t LL RANGE 

{\ 9 ,  ,, 0 . 7  0 . 7- 9 ,  Lt 

() 6 . 1  1 . '1 0 , 8-6 , 1  

1 0 , 7  0 . 7 0 . 7-3 

� 3 0 . 7  0 . 7-3 -

� 0 . 7  1 . '1 0 . 7-1 . '1 

--·- --- - ·--·---·--- - - -·-· 

TRI\NSPI\RENCY NO . 6 
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APPENDI X E 

O I L AND BRI N E  S P I L L  RI S K  ANALYS I S  

E .  1 Ri s k  Ana lys i s  I n troducti on 

Thi s Append i x  descri bes the o i l and br ine  sp i l l  ri s ks assoc i ated 

wi th deve l opment of the Cap l i ne Group of candi date SPR storage s i tes . 

General i zed envi ronmenta l ri s ks associ ated wi th faci l i ty u se are de

scri bed i n  Secti on E . 2 ;  ca l cu l ated spi l l  expectati ons associ ated wi th 

vari ous fac i l i ty operati ons are a l so presented . The methodol ogy 

uti l i zed i n  computi n g  the spi l l  expectati ons i s  g i ven i n  Secti on E . 3 .  

Further descri pti on of the chance of cavern col l apse and catastrop h i c  

re l ease of  oi l (or bri ne ) i s  prov i ded i n  Appendi x  F. 

I nformati on presented i n  thi s Append i x ,  a l ong  wi th t he descri p
ti on of exi sti ng  envi ronment and the expected o i l  or  bri ne  movements 

fol l owi ng  an acci dental re l ease , is used i n  analyz i n g  s i te spec i fi c  

i mpact potenti a l  i n  Sect ion  4 . 0  of the E I S . 

E . 2  O i l and Bri ne Spi l l  Ri s ks Re l ated to the SPR Program 

A s i gn i fi cant envi ronmenta l  hazard as soci ated wi th devel opment 

of the proposed SPR oi l storage fac i l i t i es is  the ri s k  of crude o i l or 

bri ne sp i l l s .  The ri s k  of oi l sp i l l s  dur ing  cavern fi l l  begi ns wi th 

offl oad i n g from VLCCs in the Gu l f  of Mexi co and i nc l udes transport by 

tan ker up  the Mi ss i s s i pp i  Ri ver , offl oadi ng  at the docks , p i pel i ne 

transport to the storage s i tes , and termi nal  operati ons (i nc l udi ng  

cavern storage ) .  Duri n g  wi thdrawal of the o i l ,  essenti a l ly  the same 

transportati on modes are used . However , some of the oi l i s  p l anned 

for del i very to the CAPL I N E  Pi pel i ne for transport to refi neri es 

downstream . The remai nder wou l d  be l oaded onto sma l l tan kers at 

docks on the Mi s s i s s i pp i  Ri ver for transport to other ports . O i l 

wou l d  be l eft i n  the p i pel i nes , and poss i b l y  i n  the surge tanks dur

i ng standby storage , consti tuti ng  a conti nuou s  exposu re ri s k .  

The ri s k  of a bri ne spi l l  i s  present duri ng  the cavern l each i n g  

operati ons when near- saturated bri ne i s  temporari l y hel d i n  a reser

voi r at the storage s i te and p i ped to the Gu l f  of Mexi co or deep i n

jecti on we l l s  for d i s posal . Duri ng  cavern fi l l , o i l wou l d  d i sp l ace 

bri ne from the caverns i n to the bri ne reservoi r ,  and then by p i pel i ne 
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to the Gu l f  of Mexi co or deep sa l t  water bear i ng  sands . 

The fol l owi n g  secti ons summari ze o i l and bri ne spi l l  hazards and 

l oss  expectati ons due to devel opment and operati on of each of the can 

di date S PR storage s i te group i ngs ( i ncl ud i ng the early  storage fac i l 

i t i es ) . 

E . 2 .  1 Oi l Spi l l  Ri sks  

E . 2 . 1 . 1 Oi l Spi l l  Ri s k  from Cavern Storage 

The l os s  of oi l from cavern storage systems to the surroundi ng  

envi ronment requ i res two cond i ti ons to be present .  Fi rst , the stor

age barri e r ,  su ch as the cavern or a storage tan k ,  must  be breached 

and , second , there must be a dri v i ng force to i n i ti ate o i l mi grat i on .  

Duri ng  surface storage , the dri vi ng force i s  grav i ty ;  duri n g  sa l t  

cavern storage the force cou l d  be provi ded by i nfl ow of overl yi ng  

surface or ground waters , or by s udden decompress i on of the o i l con

tai n i n g cavern ( by s heari ng  or rupture of p i pel i n es ) .  

S i nce the l i q u i d  col umn of petro l e um that i s  needed to hydro

stat i cal ly  bal ance a col umn of water i s  tal l er than the water col umn , 

the petrol eum wou l d  be l i fted above the head of the water col umn . 

Th i s  di fference i s  between 1 0  and 20 percent and provi des a 400 to 

800 foot d i fferenti al col umn hei ght for a cavern wi th the bottom 4000 

feet be l ow the surface . A cavern vol ume of 1 0  mi l l i on barre l s re

presents about 1 300 acre-feet of storage . E i ther very ta l l d i kes 

or a very l arge contai nment area wou l d  be requ i red to conta i n  a sp i l l  

associ ated wi th col l apse of a cavern . Thus , di k i ng of the storage 

area to protect aga i nst cavern col l apse i s  not practi cal . 

The l i ke l i hood of a cavern col l aps i n g  has been eva l u ated as be i n g  

a remote occurrence provi ded that contri butory cond i ti ons are avoi ded 

or mon i tored (Appendi x F ) . Al l fou r known i n stances of sa l t cavern 

col l apse ( Bayou Choctaw , Lou i s i ana , 1 954 ; Grand Sal i ne ,  Texas , 1 976 ; 

Bel l e  I s l e ,  Loui s i ana , 1 973 ; Emi nence , Mi s s i s s i pp i , 1 973 ) occurred 

duri n g  brine so l ut i on mi n i n g  and are be l i eved to have resu l ted from 

uncontro l l ed or acci dental l each i ng of the sa l t  near the top of the 

dome , rather than from structural fai l u re of the cavern roof .  Thi ck

ness of the cavern roof i n  each of these occurrences was l ess  than 

300 feet .  
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Spi l l s from di rect hi t a i rp l ane cras hes or acts of war are 

h i gh ly  i mprobabl e and i nestimabl e .  The i r  effects wou l d  l arge ly be 

confi ned to surface faci l i t i es and are more l i ke ly  to res u l t i n  a 

fi re rather than a sp i l l .  

Oi l Spi l l  Expectati on 

I t  i s  not pos s i b l e to p l ace mean i n gfu l quanti fi cati on to the 

l i ke l i hood of cavern col l apse . Assumi n g  the precauti ons d i scus sed 

in Appendi x F are carri ed out as p l anned , the chance of col l apse seems 

remote . Wi th sonar mon i tori n g  of the cavern wal l s  du ri n g  use , and 

fol l owi n g  wi thdrawal expans i on ,  i t  shou l d  be poss i b l e  to detect any 

s l abb i n g  or crack i ng  of the cavern roof arch , offeri n g  a further 

measure of protecti on .  

I n  the event of col l apse at any of the s i tes , ground water i s  

present to d i sp l ace oi l to the surface . The i nfl ow rates may vary 

between s i tes as aqui fer cond i ti ons  are not i denti ca l , but i nfi l 

trati on of stored petrol eum i nto fl u i di zed rock and soi l may occur 

at any s i te if  a storage cavi ty shou l d  col l apse . 

Non-catastrophi c l osses from storage through  a crack , l oss  of sea l  

around the cavern fi l l  p i pes , or  i mproper f i l l i n g  i s  expected to  be 

contai ned i n  the s i te di k i n g  system (wel l heads and surge tan kage ) , 

so that re l ease to the envi ronment shou l d be avoi ded . Lateral fai l 

ures between caverns s hou l d  not pose any chance of o i l re l ease as 

l ong  as the caverns are i ns u l ated wi thi n the dome . 

The contri buti on of cavern col l apse to oi l spi l l  l os ses i s  thus 

assumed to be zero under the constra i n ts of proper des i gn , con struc

ti on and mon i tori ng . 

E . 2 . 1 . 2 O i l Spi l l  Ri s k  Dur i ng Mar ine  Transportati on 

Casual ty and operati onal sp i l l s  from vesse l s  may occur  duri n g  

transfer between VLCC and l i ghter , duri n g  transfer between l i ghter 

and the docks , and in  l i ghter trans i t between the VLCC and the docks 

( or i n  the case of wi thdrawa l , between the docks and open Gu l f  waters ) . 

O i l sp i l l s  from vesse l s operat i n g  i n  coasta l waters are a functi on of 

t ime of exposure ( Secti on E . 2 ) . Sp i l l s  resu l ti n g  from transfer 
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operati ons are a funct ion  of vol ume hand l ed and d i recti on of  trans

fer ( l oadi ng or  offl oadi ng ) .  Al l of the o i l to  be stored in  the 

caverns wou l d  be del i vered by tan ker to the DOE doc ks for p i pel i ne 

tran sport to the s i te .  However , i t  i s  expected t hat on ly  40 percent 

of the o i l i n  s torage wou l d  be d i stri buted by tanker , the rest go i ng 

to the CAPL I N E  P i pel i ne at St . James . Each transport step i nvol ves 

a quanti f iabl e r i s k  of sp i l l age i nto the envi ronment , the estimation  

o f  whi ch i s  ba sed upon  stati st ical  patterns esta bl i shed for o i l  

sp i l l s  between 1 969 and 1 973 ( Sect i on E . 2 ) .  

The quant i t i es of o i l  wh i c h  coul d be sp i l l ed duri ng Capl i ne 

Group mar i ne operations , i s  g i ven i n  Tabl es E-1  through  E-8 . As 

s hown , con s i derab ly  grea ter vol umes of o i l may be s p i l l ed duri ng  ca 

vern f i l l  operati ons than dur i ng wi thdrawal because of the rel ati vely 

c l umsy ta nker-VLCC transfer operat ion and the greater quanti ty of o i l  

transported . For a 333 mi l l i on barrel Capl i ne  SPR group i ng , approxi 

matel y 69 percent ( 1 2 , 596 . 5  barrel s )  of the total o i l  sp i l l  expecta

t i on wou l d occur from mar i ne operations . 

Sp i l l  s i ze d i s tr i butions  wh i ch co u l d occur for the several cate

gori es of o i l  sp i l l  modes are presented in Tabl e E-9 . Sp i l l s  g reater 

t han  1 000 barrel s s hou l d not occur duri ng  transfer operat ions . 

Sp i l l s  g rea ter than 1 000 barrel s may occur up to 29 percent of the 

t ime from vessel casual t i es (average sp i l l  s i ze of 1 1 1 1  barrel s ) ;  

tru ly  l arge sp i l l s ,  g reater than 1 0 , 000 barrel s ,  shou l d  occur on l y  

. 75 percent of  the t ime .  Thus , from Tabl es E-1 through  E-9 , the 

number of  l a rge o i l  sp i l l s  expected for operati ons duri ng the l i fetime 

of a 333 MMB storage system , i s  . 1 9  percent ( . 2 7  spi l l s  expected , times 

. 75 percent c hance of l arge sp i l l ) .  Thi s  i s  eq u i val ent to a recurrence 

i nterval  of 1 1 , 580 years , or 2630 fi l l /wi thdrawal cycl es , wh i c h i s  

a n  extremel y  l ow probabi l i ty .  

E . 2 . 1  . 3  P i pel i ne and Termi na l Acc i dents 

O i l  s p i l l s  from p i pel i nes and termi nal s may occur wh i l e  pump i ng 

o i l  to or from the s i tes and wh i l e  o i l  i s  kept i n  l i nes and tan ks 

dur i ng s tandby storage . O i l sp i l l s  from pi pel i nes are a funct ion 

of  p i pel i ne l ength and t ime of exposure ; o i l  sp i l l s  at  termi nal s are 
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TABLE  E- l a  

Gul f of Mex i co 
Tran sfers 
Ves sel  Casua l ty 

M i s s i s s i pp i  R i ver 
Vessel Casual ty 
Koch Tran s fers 
DOE rransfers 

['Tl I 
Ul P i pel i nes  

Pump i n g  

Term i na l s  
Koch 
DOE 

S torage S i te 

Total 
S i ng l e  F i l l  

Total 
5 F i l l s  

E xpected crude o i l s p i l l  d ur i n� cavern fi l l  ooerat ions  - proposed system - DOE/Koch 
termi n a l  comb i nat i on .  

Bayou Choc taw Weeks I s l and Total  Program Ma x imum Cred i b l e  
Average Napol eonv i l l e 

( Ea r l y  S torage ) ( Ea rly S torage ) Spi l l  R i s k  Sp i l l  S i ze 
Spi l l  ·-··---------------

S i ze No . S p i l l s  Barre l s  No . Spi l l s  Barre l s  No . Spi l l s  Barre l s  No . Sp i l l s  Barrel s Barre l s  

1 6 . 2  1 7 . 4  282 1 6 . 5  267 2 7 . 8  450 61 . 7  999 l ,000 
l l l l  0 . 01 0  l l .  l 0 . 0095 1 0 . 6  0 . 0 1 6  1 7 . 8  0 . 036 39 . 5  60 , 000 

428 0 . 51 0  2 1 8  0 . 484 207 0 . 81 5 349 1 . 81 774 60 ,000 
2 7  - - - - - - - - - - - - 4 . 57 1 2 3  4 . 5 7  1 2 3  500 
27 3 . 48 94 3 . 30 89 0 . 99 27 7. 77 2 1 0  500 

1 1 00 0 . 029 31 . 6  0 . 042 '1 6 , 5  0 . 024 25 . 8  0 . 095 1 03 . 9  5 , 000 

l l OO - - - - - - - - - - - - 0 . 06 1 5  67 . 7  0 . 062 67 . 7  5 , 000 
l l OO 0 . 047 51 . 7  0 . 0445  '19 . 0  0 . 01 35 1 4 . 9  0 . 1 05 l l 5 . 6  5 , 000 

500 0 . 047  23 . 5  0 . 0'145 22 . 3  0 . 07 5  37 . 5  0 . 1 67 83 . 3  3 , 000 

2 1 . 52 7 1 1 . 9 20 . 4 3 691 . 4  34 . 37 l l l 2 .  7 76 . 32 2 , 5 1 6  

1 07 . 6  3560 1 02 .  l 3457 1 7 1 . 9  5564 381 . 6  1 2 , 581 



TABLE  �- l b  

Gu l f  o f  Mex i c o  
Vesse 1 Casua l ty 

M i s s i s s i pp i  R i ver 
Vesse 1 Casua l ty 
Koc h  Tra n s fers 
DOE Trans fers 

rr Bu l l  Bay I Barye Casual ty 0' 
Tra n s fers 

P i pe l i nes 
Pump i ng 

Term i ua l s  
Koc h 
OOE 

Storage Si te 

Tota l 
S i ng l e  W i thdrawa l 

Tot a l  
5 Wi thd rawa l s  

Project Tot a l  
5 Cyc l es 

Expected  crude o i l s p i l l s  dur i nq  emerqency o i l w i thdrawa l opera t i ons  and tota l system 
s p i l l  expectati on - proposed system � DOE/Koch term i na l  comb i nat ion . 

Bayou Choctaw Weeks I s l and Napo l eonv i l l e  Tota 1 Program Max i mum Cred i bl e  
Average ( Ea r l y  Storage) ( E a r l y  Storage ) Spi l l  R i s k  Spi l l  S i ze 

Spi l l  ---·---- ---·----------------------

S i ze tlo .  Spi l l s  Ba rre 1 s No . Spi l l s  Ba rre 1 s No . Spi l l s  Barre l s  No . Spi l l s  Barre l s  BarTe l s  
---- -· --

l l l l  0 . 0036 4 . 0  0. 0036 4 . 0  0 . 001 1 . 2 0 . 00132 9 . 2  60 ,000 

428 0 . 324 1 39 0. 321J 1 39 0 . 097 'l 1 . 4  0 .  745 3 1 9 . 4  60 , 000 
80. 6  - - 1 .  49 1 20 - - 1 . 49 1 20 500 
00. 6 1 . 49 1 20 - - 0 . 44 36 1 .  93 1 56 500 

428 0 . 003 1 . 3  - - - - 0 . 003 1 . 3 20 ,000 
3 . 6  4 .  1 7  1 5  - - - - 4 . 1 7  1 5  500 

l l OO 0 . 008 8 . 8  0. 01 4  1 5 . 6  0 . 004 4 . 6  0 . 026 29 . 0  5 , 000 

l l OO - - 0 . 030 33 - - 0 . 030 33 . 0  5 , 000 
l l OO 0 . 030 33 - - 0 . 009 9 . 9  0. 039 42 . 9  5 , 000 

500 0 . 04 7  23 . 5  0 . 045 22 . 3  0 . 07 5  37 . 5  0 . 1 67 83 . 3  3 , 000 

6 . 013 34'l . 6  1 .  91 333 . 9  0 . 63 1 30 . 6  8 . 6 1  1309. 1 

30. 4 1 723 9 . 5 1 670 3 . 2  653 43 . 1  4 , 046 

1 38. 0 5283 l l l .  6 5 1 2 7  1 7 5 . 1  62 1 7  424 . 7  1 6 ,627 



TABLE E -2a  

Gul f o f  �lex i co 
Tra n s fers 
Vessel Casual ty 

Mi s s i s s i pp i  R i ver 
Vesse ·l Casua l ty 
Nord i x Trans fers 

rn DOE Transfers 
I 

-.... Pi pel i nes 
Pump i n') 

Term i n a l s  
Nord l x  
onE 

Storage S i te 

Tota 1 
S i ng l e  F i l l  

Total  
5 F i l l s  

Expected crude o i l s p i l l  dur i ng cavern f i l l  operati ons - proposed system -
DOE /Nord i x termi na l  comb i nat i on . 

Average 
Bayou C hoctaw Weeks I s l and Napo l eonv i l l e  

Tot a l  Program 
( Ea r l y  Storage ) ( Early Storage ) Spi l l  R i s k  

Spi l l  ----------

S i ze No . Spi l l s  Barre 1 s No . Spi l l s  Barre l s  No . Spi l l s  Barre l s  N o .  Spi l l s  Barre l s  

1 6 . 2  1 7 . 4  282 1 6 . 5  267 27 . 8  450 61 . 7  999 
l l l l  0 . 01 0  l l .  1 0 . 0095 1 0 . 6  0 . 01 6  1 7 . 8 0 . 036 39 . 5  

428 0 . 657 281 0 . 484 207 0. 995 426 2 . 1 36 9 1 4  
27  3 . 48 94 - - - - - - 3 . 38 91 6 . 86 1 85 
2 7  - - - - - - 3 . 30 89 2 . 1 8  59 5 . 48 1 48 

l l OO 0 . 01 3  1 4 . 6  0 . 42 46 . 5  0 . 53 58. 1 0 . 1 08 l l 9  

l l OO 0 . 047 51 . 7  - - - - - - 0 . 0455 50. 1 0 . 093 1 02 
1 1 00 - - - - - - 0 . 0455 49 . 0  0 . 0295 32 . 5  0 . 074 81 . 5  

500 0 . 04 7  23 . 5  0 . 04 11 5  22 . 3  0 . 075  37 . 5  0 . 1 67 83 . 3  

21 . 65 757 . 9  20 . 43 691 . 4  34 . 57 1 222  76 . 65 2 , 671  

1 00 . 3  3790 1 02 .  1 3457 1 72 . 9  6l l 0  383 . 3  1 3 , 357 

Max i mum Cred i b l e  
Spi l l  S i ze 

Barre l s  

1 , 000 
60 ,000 

60 , 000 
500 
500 

5 , 000 

5 , 000 
5 , 000 

3 , 000 



TABLE E- 2b 

Gul f of  14ex i co 
Vessel Casua l ty 

Mi s s i s s i pp i  Ri ver 
Vesse 1 Ca sual ty 
Nor d i x  Trans fers 

fT1 I DOE Trans fers 
(X) 

!lu l l  Bay 
Ba rge Casua l ty 
Trans fers 

P i pel i nes 
Pump i ng 

l ermi na l s  
Nord i x  
[)()£ 

S torage S i te 

Total 
S i ng l e  W i thdrawa l 

Tota l 
5 W 1 thdrawa 1 s 

Proj ec t Tota l 
5 Cyc l es 

Expected crude oi l s p i l l  d ur i n q  emerqency o i l  w i thdrawa l operati ons  and  tota l system 
s p i l l  expectati on - proposed system - DOE/Nord i x  termi na l comb i nati on . 

Bayou Choctaw Weeks I s l and Napo l eonvi l l e Tota l Program Max i mum Cred i b l e  
Average ( Ea rly Storage ) ( Ea r l y  Storage ) Spi l l  R i s k  Spi l l  S i ze 

Spi l l  
S i ze No . Spi l l s  Ba rre 1 s No. Spi l l s  Barrel s No.  Spi l l s  Barre l s  No . Spi l l s  Barre l s  llarre l s  

--·-

l l l l  0 . 0036 4 . 0  0. 0036 4 . 0  0 . 001 1 . 2 0 . 0082 9 . 2  60 , 000 

428 0 . 4 1 8  1 79 0. 324 1 39 0 . 097 · 4 1 . 4  0 . 839 359 . 4  60 ,000 
80. 6 1 . 49 1 20 - - - - - - - - 1 . 49 1 20 500 
80 . 6  - - - - 1 . 49 1 20 0 . 44 36 l .  93 1 56 500 

428 0 . 003 1 . 3 - - - - - - - - 0 . 003 1 . 3  20 , 000 
3 . 6  4 . 1 7  1 5  - - - - - - - - 4 . 1 7  1 5  500 

l l OO 0. 009 1 0 . 4  0 . 01 4  1 4 . 9  0 . 005 5 . 4  0 . 028 30. 7 5 , 000 

1 1 00 0. 030 33 . 0  - - - - - - - - 0. 030 33 . 0  5 , 000 
l l OO - - - - 0. 030 33 0 . 009 9 . 9  0 . 039 42 . 9  5 , 000 

500 0. 011 7  23 . 5  0. 045 22 . 3  0 . 075  37 . 5  0 . 1 67 83 . 3  3 , 000 

6. 1 7  386 . 2  l .  91 333 . 2  0 . 63 1 31 . 4 8. 7 1  850 . 8  

30. 9 1 93 1  9 . 5 1 666 3 . 2  657 43 . 6  4254 

1 39. 2 5721  l l l . 6  51 23 1 76 .  1 6767 426 . 9  1 7 , 6l l  
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TABLE  E- 3a E xpecte d  crude oi l s pi l l s  duri ng  cavern fi l l  operati ons  - a l ternati ve s i te 
grou p i ng #1 - DOE/Koch term i na l  combi nati on . 

Average Bayou Choc taw Weeks I s l and Weeks I s l and Total Program 

Spi l l  ( Ea r l y  Storage ) ( Ea r l y  Storage ) Expans i on Spi l l  Ri s k  
--

S i ze No . Spi l l s  Ba rre l s  No . Spi l l s  Barre l s  No . Spi l l s Barre l s No . Spi l l s  Barre l s  

G u l f of Mex i co 
Trans fers 1 6 . 2  1 7 . 4  282 1 6 . 5  267 1 6 . 8  273 50 . 7  822 
Ves s e l  Casua l ty l l l l  0 . 01 0  l l .  l 0 . 0095 1 0 . 6  0 . 0097 1 0 . 8  0 . 029 32 . 5  

M i s s i s s i pp i  Ri ver 
Vessel  Casua l ty 428 0.  51 0 2 1 8  0. 484 207 0. 494 2 l l  1 . 488 636 
Koch Transfers 27 3 . 48 94 - - 0 . 118 1 3  3 . 96 1 0 7  
DOE Transfers 27  - - 3 . 30 89 2 . 89 78 6 . 1 9  1 67 

P i pe l i nes 
Pump i ng 1 1 00 0 . 031  34 . 0  0 . 023 25 . 7  0 . 024 26 . 2  0 . 078 85 . 9  

Termi nal s 
Koch l l OO 0 . 0117 51 . 7  - - 0 . 0065 7 . 2  0 . 054 58 . 9  
DOE l l OO - - 0 . 0045 119. 0 0 . 039 42 . 9  0 . 084 91 . 4  

S lorage S i te 500 0 . 011 7  23 . 5  0 . 01145 22 . 3  0 . 0455 22 . 8  0 . 1 37 68 . 6  

To tal  
S i ng l e  F i l l  2 1 . 52 7 1 4 . 3  20 . 11 1 670 . 6  20 . 79 684 . 9  62 . 72 2 ,070 

Total 
5 F i l l s  1 07 . 6  3572 1 02 .  l 3353 1 04 . 0  3425 3 1 3 . 6  1 0 , 349 

Max imum Credi b l e  
Spi l l  S i ze 

Ba rre l s  

1 , 000 
60 ,000 

60 ,000 
500 
500 

5 , 000 

5 , 000 
5 ,000 

3 , 000 
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TABLE  E- 3b Expected crude o i l  s pi l l s  dur ing  emergency o i l w i thdrawa l  opera ti ons and tota l  sys tem 
sp i l l  expectat i on - a l ternati ve s i te qroupi ng  #1  � DOE/Koch termi n a l  comb i n ati on . 

Average Bayou Choc taw Weeks  I s l and Weeks I s l and Tota 1 Program Ma x i mum Cred i b l e  
Spi l l  ( Ea r ly Stora g e )  ( E a rly Storage ) Expa ns i on Spi l l  R i s k  Spi l l  S i ze 
Si ze No . Spi l l s  Ba rre 1 s No . Spi l l s  Barrel s No . Spi l l s  Barre l s  N o .  Sp i l l s  Barre 1 s Barre l s  

----------- --------· 

Gul f o f  Mex i co 
Vessel Casua l ty l l l l  0. 0036 4 . 0  0. 0021 2 . 4  0 . 0022 2 . 4  0 . 008 8 . 8  60 , 000 

Mi ss i s s i pp i  Ri ver 
Vessel Casua l ty 428 0. 324 1 39 0. 1 91 81 . 8  0 . 1 96 83 . 9  0 .  71 1 304 . 7  60 ,000 
Koch Trans fers 80. 6 1 .  49 1 20 - - - - - - - - 1 . 49 1 20 500 
DOE Trans fers 80. 6  - - - - 0. 88 71 . 2  0 . 90 72 . 8  1 .  78 1 44 500 

Bul l Bay 
Ba rge Casua l ty 428 0. 003 1 . 3  - - - - - - - - 0. 003 1 . 3 20 , 000 
Tra n s fers 3 . 6  4. 1 7  1 5  - - - - - - - - 4 . 1 7  1 5  500 

P i pel i nes 
Pump i ng l l OO 0. 009 9. 5 0 . 008 8 . 9  0 . 009 9 . 1 0. 025 27 . 5  5 , 000 

Termi na l s  
Koch l l OO 0. 030 33 - - - - - - - - 0. 30 33 5 , 000 
DOE l l OO - - - - 0. 018 1 9 . 6  0 . 01 8  20 0 . 036 39 . 6  5 , 000 

Sto rage S i te 500 0. 047 23 . 5  0. 045 22 . 3  0 . 046 50 . 1  0 . 1 38 95 . 9  3 , GOO 

Tota 1 
S i ng l e  W i  thdr·awa l 6. 07 345 . 3  1 . 1 4 206 . 2  1 . 1 7  238 . 3  8. 39 789 . 8  

Tot a l  
5 W i thdrawa 1 s 30. 4 1 726 5 . 7  1 031 5 . 8  l l 91 42 . 0  3949 

Project To ta l 
5 Cyc l es 1 38 . 0  5298 107 . 8  4384 1 09 . 8  461 6 355 . 6  1 4 , 298 
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TABLE  E-4a 

Gul f  of �1e x i co 
T rans fers 
Vessel  Casua l ty 

Mi s s i s s i pp i  R i ver 
Vessel Casua l ty 
Nord i x  Trans fers 
DOE Trans fers 

P i pel i nes 
Pump i ng 

lenni na 1 s 
NorJ i x  
DOE 

S to rage S i te 

Tota l 
S i ng l e  F i l l  

Tot a l  
5 F i l l s  

E xpected crude o i l s p i l l s  d uri ng  cavern f i l l  operat i ons - a l ternati ve s i te �roup i n g  # 1  -

DOE /Nord i x termi na l  comb i nati on . 

Average Bayou Choctaw Weeks I s l and Weeks I s l and Total  Program Max i mum C red i b l e  

Spi l l  ( Ea r l y  Storage ) ( Early Storage ) Expans i on Spi l l  R i s k  Spi ll S i ze 

S i ze No . Spi l l s  Barre l s  No . Sp i l l s  Barre l s  tlo .  Spi l l s  Barre l s  No . Spi l l s  Barre l s  Barre l s  

1 6 . 2  1 7 . 4  282 1 6 . 5  267 1 6 . 8  273 50 . 7  822 1 ,000 
l l l l  0 .  01 0 l l .  l 0. 0095 1 0 . 6  0 . 0097 1 0 . 8  0 . 029 32 . 5  60 ,000 

428 0 . 657 281 0 . 484 207 0. 580 248 l .  721  736 60 ,000 
27 3 . 48 94 - - 2 . 03 55 5 . 51 1 49 500 
27 - - 3 . 30 89 1 . 33 36 4 . 63 1 25 500 

1 1 00 0 . 01 8  20 . 2  0 . 031  33 . 6  0 . 031  34 . 5  0 . 080 88 . 3  5 , 000 

1 1 00 0 . 047 5 1 . 7  - - 0. 0275 30 . 3  0 . 075 82 . 0  5 , 000 
1 00 - - 0 . 0'145 49 .0  0 .0 180 1 9 . 8  0 . 063 68 . 8  5 , 000 

SOD 0 . 047 23 . 5  0 . 0445 22 . 3  0 . 0455 22 .8  0 . 1 37 68.6  3 ,000 

21 . 66 763 . 5  20 . 41 678 . 5  20. 86 730 . 2  62 . 95 2 , 1 72 

1 08 . 3 381 7 1 02 .  l 3393 1 04 . 3  3651 31 4 . 8  1 0 ,86 1  



TABLE  E-4b 

-----

Gu l f  of Mex i c o  
Ves sel Casua l ty 

M i s s i s s i pp i  R i ver 
Vessel Casua l ty 
Nord i x  Trans fers 
OOE Trans fers 

rr1 B u l l  Bay 
I Ba rge Casua l ty 

--' Transfers N 
P i pel i nes 

Pump i ng 

Ter·mi na 1 s 
Nord i x  
DOE 

S torage SHe 

Total 
S i ngl e Wi yhdrawa l 

Tota l 
5 W i thdrawa 1 s 

Project Tota l 
5 Cyc l es 

E xpected crude oi l s p i l l s  dur i ng  emer�ency o i l w i thdrawa l opera t i on s  and  tota l system 
s pi l l  expectati on - a l tern at i ve s i te oroup i n q  #1 - DOE/Nord i x  
termi na l  comb i nat ion . 

Average Bayou Choctaw Week s  I s l and Heeks I s l and Tot a 1 Program Ma x i mum Cred i b l e  

S p i l l  ( Ea r ly Storage ) ( Ea r l y  S torage ) Expans i on Spi l l  Ri s k  Spi ll S i ze 
Si ze N o .  Spi l l s  Barre l s  No . Spi l l s  Barre 1 s N o .  Spi l l s  Barre l s  No . Spi l l s  Barre l s  Barre l s  

l l l l  0 . 0036 4 . 0  0 . 0021 2 . 4  0 . 0022 2 . 4  0 . 008 8 .8  60 ,000 

428 0 . 41 8  1 79 0 . 1 91 81 . 8  0 . 1 96 83 . 9  0 . 805 344 . 7  60 ,000 
80 . 6  1 . 49 120 - - - - - - - - - - - - 1 . 49 120  500 
80 . 6  - - - - - - 0 . 88 7 1 . 2  0 . 90 72 . 8  l .  78 1 44 500 

428 0 . 003 1 . 3 - - - - - - - - - - - - 0 .003 1 . 3  20 ,000 
3 . 6  4 . 1 7  1 5  - - - - - - - - - - - - 4 . 1 7  1 5  500 

l l OO 0. 009 1 0 . 4  0. 008 9 . 3  0 . 009 9 . 5  0 . 026 29 . 2  5 ,000 

1 1 00 0 . 030 3 3 . 0  - - - - - - - - - - - - 0 . 030 33 5 ,000 
1 1 00 - - - - - - 0 . 018  1 9 . 6  0 . 01 8  2 0 . 0  0 . 036 39 . 6  5 ,000 

500 0 . 047 2 3 . 5  0 . 045 22 . 3  0 . 046 50. 1 0 . 1 38 95 . 9  3 ,000 

6 . 1 7  386 . 2  l .  1 4  206 . 6  l .  1 9  238 . 7 8 .49  831 . 5  

30 . 9  1 931  5 . 7  1 033 5 . 9  1 1 94 42 . 5  4 , 1 58 

1 39 . 2  5748 1 07 . 8  4426 1 1 0 . 2  4845 357 . 2  1 5 ,0 19  



TABLE E- 5a 

Gul f o f  Mex i co 
Transfers 
Vessel Casual ty 

M i s s i s s i ppi  R l ver 
Vessel Casua l ty 
Koch Transfers 
DOE Tran sfers 

rn 
I P l pel i nes __, 

w Pump i ug 

Termi na l s  
Koc h  
DOE 

Storage S l te 

Total  
S i ng l e  F l l l  

Tot a l  
5 F i  1 1  s 

E xpected crude o i l s p i l l s  dur i ng cavern fi l l  operati on s  - al ternat i ve qroup i n g  #2 -

DOE /Koch te rmi na l  co�b i nati on . 

Bayou Choctaw Weeks I s l and Bayou Choc taw Total Program Maxi mum Cred i b l e  Average I ber i a  
Spl  1 1  ( Ea r l y  S torage ) ( Ea r l y  S torage ) Expans i on Sp1 1 1  R i s k  Spi l l  S i ze 

--
S i ze No . S p i l l s  Barrel s No . Sp l l l s  Barre l s  No . Spl l l s  Barre l s  No . Spi l l s  Barre l s  No . Spl l l s  Barre l s  Barre l s  

1 6 . 2  1 7 . 4  282 1 6-. 5  267 1 0 . 4  1 68 9 . 2  1 50 53 . 5  867 1 ,000 
1 1 1 1  0 . 01 0  l l . l  0 . 0095 1 0 . 6  0 . 0060 6 . 6  0 . 0053 5 . 9  0 . 031 3'1 . 1  60 ,000 

'128 0 . 5 10  2 18  0 . 484 207 0 . 303 1 30 0 . 272 1 1 7  l .  569 672 60 ,000 
27 - - - - - - 2 . 1 1  57 - - - - - - 1 . 87 50 3 . 98 1 07 500 
27 3 . 48 94 l .  1 9  32 2 . 07 56 - - - - - - 6 . 74 1 82 500 

1 1 00 0 . 029 31 . 6  0 . 049 53 . 5  0 . 002 2 . 0  0 . 008 9 . 0  0 . 088 96 . l 5 , 000 

1 1 00 - - - - - - 0 . 029 31 . 9  - - - - - - 0 . 025 27 . 5  0 . 054 59 . 4  5 , 000 
1 1 00 0 . 047 51 . 7  0 . 01 6  l 7  . 6  0 . 028 30 . 8  - - - - - - 0 . 091 1 00 . 1 5 , 000 

500 0 . 047 23 . 5  0 . 0445 22 . 3  0 . 028 1 4 . 0  0 . 025 1 2 . 5  0 . 1 45 72 . 3  3 , 000 

21 . 52 7 1 1 . 9 20 . 43 698 . 8  1 2 . 84 407 . 4  1 1 . 4 1  371 . 9  66 . 20 2 , 1 90 

1 07 . 6  3560 102 .  l 3494 64 . 2  2037 57 . 1  1859 331 . 0  1 0 ,950 



TABLE  E-5b  

-

Gul f  of 11ex i co 
Vessel Casua l ty 

M i s s i s s i pp i  Ri ver 
Ves sel Casua l ty 
Koch Tra n s fers 
DOE Tran s fers 

Bu l l  Bay 
fT1 Ba rge Casua l ty I 
--' Tra n s fers 
-+==-

P i pel i ne s  
Pump i n g  

Termi na l s  
Koch 
DOE 

S torage S i le 

Total  
S i ngl e �J i thdrawal 

Total 
5 Wi thdrawa l s  

Project Total  
5 Cyc l e s  

E xpected crude o i l s p i l l s  dur i ng emerqency o i l  w i thdrawa l  operati on s  and total system 
s p i l l  expectat ion s - a l ternati ve s i te qroup i ng #2 - DOE/Koch termi n a l  comb i n at i on . 

Average Bayou Choctaw Weeks  I s l and Bayou Choc taw I be r i a  To tal  Program Max imum Cred i b l e  
S p i  1 1  ( Ea rly Storage ) ( Ea r l y  Stora ge ) Expa n s i on Spi l l  R i sk  Spi l l  S i ze 
S i ze No . Spi l l s Barrel s Ho . Spi l l s  Barre l s  No . Spi l l s  Barrel s No . Spi l l s Barre l s  No� Spi l l s  Barre l s  Barre l s 

1 1 1 1  0 . 0022 2 . 5  0 . 0036 4 . 0  0 . 0014  1 . 6 - - - - - - 0 . 007 IJ. l 60 ,000 

428 0 . 1 98 84 . 9  0 . 324 1 39 0 . 1 26 53 . 9  - - - - - - 0 . 648 277 . 8  60 ,000 
80 . 6  0 . 91 73 . 6  - - - - - - 0 . 58 47 . 0  - - - - - - l .  49 1 20 . 6  500 
80 . 6  - - - - - - 1 . 49 1 20 - - - - - - - - - - - - 1 . 49 1 20 500 

428 0 . 003 1 . 3 - - - - - - - - - - - - - - - 0 . 003 1 . 3 20 ,000 - - -

3 . 6  4 . 1 7  1 5  - - - - - - - - - - - - - - - - - - 4 . 1 7  1 5  500 

1 1 00 0 . 005 5 . 9  0 . 01 4  1 4 . 9  0 . 003 3 . 5 0 . 003 3 . 4  0 . 025  27 . 7  5 , 000 

1 1 00 0 . 01 8  20 . 2  - - - - - - 0 . 01 2  1 2 . 9  - - - - - - 0 . 030 33 . 1  5 ,000 
1 1 00 - - - - - - 0 . 030 33 . 0  - - - - - - - - - - - - 0 . 030 33 . 0  5 , 000 

500 0 . 047 23 . 5  0 . 045 22 . 3  0 . 028 1 4 . 0 0 . 025 1 2 . 5  0 . 1 45 72 . 3  3 , 000 

5 . 35 226 . 9  l .  91 333 . 2  0. 75  1 32 . 9  0 . 03 1 5 . 9  8 .04 708 . 9  

26 . 7  1 1 35 9 . 5  1 666 3 . 8  665 0 . 2  79 40 . 2  3 , 54 5  

1 34 . 3  4695 1 1 1 . 6 5 160 68 . 0  2702 57 . 3  1 938 371 . 2  1 4 ,495 
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TABLE  E-6a  

Gu l f  o f  Mexico 
Transfers 
Vessel Casua l ty 

Mi s s i s s i pp i  R i ver 
Vesse 1 Casual ty 

E xpected crude o i l  s p i l l s  dur i ng  cavern fi l l  operati ons - a l ternati ve groupi ng #2 -

DOE/Nord i x termi na l  comb i nat i on . 

Average Bayou Choctaw Weeks I sl and Bayou Choc taw I beri a Tota 1 Program 

Spi  1 1  ( Ea rly  S torage) (Early Storage ) Expans ion Spi l l  R i s k  

S i ze No . Sp i l l s  Barrel s No . Spi 1 1  s Barrel s No . Spi l l s  Barrel s No . Spi l l s  Barre l s  No . Spi l l s  Barrel s 

1 6 . 2  1 7 . 4  282 1 6 . 5 267 1 0 . 4  1 68 9 . 2  1 50 53 . 5  867 
1 1 1 1  0. 01 0 1 1 .  1 0 . 0095 1 0 . 6  0 . 0060 6 . 6  0. 0053 5 . 9 0. 031 34 . 1  

428 0. 657 281 0. 502 21 5 0. 391 1 67 0 . 272 1 1 7  1 . 822 780 
-- - - 5 . 96 1 61 Nordi x  Trans fers 27 3 . 48 94 0 .4 1  1 1  2 . 07 56 

2 . 89 78 - - 1 . 87 50 4 . 75 1 28 0()[ Transfers 27 ---- --

P i pe l i nes 
Pump ing 1 1 00 0. 01 3  14 . 6  0. 050 55 . <1  0. 01 3  14 . 2  0. 008 9 . 0  0 . 084 93 . 2  

Term ina l s  
Nord i x  1 1 00 0. 047 51 . 7  0. 006 6 . 1 0. 028 30 . 8  - - -- 0 . 081 88 . 6  
DOE 1 1 00 - - - - 0. 039 42 . 9  - - - - 0. 025 27 . 5  0 . 064 70 .<1  

.. 
S torage S i te 500 0. 047 23 . 5  0 . 0445 22 . 3  0 . 028 1 4 . 0  0. 025 1 2 . 5  0 . 1 45 72 . 3  

Total 
S i ng le  F i l l  21 . 65 757 . 9  20 . 45 708 . 2  1 2 . 94 456 . 6  1 1 . 4 1  371 . y 66 .44 2294 . 6  

Total 
5 F i  1 1  s 1 08. 2 3790 1 02 . 3  354 1 64 . 7  2283 57 . 1  1859 332 . 2  1 1 ,473 

Max imum Cred i bl e  
Sp i l l  S i ze 

Barrel s 

1 ,000 
60, 000 

60 ,000 
500 
500 

5 , 000 

5 , 000 
5 , 000 

3 , 000 



TABLE  E-6b 

Gul f of Mex ico 
Vessel Casual ty 

Mi s s i s s i pp i  R i ver 
Vessel Casua l ty 
Nord i x  Transfers 
DOE Transfers 

r01 Bul l Bay 
I Barge Casua l ty 

_, T ransfers Q) 
P i pel ines 

Pump ing 

Termina l s  
Nord i x  
DOE 

Storage S i te 

Total 
S i ng le  Wi thdrawa l 

To tal  
5 W i thdrawa l s  

Project Total 
5 Cycles  

Expected  crude o i l  spi l l s  duri nq  emer�ency o i l wi thdrawa l o perati ons  and tota l sys tem 
s p i l l  expectati ons  - a l terna ti ve s i te qro up i ng #2 - DOE/Nord i x  termi n a l  comb i nati on . 

Average Bayou Choctaw Weeks I s l and Bayou Choctaw I beria  Total Program Max imum Cred ib le  

Spi l l  ( Ea rly Storage ) ( Early Storage ) Expans i on Spi l l  R i s k  Spi l l  S i ze 

Si ze No . Sp i l l s  Ba rrel s No . Spi l l s  Barrel s No . Spi l l s Barre l s  No . Spi l l s  Barre l s  No . Spi l l s  Barre l s  Barrel s 

1 1 1 1  0. 0022 2 . 5  0 . 0036 4 . 0  0 . 001 4 1 . 6 - - - - - - 0 . 007 8 . 1  60 ,000 

428 0 . 256 1 1 0 0 . 324 1 39 0 . 1 62 6� . 4  - - - - - - 0. 742 31 8 . 4  60 ,000 
80 . 6  0 . 9 1  73 . 6  - - - - - - 0 . 58 47 . 0  - - - - - - 1 . 49 1 20 . 6  500 
80 . 6  - - - - - - 1 . 49 1 20 - - - - - - - - - - - - 1 . 49 1 20 500 

42B 0 . 003 1 . 3  - - - - - - - - - - - - - - - - - - 0 . 003 1 . 3 20 ,000 
3 . 6  4 . 1 7  1 5  - - - - - - - - - - - - - - - - - - 4 . 1 7  1 5  500 

1 1 00 0. 006 6 . 5  0 . 0 1 4  1 5 . 6  0 . 004 3 . 9  0 . 003 3 . 4  0 . 027 29 . 4  5 , 000 

1 1 00 0 . 018  20 . 2  - - - - - - 0 . 0 1 2  1 2 . 9 - - - - - - 0 . 030 33 . 1  5 , 000 
1 1 00 - - - - - - 0 . 030 33 .0  - - - - - - - - - - - - 0 . 030 33 .0  5 ,000 

500 0 . 047 23 . 5  0 . 045 22 . 3  0 . 028 1 4 . 0  0 . 025 1 2 . 5  o .  1 45 72 . 3  3 , 000 

5 . 4 1  252 . 6  1 .  91 33 . 9  0 . 79 1 48 . 8  0 . 03 1 5 . 9  8 . 1 3  751 . 2  

27 . 1  1 263 9 . 5  1 670 3 . 9  744 0 . 2  79 40 . 7  3 , 756 

1 35 . 3  5053 1 1 1 . B  521 1 68 . 6  3027 57 . 3  1 938 372 . 9  1 5 ,229 
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TABLE E- 7a 

Gul f  of Mex ico 
Trans fers 
Vesse l  Casual ty 

Mi s s i s s i ppi  rti ver 
Vesse l  Casua l ty 
Koch Transfers 
DOE Trans fers 

P i pel i nes  
Pumpi ng 

Termi na l s  
Koch 
DOE 

S torage S He 

Total 
S i ng le  Fi l l  

Total 
5 Fi l l s  

E xpected  crude o i l s p i l l s  duri ng  cavern fi l l  ooerati ons  - al ternati ve �roupi n� #3 -
DOE/Koch termi n a l  comb i nat ion . 

Bayou Choc taw Weeks I s l and Total  Program Max imum Cred ib le  
Average Chacahou l a  

Spi l l  
( Early S torage ) (Early Storage ) Spi l l  R i s k  Spi l l  S i ze 

Si ze No . Spi l l s Ba rre l s  No . Spi l l s  Barre l s  No . Spi l l s  Barre l s  No . Spi l l s  Barre l s  Oarr:e l s 
--

1 6 . 2  1 7 . 4  202 1 6 . 5  267 37 . l 600 7 1 . 0  1 , 1 49 . 0  1 ,000 
l l l l  0 . 01 0  l l . l 0 . 0095 1 0 . 6  0 . 02 1 3  23 . 7  0 . 04 1  45 . 3  6 0 , 000 

4 20 0 . 51 0  2 1 8  0. 484 207 1 . 087 465 2 . 081 890 60 , 000 
27 3 . 48 94 - - l .  70 48 5 . 26 1 42 500 
27  - - 3 . 30 89 5 . 63 1 52 8 . 93 241  500 

l l OO 0 . 029 31 . 6  0 . 042  46 . 5  0 . 024 26 . 7  0 . 095 1 04 . 8  5 , 000 

l l OO 0. 047 51 . 7  - - 0 . 02 4  26 . 4  0 . 07 1  78 . l 5 ,000 
l l OO - - 0 . 045 49. 0 0 . 076 03 . 6  o .  1 2 1  1 32 . 6  5 , 000 

500 0 . 04 7  23 . 5  0 . 0445 22 . 3  o .  1 00 50 . 0  o .  1 92 95 . 8  3 ,000 

2 1 . 52 71 1 . 9  20. 42 691 . 3  4 5 . 84 1 47 5 . 4 87 . 79 2 , 078 . 6  

1 07 . 6  3559 1 02 .  l 3457 229 . 2  7377 438 . 9  1 4 , 393 

a 383 MMB tota l capac i ty di stri buted as fol l ows : 200 MMO expans i on capaci ty a t  Chacahou l a  dome 
94 M110 early s torage capaci ty a t  Bayou Choctaw 
89 Mt10 early storage capaci ty at Weeks I s l and 



TABLE E- 7b 

Gu l f  of Mex ico 
Vessel Casua l ty 

Mi s s i s s i pp i  R i ver 
Vessel Casual ty 
Koch l ransfers 
DOE Transfers 

rrJ Bul l Bay I Barye Casua l ty __, 

OJ Trans fers 

P i pel i nes 
Pumpi ng 

Tenni na l s  
Koch 
DOE 

Stor·age S i te 

To tal 
S i ngle  Wi thdrawal 

To ta l  
5 Wi thdrawa l s  

Project Tota l 
5 Cycles  

Expected c rude o i l s p i l l s  dur i ng  emernency o i l wi thdrawa l operati on s  and tota l · �ystem 
s p i l l  expectations  - a l ternati ve s i te �roup i n g  #3 - QOE/Koch termi n a l  c omb i nati on . 

Average Bayou Choc taw Weeks I s l and Chacahou l a  Total Program Max imum Cred ib le  
Spi l l  ( Ea rly Storage)  (Ea rly S torage ) Spi l l  R i sl: Spi l l  S i ze 
S i ze No . Sp i l l s  Barre l s  No. Spi l l s  Ba rre l s  No . Spi l l s  Barre l s  No . Spi l l s  Barre l s  Barrel s 

l l l l  0 . 0036 4 . 0  0 . 0036 4 . 0  0 . 0022 2 . 4  0 . 009 1 0 . 4  60 ,000 

428 0 . 324 1 39 0 . 324 1 39 0 . 1 94 82 . 9  0 . 842 360 . 9  60 , 000 
80. 6 1 . 49 1 20 - - - - 1 . 49 1 20 500 
80 . 6  - - 1 . 49 1 20 0 . 89 72 2 . 38 1 92 500 

428 0 . 003 1 . 3  - - - - 0 . 003 1 . 3 20 ,000 
3 . 6  4 .  17  1 5  - - - - 4 . 1 7  1 5  500 

l l OO 0 . 009 9 . 5 0 . 0 1 4  1 4 . 9  0 . 007 7 . 5  0 . 030 31 . 9  5 ,000 

l l OO 0 . 030 33 - - - - 0 . 030 33 5 ,000 
l l OO - - 0 . 030 33 0 . 0 1 8  1 9 . 8  0. 048 52 . 8  5 ,000 

500 0 . 047  23 . 5  0 . 045  22 . 3  0 . 1 00 50 . 0  0 . 1 92 95 . 8  3 ,000 

6 . 08 34 5. 3 l .  91 333 . 2  1 . 2 1  234 . 6  9 . 20 9 1 3 . 1  

30 . 4  1 727 9. 5 1 666 6. l l l 73 46 . 0  4 , 566 

l 3B . O 5286 l l l .  6 5 1 2 3  235 . 2  8550 484 . 9  1 8 , 959 
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TABLE  E-8a 

Gu l f  o f  Mex i co 
Transfers 
Vessel Ca sual ty 

Mi s s i s s i pp i  R i ver 
Ves sel  Casua l ty 
Nord i x  T ransfers 
OOE T rans fers 

P i pe l i nes 
Pump i ng 

Termi na l s  
Nord i x  
OOE 

Storage S i te 

Total 
Si  ug l e r i l l  

Tota l 
5 F i l l s  

E xpected c rude o i l s p i l l s  duri nq  cave rn fi l l  ooerati ons  - a l ternati ve s i te qroup i n 9  #3 -
DOE /Nord i x  term i n a l  comb i nati on . 

Ave rage Bayou Choc taw Weeks  I s l a nd C hacahou l a  Tota l Program Ma x i mum Cred i b l e  

Spi l l  ( Early S torage ) ( E a r l y  S torage ) Spi l l  R i s k  Spi l l  S i z e  

S i ze No . Spi l l s  Barrel s No.  Sp i l l s  Barre l s  No . Spi l l s  Barre l s  No.  Spi l l s  Ba rre l s  Barre l s  

1 6 . 2  1 7 . 4  282 1 6 . 5  267 37 . l 600 71 . 0  l , 1 49 . 0  1 , 000 
l l l l  0 . 01 0  l l . O 0 . 0095 1 0 . 6  0 . 021 3 23 . 7  0 . 04 1  4 5 . 3 60 , 000 

4 28 0 . 657 281 0 . 484 207 l .  273 545 2 . 4 1 4  1 ,033 60 , 000 
27 3 .  48 94 - - 4 . 40 l l 9  7 . 88 2 1 3 500 
27 - - 3 . 30 89 3 . 01 81 6. 31  1 70 500 

l l OO 0 . 01 3  1 4 . 6  0 . 042 46 . 5  0 . 04 9  53 . 4  0 . 1 04 1 1 4 . 5  5 , 000 

l l OO 0 . 047 51 . 7  - - 0 . 059 65 . 5  0 . 1 06 l l 7 .  2 5 , 000 
l l OO - - 0 . 045 49 . 0  0 . 04 1  4 4 . 6  0 . 086 93 . 6  5 , 000 

500 0 . 047  23 . 5  0 . 0445 22 . 3  0 . 1 00 50. 0  0 . 1 92 95 . 8  3 , 000 

21 . 65 757 . 9  20 . 4 2  691 . 3  46 . 05 1 582 . 2  88 . 1 3  3 , 031 . 4  

1 08 . 3  3 , 789 1 02 . 1  3457 230 . 2  791 1 440 . 6  1 5 '  1 57 

a 383 �1MI3 tota l capac i ty d i s t r i bu ted as fo l l ows : 200 MM13 expans i o n  capac l ty a t  Chacahou l a dome 
94 r1MI3 early s torac1e capac 1 tY ot Bayou Choc taw 
89 Mt1B ea r l y  s torage capa c i ty at Weeks I s l and 



TABLE E -8b 

Gul f of Mex i co 
Ves sel Casua l ty 

Mi s s i s s i p p i  Ri ver 
Ves sel Casua l ty 
Nord i x  T rans fers 
DOE Trans fers 

IT! Bul l Bay I N Ba rye Casua l ty 
C> Trans fers 

P i pel i nes 
Pump i ng 

Term i n a l s  
Nord i x  
DOE 

Storage S i te 

l ot a 1 
S i ng l e  W i thdrawal 

Tot a l  
5 Wi thdrawa l s  

Project Tota l 
5 Cyc l es 

Expected crude o i l s pi l l s  duri n q  emer�ency o i l w i thdrawa l  operati ons  and tota l sys tem sp i l l  expectati on s  - a l ternat i ve s i te �roupi ng  #3 - DOE /N ordi x � 
termi n a l  comb i nati on . 

Average Bayou Choctaw Weeks I s l and Chacahou l a  Total  Program Max i mum Cred i b l e  

Sp i 1 1  ( Ea r l y  Storage ) (Early Storage ) Spi l l  R i s k  Spi l l  S i ze 

S i ze No . Sp i l l s  Barre l s  No.  Spi l l s  Ba rre 1 s N o .  Spi l l s  Barre l s  No . Spi l l s Ba rre 1 s Barre l s 

l l l l  0 . 0036 4 . 0  0 . 0036 4 . 0  0 . 0022 2 . 4  0 . 009 1 0 . 4  60 , 000 

428 0 . 4 1 8  1 79 0 . 324 1 39 0. 259 l l l  1 . 001 429 60 , 000 
80. 6  1 .  49 1 20 - - 0 . 89 72  2 . 38 1 92 500 
80. 6 - - 1 . 49 1 20 - - 1 . 49 1 20 500 

4 28 0 . 003 1 . 3  - - - - 0 . 003 1 . 3  20 ,000 
3 . 6  4 .  1 7  1 5  - - - - 4 . 1 7  1 5  500 

l l OO 0 . 009 1 0 . 4 0 . 01 4  1 5 . 6  0 . 0 1 0  1 0 . 6  0 . 033 36 . 6  5 , 000 

1 1 00 0 . 030 33 - - 0 . 01 8  1 9 . 8  0 . 048 52 . 8  5 , 000 
l l OO - - 0 . 030 33 - - 0 . 030 33 5 , 000 

500 0 . 047  23 . 5  0 . 04 5  22 . 3  0 . 1 00 50 . 0  0 . 1 92 95 . 8  3 , 000 

6 . 1 7  386 . 2 1 .  91  333 . 9  1 . 28 265 . 8  9 .  36 985 . 9  

30. 9 1 931  9 . 5  1 670 6 . 4  1 329 4 6 . 8  4 ,930 

1 39 . 2 5720 l l l .  6 5 1 2 7  236 . 6  9240 487 . 4  20 , 087 



TABLE E-9 Expected bri ne sp i l l a duri ng l ea�h i ng and fi l l  ooerat i ons . 

Leach i ng Cavern F i l l  Prog ram T o t a l  Avet·� g c  

5 cyc l es • l N C h  S p i  1 1  S i ; e 
( BBL ) 

I .  Proposed System 
llapo 1 convi l l e 

- llo . Spi l l s  . 0 1 6  . 009 . 06 1  

- Ba r re l s 4 8 . 8  27 . 6  1 86 . 8  3000 

Bayou Chocta�1 

- No . Sp i l l s  . 003 . 0 1 5 

- Ba rre l s  7 . 7  38·. �  3000 

lOTAL b 
- No. Sp i l l s  . 01 6  . 01 2 . 07 6  

- Barre l s  48 . 8  35 . 3  2 2 5 . 3  

I I .  Al terna t i ve Group 

\leeks I s l and 
Expan s i o n  

- N o .  Spi l l s  . 009 . 003 . 024 

- Barre l s 4 5 . 3  1 7 . 2  1 3 1 . 3  5000 

Bayou Choc t aw 
- No. Spi l l s  . 003 . 0 1 5  

- B a r re l s  7 . 7  38 . 5  3000 

TOTAL b 
- N o .  S p i l l s  . 009 . 006 . 039 

Barre l s  f. 5 . 3  2 fl .  9 1 69 . 8  

I l l .  Al tern a t i ve Group 
Bayou Choc tavl 

E xpan s i on 

- N o .  S p i l l s  . 005 . 002 . 0 1 5  

- B d r rc l s  1 6 . 2 4 . 7 39 . 7 3000 

I bed a llO"'C 
- No . Sp i l l s  . 008 . 00? . 0 1 8 

- Barre l s 2 3 . 1  5 . 3  4 9 . 6 3000 

Bayou Chocl.aw 
- No . Sp i l l s  , (10 3  . 0 1 5  

- Barre l s  7 . 7  3H . 5  3000 

TOTAl b 
- No . <;pi 1 1 5  . 01 3 . 00 7  . o� s  
- Barre l s 39 . 3  1 7 . 7  1 2 1 . n  

I V .  A1 trrn� t i vc Grour 
Chac a hou l .1 

- flo . S p i l l s  . on . 0� 7 . 307 
- na n·e 1 s J[,o . 5 2 36 . 9  1 "�:,  �000 

S.1you Choc taw 
. No . S p i l l s  . 00 3  . OE• 
- B3 r rc l s 7 . 7  3B . "  3000 

!01 AL b 
No . S p i l l s  . 072 . 0 '·0 . 3?7 

- l �)! U .  �� 
- l\atTe 1 s  3C.O - "  74� . (, 

a�l,, x i �<t-'"' c n•d i h l c  s r i  1 1  JO , OilO GGL 

b
Wrc � s  l \ l �nd ra r 1 y  � toragr i �·. IWI \ wlOI\ t t· l hu t  i n�! 
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a functi on of throughput hand l e d .  Average sp i l l  s i zes  are l arger for 

comp l ex termi nal s ,  such as at the St .  James Termi na l  tank  farm , than for 

s imp l er termi nal s such as wou l d  be constructed at the storage s i tes . 

Sp i l l s from surface o i l tan ks are g i ven l es s  we i ght i n  i mpact con s i der

ati ons s i nce d i kes wou l d  be cons tructed of suffi c i ent s i ze to conta i n  

o i l from comp l ete ly  f i l l ed tan ks . 

The quanti ti es of o i l whi ch may be sp i l l ed from p i pel i ne and ter

mi nal  operati on for the SPR program are gi ven i n  Tab l es E- 1 through E-8 .  

There i s  a somewhat reduced amount of oi l hand l i ng req u i red duri ng  

wi thdrawa l , wh i ch res u l ts in  l ower oi l sp i l l  expectati on than dur i ng  

fi l l .  For a 333 mi l l i on barre l  Cap l i ne SPR group i ng ,  approxi mate ly 6 1  

percent ( 1 0 , 800 barre l s )  of the tota l o i l sp i l l  expectati on wou l d  occur 

from term i na l  operati ons ; approximate ly 4 percent ( 750 barre l s )  wou l d  

occur from p i pe l i nes , assumi ng the p i pel i nes are l eft fi l l ed throughout 

the project durati on . 

E . 2 . 1 . 4  Oi l D i spers i on 

The weatheri ng of oi l sp i l l ed i n to the envi ronment i nvol ves two 

processes wh i ch reduce both the amount  of o i l and i ts abi l i ty to d i s 

perse . Immedi ate ly  after rel ease from confi nement ,  the l i ghter frac

t i ons of oi l tend to evaporate . The evaporati on process reduces the 

f l u i d  mass by 1 0- 1 5  percent i n  one day , and up to 25 percent i n  three 

days under warm , Gu l f  coast weather cond i ti ons . Wi nd exposure a l so  

hastens evaporati on . Weather ing  l eaves den ser , more vi s cous  matter , 

unti l a cons i stency near that of tar i s  reached . The seco nd process i s  

d i rect decompos i ti on by bacteri a l , chemi cal , and photochemica l  agents . 

These operate qu i te s l owly i n  the natura l  envi ronment ;  s ome oi l may be 

deposi ted i n  sediments and escape di rect decompos i ti on .  

Spreadi ng of fl oati ng oi l on water surfaces has been reported i n  a 

wi de body of l i terature . As the water surfaces of greatest concern for 

the SPR s i tes  are i rregu l ar l and dra i nage , mars h , and ri ver system , a 

s i ng l e  approach based upon average area l  coverage has been u ti l i zed to 

est imate areas affected . An o i l sp i l l  wi l l  spread unti l the average 

area l  coverage i s  about 1 - 2  barre l s per acre . Noti ng , a l though , that 

u n i form coverage wi l l  not occur ( the sp i l l s  may be patchy wi th stretches 
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of open water s urface , or wi th secti ons wi th no more oi l contami nati on 

than a s urface s heen ) , typ i ca l  coverage and average th i cknesses para-

meters are : 

1 00 bb l /acre - 0 . 1 6  i nches - 4000 mi crons 

1 0  bb l /acre - 0 . 02 i nches - 400 mi crons 

1 bb l /acre - 1 . 6  X 1 0- 3  i nches - 40 mi crons 

For sp i l l s of 5000 barre l s ,  1 - 2 barre l s/acre dens i ty may be reached i n  a 
few days . However , i n  spreadi ng through an envi ronment of sma l l streams 

or marshy terrai n ,  much of the oi l may be removed as a coati ng  at the 

waters • edg e ,  and on fol i age .  Where ti dal  i nfl uences are effecti ve , 

deposi ted coati ngs can be parti a l ly refl oated and redeposi ted e l sewhere , 

u n l ess p i cked up  by c l eanup crews . 

For spi l l s  wh i ch cannot be reached q u i ck ly ( i . e .  - a  few mi nutes ) ,  

moti on of the water i s  a pri nci pal  determi nant i n  the spread of the oi l .  

For offs hore sp i l l s ,  wi nd i s  the pri nci pa l  determi nant of oi l s l i ck 

movement ,  especi a l ly s i nce i t  strongly i nfl uences s urface currents i n  

the Gu l f  offshore (5- 20 mi ) zone .  C l eanup efforts for offshore sp i l l s , 

and for p i pel i ne or vesse l spi l l s  i n l and , i n  wh i ch standby equ i pment 

must be assemb l ed ,  wi l l  have to be pre-p l anned as part of the counter-

measure efforts ( Secti on E . 2 . 1 . 5 ) . 

For spi l l s  i n  waters wi th standby equ i pment avai l ab l e ,  i t  may be 

pos s i b l e  to contro l the sp i l l  before extens i ve surface spreadi ng occurs . 

Such  control i s  possi b l e  for transfer sp i l l s  of 2- 1 00 barre l s where the 

c urrent through the moori ng does not exceed 1 knot .  I n  stronger cur

rents , boom underfl ow wi l l  l i ke ly  l i mi t fu l l  i mpoundment potenti a l . 

Sp i l l s wh i ch f l ow across the l and before enteri ng streams may be 

absorbed i nto the soi l ,  or retai ned as a coati ng upon the vegetati on . 

Soi l pore moi sture tends to retard oi l absorpti on , so  penetrati on can be 

expected to be greatest for dry , l oose soi l s ,  and for grave l ly soi l s  

wi th voi ds around the l arger component parti c l e s . These absorpti ve 

condi ti ons wou l d  be expected a l ong very l i tt l e of the p l anned p i pe l i ne 

r i ght- of-way l ocatons except at p l owed , p l anted , or dry agri cu l tural 

l and . The normal dra i nage patterns for agri c u l tural l and provi ded 
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by standard di tch i ng wou l d  afford a s trong measure of protecti on for 

l ands adj acent to p i pe l i ne r i ghts-of-way . I n  the event of percol ati on 

of oi l i n to so i l s ,  the dec i s i on on whether to d i spose of the soi l or to 

permi t natura l  degradati on to restore the so i l producti v i ty wi l l  depend 

greatly upon the contami nati on of runoff water dra i nage after surface 

removal of o i l coati ngs was comp l eted . 

Damage parameters and spreadi ng patterns may be uti l i zed to estimate 

the genera l effects of oi l s p i l l s  from sp i l l age expectati on s provi ded i n  

Tab l es E- 1 through E-8 .  Typ i ca l  damage parameters ( Dames & r·1oore , 1 9 7 5 )  

fo l l ow :  

- 6 barre l s  of fresh  f l oati ng o i l may damage one acre of 

mari ne nursery producti v i ty for one season . 

- 25  to 60 barre l s of oi l may damage one year ' s  b i oproducti v i ty 

of one acre of l and or marsh , dependi ng upon wetness and type . 

- 60 to 1 20 barre l s of o i l may pol l ute one mi l e  of beach . 

E . 2 .  1 . 5  Oi l Spi l l  Preventi on and Control Measures 

The candi ate s i tes are p l anned to be di ked agai nst rel ease of 

petrol eum fl u i ds to the envi ronment from equ i pment fa i l ures , p i pe ruptures , 

etc . , at the pump stati ons , we l l heads , meteri ng forms , and surge tankage . 

At some l ocati ons , the sa l t dome surface i tsel f wi l l  requ i re carefu l des i gn 

i n  d i k i ng , s i nce down s l ope fl ow of l eak i ng o i l has been known to wash  out 

d i k i ng . 

S i te d i k i ng can be expected to control l ea kage from part i a l  cavern 

fa i l u res , such  as l oss  of fi l l  p i pe i ntegri ty ,  i n terna l  crack ing  around 

the p i pe ,  or overfi l l .  However , i t  wou l d  not be feas i b l e  to prov i de 

d i k i n g  suffi c i ent for a total col l apse of a cavern ( 1 0  mi l l i on barre l s 

or nearly 1 300 acre-feet )  because of the neces sary he i ght of the d i kes 

and the remote chance of cavern col l apse . 

Shut- i n  procedures norma l for term i nal s dur i ng  hurri canes a l ong the 

Lou i s i ana Gu l f  coast i n vol ve c l os ure of a l l systems , and fi l l i ng of a l l empty 

tan ks w i th wate r .  Sea water or a l ternati ve s ources o f  water to b e  used 

for cavern fi l l i ng woul d be read i ly avai l ab l e  for tank  fi l l i n g .  Cl ean i ng 

the water afterwards wou l d  present a prob l em ,  probably requ i ri ng a fi e l d 

o i l /water separator un i t and use of the bri ne settl i ng pond for primary 

settl i ng separati on . 
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At the dock area , rap i d  depl oyment booms are the primary conta i nment 

defense aga i nst  transfer sp i l l s .  On the docks , gutters , s umps and dri p 

pans wou l d  be u sed to reduce l ow-l evel water contami nat ion . Berth i ng 

s ki rts are not presentl y spec i f i ed for the docks . 

Expo sure to l arge vessel  sp i l l s  i s  a resu l t of potent i al  vessel  

c as ua l ti es . The average fi l l  rate dur i ng refi l l  corresponds to l ess  than 

one vessel  per day .  However , the mode of refi l l  by offl oad i ng VLCCs 

wou l d  tend to create peak traffic  l evel s i n  ports . The CAP L I N E  P i pel i ne ,  

del i ver i ng 1 , 200 , 000 8/ 0 ,  wou l d generate typ i ca l  traff i c  l evel s of 4 to 5 

vessel s per day . VLCC traffi c  i n  the area wou l d be a bout  1 to 2 per day 

generated by the proposed LOOP , I n c . ( Lou i s i ana Offshore Oi l Port ) , and 

a bout 1 per week  generated by the storage refi l l . Thus , VLCC traffi c 

generated by the SPR proj ect shou l d not s i gn i f i cantl y i ncrease traff i c 

l evel s i n  coasta l  waters . 

Al ong the p i pel i ne routes , the pri mary sp i l l  preventi ve meas ures are 

regu l ar i nspecti on  of p i pel i ne routes , l i ne pressure testi ng , and c l ose  

mon i tori ng of  fl ow pres sures and i n -out vol umes . I n  the event of l i ne 

ruptures , the pr imary l i nes of conta i nment of rel ea sed o i l are the 

affected waterways . Preventi on of spi l l ed o i l from enter i ng  the bayous  

or r i vers by response fast  enough to conta i n  the o i l  in  the creeks and 

swal es is unl i kel y ,  espec i al l y  duri ng per i ods of fl ood fl ow i n  those 

creeks . Duri ng l ow fl ow (or dry )  peri ods , the movement of the o i l co u l d 

be retarded a nd parti al l y  a bsorbed a l ong the stream bed . The genera l l y  

s l uggi sh  fl ow of  the streams i s  a factor hel pful i n  the effecti veness 

of  booms , and there are many access  po i nts for wheel ed transport . Some 

of the marshy areas wou l d  requ i re spec i a l i zed transport veh i cl es , and 

c l eanup of creek area s wou l d  l i ke ly  requi re a l l -terra i n  transport . 

Oi l Spi l l  Conti ngency P l ans  

A Sp i l l Prevention  Control and  Countermeasure P l an ( SPCC P l an ) must  be 

p repared by an operator of a nontransportat ion  rel ated o i l faci l i ty that 

m i ght be capa bl e of d i scharg i ng by acci dent , equ i pment fa i l ure , or  operator 

error enough o i l  i nto nav i gab l e waters of the Uni ted States to create a 

v i s i bl e  sheen di scol orati on , s u bsurface s l udge or emu l s i on , pursuant to 
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the prov i s i ons  of  the Federal Water Po l l u t ion Control Act , Publ i c  Law 

92-500 .  The strateg i c  storage fac i l i t i es , therefore , wou l d  be s u bj ect 

to the prov i s i o ns of these regu l ation s .  Departments , agenc ies , and 

i n strumenta l i ti es of  the Federa l  government are s u bj ect to the regu l ations  
to the same extent a s  pri vate operato rs .  The SPCC outl i nes the method 

of operations , and mea sures and equ i pment used to prevent sp i l l s .  I t  al so 

descri bes ava i l a bl e equ i pment to be used , and the p l anned program of 

response i n  the event of a sp i l l . 

Load i ng fac i l i t i e s  for barges and ta nkers must a l so meet Coast Guard 

regu l ations  ( 3 3 CFR 1 54 )  promu l gated under Publ i c Law 92 - 500 . These 

regu l at i ons  provi de standards for des i gn of hose connecti ons , neces sary 

emergency equ i pment , sumps , etc . ; and for emergency shutoff swi tches , 

personnel tra i n i n g .  

Transfer operat ions must  meet Coast  Guard ru l es ( 33 CFR 1 56 )  that  

defi ne personnel requ i rements , l i ghting , commun i ca tion , use  of the  equ i p 

ment , a nd ad herence to procedures . Barges and tan kers used for o i l 

transport must  meet Coast  Guard regul at i on s  for s p i l l  prevent i on equ i p

ment ( 3 3  C FR 1 55 ) .  The construction  of tan k  vessel s and thei r operat ion 

come under a l a rge body of regu l at i ons , one of wh i c h i s  the Port and 

Wa terway Safety Act ( Publ ic  Law prescri bes safety eq u i pment req u i rements 

and safety zones , prov i des for the i nvest i gat ion  of acc i dents and env i ron

menta l qual i ty of nav i gab l e waters , and  regu l a tes vessel s carry i ng  hazard

ou s  cargo i n  bu l k . Regu l at ion  of tan kers i nc l udes the ri ght  to i n spect 

fore i gn reg i stry vessel s and prescri be mi n i mum necessary safety and 

nav i gat i onal equ i pment . 

The Coa st  Guard may spec i fy p i l otage requ i rements for entry to U . S .  

waters . I n l a nd Ru l es of  the Road appl y to the ICW ; Western R iver Rul es 

of the Road app ly  to the Mi s s i s s i pp i  Ri ver . The Coast Guard has the 

pr ima ry regu l atory author i ty for vessel l i cens i ng , i n specti on , and enforce
ment of regu l at i ons . 

I n  the event of  a sp i l l ,  the Coast  Guard must be noti f i ed ( 1 8  CFR 61 0 ) .  

Under the Nati ona l  O i l a nd Hazardous �ater i a l s Pol l ut i on Cont i ngency Pl an , 

a Reg iona l  Response Team headed by an  On-Scene Coord i nator ( OSC ) wi l l  ta ke 

s teps to a s sure that the best and most appropr i ate cl eanup measures are 
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taken . T he operator of the faci l i ty i nvol ved i n  the sp i l l  i s  pr imari ly  

respons i bl e  for c l eanup  efforts . T he OSC may authori ze the use  of  vari ou s  

cl eanup agents , sorbents , or  other chemi cal s ,  i f  they can as s i st i n  c l eanup 

efforts wi thout  i ncreas i ng ecol og i ca l  stress or damage .  I f  the parti es 

respons i bl e  for the sp i l l  do not or cannot undertake adequate c l eanup ( or 

i f  the sp i l l  s hou l d  be l arge enough to warran t wi despread concern ) ,  an 

emergency s tr i ke force may be organi zed to commi t avai l ab l e  manpower and 

equ i pment resources to the conta i nment and cl eanup effort . 

If  wastewater or treated was tewater shou l d be d i scharged from a 

storage fac i l i ty as a resu l t  of tan ker operati ons or p i pel i nes ( or  bargi ng 

operati o n ) , then the Procedures for the Nati onal  Po l l u tant Di sc harge 

E l imi na ti on Sys tem ( NPDES )  mi ght app ly  to the faci l i ty ( 40 CFR 1 25 ,  as 

amended ) ,  u nder P ubl i c  Law 92-500 , Sec . 402 and 405 . Spec i fi ca l l y ,  i f  

f l u s h i ng of the meter l i nes and cavern fi l l  l i nes duri ng standby i s  

i nsti tu ted , then i t  wi l l  be necessary to ei ther d i scharge the f l u s h i ng 

water , or  to store i t  i n  the caverns . I n  v i ew of the vol ume of the 

neces sary fl u s h  water s upp ly  ( abou t  5000 barre l s per typi ca l  p i pe l i ne 

and 500 barre l s  per s i te l i ne )  and the rust  i nh i bi ti ng chemi cal s u sed to 

protect the p i pes , storage of thi s was te i n  the caverns may be preferab l e  

to d i scharg i ng i t . 

T he comp l ete SPCC P l an does not have to be prepared u nti l the 

fac i l i ty beg i ns operati on . The SPCC P l an wi l l ,  however , be prepared wi th i n  

6 months and i mp l emented no l a ter than one year after fac i l i ty operati on  

beg i ns , pursuan t to E PA regu l ati ons ( 40 CFR 1 1 2 ) as  provi ded by Pub l i c  Law 

92-500 . For purposes of the Envi ronmenta l Impact Statement , i t  i s  s uffi c i ent 

to outl i ne the e l ements of such  a p l an .  The effecti veness of avai l ab l e 

c l eanup methods and sp i l l  ri s k  associ ated wi th storage are a l so di scu ssed 

bel ow .  

Fac i l i ty Spi l l s  

SPCC g u i de l i nes prov i de that where experi ence i ndi cates reasonab l e 

potenti a l  for equ i pment  fai l ure , appropri ate conta i nment and/or d i versi onary 

structures or equi pment to prevent di scharged oi l from reach i ng a nav i gab l e 

water course s hou l d be u sed , i nc l udi ng : 

1 .  D i kes , berms , and imperv i ous  reta i n i ng wa l l s .  
2 .  Curbi ng . 
3 .  C u l verti ng , g utters , or other dra i nage systems . 
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4 .  Wei rs , booms , o r  other barr i ers . 
5 .  Sp i l l  d i vers i on ponds . 
6 .  Retenti on ponds . 
7 .  Sorbent materi a l s .  

I n  the v i c i n i ty of the s i tes , berms and sumps must be v i ewed as  the 

primary l i ne of defense aga i n st  s urface s p i l l s .  The potenti a l  of "'eavy 

ra i n  runoff f i l l i ng berms and s umps makes them l ess  rel i abl e for a 1  u nmanned 

faci l i ty than for th i s  one . For s i tes  on  a waterway , a sump at  water l evel 

w ith  a boom permi tti ng underfl ow of water o n ly ,  can prov i de effecti ve 

retenti on  of fl oati ng petro l eum , whi l e  re l eas i ng ra i n  waters . At docks , 

effect i ve conta i nment of  sp i l l s  by rap i d  depl oyment of booms i s  the pr imary 

defense aga i nst d i s pers i on of s p i l l s .  

The i n tegri ty of cavern s torage rema i ns a seri ous  concern because of 

the potenti a l  for l arge petro l eum rel ea ses i nto the envi ronment .  The 

primary method for mon i tor i ng cavern i n tegri ty i s  surveyi ng ( by sonar or 

other means ) to check for cracks , s l a bb i ng , and other i nd i cators of roof 

or wa l l  weaken i ng .  

Load i ng and Unl oad i ng Spi l l s  

The SPCC p l an for dock operati ons  wou l d  i nvol ve a two-fol d approac h :  

1 )  operat ion  o f  the fac i l i ty by a 11 Doc k Operati ons  Manua l 11 ,  whi ch s pec i f i es 

the phys i cal  equ i pment ,  o i l  transfer procedures , emergency procedures , and 

i ns pect ion  rou t i ne to detect fau l ty equ i pment , poor connecti ons , errors 

and l ea ks ; 2) response to a detected s p i l l  accord i ng to an  11 0 i l Sp i l l  

Conti ngency Manua l 11 ,  wh i c h  dea l s wi th s topp i ng the outfl ow , prov i s i ons  for 

contai nment a nd c l eanup , a nd g u i del i nes for commun i cati on  wi th l ocal , s tate , 

and Federal response teams . 

The e l ements of  the preventi ve p l an i nc l ude : 

1 .  Conta i nment  of Lea kage - Duri ng cargo transfer , conta i nment of 

l ea kage wi l l  be accomp l i s hed by u s i ng fi bergl as s  s p i l l  preventi on decks 

p l aced under l oad i ng mani fo l d s , s ump tanks  of adequate capac i ty ,  portab l e  

dri p-pans for a ny hose connect ions  not over the s p i l l  prevent ion  deck , 

and motor dri ven bl ock val ves , c l osed when not i n  use . 
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2 .  Emergency Shutdown Capabi l i ty - Thi s procedure s huts off a l l 

pumps and c l oses a l l val ves . Acti vati on swi tches are l ocated at acces s i b l e  

l ocati ons  o n  the dock , and a portab l e  swi tch i s  p l aced on board the barge . 

The system mu st be capab l e of i nstant ly  stopp i n g  the barge pumps , and must 

a l s o  have a l ocked manua l  overri de to c l ose the system duri ng  a power 

fa i l u re .  

3 .  Personne l and Tra i n i ng - Adequate numbers of personne l mus t  be 

on hand duri ng  operati ons to en sure safe operati on , and to as s i st i n  

emergency conta i nment routi nes . Operators de s i gnated " persons i n  charge" 

s hou l d  have at l east  48 hours experi ence i n  transfer operati ons and pass  

ora l qua l i fi cat i on exami nati ons . Any l anguage barri ers between boat and 

dock s uperv i sors mu st be res o l ved . 

4 .  Cargo Tran sfer Procedu res - These spec i fy the p l acement ,  l i nk i ng , 

and hand l i ng of hoses and/or l oadi ng  arms to avo i d  exces s i ve wear , p u l l i ng 

strai n ,  ruptures , k i n k i ng , and s o  forth .  Use  of q u i c k-connect dev i ces and 

l atches i s  genera l ly l im i ted or proscri bed . Important aspects i nc l ude a 

transfer conference between the dock  operator and the boat pump operator , 

and use  of a check l i s t to ensure procedure comp l i ance . From the stand

poi nt of s p i l l  avoi dance , and especi a l l y ,  l arge sp i l l s ,  i ns pecti on routi nes 

of the area on a regu l ar ,  frequent bas i s  are s i gn i fi cant . Other regu l ati ons 

establ i s h  l i ghti ng s tandards , equi pment s pec i fi cati ons , record-keepi ng ,  and 

so  forth . 

5 .  Equ i pment Mai ntenance Program - Equ i pment serv i ce and l i fe i s  

documented ; regu l ar press ure and s tress tests are conducted ; bo l t and 

coup l i ng fl anges , coup l i n g s ea l s ,  and gas kets , are exami ned for wear , 

abras i on ,  and so  fort h .  

Staffi ng  o r  hav i n g avai l ab l e competent ,  tra i ned personnel  for pos i t i ons  

that are not permanent - i . e . , wh i c h l ast  on ly  for a fi l l i ng or  emptyi ng 

cyc l e  - may be d i ffi cu l t .  Trai n i ng of personnel  h i red wou l d  have to be 

empha s i zed . Duri ng  emptyi ng cyc l e s  for strategi c drawdown , i t  cou l d  be 

assumed that personnel  wou l d  be ava i l ab l e from the petro l eum i ndustry .  

Much  o f  the regi onal  l abor pool i n  the area  has some fami l i ari ty wi th 

petro l eum-type equ i pment as a res u l t  of earl i er dri l l i ng and o i l fi e l d 

acti v i t i es .  
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The e l ements of the c l eanup p l an wou l d  i n c l ude : 

1 .  I n specti on for Leaks - The area mu st be l i ghted , and frequen t ,  

regu l ar i ns pecti ons  o f  the water must be made . I f  re l i a b l e au tomati c 

detecti on dev i ces become ava i l ab l e ,  prov i s i on wou l d  be made for the i r  use . 

2 .  Contai nmen t of Spi l l ed Oi l - The most effect i ve s p i l l  conta i nment 

devi ce i s  the rap i d  depl oyment  boom . One boom s hou l d  be l ocated at each 

end of the dock to i so l ate the ves se l  i nvo l ved ; a boom or rubber a i r  dam 

s hou l d  be ava i l ab l e to c l ose  off an enti re s l i p  when the s i te geometry 

perm i ts . A s k immi ng dev i ce ,  wh i ch can operate i n  the s l i p ,  s hou l d  a l s o  be 

avai l ab l e  at the s i te .  For very smal l s p i l l s conta i ned around a s i n g l e  

vesse l , sorbent mater ia l  cou l d  be u sed , a l though  a s k i mm i ng  devi ce wou l d  

be preferabl e .  The s k immer shou l d  be ab l e  to de l i ver co l l ected materi a l s  

to a sump tan k ,  e i ther by d i rect hose from the moori ng s l i p  o r  from a 

ho l d i ng tan k .  

3 .  Response Mobi l i zati on - Load i ng and un l oad i ng m i s haps may occur 

i n  ri ver cu rrent , protected waterways and moori ng s l i ps ,  and i n  the off

shore waters of the Gu l f . I f  o i l  s hou l d  escape i mmed i ate boom i ng because 

of  cu rrent ,  wi nd , or wave cond i ti on s , gu i de l i ne s  for noti fy i n g  and 

mobi l i z i n g  add i t i ona l  response teams wou l d  be fol l owed . C l eanup cooperati ves 

and contractors are d i scus sed be l ow ,  s i nce these  teams are part of  the 

reg i ona l  re sponse team for o i l s p i l l s .  

Tran sportati on Spi l l s 

Sp i l l s  of  o i l from vesse l s  may occur as a res u l t of casua l t ies , i . e . , 

co l l i s i on ,  ground , structu ra l or  tan kage fa i l u re , f i re ,  expl os i on ,  ramm i ng  

( co l l i s i on wi th fi xed objects ) ,  etc . Sp i l l s  cou l d  a l so occur as a res u l t  

o f  erroneous d i scharge - b i l ge ,  open va l v i ng ,  test i ng o f  d i scharge eng i nes  

w i th i mproper val ve setti ng , and so  forth . 

I n  the event  of such mi s haps or casu al t ies , the s i te operator wou l d  

noti fy the reg i ona l  res pon s e  team cen ter , and the organ i zaton of the 

Nat iona l  O i l and Hazardous Materi a l s Po l l ut ion  Conti ngency P l an wou l d  be 

acti vated . I f  the s i te operator i s  unabl e to obta i n  s uffi c i ent as s i s tance 

to c l ean up s p i l l ed o i l , the On -Scene Coord i nator may i n i t i ate acti on d i rectly 

to imp l ement s p i l l  c l eanup . Al l vesse l  operators mu st  have proof of ab i l i ty 
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to as sume fi nanci a l  l i ab i l i ty for c l eanup cos ts i n  order to obta i n an  

operati ng certi fi cate . Mos t  operators have pri or mutua l  a i d arrangements , 

e i ther d i rectly or through  i nsurers , for c l eanup of s p i l l s .  

Cooperati ves of compan i es i nvol ved i n  o i l producti on or transportati on 

i n  the Gu l f  coasta l  area , a nd s peci fi ca l l y  the I CW have been formed . They 

mai nta i n  booms and s ha l l ow draft s k immers for use  i n  bays and the I CW .  

Member compan ies  have access  to the equ i pment , but mu st  supp ly the operati ng 

l abor , beyond the s uperv i sory s ke l eton  crew that prov i des  operati onal 

experti se . The equi pment can be l eased to nonmembers as wel l , but manpower 

mus t  be obta i ned e l sewhere . One cooperati ve i s  l ocated at Ven i ce ( eastern 

Lou i s i ana ) , I n tracoasta l  C i ty ,  Cameron (western Lou i s i ana ) , and l ocations  i n  

the Beaumont ,  Ga l veston , and Freeport area . Large equ i pment for c l eanup i n  

bays i s  l oca ted a t  Grande I s l e ,  Lou i s i ana . 

Another contractor operates i n  the Gu l f  Coast  and can prov i de both 

equi pment a nd manpower for c l eanu p .  Other contractua l  serv i ces ava i l ab l e i n  

the area i nc l ude was tewater proces s i ng ,  and d i sposa l of o i l contami nated 

materi a l s .  Some of these proces sors may act as sa l vors as  we l l  to rec l a im  

o i l .  T he  Coa st  Guard ha s  o i l  recovery equ i pment on  the Gu l f  of  Mex i co 

pr imari ly  for ocean-go i ng vessel  sa l vage and sp i l l  conta i nmen t .  The Coas t 

Guard cou l d  supp ly  a submers i b l e  pump to fac i l i tate emptyi ng of a founderi ng 

o i l  vesse l . 

P i pe l i ne Spi l l s  

For sp i l l s  from ruptured p i pel i nes , procedures s im i l ar to those for 

vessel  s p i l l s  are fol l owed , wi th one important d i fference . The E nv i ron

menta l  Protecti on Agency has l ead respons i bi l i ty i nstead of the Coast  Guard . 

Control measures may be l and-based , focu s i ng on dra i nage paths of the o i l 

i nto and a l ong s treams . However , i n  wetl ands , the con trol efforts may be 

i denti cal  to waterway sp i l l s .  

An i mportant  part of conti ngency p l ann i ng i s  pre- i denti fi cat i on  of a l l 

drai nage paths from every p i pel i ne route , and the p l ann i ng of pri mary poi nts 

for sp i l l  d i s pers i on control . 
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E . 2 . 2  Bri ne Spi l l  Ri s k s  

Bri ne and  sa l i ne water s pi l l s  may occur  from the  raw water s upp ly  

and bri ne d i s posal  p i pe l i nes and from the  bri ne  settl i n g  ponds . The bri ne 

l i nes  wou l d  be constructed wi th i n  the same ri ght-of-way as the o i l l i nes . 

6 . 2 . 2 . 1  Bri ne Spi l l  Ri sk  from Cave rn Storage 

The mechan i sms of br ine fl u i d  rel ease from cavern storage are equ i va l ent  

to  those for petro leum ,  except for a maj or d i fference i n  den s i ty between 

the s tored fl u i d  and the i nfl owi ng water.  The l owe r den s i ty of petrol eum 

permi ts i t  to be l i fted above the phys i ca l  hei ght correspond i ng  to the 

water i nfl ow pres s ure head . The dens i ty d i fference i s  oppos i te for bri ne 

l i ft .  The s peci fi c grav i ty of -the br ine , conta i n i n g  u p  to 20 l bs sa l t  per 

cub i c  foot , wou l d  be about 1 . 3 ,  and wi l l  permi t the i nf l ow water to fl oat 

on top , wi th m i x i ng l i mi ted to a tu rbu l ent contact zone and s l ow d i ffu s i on 

beyond that zon e .  The i n fl ow i tse l f  wou l d  not be ab l e  to fl ow out of the 

col l apse p i t un l ess  an arti s i an head were present .  

I n  the four h i s tori cal  i n stances of cavern roof col l apse referenced 

prev i ous ly , no re l ease of brine  was i nvol ved , even though wa ter entered 

the col l apse s i n khol es . 

Latera l m i grati on of bri nes between cav i t i es does not present a mi gra

t ion path for major  re l eases of e i ther bri ne  or petro l eum i nto the 

envi ronment .  Bri ne overfi l l  can l ead to escape of sma l l amounts of bri ne 

from the cavern , and cou ld  contri bute to fa i l u re of the seal  around the 

fi l l  p i pe .  However , br i ne forced up the oi l sect i on wou l d  not be expected 

to escape i n to the envi ronment .  I t  can be concl uded that there i s  no  

reasonabl e chance of  maj or brine sp i l l s  from the  cavern storage . 

E . 2 . 2 . 2  Bri ne Spi l l s  from Surface Storage 

Most of the s i tes  for l eached storage capaci ty are p l anned wi th a 

part i a l  impoundment of the bri ne for settl ement . Eva l uati on of i mpoundment 

fa i l ure on a s tati sti ca l  ba s i s i s  not appl i cabl e ,  s i nce most impoundment 

fa i l u res  i n  U . S .  stati st i c s  i nvol ve poorly engi neered or unen gi neered farm 

and mi ne i mpoundments . An estimati on of the chance of breach i ng the 

i mpoundment by f l ood can be made , based u pon the de s i gn res i stance of the 
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structure . However , breach o f  a br i ne impoundment by fl ood i s  of l i ttl e 

concern - the fl ood mi t i gates  both the sal i n i ty and any fl ow wh i c h  wou l d 

o t herwi se resu l t from i mpoundment l o s ses . As a general rul e ,  cons i deri ng 
the fl at  terra i n  i nvol ved near the s i tes , the envi ronmenta l context of 

i mpoundment rel ea ses s hou l d be s i mi l ar to those  of  p i pel i ne ruptures near 

t he s i te .  At s i tes where the impoundment may be el evated s l i ghtl y ,  

( i . e . , o n  the s i de o f  the mound for those s i tes  i n  wh i ch the sa l t i ntru s i on 

has crea ted a n  el eva ti on ) l ocal downs l ope fl ow damage and accompanyi ng 

turbi d i ty coul d resu l t from l o s s  of  impoundment waters . 

Survei l l ance procedures for mon i tori ng the i ntegr i ty of i mpoundment 

i nc l ude regul ar i n spect ions  of  earthworks for settl ement ,  crack i ng , etc . , 

a nd check i ng ground water i n  the v i c i n i ty for sal i n i ty m i grati on .  

The br i ne settl i ng ponds to be constructed at the storage s i tes have 

des i gn vol umes rang i ng from 40 , 000 to 430 , 000 barrel s .  The probabi l i ty 

of expo sure to hurr i canes i s  con s i dered l ow for al l s i te l ocati ons . The 

s i tes range from approximate l y  two mi l es  i n l and (Weeks I s l and ) to approx i 

matel y 40  m i l es i nl a nd ( C haca houl a ) . The Weeks I s l a nd s i te has the 

h i ghest probabi l i ty of  expo sure to hurr i canes ( 6  percent ) ,  due to i ts 

prox im i ty to the coa s t .  Protecti on  from fl ood i ng wi l l  b e  provi ded by 

the perimeter d i ke s  u sed to construct the ponds a bove natural ground 

e l evati on s .  The pond di kes wou l d be des i gned to wi thstand 50 to 1 50 year 

fl ood recurrences . The c hance of  l o s s  of ponded bri ne may be est imated 

to range from 4 to 50 percent i n  the event a greater fl ood s hou l d occur . 

Us i ng a 50-year l evee des i gn and a 50 percent l os s  probabi l i ty as  worst 

case est imates , the chance o f  total l o s s  of a l l bri ne woul d be 1 percent 

per year . However , bri ne wou l d be i n  the pond onl y dur i ng l each i ng and 

cavern wi thdrawal ( perhaps  1 2  years dur i ng the proj ect l i feti me ) . Al so , 

dur i ng a destruct i ve  fl ood , the env i ronmental i mpact of a bri ne rel ease  

wou l d be  negl i g i bl e  becau se of  d i l ut i on  by fl ood waters . 

E . 2 . 2 . 3  Bri ne Spi l l s  from P i pel i nes  

Sp i l l s may occur from br i ne d i s posal  p i pel i nes and from raw water 

l i nes . Dur i ng l each i ng , the env i ronment i s  s imul taneou s ly  exposed to 

s p i l l s  of fresh  brack i s h  water from the water supp ly  l i ne and to s p i l l s of  

bri ne from the  br i ne d i sposal l i ne . Dur i ng cavern fi l l ,  exposure i s  to 
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br i ne from the br i ne d i spo sal l i ne . Dur i ng cavern wi thdrawal , expo s ure 

i s  to fresh  to brac k i s h  water from the water s upp ly  l i ne . F i na l l y ,  duri ng 

s tandby storage , there woul d be expo sure to sal i ne water i n  the water 

s uppl y  l i ne and bri ne i n  the bri ne di s posal  l i ne . 

Da ta for performance of  bri ne l i nes i n  cro s s  country fl u i d  tran sport 

are avai l a bl e on ly  for a few spec i fi c  i n stal l at i on s . Con sequentl y ,  i t  

has  been necessary to app ly  s p i l l  r i s k  parameters based upon data from the 

ent i re i nterstate p i pel i ne network  of  crude o i l l i nes . Al though concentrated 

bri nes are more corro s i ve to steel l i nes than crude o i l , i t  may be noted 

that  crude o i l s  conta i n  a smal l amount of  bri ne , and much of  the p i pel i n e 

network  i s  expo sed to sal i ne water on  the o uts i de of  the p i pe as  wel l as  

the i ns i de .  Co nsequentl y ,  there is  a bas i s  for performance compar i son , 

a ssumi ng that des i gn standards for corro s i on con trol are comparabl e for 

the two appl i cations . 

Med ian  and max imum cred i bl e  s p i l l  s i zes cannot be extrapo l ated from 

petro l eum data , because they are cl o se ly  corre l ated to the detect ion  t ime 

i nterval for l arge ruptures and the test i ng i n terva l for sma l l l eaks . 

Petrol eum transfers are c l o se ly  metered for i nventory control as wel l as 

for l ea k  detect ion , and detect ion  i nterval s are s hort . Bri ne transfers 

are not i nventory control l ed ,  and , i n  the case of  ocean d i s posal , not 

amena bl e to fl ow mon i tor i ng at the exi t .  Bri ne s pi l l s  i n to the envi ronment 

may go undetected for a l onger peri od . I n  some ca ses , they may be fo und 

onl y by pres s ure tests on the l i ne . As a res u l t ,  average bri ne s p i l l  

s i zes mu st be projec ted to be muc h l arger than o i l  sp i l l s .  

Pres sure and fl ow mon i tori ng of an o pen d i spo sal l i ne extend i ng to 

the ocea n i s  not expected to be rel i a bl e for rap i d  detecti on of s pi l l s . 

I t  i s  unl i ke ly  that a rap i d  detection  of  ocean d i scharge upstream of  the 

d i ffuser can be expected . The mon i tor ing  of water sampl es i n  the v i c i n i ty 

o f  the l i ne for heavy bri ne pl umes al ong the bottom wou l d l i ke ly  be the 

fi rst l i ne of  ocean s p i l l  detect ion . However ,  i t  mu st  be remembered that 

sma l l l ea ks are of no concern i n  the ocean . The pro bl em to be avo i ded i s  

a smo ther i ng br i ne pool  whi ch  l i es on the bottom unmi xed wi th s eawater , 

after ex i t  from the p i pe .  D i ffu sers are des i gned to set the heavy bri ne 

i nto the surround i ng seawater for turbul ent mi x i ng . A smal l l ea k  ahead 

of the d i ffu ser wou l d ac t i n  the same manner . 

E - 34 



Ca l cu l a ted brine s p i l l  expectat ions  from p i pel i nes for the vari ous  

Capl i ne SPR  group i ngs are provi ded in  Tabl e E-9 . Thi s tabl e conta i n s  

s p i l l  est imates for l eachi ng , f i l l , wi thdrawal , s tandby storage , and for 

al l proj ect operations  together .  

Los ses wou l d  be  greatest for Al ternat i ve group i ng #3  because of the 

l arger storage vol ume to be created . 

The percent chance of  bri ne s p i l l s  occurri ng dur ing  the proj ect l i fe

t ime are : 

No SEi 1 1  s One Soi 1 1  2 or  More SEi l l s 

Bayou Choctaw ear ly  storage 98 . 7  1 . 3 Negl i g i b l e 
Weeks I s l and ear ly storage (Not a br i ne system ) 
Napol eonvi l l e  SPR 94 . 1  5 . 8  0 . 1  
Weeks I s l and S PR expans i on  97 . 6  2 . 4  Negl i g i b l e 
Bayou Choctaw S PR expans i on  98 . 5  1 . 5 Negl i g i b l e 
I ber i a  SPR 98 . 2  1 . 8 Negl i g i b l e  
Chacahou l a SPR 7 2 . 9  23 . 6  3 . 5  

E . 2 . 2 . 4  Br ine  Spi l l  Ri s k  from Aqu i fer I nj ection and Storage 

The co ncern for br i ne sp i l l age from aqu i fer i nj ection  stems from the 

i nj ection  pres sures needed to pl ace the br i ne i nto the aqu i fers . As a 

worst ca se , the press ure i ncreases are hypothes i zed as  brea k i ng the 

permeabi l i ty barr i er overl yi ng the aqui fer ( hydro -fracturi ng ) , permi tti ng 

u pward mi grat i on of bri ne or  sal i ne water i nto zones of potabl e or 

agr icu l tura l water wi thdrawal . 

As the fl u i d s  perco l ate through the so i l s ,  they are expected to 

s trat i fy i n  the soi l s  accord i ng to dens i ty ,  rather than undergo rap i d  

d i ffu s i o n .  Upward m i grat ion  o f  the i nj ected bri ne i s  unl i kel y because  

of the  den s i ty i nvol ved .  The preva i l i ng mi gratory pressure for bri ne i s  

downward , i n  contra st to petrol eum fl u i ds whi ch woul d percol ate upward 

i n  water-saturated med i a .  

The deep aqu i fers near the domes are h i gh ly sal i ne ,  a s  a resu l t of 

natural l eac h i ng of the sal t domes , wh i l e  most of the near-s urface ground 

waters , except where they i ntersect a p i ercement dome , are sources of fresh 

water , rec harged by surface waters . Al though  in some areas , there i s  no 
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l onger a surpl u s  o f  surface water for aqu i fer recharge , upward mi grati on 

of  sal i ne waters ha s not been a pro bl em i n  the area s bei ng con s i dered for 

wa ter i nject i on . 

Inj ection  s i tuat i ons  i n  wh i c h  water supply aqu i fers are separated 

from i nject i on s ands by a th i n  aqu i c l ude wi l l  be avo i ded as a pre-

caut i o n .  In the event of  an upward fracture , the l east  concentrated bri nes 

wou l d  d i ffuse upward , d i spl ac i ng overl yi ng waters of l es s  sa l t content .  

Once such a process  i s  detected , i t  woul d b e  arrested by cessation of  

i nj ecti on . The pressure bu i l d -up i n  the i nj ect ion  formati on wou l d  d i s s i pate 

a s  the bri ne mi grates outward . 

I f  the qual i ty o f  a gro und water supply i s  not sen s i ti ve to changes 

of a few ppm of ch l or i de content ,  then mon i tori ng of  the wel l sys tems 

for pressure and sal t content woul d be suff ic i ent to detect breakout 

m i grat ion  from the i nj ect ion sands before concentrated br i ne  d i spl ace

ments i nto the upper aqu i fers can res u l t .  

E . 2 . 2 . 5 Br i ne Di sper s i on 

The mot ion  of  bri ne across  l and , i n  the so i l , and wi th i n  bod i e s  of 

water , i s  i dent i cal to that o f  water in every respect except in contact 

wi th water . The m i x i ng , or  equal i zat ion  of sal t concentrati on , between 

br i ne  a nd water by mol ecu l ar d i ffus i on  a l one i s  a very s l ow proces s .  I f  

bri ne fl ows qu i etl y i nto a pond or  the ocean away from s horel i ne turbul ence , 

i t  wi l l  tend to s trat i fy at  the bottom of  the water . Rap i d  m i x i ng of bri ne 

and water req u i res  energy of  turbu l ence . A sma l l l ea k  of  br ine  i nto a 

fl owi ng s tream can be q u i c kl y  d i l uted to nearl y negl i g i bl e  concentrat i ons , 

wherea s a l ea k  i nto a sma l l l a ke or  pond may reta i n  dens i ty strati f i cati on 

for several days . 

The d i spers ion  of  bri ne i n  the ocean i s  expected to be accompl i shed 

by use  of  a mul ti -port , mul t i -jet d i ffuser (Appendi x G ) . Each j et has 

s u ffic i ent energy to prov ide  rap i d  fl ow mi x i ng wi th the s urroundi ng water , 

and i s  separated spatia l l y  from the next port to prevent dens i ty b u i l dup . 

Sa l i n i ty down-current ( even wi th sl ugg i sh currents ) of a properly operated 

d i ffuser s houl d be reduced to 5 or 1 0  percent a bove ambi ent w i t h i n  a few 

hundred meters .  Ocean sal i n i ty i s  on the order of 30 parts per thousand , 

and br i ne sa l i n i ty i s  on the order of 300 ppt . Reduct i on of  the sal t 

content of the brine  to 1 0  percen t a bove ambi ent impl i e s  1 00 to 1 d i l ut ion  

wi th seawater .  

E-36 



Wi thout a d i ffu ser , studies  by NOAA i nd i cate that a bri ne p l ume 

cou l d  extend down-current on the Gu l f  fl oor for several k i l ometers , 

pos s i b ly  pos i n g  a d i s rupti ve i nfl uence on benthos , espec i a l ly  s hr imp .  

A l arge break i n  the bri ne l i ne offs hore cou l d  a l s o  p roduce such  an 

effect . I n  the even t that a dense p l ume i s  formed by a s pi l l  i n  coastal 

waters , i t  wi l l  s l owly d i s perse after the source i s  p l ugged . I t  i s  

doubtfu l that s uffi c i ent current energ i es are ava i l abl e i n  the Gu l f ,  to 

d i s perse the concentrati on of the bri ne fl ow more rap i d ly than the d i ffu ser 

wou l d .  Natural d i spers i on cou l d  be a s s i sted wi th bottom jets i f  i t  were 

apparent that the p l ume wou l d  i mpact sens i t i ve zones down-current .  The se 

sen s i ti ve zones wh i c h cou l d be i mpacted wou l d  vary wi th the seasons and 

w i th changes i n  bottom currents . 

Ons hore , bri ne  fl ows across so i l s  wou l d  l eave sa l t  depos i ts i n  the 

ground , wh i c h  wi l l  l each u pward w ith  u pward mi grat i on of pore wa ter duri ng 

dry peri ods . Ruptures of buri ed br ine  l i nes  may present  an opportun i ty for 

bri ne to perco l ate i nto aqu i fers , i n  wh i ch the natural mi grati on i s  down 

ward . Large ruptures , however ,  wou l d  probably su rface and fl ow over the 

l and  to l ocal water courses . Parti a l  contai nment of  the bri ne i n  the 

p i pe l i ne trench by permeabi l i ty l i mi tati on s  i s  not expected to occur .  

For bri ne l i ne sp i l l s  ons hore , the greatest ri s ks wou l d  be those 

in wh i ch water suppl i es ,  agri cu l tura l l and , or s ens i ti ve fresh  water 

mari ne nursery zone , may be affected . I n  th i s context , however ,  sa l t 

wate r i ntrus i ons  from hurri cane surges have been experi enced i n  much of 

the area wh i ch m i ght be contacted by a bri ne l i ne s p i l l .  The primary 

recovery mechan i sm after a bri ne sp i l l  i s  d i l ut i on of sa l t  water and 

washout of sa l t depos i ts i n to the waterways , most of wh i ch can be expected 

to provi de a f l u s h i ng pathway i n to the Gu l f  of Mex i c o .  

I ntru s i on of bri ne i nto ground waters underlyi ng  cropl ands cou l d  be 

more d i ffi cu l t  to pu rge . Dur i ng  dry peri ods , sa l t i s  carri ed upward i n  

( i ntersti ti a l ) s o i l pore water .  For wet so i l s , the natura l mi grati on of 

the sa l t i s  downward . However ,  i t  may not move away , and cou l d  rema i n  

i n  a pos i t i on to affect the root zones . One method of purg i n g  sa l t  con

tami nati on from i rri gated , or i rr i gab l e  l ands i s  downward l each i n g  to 
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deep dra i nage . A co l l ect ion  t i l e  i s  i n s ta l l ed a t  a depth of  8 to 1 0  

fee t ,  the l a nd i s  fl ood i rr i ga ted , and the water i n  the dra i n  t i l e  i s  

pumped o u t , carrying  the l eached sal t wi th  i t .  I f  a s l i g ht  ground water 

surpl us  i s  ava i l a bl e ,  recovery a s s i s tance by wel l po i n t  pump i ng may be 

s uffi c i en t .  Otherwi se , na tura l  l eachout by ground water movement 

toward the Gu l f  woul d be rel i ed upon to produce eventual water qual i ty 

recovery . 

E . 2 . 2 . 6  Br i ne Spi l l  Prevent i on and Control 

Detect ion  o f  br i ne  l i ne sp i l l s  i s  more d i ff i cu l t than o i l  s p i l l  

detecti on becau se the system i s  open to the ocean through a d i ffu ser ,  

o r  to i nj ect i on wel l s .  Furthermore , a bri ne sp i l l  i s  much  l es s  readi ly  

not i ced by casual  observers . Primary preven tive  mea sures wou l d  i ncl ude 

regu l ar l i ne l ea k  checks , l i ne i n spect ion , and mon i tori ng of ground 

wa ter sal i n i ty .  Large pres sure changes accompa nyi ng major  l i ne ruptures 

woul d bt read i l y  detected , but part ia l  l o sses  wou l d  be very di ffi cul t to 

noti ce from operat ing  parameter readouts . Regu l ar l i ne pressure checks 

are t he on l y rel i a bl e method of  detect i ng  sma l l l ea ks .  Offs hore , br i ne 

d i ffu ser l i nes are open , a nd brea ks wo u l d not be detecta bl e by i n s trumen

tation . Mon i tori ng of  water sal i n i ty profi l es near the d i ffuser and 

i n s hore of  i t  i s  a po s s i bl e  method of  detect ing  l ea ks . 

The contro l o f  bri ne sp i l l s i s  oppo s i te to that of o i l ; rather 

t han conta i nmen t ,  d i spers ion  and d i l u t i on i s  des i red . Di l u ti on and 

fl u s h i ng of sal i ne waters to waterways d i scharg i ng to the ocean i s  the 

ba s i c  mi ti ga t i ng mea sure . I n  some cases , th i s wi l l  req u i re pump i ng of 

fresh  water t hrough a ffected area s to produce fl u s h i ng . The dra i nage 

pa tterns for a l l port ions  of  the l i ne can be determi ned i n  the same 

ma nner as for o i l  l i nes , and i n  most  i n s tances , they wi l l  be i denti cal . 

The pre-pl anned control po i n ts  wi l l  d i ffer , s i nce the o bj ect ive i s  

to d i s perse sal i ne br i nes rather than to conta i n  them . Equ i pment 

needed for cont i ngency act ion  woul d be primari ly  water pumps and con

necti ng l i nes , rather than booms and co l l ect ion ma teri a l s .  

Leg i s l at i ve  au thor i ty for acti on o n  bri ne sp i l l s  i n to i n l and 

waters and l and s tems from the ba s i c  Federa l Water Pol l ut i on Control 

Ac t ,  s i nce a sal i ne sp i l l  a l ters pota bl e water qual i ty and affects 

agr icu l tura l usage .  I t  i s  a s s umed that procedures paral l e l to those 

E-38 



for o i l s  and tox i c  chemi ca l s ,  such  as pesti ci des , woul d be fo l l owed . 

However ,  gu i de l i nes spec i fi c  to br ine  sp i l l s  may eventual ly be promu l 

gated by the Envi ronmental Protecti on Agency . A response and i ns pec

ti on team wou l d  be expected to be formed i n  the event of a l arge di s 

charge , and wou l d  a l so  be  empowered under the l eve l s  of the Act ( 92-500 ) 

to underta ke or requ i re restorati ve acti on s .  

For bri ne s pi l l s  offs hore , the spec i fi c  procedures  to be i mp l e

mented in  the event of determi nati on of a bri ne  p l ume are not c l ear .  

The  most  concerned agenci es for the adverse effects on  offshore fi s h 

eri es  a nd  benthos condi ti ons  wou l d  be  t he  Nati onal Oceanograph i c and 

Atmospheri c Admi n i strati on and the state fi s heri es  departmen t .  I t  

wou l d  be neces sary to determi ne a s u i tabl e i n specti on i n terval for 

offs hore samp l i ng ,  dependi n g  upon season , and a l s o  to eval uate methods 

or  zones at wh i c h bri ne p l umes mi ght be jetted most effect i ve ly .  

Other prevent ive measures for the bri ne system wou l d  i nc l ude 

pu rg i n g  of the l i nes  after use , c l ose i n s pecti on of earthworks asso

ci ated wi th bri ne i mpoundments (wh i ch may a l so serve as emergency 

o i l sumps ) ,  and g round water mon i tori ng  i n  the vi ci n i ty of i mpound

ments . 

E . 2 . 3  Re l ated Ri s ks 

The stati s t i ca l  base used for projecti ng  sp i l l  expectati ons i n 

c l udes s p i l l s  from a l l causes , such a s  natu ral d i sasters an d fi res . 
Sp i l l s  from cavern storage  are not covered i n  the stati stica l  bas i s ,  

but the petro l eum i n  s torage i s  we l l  protected from natural hazards . 

( See Append i x  F for cavern roof co l l apse d i scu s s i on ) . 

The natural hazards affecti ng  petro l eum operati ons i n c l ude hu r

ri canes , tornados , fl oods , earthquake ( l imi ted to s ubs i dence fau l ti n g 

and re l ated foundat i on prob l ems i n  the area of concern ) ,  and l i ghtn i n g

caused fi res . Add i t i ona l  ri s ks i nc l ude fi res , and  externa l  party 

causes , s uch as a i rcraft cras hes , vanda l i sm ,  sabotage , etc . The l evel  

of ri s k  represented by these acci dent modes i s  as sumed to be accounted 

for wi th ord i nary prevent i ve measures - secu ri ty ,  fi re contro l spray 

systems , shut- i n  duri ng  hurri canes , and standard safe operat ing  pri n

ci p l es for a l l components . Some natura l  hazards are so remote that 

they are not percepti b l e i n  the ri s k  ba ses ( s uch as meteori te i mpacts ) .  
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Underground sa l t  s torage cavern s wh i ch have been des i gned wi th 

provi s i on for adequate cavern control , roof strength , and operati ng  

safeguards , can  be projected to be i nherent ly  more hazard free than 

s urface storage . The natural hazard wh ich  has been i nd i cated to be 

a potenti a l  probl em i s  undetected l each i n g  of the sa l t cavern roof 

by ground water perco l ati on around the entry passages . Th i s part i 

cu l ar hazard wou l d  not be caused by a sudden natu ra l even t ,  but rather 

a gradua l  deteri orati on l eadi ng to a s udden fai l u re . Furthermore , 

as i ndi cated prev i ou s l y , the hazard has h i s tori cal l y  occurred on ly  

where the depth to  sa l t was l es s  than 300 feet and  was preceeded by 

abnorma l cavi ty behavi or wh i ch woul d be detected by c l ose mon i tori n g .  

E . 3  Spi l l  Ri s k  Ana lys i s Methodol ogy 

The ana lys i s methodol ogy u sed to compute expected o i l ( and bri n e )  

sp i l l  vol umes i s  summari zed i n  th i s  secti on .  Control l i n g  parameters 

are : mi l e s  and t ime of exposure , for p i pe l i nes ; vo l ume of cargo and 

typ i ca l  operat i on , for ves se l  tran sfers ; vo l ume throughput and fac i l i ty 

s i ze ,  for surface storage to termi na l s ;  and ton-mi l es ( i n l and waterways ) 

or trave l ti me ( coastal waters ) ,  for vesse l casua l t i es .  As exp l a i ned 

i n  Secti on E . 2 . l . l , data i s  not avai l ab l e to make a quan t i tati ve 

esti mate of  o i l sp i l l  r i s ks from cavern storage . 

The stati st i ca l  bases from whi ch the characteri zati on of ri s k  

exposure i s  made and the proba bi l i ty procedures for project i ng s p i l l  

s i ze d i s tri but i on s , genera l ly  defi ne an expected i nc i dent frequency 

and an average s p i l l  s i ze .  The proj ecti on of ri s k  wi th regard to sp i l l  

s i ze s , however , requ i re s  that a d i s tri buti on of s p i l l  s i zes and fre

quenc i es  be determi ned . The probabi l i ty d i s tri buti on u sed here i s  the 

l og-norma l , because of i ts app l i cab i l i ty to many natural random events 

( earthquakes , ra i nfa l l s ) . To comp l e te the s tat i s t i ca l  characteri zati on 

of a g i ven mode of s p i l l , the max imum cred i b l e  s p i l l  s i ze mu st  be spe

c i fi ed .  The maximum cred i b l e  s p i l l  i s  based upon extrapo l at i on from 

the l argest s i zes of s p i l l s  ava i l ab l e  i n  the data base and upon a rea l 

i sti c eva l uati on of program operati ng  condi t i on s .  I t  presents a prac

t i ca l  l i mi t to the extrapo l ati on , but does not i mp ly  that the s p i l l s  

l arger than the cred i b l e  max i mum are i mpos s i b l e .  
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E . 3 .  1 Mari ne Transportati on 

Oi l sp i l l s  a s soc i ated wi th mari ne  transportati on of o i l may be 

con s i dered for the categori es of transfer operati ons  and ves se l  casua l t i es . 

E . 3 .  1 . 1  Ves s e l  Transfers 

The bases for ca l cu l ati ng  sp i l l s  for vess e l  tran sfer are se l ected 

frequency records and gross sp i l l age rates for transfer operat i on s  as  

fol l ows : 

Frequency - 1 s p i l l  per 90 operati ons at docks and i n l and waters . 

( se l ecti on of a typi cal  va l ue from several pub li s hed 
s i te s )  

- 1 

S p i  1 1  Vo 1 ume -

s p i l l  per 1 8  operati ons  between vesse l s offshore . 

( mean for 1 965- 1 973 , worl d-wi de data ) 

-6  3 X 1 0  of cargo transferred , ves se l  to vesse l . 

2 X 1 0-6 of cargo transferred , dock to vesse l . 
-6 1 X 1 0  of cargo transferred , vesse l  to doc k .  

The above frequency rate for offshore transfers i s  based upon a 

worl dwi de su rvey of transfer operati ons for the peri od between 1 966-70 

( J . J .  Henry ,  1 973 ) . Th i s  survey i nc l uded s i ng l e  po i nt moor i ng  sys

tems ( SPM ) , l i ghteri ng  and 7-poi nt moori ng fac i l i t i es .  The frequency 

rate for ons hore transfers i s  a medi an of those recorded for severa l 

U . S .  faci l i t i es wh i ch experi enced a s p i l l  every 60 to 1 33 transfers . 

Sp i l l  vol ume rates recorded i n  U . S .  fac i l i ti es range from 0 . 5  to 

3 X 1 0-6 ; fore i gn ports have experi enced much h i gher rates . The above 
• 

rates were se l ected on the bas i s  of U . S .  experi ence and are cons i stent  

wi th other pub l i s hed projecti ons . 

Th maxi mum credi b l e  s p i l l  s i ze from transfer operati on s at the 

tanker  docks i s  est imated to be 500 barre l s .  Because of h i gher pump

i ng rates and l es s  control l ed docki ng  condi ti ons  offs hore , the maxi 

mum credi b l e s p i l l  s i ze for VLCC to tanker transfers i s  est imated to 

be 1 000 barre l s .  H i stori cal l y ,  a few l arge s p i l l s  ( 5000 to 1 0 , 000 barre l s )  

have occu rred dur i ng transfer at termi na l s due to negl i gence . A rou -

t i n e  o f  v i gorou s c l ose i n s pecti on i s  expected to avo i d  sp i l l s  o f  thi s 

type . U s i ng  a l og-normal sp i l l  s i ze d i s tri buti on , the average s pi l l  

s i ze s  computed i n  Tab l es  E - 1  and E-2 , and the maximum cred i b l e  s p i l l  
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s i zes  i nd i cated above , the chance of a sp i l l  of a parti cu l ar s i ze range 

occurri ng  may be estimated as s hown in Tab l e  E- 1 0 .  At the docks , 

there i s  a 96 . 6  percent chance of a s p i l l  be i ng l es s  than 50 barre l s ;  

offs hore , there i s  a 7 5 . 4 percent chance . 

E . 3 . 1 . 2  Ve s se l  Casual ty 

Vesse l  casual ty rates are based on esti mates se l ected from var

i ou s  casua l ty records to prov i de a sp i l l age mode l dependent upon the 

route l ength . I n  th i s  regard , sp i l l age for i n l and waters i s  based 

u pon a ton-mi l e  cargo exposure ; in offshore waters , s p i l l age i s  based 

u pon a t ime exposure . Very l arge crude carri er ( VLCC ) casual ty ex

posure offshore was not i nc l uded i n  the analys i s .  The fol l owi ng sp i l l  

rate parameters were chosen : 

Frequency - 1 s p i l l  per 7 bi l l i on ton-mi l es i n  i n l and waters . 

- travel i n  bal l ast  wei g hted 50% i n  i n l and waters . 

( 1  sp i l l  per 1 4  bi l l i on ton-mi l es )  

- 1 s p i l l  per 1 2 . 8  ves se l  years i n  offs hore waters . 

Mean Spi l l - 428 barre l s i n  i n l and waters . 

S i ze 1 1 1 1  barre l s i n  coastal waters . 

Offs hore s pi l l age rates are based upon tank s h i p casua l ty rates 

i n  worl dwi de coastal waters . I t  may be reasonabl e to u se l ower rates 
such  as mi ght app ly  to a dedi cated fl eet for l i ghteri ng operati ons , 

but the rates u sed here are more conservati ve (yi e l d  h i gher sp i l l  es

t imates ) .  The  s pi l l  frequency in  i n l and wate rs i s  based upon the  com

pos i te for a l l U . S .  waters for barges and tank s h i ps duri ng  the peri od 

of 1 968-70 ( Brobt , 1 972 ) . The average s pi l l  s i ze ,  however , i s  based 
u pon tanks h i ps for the years 1 969 to 1 973 . 

The max imum cred i b l e  s pi l l  s i ze a s s i gned to tanker cas ua l ty l os ses  

i s  60 ,000 barre l s .  Us i ng a l og norma l  d i stri buti on , the probab i l i ty 

that a sp i l l  i n  coastal waters wou l d  be l es s  than 500 barre l s i s  46 . 7  

percent ( Tabl e E- 3 ) . 

E . 3 . 2  P i pe l i nes 

The bas i s for ca l cu l ati ng p i pel i ne s p i l l  ri s k s  i s  the sp i l l  rate 

frequency , wh i c h i s  50 s pi l l s  annual ly  per 1 00 , 000 mi l es of pi pel i ne .  

Th i s  est imate was deri ved i n  the LOOP Envi ronmental Ana lys i s ( 1 975 ) 
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for new crude l i nes . The mean s p i l l  s i ze i s  con s i dered to be 1 1 00 barrel s 

for the l arge l i nes i nvol ved ( DOT Offi ce of P i pel i ne Safety annual  summar ie s , 

1 969-7 3 ) . 

SPR p i pel i ne s  s houl d not i nvol ve exposures  unusual  to Lou i s i ana and 

Texa s .  These area s al so prov i de a l arge portion o f  the ri s k  exposure 

compr i s i ng the U . S .  p i pel i ne fa i l ure base stat i st i c s . Thus there i s  no 

rea son to anti c i pate other than the proj ected p i pel i ne fa i l ure ri s k .  

Pri nc i pal  p i pel i ne hazards  i ncl ude soft , saturated so i l s ,  sa l i ne water and 

l es s -than-average exposure to other construction  acti vi ti es . The mi x of 

p i pe s i zes  s houl d a l so be representat ive of the ba se . The bas i c  expo s ure 

parameter for p i pel i nes  i s  l ength and t ime of use , rather than throughpu t ,  

w h i c h  i s  cons i s tent wi th the fact that many o f  the causes o f  fa i l ure are 

externa l to the u se of the l i ne . 

The maximum cred i bl e  sp i l l  for the p i pel i ne can be j udged from vari o u s  

combi ned stat i c  and pump i ng l o s ses . The maxi mum pump i ng rate wo ul d be 

a bout  1 388 barrel s per m i n ute to handl e two mi l l i on barrel s per day . A 

36- i nch l i ne wou l d  conta i n  6700 barrel s per mi l e .  The l eak  detect ion 

capa bi l i ty woul d vary wi th the s i ze of the l ea k .  However , a state-of-the-

art sys tem ha s been a s s umed , wi th some al l owances for operator hes i tat ion : 

Vol ume 
Brea k Sever i t� Los s Descr i ption  of O i l  Los s  

Tota l brea k :  mi l e  of  l i ne + 1 0  mi n utes pump i ng = 20 , 590 barrel s 

1 0  percent brea k :  mi l e  of l i ne + 1 hour pump i ng = 1 5 , 030 barrel s 

2 percent brea k :  mi l e  of l i ne + 1 2  hours pump i ng = 2 6 , 690 barrel s 

These s i tuat ions  are contri ved by a s s umi ng  worst cond i ti on s .  The 

meter i ng system s houl d be abl e to react to a cumul at i ve d i fference of 600 

barrel s i n  one ho ur or more , but i t  co u l d  be set for l ower sens i t i v i ty to 

avo i d  unnecessary shutdowns due to l i ne operati ng press ure s urges . A 

max imum cred i bl e  s p i l l  of 1 0 , 000 barrel s has been assumed . Suct ion co u l d  

be appl i ed to the p i pel i ne from the termi nal to mi n imi ze o i l  l o s s  after 

s hutdown . From Tabl e E-3 i t  i s  estimated that 30 percent of al l p i pel i ne 

s p i l l s  wou l d  re l ease  l es s  than  500 barrel s of  o i l . 

For bri ne p i pel i ne s p i l l s , the l eak  detection system wou l d  be su bstan 

t i a l l y  l e ss  sen s i tive . Con sequentl y ,  average sp i l l  s i ze i s  ta ken to be 5000 

barrel s a nd max imum cred i bl e  sp i l l s are estimated to be 30 , 000 barrel s .  The 

bas i s  for sp i l l  frequency i s  assumed to be the same as for o i l  p i pel i nes . 
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E . 3 . 3  Termi na l s 

Average sp i l l  s i zes d i fferent from the h i stori cal  average are projected 

for the SPR termi na l s on the cavern s i tes , and at s i ng l e purpose p i pel i ne 

s tati ons and docks . Where exi sti ng s tandard termi nal s ( e . g . , St .  James ) 

are used , h i stori ca l  average sp i l l  s i ze ( 1 083 barre l s  1 969-73 , s ometimes 

rounded to 1 1 00 barre l s )  i s  appl i ed .  There are severa l  reasons for a l teri ng 

the estimate for the S PR termi na l s .  An average U . S .  termi na l  has an 

exposure wh i ch cou l d  be based ei ther on capac i ty or throughput .  To the 

extent that certa i n  types of termi na l s  tend to have s i mi l a r capac i ty-to

throughput rat i os ( i . e . , from 1 0  days for a tran sportati on termi na l  to 1 00 

days for a storage depot ) , the expos ure sel ecti on i s  not cri ti cal . An 

above ground SPR termi na l  has a rati o measured i n  hours , wh i l e  the cavern s  

themsel ves have a rati o measurabl e i n  years . 

Suffi c i ent  data has not been ana lyzed to determine  whether throughpu t ,  

capac i ty ,  o r  a combi nati on thereof , i s  the best parameter for estimat i n g  

termi nal  sp i l l age rates . The bas i s  se l ected here i s  throughput , wh i ch i s  

the most conservati ve esti mate for termi nal s wi th mi n i mum storage exposures 

s uch as  those proposed for the storage program . The assumed bas i s for 

termi na l  exposure i s  as fol l ows : 

Frequency - 1 sp i l l  per 2 b i l l i on barrel s throughp�t 

�p i l l  S i ze - 1 1 00 barrel s at the CAPL INE termi nal 

- 500 barre l s at the s torage termi na l s .  

The frequency i s  estimated on the bas i s of s p i l l  data for a l l  U . S .  

termi nal s duri ng the peri od 1 969-70 ; the average sp i l l  s i ze i s  taken from 

1 969- 73 data . Because of the l ow capaci ty-to-throughput rat i o i nd i cated 

above , the throughput exposu re wh i ch has been app l i ed to S PR termi na l s  

may be conservat ive  ( h i gh ) . 

The maxi mum cred i b l e  s pi l l  even t sel ected for ana lys i s  of termi na l  

s p i l l  expectati on i s  5000 barre l s .  Though l a rger s pi l l s  have occu rred , they 

have been the resu l t  of neg l i gence and a l ack of faci l i ty and mon i tori n g .  

( Even i f  the enti re contents of  a storage tank  shou l d  be l os t ,  the contai n

ment l evees are des i gned to conta i n  a l l the o i l re l eased ) .  From Tab l e  E-3 , 

i t  i s  est imated that 7 1 . 5  percent of the s pi l l s  from storage s i te fac i l i ti es 

wou l d  be l es s  than 500 barrel s .  
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F . l  I NTRODUCTION 

APP END I X  F 

CAVERN STAB I L ITY 

Petrol eum hydrocarbons  have been s to red i n  so l ut ion  mi ned cavi t i es i n  

sa l t domes i n  the Un i ted States s i nce 1 95 1 . By 1 975 , a t  l east  1 96 , 298 , 000 

barrel s of  hydrocarbons a nd products were stored i n  Texas , Lou i s i ana , and 

Mi s s i s s i pp i  sa l t domes . These hydrocarbons  and products i nc l ude propane , 

butane , ethane , ethyl ene , burn i ng fuel o i l , natural gasol i n e ,  n atural gas 

l i qu i ds , and crude o i l condensate . Large amounts of crude o i l have not been 

s to red i n  the U . S .  to date , but there i s  no reason to s uppose that crude o i l 

s torage i s  any d i fferent from storage of other hydrocarbons , or bri ne wi th 

respect to cavern stab i l i ty .  

So l ut i o n  m i n i ng o f  sa l t from domes i n  the U . S .  has been practi ced for 

many years . Current operat ions  i nc l ude hundreds of wel l s  o n  at l east  20  sa l t 

domes i n  Al a bama , Lou i s i ana , and Texa s , run by 1 6  d i fferent operators . 

French a nd German crude o i l s torage programs i n  l eached caverns i n  sa l t 

domes were i n i t i a ted i n  1 967 and 1 970 , re specti vel y .  By December 1 976 , at 

l east  63 MMB of crude o i l  was i n  storage i n  France . German capac i ty stored 

by the same t ime was 22 MMB . The l ongest exper ience wi th s torage of crude 

o i l  i n  a l eached cav i ty i n  a sal t dome i s  a 3 MMB cav i ty i n  Germany , wh i ch 

has been f i l l ed for 6 years . 

There are no recorded co l l apses of caverns conta i n i ng hydrocarbons i n  

the s torage exami ned to date . Th i s  i nc l udes the 2 5  years o f  experi ence i n  

the U n i ted States a nd a l so i nc l udes hydrocarbons s tored i n  cavi t i es l eached 

for sa l t mi n i ng ,  and thus not spec i f i cal ly  des i gned for hydrocarbon s torage . 
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F . 2  STRUCTURAL STAB I L ITY OF  SALT 

The use of sa l t domes for petro l eum storage i s  attracti ve because  of 

both the rel a t i ve l ow cost of such  bul k storage and the extreme geo l og i cal  

s tab i l i ty of  rock sal t ma s ses . Conta i nment i s  usual l y  very good i n  sa l t 

domes , because  ex i st i ng or  i nc i p i ent  cracks and fi s sures  are sma l l and tend 

to seal themsel ves because of the p l a st i c i ty of sa l t .  

Al l cav i t i es i n  sal t exh i bi t  some cl o sure due to the wel l known character

i s t i c s  of  roc k  sal t to fl ow under stres s (Wai vers i k  et a l . ,  1 976 ; U . S .  Department 

of I nter i or , 1 962 ) . Overburden press ure i ncrea ses  wi th depth i n  any sal t dome ; 

therefore , deeper l evel s are more "ti ght " than upper l evel s ,  and l ea ks are 

l es s  l i ke l y  to occur at deeper l evel s .  The more d i rect effect of cav i ty 

depth i s  to determ ine  the average geostat i c  stress  i n  the sa l t s urround i ng 

the cav i ty .  Th i s  i n  turn control s the pres sure d i fference between the 

cavern fl u i d  a nd wal l s , whi ch. i s  a major  factor i n  determ i n i ng cavern 

sta bi l i ty ( Dreyer , 1 97 2 ,  1 974 ; Al brechs and Langer , 1 974 ; Serata and Gl oyng , 

1 960 ) . A room and p i l l ar m i ne  operated at  atmospheri c pres sure i s  a far 

more severe test for stab i l i ty of underground open i ngs i n  sa l t than a fi l l ed 

s torage cav i ty wi th control l ed stress d i fferences . I n  summary , a l imi ted 
amount of creep c l o sure o r  s l a bb i ng i s  ant i c i pated i n  any dome storage 

cav i ty .  

Another facto r wh i c h  determ i nes  cavern sta bi l i ty i s  the qual i ty of  the 

sa l t .  I n  general , sal t at  s hal l ow depths  and near the top surface of  domes 

tends to be more a n i sotrop i c and to conta i n  zones of impuri ti es . " Shear 

zone"  effects tend to be mi n im i zed for rel a t i ve ly  deep cavi t i es i n  shal l ow 

dome s .  For exampl e ,  sol ut ion  cav i t i es at  s hal l ower depths i n  the Bayou 

Choctaw dome d i spl ay a preferred d i sso l uti on d i recti on  as  compared to cav i ti es 

at greater depth . The impl i cat ion  i s  that th i s  domal sal t has a defi n i te 

a n i sotrop i c  character and the tendency i s  toward decreas i ng i nfl uence as  

cav i t i es -are created at  greater depth s i n  the  dome , proba bl y  because sal t 

becomes more pure . At great depths i n  domes , the sal t may aga i n  be l es s  

p ure ; however , storage cav i t i es pro babl y wi l l  never be  created at s uch  depths 

because of  creep cl o sure effects . The s hal l ow l eve l s  i n  the room and p i l l ar 

sa l t mi nes of  south Lou i s i a na a l so d i spl ay a greater range i n  q ual i ty of  

s a l t ( p ure to  impure)  than  deeper l evel s .  Sl abb i ng of sal t i n  the  room and 
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p i l l a r mi n i ng operati ons  i n  south Lou i s i ana comes i s  common , but the danger 

can be m i n i m i zed by 1 1 Sca l i ng "  off the o bv i ous  l oose  s l a bs on the m ine  wal l s  

and roof .  

Sl a bbi ng of  sa l t or  of  impuri t i es i nto cav i t i es appears to  be a m i nor  

probl em for properl y ma i nta i ned Gu l f  Coast dome cav i t i es , compared to bedded 

sa l t cav i t i es ( Ja ron , 1 969 ) . Gu l f  Coast domes conta i n  sal t that i s  rel at i vel y  

free of  s hal e or  anhydri te stri ngers , wh i ch a re zones of  weaknes s  that cou l d 

cause  sa l t s l a bb i ng . The rel ati vel y pure sa l t enabl e s  the u n i form d i sso l u t i on 

of  sa l t and the format ion  of  reg u l ar caverns , except where occas i onal  stri ngers 

o f  impu r i t i es are found . 

Cav i t i es con structed at  greater depths wou l d  appear to have advantages 

i n  a t  l east  two regards  as  compared to cav i t i es at shal l ower depths : better 

qua l i ty and " t i g hter"  s a l t .  An adequate pres sure d i fference must be ma i n 

ta i ned for deeper cav i t i es , otherwi se col l apse co u l d become severe ( B rown 

and Se s sen , 1 959 ) .  

When a storage system of mul ti pl e cav i t i es i s  created i n  sa l t domes , 

a ttent i o n  must be g i ven to the coup l i ng effects between nei ghbori ng  cav i t i e s  

( Chao , 1 974 ) .  A pr ima ry concern i s  the wal l th i c kness  between cav i t i es 

n ecessary to ma i nta i n  system sta bi l i ty .  Thi s system des i gn concern i s  

somewhat s im i l a r  to that i nvol ved i n  des i gn i ng s upporti ng p i l l ars for room 

and p i l l ar m i n i ng .  

E i ther phys i cal o r  n umeri cal model i ng of typ i cal  appropri ate port i on s  

of the sto rage system wal l s  c an  be  used to o bta i n  a measure of  safe wal l 

th i c kness  ( Dreyer , 1 974 ) .  Rea l i st i c  mater ia l  propert i e s  aga i n  must be 

ava i l a bl e before confi dence can be pl aced i n  m i n i mum wal l  th i ckness  determ i 

nat i on . I n  the case of  Gu l f  Coa st sa l t domes , we have emp i r i cal data from 

convent i onal  sa l t mi nes , wh i c h  span several years . 

Para�etri c  n umeri cal  stud i es have i nd i cated effects of vary i ng s pac i ng 

of  u nderground open i ngs  near the ground  s urface ( Bank  and Ottori an i , 1 9 74 ) . 

S im i l ar stud i es can be readi ly  perfo rmed for deeper sto rage cav i t i e s . Chao 

( 1 974 ) reported on  measurements of  l ong term creep c l o s ure of  cav i ty systems , 

and found that h i s f i el d data and "convent i onal  11 FEM pred i ct i o n s  d i d  not 

co i nc i de .  He  noted that mul ti pl e cav i ty i n teracti on , e . g . , creep i nterference , 

i nc reased wi th the pa s sage of  t ime .  
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F . 3  CLOSURE OF SALT DOME CAVERNS 

Three major  modes of  c l osure of  caverns i n  sa l t domes are pos s i bl e :  

1 1Creep 1 1  cl o sure , 11 s l a bb i ng , 11 and general col l ap se . 11 Creep 11 cl os ure 

( descri bed above ) i s  an act i ve process  in any sal t cav i ty where stress  

d i fferent i a l s exi st . For a fl u i d  fi l l ed cav i ty u nder pres s ure , t he hydro

stat i c  pressure may equal l i t hostat i c  stress  at o ne i nterval , whi l e  i t  

exceeds l i tho stat i c  s tres s  a bove and i s  l es s  than l i tho stati c s tres s  at 

g rea ter depths . Th i s s i tua t i on  wou l d suggest that pl asti c " creep " of the 

sa l t  woul d en l arge the cavern near the top ,  wh i l e  the cavern wou l d  c l ose  

s l i ghtly at  depth . Total en l argement o r  c l osure due  to  "creep "  i s  not  

expected to  represent a s i gn i fi cant fracti on  of the  vol ume of the  pro posed 

cav i ties . 

" S l abb i ng " has a l so been descri bed above and i s  the re su l t  of a n i sotrop i c  

propert i e s  of  s heared or  impure sal t .  The propo sed cav i t i es a re not  expected 

to encounter a s i gn i fi cant pro bl em due to s l a bb i ng because of thei r desi gned 

depth and the pur i ty of  the sa l t at the des i gned cavern i nterval s .  I f  

s l a bb i ng i s  excess i ve i n  t he  s ha l l ow m i n e  cav i t i e s  to  be converted , roof  

bol t i ng of s l a bs may be  requ i red . Thi s has not been a very ser ious  probl em 

i n  the prev i o u s  mi n i ng oeprat i ons . 

Obvi ou s ly , i f  "creep " c l o sure becomes extreme , or i f  roof  " s i abb i ng 11 

i s  excess i ve and  cont i nuou s , then a progres s i ve fa i l u re mode mi ght eventual l y  

occur whi c h  cou l d  res u l t i n  a part i a l , a nd eventua l l y general , col l apse  of 

a cavern . E i ther of these fa i l u re modes wou l d be detecta bl e earl y ,  and 

appropri ate precaut ionary measures co u l d  be ta ken to prevent more ser i o us 

fa i l u re of  t he cavern ( i . e . , roof bol t i ng to prevent s l abb i ng  i n  a conven

t i onal l y  m i ned cav i ty ) . 

Genera l col l apse of a sto rage cav i ty i s  the worst case fai l u re that i s  

po ss i bl e ; however , i t  i s  not suggested i n  t h i s  report to be a real pos s i b i l i ty .  

I n  the f i nal  s tages of  genera l col l apse a s urface s i n khol e coul d a pparentl y 

occur wi th i n a matter o f  severa l hours to a few days for a bri ne  fi l l ed 

cavern . A p l a u s i bl e s pecu l at i o n  o f  the s equence i s  that the sa l t roo f  over 

t he cav i ty fa i l s  fi rst , fo l l owed by the n ext l ayer of  mater i a l  above that , 

and so  on  unti l the ground surface i s  reached and a cha racter i s t i c  s i n khol e 

devel o ps ( Terzag h i , 1 97 0 ) . I t  i s  a l so pos s i bl e  that th i s  process  cou l d  sto p  

befo re i t  reaches the s urface , i n  whi ch ca se there woul d not be surface 

s u bs i dence . 
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Surface subs i dence i n  t he ca se of a l l of the proposed storage s i tes  

wou l d not be expected to d i rectly affect any area offs i te .  Subs i dence 

bowl s from a 1 1Worst  case 1 1  ( but  s ti l l not a real  pos s i bi l i ty )  cavern co l l apse 

s hou l d not exceed tens of feet for the shal l owest m i nes , and even l e ss  for 

deeper sol uti on mi ned cav i t ie s . 

The worst envi ronmenta l  effects of a genera l co l l apse wou l d  proba bl y  

occur from the d i spers i on o f  the stored o i l . The fo l l owi ng d i scu s s i on  

con s i ders several pos s i bl e  paths of o i l  di s pers i on fo l l owi ng a genera l 

co l l ap se . 

The general co l l apse of  a s torage cavern i n  sal t i s  not anal ogous to 

debri s fa l l i ng i n to a n  empty ho l e  a nd cau s i n q  a 1 1 S i n kho l e 1 1 at the surface .  

These cavern s  are a l ways fu l l of  a near ly  i ncompres s i bl e  fl u i d ,  bri ne or 

o i l , wh ich  wou l d  be d i sp l aced vol ume for vol ume by fal l i ng sa l t  caproc k ,  and 

overl y ing  sed i ment . 

I f  the enti re col umn of sed iment above a cavern i s  l owered i nto the 

cavern i n  a manner anal ogous to a p i s ton i n  a cyl i nder , and i f  the fl u i d  

i n  the cavern was compl ete ly  di sp l aced by perco l ati on  through the sed iments 

of  the 1 1 p i ston 11 rather than  compressed , t here wou l d  be a su rface depres s i on 

equal i n  vol ume to the ori g i nal  cavern fi l l ed but not overfl owi ng wi th the 

d i sp l aced fl u i d .  

Thi s i s  a s i mpl i fi ed case wh i c h ass umes that the i mperfect pac k ing  of  

fa l l i ng part i c l es , adsorpti on , absorpti on , d i s sol ution , and trapp i ng of the 

d i s p l aced fl u i d  do not occu r .  I n  rea l i ty ,  these fi ve mec han i sms reduce the 

amount of o i l  that wou l d  cont i n ue to r i se through the cone of i nfl uence and 

emerge on the surface . W i th  these mechan i sms , o i l  wou l d  pro bab ly  reach the 

surface as smal l seeps , and as the sediments settl es  i n to the p l ace former ly  

occup ied by the  o i l , a sma l l surface depres s i o n  woul d form . Mul t i pl e depres

s i o n s  woul d appear as  a wide  area o f  s ha l l ow subs i dence fi l l ed wi th o i l . 

Another poss i b i l i ty i s  that subs i dence oc�urs wi thout  s urfa ce emergence 

of o i l . Us i ng the p i s ton  a nd cyl i nder model agai n wi th the a s s umpt ion  that 

the o i l  percol ates up through water saturated sedi ments that have zero empty 

pore s pace , there i s  a vol ume for vol ume d i s p l acement o f  o i l  and the combi ned 

vol ume of  the o i l  and saturated sed iments rema i n s  con stant . I f  the o i l  moves 

up from the saturated l ayer i nto the empty pores of an  unsaturated l ayer , 
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the vol ume of  the unsaturated l ayer wo u l d  remai n constant as l ong as the 

o i l  onl y fi l l s  empty s pace . O i l  wou l d  not emerge on the surface unti l al l 

of the po re space near a poten t ia l  seep wa s fi l l ed wi th o i l . Th i s wou l d  

perm i t  the poss i b i l i ty o f  a n  o i l  " s l i c k "  to form on top o f  the water tab l e  

s u rface i n  the unsaturated l ayer . 
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F . 4  SUMMARY 

Cavern des i gn concepts devel oped for the proposed cav i t i es for the 

SPR program have i ncorporated the experi ence of hundreds of  bri ne wel l  

operati ons , roc k sal t mi ne operat i ons , a nd 25  years • experi ence wi th 

s tor i ng hydrocarbons i n  sal t domes i n  the U . S .  W i th use  of appropri ate 

construct ion  techn i ques and constant mon i tor i ng of  the caverns • i ntegr i ty ,  

the general col l a pse o f  a storage cavern i s  d i scounted a s  an unreal i s t i c  

po s s i b i l i ty .  1 1 Creep 11 c l osure and .. s l abb i ng .. i n  s to rage cav i t i es s hou l d 

present no env i ronmenta l hazards , ba sed on  i ndustr ia l  experi ence wi th use 

o f  m i ned cav i ti es in Gul f Coast sa l t domes . 

F- 7 



F . 5 REFERENCES 

Al brecht , H . , and Langer , M . , 1 974 , The theo l og i cal  behav ior  of rock  
sal t a nd  rel ated stabi l i ty probl ems of storage caverns , Advances i n  
Rock  Mecha n i cs , Proceed i ng s  of the Thi rd Congres s  of the I nternati onal 
Soci ety for Rock  Mecha n i cs , Vol . I I ,  Part B . ,  Nat i o nal  Academy 
of Sci ence ,  pp . 967- 974 . 

Barl a ,  G . , and Ottav i an i , M . , 1 974 ,  Stress  and d i spl acements around two 
adjacent ci rcu l ar o pen i ng s  near to the ground surface , Advances 
i n  Rock Mecha n i cs ,  ( Proceedi ng s  of Thi rd Congress  of ISRM ) , 
Nati onal  Academy of  Sc i ences , Was h i ngton , D .  C . , pp . 975-980 . 

B rown , K . E . , and Jes sen , F . W . , 1 959 ,  Effect of pressure and temperature 
o n  cavi t i es i n  sa l t :  Amer . I nst .  Mi n .  Eng . , Jour .  Petro l . Tech . , 
v .  21 6 ,  p p .  341 -345.  

Chao , R . , 1 974 ,  Long term creep cl o sure of so l ut ion  cav i ty system , 
Fourth Sympos i um on  Sal t ,  Northern Oh i o  Geo l og i cal  Soc i ety ,  
I n c . , 2 ,  pp .  1 1 9- 1 27 .  

Coo k ,  J . C . , 1 974 ,  How to  l o cate water hazards  i n  sal t mi nes , Fourth 
Sympos i um on  S l a t ,  Northern Oh io  Geo l og ica l  Soc i ety , I nc . , 2 ,  
p .  27 . 

Dreyer , W . , 1 974 , Resu l ts of recent stud i es on the stab i l i ty of crude 
o i l  and gas s torage in sa l t  caverns ,  Fourth Sympos i um on  Sal t ,  
Vol . 2 ,  Northern Oh i o  Geo l og i ca l  Soci ety ,  I nc . , pp . 65-92 . 

--=' 1 97 2 ,  The s c i ence of roc k  mecha n i c s , Part 1 ,  The Strength 
Properti es  of Rocks , Vo l . 1 ,  No . 2 ,  Trans Tech Pub l i cat ions , 
1 861 5 Detro i t  Ave . , Cl evel and , Oh i o  441 07 .  

Jaro n ,  M . G . , 1 969 ,  I n vest i gat i on of so l ut ion  co l l apse brecci a i n  mature 
sal t caverns , Thi rd Sympos i um on  Sal t ,  Vol . 1 ,  Northern Oh i o  
Geol og i cal  Soc i ety ,  I nc . , p p .  422-428 . 

Serata n ,  S . , and Gl ovna , E . F . , 1 960 ,  Pri nc i p l es of structural stabi l i ty 
of underground sa l t cav i t ie s - J .  Geophy ,  Res . , 65 , pp . 2979-2987 . 

S tewart , R . D . , and Unterberger , R . R . , 1 97 6 ,  See i ng through rock  sa l t  
w i th radar , Geophy s i c s ,  Vol . 41 , No . 1 ,  p .  1 23 .  

Terzagh i , R . , 1 970 ,  Bri nefi el d subs i dence at Wi ndsor ,  Ontar io , Thi rd 
Sympos i um on Sa l t , Vo l .  2 ,  Northern Oh i o  Geo l o g i ca l  Soc i ety ,  
I nc . , pp . 798-807 . 

Un i ted States Department of the I nter i or ,  1 962 , Tri ax i a l  compre s s i on 
tests of sal t rock  cores for the Uni ted States atom i c  energy 
commi s s i o n  - Proj ect Dri bbl e ,  Bureau of Rec l amat ion , Laboratory 
Report No . C- 1 043 , Cl eari nghouse , Tl O 21 592 , (October 20 ) .  

F-8 



Unterberger ,  R . R . , 1 974 ,  E l ectromagnet i c  wave propagati on i n  sa l t 
probi ng i nto sal t wi th radar , al so , a l a sar  radar for prob i ng 
sa l t ,  Fourth Sumpos i um on  Sal t ,  Northern Ohi o  Geo l og i cal  
Soc i ety ,  I nc . , 2 ,  pp .  3 and 1 1 .  

Wawers i k , W . R . , Ca l l endar , J . F . , Weaver , B . , and Drape k ,  P . K . ,  1 976 , 
Pre l im i nary determ i nati on  of mechan i cal properti es of rock  sal t 
from southeastern New Mex i co ,  prepri nt - Proceed i ngs  of  1 7th 
Sympos i um o n  Rock  Mechan i cs , Snowbi rd ,  Uta h ,  Utah Eng i neer i ng 
Experiment Stat i on , C 6- 1 ,  P .  5 .  

F-9 





APPEND I X G 

TECHN I CAL REPORT 

CAPL I N E  GROUP D I FFUSER S ITE STUDY 





Executi ve Summary 

The Department of Energy ( DOE ) , i n  impl ement i ng  the Strateg i c  
Petrol eum Reserve ( SPR )  Program , proposes to uti l i ze for o i l s torage , 
caverns i n  the Capl i ne Group of sal t domes , on  the Gul f  Coast  of Lou i s i ana . 
If e i ther the Wee ks I s l and  or Chacahou l a o i l storage s i te i s  se l ected 
for devel opment ,  offs hore bri ne di sposal  i s  proposed dur i ng e i ther the 
s o l u t i on mi n i ng operat i on  or cavern refi l l s .  The bri ne d i scharge wou l d 
have sa l i n i ti es rang i ng from 230 ppt to 264 ppt and maximum temperatures 
at  the d i ffu ser head i n  the range of 1 1 5° to 1 20oF .  The proposed Weeks 
I s l and  and Chaca hou l a  bri ne d i ffuser s i te s  are l ocated about 9 and 24 
nauti cal m i l es , respecti vel y ,  offs hore the entrance to Atchafal aya Bay , 
Lou i s i ana , i n  approximate ly  2 1  and 33 feet of water .  The a l ternati ve 
Weeks I s l and s i te i s  l ocated a lmost  20 nauti cal mi l es off the entrance 
to Atchafal aya Bay , wh i l e  the a l ternat i ve Chacahou l a  s i te i s  l ocated 
abo ut  1 8  naut i ca l  m i l es  off the I s l es Dern i eres i n  a l most  20 feet of  
water .  

Th i s  report was prepared to ass i s t DOE • s  exami nati on  and  assessment 
of  potenti a l  env i ronmenta l impacts associ ated w i th the opti on  of bri ne 
d i sposal  i n  the Gu l f  and to support the appl i cati on  for a d i scharge 
permi t .  Th i s  report i s  ba sed on both h i s tori ca l  data and s i te- spec i f i c  
i nvesti gat i on s  underta ken i n  the Gul f o f  Mex i co .  

The continental  s he l f i n  the v i c i n i ty o f  the proposed d i ffuser 
s i tes  i s  covered by sed iments varyi ng from s i l ty sands  to  s i l ts or  c l ays 
wi th some sand . Sed iments are coarser nearshore and become fi ner w i th 
distance from the coast .  Numerou s  shoal s are present wi thi n  the 30 foot  
contour .  Depths range from about 1 6  feet at the Weeks I s l and s i te to 
over 30 feet at the Chacahou l a  s i te .  The s l ope of  the s he l f to the 60 
foot contour (30 m i l es offs hore ) is approxi matel y  0 . 03 percent .  Water 
temperatures are coo l er in  the nearshore zone .  Currents are wes terly 
and general ly  para l l el to the coastl i ne and i so ba ths . Current vel oci t i es 
norma l ly  range from 0 . 2 to 0 . 4 knots ( 0 . 3 to 0 . 7 ft/ sec ) .  

Pred i ct i ve mode l i ng for the proposed d iffuser i n  the Cap l i ne 
s er i es i nd icates that the d i scharged bri ne p l ume wou l d rema i n  near the 
bottom , thus m in im i z i ng i ts effect on m id-depth and s urface waters . One 
seri e s  of model runs was performed u s i ng est imated magni tudes and di rec
t i ons  of t i dal  and w i n d-driven currents  based on  h i s tori cal data . 
Add i t i onal  p l ume ana l yses  were conducted u s i ng i n  s i tu current  meter 
data col l ected at the proposed s i tes . Approxi mate�3 days of observed 
currents col l ected were u sed as  i nput i n  a second seri es of model runs . 
Outputs were taken on  the 1 3th day correspond i ng to d i screet peri ods of 
the ti da l  cyc l e .  The 1 ppt excess i so ha l i ne at the Weeks I s l and and 
Chacahou l a  s i tes  wou l d ,  under norma l current cond i t ions , cover an average 
of about  480 and 1 420  acres , respecti ve ly .  Dur i ng an 8-day s l ack i n  the 
l ongs hore ti dal currents , th i s  area wou l d i ncrease to about 2900 and 
4600 acres . 

A heat fl ow model was eval uated and analyzed to est imate the poten
t i a l  for excess temperatures at  excess sa l i n i ty profi l es around the 
d i ffuser .  Th i s  was accomp l i s hed by assum i ng 90°F seawater temperatures 



( wo rst case s um�er maximHm )  and bri ne temperatures at the d i ffuser hegd 
varyi ng from 90 F to 1 50 F .  Con s i deri ng a worst case cond i t i on of  90 F 
Gu l f  waters and a bri ne d i scharge of 1 50°F ,  the exces s  temperature at 
the 3 . 0  ppt excess  i sohal i ne ( about 40 acres at Week8 I s l and and 1 20 
acres at the Chacahou l a  s i te )  wou l d  be l e s s  than 0 . 5 g .  When amb i ent 
temperatures  in these coasta l  waters are l es s  than 90 F ,  the excess  
temperatures at  any  i sohal i ne wou l d  be greater ,  but  the max i mum tempera
ture at  these po i n ts wou l d  be l es s .  

The water chemi stry i n  the v i c i n i ty o f  the proposed d i ffuser s i tes 
i s  seasonal l y  dependent on the freshwater d i scharge of the M i ss i ss i pp i  
and Atchafa l aya R i vers . Hydrocarbons and trace meta l s ,  wi th the exception  
of  mercury ,  are norma l l y  wi th i n  the ranges expected for coasta l  waters . 
Heavy metal  concentrati ons  are usua l l y  greater i n  the i n ters t i t i a l  
waters than i n  the overl yi ng water col umn . Zoopl ankton (chaetognaths )  
had s i gn i fi cant ly  h i gher concentrat i ons of trace meta l s than e i ther the 
s hr imp or  the f i s h .  D i s so l ved oxygen ( DO )  in the northern Gu l f averages 
about 8 . 0  ppm ; however ,  period i ca l l y  the bottom waters become anox i c .  
I n  genera l , nutri ents , heavy meta l s ,  hydrocarbon l evel s ,  and sus pended 
matter were h i g her at Weeks I s l and than Chacahou l a ,  due to the former 
s i te be i ng c l oser to s hore . 

The majo r  impact of the bri ne d i scharged i nto the Gul f wou l d  be the 
l ocal i zed i ncreased concentrat ion  of several chemi ca l  spec i es , notab ly  
sod i um and ch l ori de i n  the  immed i ate v i c i n i ty of the  d i ffuser .  Many of  
these consti tuents , i n  part icu l a r  the  trace meta l s ,  woul d be d i l uted to 
near ambi ent l evel s wi th i n  a sma l l area around the d i ffuser . U pon 
d i scharge , prec i p i tati on of var i ou s  chem i ca l  spec i es may occur ;  settl i ng 
out  of  these parti c u l ates cou l d impact the l ocal  benth i c  commun i ty .  I t  
has been est imated that the reducti on of  the DO from ambi ent a t  the 20 
ppt excess i soha l i ne ,  as a res u l t of  i ncreased temperature and sa l i n i ty ,  
wou l d  be a pproximatel y  0 . 6  mg/ 1 . No  modi fi cati on i n  the pH  i s  ant i c i pated . 
Dur i n g  the operati ona l phase , bri ne d i scharge wou l d have an est imated 
hydrocarbon content of 6 . 0 ppm , an order of magn i tude greater than 
amb ient . Local m i x i ng and d i s pers i o n  mechan i sms wou l d  rap i d l y  reduce 
these concentrati ons  to ambi ent  l evel s .  

The b i o l og ica l  assembl ages a t  both s i tes  are d i verse and product i ve ,  
but the i r components d i ffer i n  severa l  aspects . The phytop l a n kton 
commun i ti es at the s i tes  are very s imi l ar ,  but the compos i ti on at  the 
Weeks I s l and s i te i s  s trong ly  i nfl uenced by the freshwater i nput to the 
Gu l f  from the nearby Atchafal aya R i ver ;  the phytopl ankton at the Chacahou l a  
s i te has a greater proport i on of  mar i ne  spec i es .  Cel l dens i ty and 
producti v i ty at the Weeks  I s l and s i te is rel ati ve ly h i gher than at the 
Chacahou l a  s i te .  Both s i tes atta i n  max imum val ues for b i omass , produc
ti v i ty ,  and c h l orophyl l a in the early spri n g ;  d i s t i nct m i n ima occur 
d uri ng the summer months� 

B i oassay stud i es have i nd i cated that pl an kton entra i ned i n  the 
br i ne  p l ume at the d i ffuser wou l d  be subj ected to severe phys i o l ogi ca l  
(ma i n ly  osmot i c )  and  temperature stres s and , therefore , these  p l ankton 
wou l d undergo a temporary reduct ion  in producti v i ty and s tand i n g  stock . 



S i nce the res i dence t ime of the pl ankton i n  the pl ume area wou l d be i n  
terms of on ly  a few hours , i t  i s  expected that no l ong-term o r  major  
i mpacts wou l d  be  refl ected i n  the pl an kton commun i ty for e i ther of  the 
s i tes . S i nce the pl ume wi l l  rema i n  near the bottom , on ly  those organ i sms 
assoc i ated wi th th i s  l ower port i on  of the water col umn or the benth i c  
sed i ments wou l d be affected . 

N i nety-five taxa of benth i c  i nvertebrates were col l ected at the 
Weeks  I s l and s i te ,  of wh i ch 29 taxa were u n i que to that s i te .  I n  contrast ,  
98 taxa were col l ected at Chacahou l a , of wh i ch 34 were un i que to the 
s i te .  Spec i e s  d i vers i ty was a l ways greater at the Chacahou l a  s i te .  The 
dens i ty of organ i sms at the Weeks I s l and s i te ranged from 1 65 to 1 41 0jm2 , 
wh i l e  at Chacahou l a  the range was from 48 to 1 585jm2 . I n  genera l , the 
po l ychaetes dom i nated , wi th the mol l uscs and cru staceans  codomi nat i ng . 

Many spec i e s  of benth i c  i n vertebrates l i ve wi thi n  the immed i a te 
v i c i n i ty of the d i ffuser s i tes where extreme sal i n i t i es and temperatures 
wou l d  be expected . Dur i ng an 8-hour  day s l ac k  per iod , the area encl osed 
i n  the 4 ppt exces s  i soha l i ne  wou l d be 30 acres at the Weeks I s l and s i te 
and 50 acres at the Chacahou l a  s i te .  Assum ing total mortal i ty i n  thi s 
area , about 2 . 1  x 1 06 and 3 . 6  x 1 06 benth i c  i nvertebrates wou l d  be 
k i l l ed per acre , respect ive ly ,  at Wee ks I s l and and Chacahoul a ,  but wou l d  
vary depend i ng o n  season . L i ttl e or n o  substant i al adverse impacts to 
benth i c  organi sms wou l d  occur  outs i de the nearf ie l d area . The younger 
deve l opmental s tages of many benth i c  i n vertebrates wou l d be expected to 
be impacted the mo st .  Fa i rly  rap i d  recovery of the benth i c  commun i ty 
cou l d  be ant i c i pated fol l owi ng termi nation  of br i ne d i scharge . 

Maj or fi s her ies  i n  the Lou i s i ana coasta l  waters i nc l ude s hr i mp ,  
menhaden , oysters , and bl ue  crabs . Commerc i a l  l and i ngs  i n  these waters 
i n  1 976 con s i sted of 1 . 2 bi l l i o n  pounds val ued at $1 38 mi l l i on .  Of 
thi s ,  shrimp was l eadi ng spec i e s  in val ue , fo l l owed by menhaden and 
oys ters . E i ght commerc i al spec i es were col l ected at Weeks I sl and and 
seven at Chacahou l a .  The sport fi s her ies  i n  these waters prov i de a 
l arge i ndustry . The total number of i n vertebrate taxa was greater at 
the Weeks  I s l and s i te than at Chacahou l a ,  espec i a l l y  the commerc i a l  
s pec i e s .  Th i rty-s i x  spec i e s  o f  f i s h  and a greater den s i ty was col l ected 
at Weeks  I s l and , wh i l e  30 spec i e s  were co l l ected at Chacahou l a .  

The majori ty o f  the nekton wou l d be expected to avo i d  the br i ne 
d i scharge i n  the v i c i n i ty of the d i ffuser where extreme sal i n i t i es and 
temperatures wou l d  be expected . Ne kton enter i ng thi s reg i on wou l d  be 
s u bj ected to temporary o smot i c  and temperature stres s .  B i oassay stud i es 
have i nd i cated that br i ne concentrati ons  of about 36 . 5  ppt are l ethal to 
embryon i c wh i te s hr imp , wh i l e  sub l ethal effects may occur bel ow th i s  
concentrat ion . Larval f i s h  may be s l i ghtl y more tol erant of h i gh sa l i n i 
t i e s  than are embryon i c  wh i te shr imp .  Gu l f  menhaden l arvae are known to 
metamorphose at sa l i n i t i es approachi ng 40 ppt , wh i l e  the l arval spotted 
seatrout  are reported to have a 2-hour LC50 of about  41 ppt . The pl ank
ton i c  l arvae and  eggs  of f ish  and  shr imp  entra i ned in  the  p l ume where 
temperature and sa l i n i ty val ues approach or exceed the i r  upper tol erance 
l im i ts wou l d  suffer l ethal and subl ethal i mpacts . 
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G . l  I NTRODUCT ION 

G .  1 . 1 Background 

APPEND I X  G 

TECHN I CAL REPORT 

CAP L I NE GROUP D I FFUSER S I TE STUDY 

Th i s  append i x  presents  a descr i pti on of two proposed bri ne d i ffuser 

s i te s  and an analys i s  of the phys i ca l , chem i ca l , and bi o l og i ca l  effects 

of br i ne d i sposal i n  the Gu l f of Mex i co .  The br i ne wou l d  resu l t from 

the l each i ng of sa l t domes to form cavern s , and from the subsequent use  

of those caverns for crude o i l  storage , thereby d i s p l ac i ng the  rema i n i ng 

br i ne .  I f  e i ther the Weeks I s l and o r  Chacahoul a s i te i s  sel ected for 

devel opment , offs hore br i ne d i s posal i s  proposed to be uti l i zed ( F i gure 

G . l - 1 ) .  

Br i ne from the Weeks  I s l and storage s i te wou l d  be transported 

through a p i pe l i ne wh i c h  wou l d pass under 27 . 9  nauti ca l  mi l es ( 32 . 1  

s tatute mi l es )  of bay and Gu l f waters and wou l d  be d i scharged at a peak 

rate of 39 cub i c feet per second . U se of an al ternat i ve l ocation  

requ i ring 4 1 . 4  naut i cal mi l es ( 47 . 6  statute mi l es )  of  offshore p i pe l i ne 

i s  a l so  addressed . At Chacahou l a ,  the proposed d i ffuser s i te wou l d  

requ ire 20 . 5 nauti cal m i l es ( 23 . 6 statute m i l es )  of offshore p i pel i n e .  

Brine wou l d  be d i scharged a t  a peak rate o f  9 0  cub i c feet per second . 

An a l ternati ve s i te wou l d  requ i re 1 9 . 4  naut ica l  m i l es ( 22 . 3  statute 

mi l es )  of offshore p i pe l i ne .  

S i nce l arge quant i t i e s  of br i ne wou l d be  produced as a resul t of 

so l ut ion mi n i ng  and must subsequent ly  be d i s posed , the impact of th i s  

d i s po sa l  on the b i o l ogy and water qual i ty of the Gu l f of Mex i co i s  one 

of the most  cri t i ca l  i ssues  i dent i f i ed i n  the programmati c Env i ronmental 

Impact Statement ( FES  76-2 ) . 

One of the objecti ves of th i s  append i x ,  therefore , i s  to s upport 

the Capl i ne Group F i nal  E I S  wi th  an assessment of the env i ronmenta l  

effects o f  a brine d i sposal  operati on a t  the Weeks  I s l and and Chacahou l a 

d i sposal areas ( F i gure G . l - 2 ) . Th i s assessment has been based on fiel d 

s tu d i e s  wh i ch were conducted at both the proposed Weeks I s l and  and 

Chacahou l a  br i ne d i ffu ser s i tes  duri ng the months of September through 

G .  1 -1 



G) 
_. 

I N 

' �B•y w;::.;::•&y\ 
____........_., M.rsti } E.ur Cote ,,,. , .. ,� &y 

I I 
, I I ' 

PROPOSED WE E KS I S LA N D  
B R I N E  D I F FUSER S I TE 

Fl GURE G . l '"'2 

P ROPOS E D  CHACA HO U LA 
B R I N E  D I F FUSER S I TE 

-- - - - =PROPOSE D  P I P E L I N E  RO UTES 

MEXICO 
GULp OF 

F I GURE G . l - 1 . Coas tal Loui s i ana  showi n �  oroposed offshore bri ne di s oosal  s i tes . 

- -........ -----/' .... , 4 
.. 0 '1,� . 
/) ,� Ouuuleleur 

• 1;;1 Soul'ld 

/ 
""" 



� 
� 

I 
w 

F I GURE G .  1 - 2 .  

29° 30' 1-----+ 

Tl.�cr Shoo/ I - - - t · · 
.. · �--. --- " - - - · r 

,�,,::'',:'>" I 

Sh,•ll �..:,-� '  

• PROPOSED DIFFUSER SITE · --
--\

�:·:r.
·· 

( 

WEEKS ISLAND 
SAMPLING GRID 
(FIGURE G.1-5) o 

----' 

18 "- -· ·.Jo • •  

ALTERNATIV�<'•,_ · . . . .• · ·  

WEEKS ISLAND • 
DIFFUSER SITE 

':;;;;;, ·�:.c-;r:-

CHACAHOULA 
SAMPLING GRID 
(FIGURE G.1·61 

91°00" 

�= hie� Dcrmcrc� ··--
.. 

3o ------
···, · - -. --� ,s--···..-

29o I)()' ·-

:-..:..�PROP���-0-�;;;·USER SITE 

92° 00' 

U u L F 
O p  

60 -
·- . . . _ _  

1 0  0 1 0  
'I ·'r ,< ·  --1 /c 

,

-

-

-r-

-

0 
I 

-.... 0, 

• 8 · "  - - · - - - - -�-- - . .  , '  l SI""' 

' '  . '';"', - --11 __ -_- _-_-_: - - · ·�· -::: 
ALTERNATIVE , 
CHACAHOULA " 
DIFFUSER 

_
SIT� __ / 

- - - - f \,_,-'• I 

91° oo· 

� 

=-----129° 00' 

·::-. ;;; 

Regi on of  the prooosed Weeks I s l and  and Ch acahoul a bri ne di ffuse r  s i tes i n c l udi ng  
the s amo1 i n g gri ds of  the Seotember to  December 1 9 77 s urvey . 



December ,  1 97 7 .  Because of  the l imi ted t ime period , these stud ies  are 

more appropri ate ly  termed a prel imi nary ba sel i ne characteri zati on ; the 

ba sel i ne stud i es have conti nued duri ng 1 978 at the a l ternat i ve d i ffuser 

s i tes . Mon i tor i ng stud ies  woul d be i n i t iated at the d i ffuser s i tes 

dur ing  operat ion . 

Another obj ecti ve of th i s  study i s  to prov i de DOE wi th i nformation 

that ,  a l ong wi th other studies , can be u sed to se l ect an env i ronmenta l ly 

appropri ate l ocation , co nfigurati on , and s i ze for a bri ne d i sposa l  

d i ffuser system for the  Lou i s iana offshore reg ion  wi th i n a reasonab l e 

d i stance of  the dome storage s i tes under cons i derat i o n .  Thi s i nformation  

w i l l  be  u sed to support app l i cati ons to the Env i ronmenta l Protection  

Agency for br i ne d i sposal  permi ts . 

G .  1 . 2  Operati onal Br i ne  Di sposal  Requi rements 

It has been proposed for the Strateg i c  Petro l eum Reserve ( S PR )  

p rogram that the early storage phase capac i ty of  the Capl i ne Group ( 1 83 

r��1B ) be expanded by 1 1 7  MMB to a tota l storage vo l ume of 300 �1MB . The 

actual i ncrease i n  group storage capac i ty cou l d  range from 91 MMB 

res u l t ing  from expans i on of the Weeks I s l and sa l t dome cavern ( 274 MMB 

tota l Cap l i ne Group capac i ty )  to 200 MMB for devel opment of  storage at 

the Chaca hou l a sa l t dome ( 383 MMB tota l ) .  Th i s  add i ti ona l capac i ty 

woul d be obta i ned by construct i ng new l eached caverns , for wh i c h  each 

barrel of  space created wou l d  requ i re the i ntroduct i on of seven barre l s 

o f  water and the d i sposal  of a l i ke amount of bri ne .  Techn i ca l  stud i es 

have determi ned that new l eached space and i n i t i a l  fi l l  of  new capac i ty 

i n  the Cap l i ne Group may requ i re the d i sposal  of  from 640 MMB to 1 400 

MMB of br i ne over a period of 4 to 5 years . Th i s  peri od i nc l udes the 

construct ion  of  the caverns by l each i ng and the i n i t i a l  fi l l  peri od when 

crude o i l i s  pumped i nto the newly formed caverns , d i sp l ac i ng the remai n i ng 

bri ne to the s urface for d i sposa l . 

After the i n i ti a l  fi l l  of  new cavern s ,  a l l s torage caverns wou l d  be 

operated as  a s i ng l e  system. Once the caverns are fi l l ed wi th o i l ,  

however , no further br ine d i sposal  or water supp ly wi l l  be requ i red 

un l ess  a fore i gn o i l  supply i nterruption  occurs . Then , accord i ng to 

G . l -4 



SPR program requ i rements , the o i l wi l l  be wi thdrawn from the caverns by 

d i sp l acement wi th raw water wi th i n  approx imatel y  a 1 50-day peri od . 

Res umpti on of norma l fore i g n  o i l supp l i es wou l d  then i n i t i ate a second 

cyc l e ;  that i s ,  the cavern s wou l d  be refi l l ed wi th  o i l ,  and th i s  o i l 

wou l d  d i sp l ace the saturated br i ne .  The refi l l  per i od and i ts associ ated 

br i ne  d i s posal wou l d  requ i re from 1 2  to 24 months . Subsequent crude o i l 

wi thdrawal s and refi l l s  of the Capl i ne Group capac i ty cou l d  each d i sp l ace 

an add i t i onal 91 MMB to 200 MMB of bri ne to the Gu l f ( Gu l f d i s posal  

wou l d  not be uti l i zed for earl y storage capac i ty ) . 

The range of projected d i s posal  rates , durati ons , and tota l br i ne 

d i s posal  vol umes for the expan s i on of the Cap l i ne Group i s  presented 

graphi cal ly  on F i gure G . l -3 for Weeks I s l and and F i gure G . l -4 for Chacahou l a 

and i s  summari zed i n  Tabl e G . l - 1 . The max imum val ues  of d i scharge ( 600 

to 1 250 MBCD ) i n  th i s tabl e represent l each i ng of the expans i on capac i ty 

for a durati on of about  4 years . Dur i ng oi l refi l l  peri ods , l es ser 

amounts of bri ne wou l d  be d i scharged i nto the Gul f  from the d i ffu ser . 
Over the projected 22-year l i fe of the SPR ,  a max imum of fi ve fi l l /  wi th

drawa l s are p l anned , d i sp l ac i ng up  to 450 MMB of br i ne from Weeks I s l and 

or 1 000 MMB from Chacahou l a .  

G .  1 . 3 Bri ne D i ffuser Des i gn Cri ter i a  and P l ume Character i st i c s  

Des i gn cri teri a for the offs hore br i ne d i ffusers were based on 

envi ronmental cons i derat i ons and operat i onal requ i rements ( U . S .  Department 

of Commerce , 1 977a ) . Proposed and a l ternati ve l ocations  based on those 

c r i teri a are s hown for each d i ffuser on F i gure G . l -2 .  The proposed 

p i pel i ne and d i ffuser c haracteri st i c s  are a l so  summari zed i n  Tabl e 

G .  1 -2 .  

As d i scus sed i n  Section G . l . 2 , br i ne p l umes wou l d occur from two sep

arate acti v i ti e s .  The i n i ti a l  d i scharge wou l d res u l t from so l ut ion mi n i ng 

of the sa l t dome to form caverns for o i l  s torage . Thi s d i scharge wou l d  

occur over a peri od of 4 to 5 years , have a sal i n i ty of 230 ppt to 260 

ppt and a temperature near amb i ent .  The second d i scharge wou l d occur when 

crude oi l i s  pumped i nto the bri ne-fi l l ed compl eted caverns .  The d i sp l aced 

bri ne wou l d be d i scharged over a per iod of about 2 years , have a sa l i n i ty 

G . l -5 
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TABLE G .  1 - 1 Proj ected bri ne d i sposal data by modes for the Cap l i ne Group . 

D i sposal Bri ne Sal t Mas s  
Capac i ty Rate Duration  Vol ume ( mi l l i ons of 

S i te ( MMB ) Mode ( MBCD)  ( months ) ( MMB ) short tons ) 

Weeks I s l and 91  Leach 570 to 50- 60 640 34 . 5  
600 

91 I n i ti a l F i l l  1 90 1 6  91  4 . 9  

9 1  Refi l l s  1 90 1 6  91 4 . 9  

Chacahoul a 200 Leach 1 250 50- 60 1 400 75 . 8  

200 I n i t ia l  F i l l  350 1 9  200 1 0 . 8  

2 00 Refi l l s  350 1 9  200 1 0 . 8  
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TABL E  G .  1 - 2 S umma ry o f  di ffus e r  ch a ractAri s ti cs . 

L a t i tude 

Longi tude 

Offshore P i pe l i ne Length 

Di stance Offshore 

Wa ter Depth 

D i ffuser Length 

O r i enta t i o n  

Number of Ports 

Or i entat i on of  Port Ri sers 

Height of  Ri sers Above Bottom 

Port Ex i t  Ve l oc i ty 

anm = na u t i c a l  mi l e  

Weeks I s l and Propo sed 

29° 1 9 . 5 '  N 

91 ° 4 8. 2 '  w 

27 . 9  nm ( 32 . 1 mi la 

1 0  nm from entrance 
to Atcha fa l aya Bay 

21 Feet 

2000 Feet 
Norma l I s obaths 

34 

90° to Bottom 

0- 5 Feet 

25 Feet per second 

1 naut i c a l  mi l e = 1 . 1 51 s tatute mi l es 

Weeks I s l and Al ternat i ve 

29° 0� . 5 I N 

91 ° 4 4 . 6 '  w 

4 1 . 4  nm ( 47 . 6  mi ) 
22 nm from entrance 

to Atchafa l aya Bay 

21 Feet 

Same as Proposed 

Same as Proposed 

Same as Proposed 

Same as Proposed 

Same as  Proposed 

Same as  Proposed 

Chaca houl a  Proposed 

28° 5 7 . 1 '  N 

91 ° 22 . 7 5 '  w 

20 . 5  nm ( 23 . 6  mi ) 
23 nm from Po i nt 

Au Fer I s l and 

33 Feet 

3420 Feet 

Normal I soba ths 

58 

90° to Bottom 

0-5 Feet 

25 Feet per second 

Chacahou l a  Al terna t i ve 

28° 52 . 0 ' N 

91 ° 02 . 5 ' w 

1 9 . 4  nm ( 2 2 . 3  mi ) 
1 2  nm from 
I s l es Dern i eres 

20 Feet 

Same as  Proposed 

Same as Proposed 

Same as  Proposed 

Same as Proposed 

Same as Proposed 

Same as Proposed 



of approximate ly  264 ppt , and a temperature at the di ffu ser ports of 

a bout 1 20°F .  

The M IT  Trans i ent  P l ume Model ( U . S .  Department o f  Commerce , 1 977a ) , 

was used to devel op the bri ne pl ume characteri st i c s  used i n  thi s study .  

For th i s  s tudy , t h e  p l ume i s  con s i dered to res u l t  from a worst case , 8-

day s l ac k  peri od in the l ong-shore nont idal  current componen t .  An 8-day 

s l ac k  per i od i s  a conservati ve estimate of expected cond i ti ons ; current 

data ta ken i n  the area general ly  i nd i cate a max imum s l ac k  peri od of 2 

days . For compari son of average and worst ca se cond i t i on s , the fol l owi ng 

tabl e was deri ved from curves of bottom concentrati on versus bottom area 

covered ( U . S .  Department of Commerce , 1 977a ) : 

WEEKS I S LAND CHACAHOULA 

Average Average 
I s o hal i ne 8-Day Sl ack Cond i t ions  8-Day S l ac k  Cond i t i on s  

( PPT above ambi ent )  (acre s )  (acres ) ( acre s )  ( acres ) 

1 2900 500 4600 1 400 

2 400 250 1 300 450 

3 1 00 40 200 1 25 

4 30 50 

Under average cond i t i on s  of wi nd and current , h i g h  sal i n i t i es wou l d  

b e  l imi ted to the bottom area i n  the immed i ate v i c i n i ty o f  the d i ffuser . 

Surface sal i n i ti es wou l d  be essenti al ly  unaffected . Duri ng  an 8-day 

s l ac k  per i od , when currents may fal l as l ow a s  1 centi meter per second , 

a broader area near the d i ffu sers woul d experi ence excess sal i n i t i es ,  

and surface sal i n i ti es wou l d  be i ncreased s l i ghtly ( u p  to 1 . 0 ppt ) . 

G . l . 4 Scope of Work  for Basel i ne Characteri zati on 

B i o l og i cal  sampl e s  and phys i cal  and chemi cal  measurements of the 

mar i ne env i ronment at the Weeks  I s l and and Chacahou l a  bri ne d i s posal  

s i te s  were ta ken in  order to correl ate ex i sti ng envi ronmental cond i ti ons  

wi th the  pred i cted physi cal· extent of the  br i ne d i scharge as  pred i cted 

by the M IT  model ( U . S .  Department  of Commerce , 1 977a ) and i ts chemi ca l  

compo s i t i on , and to  pred i ct potent ia l  areas of  impact wi th regard to 

th i s  d i scharge . A descri pt ion of the methods and mater i a l s i s  presented 

bel ow i n  conj unction  wi th the scope of work .  

G . l - 1 0  



G .  1 . 4 .  1 Geograph i ca l  Area Covered 

G .  1 . 4 . 1 . 1 Cru i ses 

Cru i ses were conducted once a month at the proposed Weeks 
I s l and and Chacahou l a d i ffu ser s i tes  between September and December , 

1 97 7 .  The fi rst was for reconna i s sance , for i ntens i ve sampl i ng of 

b i ota ,  water ,  and sediment ,  and for depl oyment  of current meters . 

Subsequent cru i ses were for retri eva l of i n strumentati on data tapes and 

for l es s  i ntens i ve b i o l og i cal sampl i ng .  

G .  1 . 4 .  1 . 2  Oceanograph i c  Station  Arrays 

For each sampl i ng grid  ( Fi g ures G . l - 5 and G . l - 6 ) , the l ocati ons of 

d i s posal  s i te s tations  and contro l s tations  were determi ned by cons i deri ng 

the s pati a l  extent of the br i ne pl ume as  pred i cted by the MIT model and 

ava i l a bl e knowl edge of the preva i l i ng coasta l currents . Each gr id  was 

des i gned to extend beyond the pred i cted pl ume exposure i n  the near and 

far-f i el ds . Near-fi el d stations  woul d be in di rect contact wi th the 

brine effl uent duri ng i n i ti a l  j et m i x i ng near the d i ffuser ports . Far

fi e l d s tations  were l ocated wi th i n  the reg ion  that wou l d be affected , 

but woul d l a ck the i ntense exposure to bri ne that may be characteri st i c 

of the near-fi el d s tati ons .  Contro l stations  were establ i s hed to del i n 

eate amb ient  cond i ti on s  beyond the far f ie l d .  

Water and sediment chemi s try sampl i ng was done on ly  duri ng the 

fi rst cru i se and sampl es  were ta ken at sel ected stations  wi th i n  the gri d 

(W2 , W 5 ,  W8 , Wl O ,  Wl 5 ,  WR3 , C2 , C5 ,  C8 , Cl O ,  CR3 ) .  Current meters and 

wave and ti de gauges were depl oyed at the proposed d i ffuser s i tes ( W5 ,  

C5 ) .  Benth i c  sampl i ng was conducted at a l l stati ons , weather permi tti ng , 

on  each cru i se .  

Transects were establ i shed for each sampl i ng reg i on for p l ankton 

tows and for demersa l fi s h  and macro i nvertebrate trawl s .  

G . l . 4 . 2  Topi ca l Coverage 

G. 1 . 4 . 2 .  1 B i o l og i cal  Oceanography 

Major  empha s i s  wi th regard to marine  b i o l ogy wa s p l aced on determi n i ng 

the s pec i e s  compo s i t ion , abundance and d i vers i ty of the benth i c  commun i ty 
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at each d i ffu ser s i te .  S imi l ar i nformati on was sought for the p l ankton 

and ne kton communi t i es , but these data were of a qual i tati ve nature due 

to the commun i t i es ' l a rge tempora l and spati a l  vari abi l i ty .  I n  add i t i on , 

adverse weather cond i t i ons  at t imes necess i tated changes i n  samp l i ng l ocat i on , 

approach ,  and equ i pment , and i n  the number of samp l es  ta ken . 

G .  1 . 4 . 2 . 1 . 1  Benth i c  Sampl i ng 

Among s i tes , benth i c  samp l i ng was concentrated at the Weeks I s l and 

p roposed s i te .  At that s i te ,  1 9  stations  were occup i ed ,  compared to 1 7  

at  the Chacaho u l a  proposed s i te ( F i gures G .  1 - 5  and G . l - 6 ) . Duri ng a 

g i ven c ru i se ,  samp l i ng pr ior i ty was p l aced on the Wee ks I s l and proposed 

s i te i n  those i nstances where weather cond i t ions  l im i ted samp l i ng 

acti v i ty .  

At both proposed s i tes , samp l i ng was concentrated i n  the near

f i e l d .  Rep l i cate samp l es  were col l ected at a l l stat i ons when pos s i bl e .  

Benth i c  samp l es were ta ken by Peterson Grab  ( 0 . 1 m2 ) .  The organ i sms 

were separated from the sed iment by was h i ng the samp l es wi th  a l ow 

press ure h i gh vo l ume fl ow of water through  a 600 m icron mes h s i eve . 

Organ i sms from a l l samp l es co l l ected duri ng a l l cru i ses were preserved 

i n  5 percent buffered formal i n  and l ater i denti f i ed i n  the l aboratory to 

the l owest practi ca l  taxonomi c l evel . These data were used to charac

ter ize  spec i es compos i t i o n ,  a bundance , and dens i ty .  Underwater photo

graphy to record ep i fauna l  d i stri but ions  and vi s i bl e  characteri st ics  of 

the sed iment s urface was attempted but was unsuccessful  due to l ow 

v i s i b i l i ty .  

To rel ate benth i c  commun i t i es to the substrate character i st i cs , one 

s u bsampl e of associ ated sed iment was ta ken from each benth i c  samp l e and 

analyzed for parti cl e s i ze d i stri bution  and percent organ i c  matter ( l o s s  

on  i gn i t i on ) . 

Bathymetri c data cons i sted of record i n g sampl e stat ion depths wi th 

a prec i s ion  depth recorder ( PDR ) . The PDR was operated i n  trans i t  

between sampl i ng stati ons to determi ne i f there were s i gn i fi cant anomal i es 

between observed and charted depths . 

G . l . 4 . 2 . 1 . 2  Demersal F i s h  and Macro i nvertebrates 

An otter trawl ( 0 . 5 i nch mes h  wi ngs , 0 . 1 25 i nch  mesh  cod end ) was 

u sed to sampl e demersal f i s h  popu l at ions and epi benth ic  macro i nvertebrates 
G . l - 1 4  



at each d i ffu ser s i te .  Three trawl s were ta ken at each s i te ( F i gures 

G. 1 - 5  and G. 1 - 6 ) ; one transect cro s s i ng the d i ffu ser l ocati on ; and the 

rema i n i ng two para l l el i ng and on each s i de of the fi rst .  Organ i sms 

taken by the otter trawl were sorted , i denti f i ed ,  and counted and a 

representati ve number of each spec i e s  was measured . 

From the September cru i s e ,  t i ssue from one shrimp spec i e s  and one 

f i s h  spec i es was co l l ected at each s i te and assayed for trace metal s 

( Fe ,  Mn , Zn , Pb , N i , Cu , Cd , and Al ) and h i g h  mol ecul ar wei ght hydrocarbons . 

G . l . 4 . 2 . 1 . 3  Pl ankton 

Phytopl ankton and zoop l an kton were sampl ed duri ng each cru i s e .  For 

p hytopl ankton , twenty l i ter water samp l es were col l ected at the end of 

each  otter trawl transect ( Fi gures G . l - 5 and G . l - 6 )  from the surface and 

near  the bottom wi th an 8- l i ter Al pha bottl e and concentrated on a 35 

m i cron  mes h screen . Samp l es were was hed down i nto gl a s s  conta i ners and 

preserved wi th  a 5 percent sol ut i on of buffered formal i n .  

Zoopl ankton samp l es were col l ected duri ng each trawl and cons i sted 

of a 3-mi nute su rface tow u s i ng a metered 0 . 5 m con i cal net w ith  a 202 

mi cron mes h .  Sampl es  were r i nsed off the  net  and  preserved i n  a sol ut ion  

of 5 percent buffered formal i n .  

At the water/ sed iment chemi stry stati on s ,  for each cru i se ,  surface 

water sampl es were col l ected for chl orophyl l � and phaeophyti n  to be 

determi ned by fl uorimetry .  Pl ankton i c  organ i sms were i denti fi ed to the 

l owest practi cal taxonomi c un i t and the re sul ts were reported as  spec i es 

compos i ti o n ,  a bundance , and d i s tri but ion and were correl ated wi th the 

c hl orophyl l and nutr i ent  i nd i cators of producti on .  

For the fi rst cru i se only ,  suff i c i ent zoop l an kton bi omas s  was 

reserved for chemi cal assay of trace metal s as prev ious ly  descri bed for 

shr imp and fi s h ;  no hydrocarbon ana lyses were attempted . 

G .  1 . 4 . 2 . 2  Phys i cal Oceanography 

The phys i cal oceanograph ic  effort con s i sted pr imari l y  of monthly 

s hi pboard determi nati ons of the sal i n i ty ,  temperature , and d i ssol ved 

oxygen and monthly data retri eval and i nstrument serv i ci ng of wave and 

t i de gauges and current meters . 

G . l - 1 5  



G .  1 . 4 . 2 . 2 . 1 Waves a nd T i des 

Ba se wave and t i de gauges were depl oyed at both di sposa l  s i tes . 

The gauges were sel f-record i ng , requ i ri ng on ly  per iod ic  v i s i ts to re

tri eve recorded data . 

G .  1 . 4 . 2 . 2 . 2  Cu rrents 

Conti nuous , d i rect ,  Eu l eri an current measu rements were ta ken at 

both sampl i ng reg i ons , u s i ng Endeco current meters . Al l meters were 

depl oyed on a ta ut moor ing  wi th subsurface fl otat i on buoy and surface 

marker buoy ( s )  at  d i ffuser s i tes . Where depth al l owed , each meter array 

cons i sted of  a near- bottom and a near- surface current meter .  The current 

meter data was prov i ded to NOAA i n  a format that was used d i rectly i n  

runs o f  the M I T  p l ume model . 

G .  1 . 4 . 2 . 2 . 3  Sa l i n i ty ,  Temperature and DO F i e l ds  

Determi nat ion  of l ocal temperature , sal i n i ty ,  and  d i s so l ved oxygen 

f ie l ds  were made by � s i tu read i ngs from surface and bottom at each 

water/ sed iment chemica l  samp l i ng stat ion  ut i l i z i ng a Hydro l ab  temp

erature/sa l i n i ty/depth/d i s so l ved oxygen pro be .  

G .  1 . 4 . 2 . 3  Chem ica l  Oceanography 

Wi th the exception  of chl orophyl l and phaeophyti n analyses prev i o u s ly  

d i scus sed under P l ankton , chemi cal oceanography was a one- time effort 

conducted on  the i n i t i a l  cru i s e .  Chemica l  as says of the b i ota for 

hydrocarbons and trace meta l s have been d i scu ssed i n  deta i l  under B i o l og i ca l  

Oceanography .  T h e  rema i n i ng chemi cal effort was d i rected toward water 

and sed iment sampl es ta ken at des i g nated chem ica l  stati ons . 

G .  1 . 4 . 2 . 3 . 1 Sed iments 

For the fi rst cru i se on ly ,  two sedi ment samp l e s  were col l ected at 

each chemica l  station  wi th push cores ta ken by d i vers . One samp l e  was 

reserved for chem ica l  ana lys is  of bul k propert ies ; the other samp l e  was 

reserved for chem i cal  ana lys i s  of pore water . No rep l i cate measurements 

were made .  

Each pore water sampl e was analyzed for the fo l l owi ng : the mi cro

nutri ents , phosphate , react i ve s i l i cate , and n i trate and n i tr i te n i trogen ; 
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2+ 2+ + + 2- -the s i x  bul k i on s , Ca , Mg , Na , K ,  so
4 , and Cl  ; and the seven 

trace metal s ,  Fe , Mn , Zn , Pb , N i , Cu , and Cd . Note that th i s  su i te of 

meta l s d i ffers s l i g htl y from that determ i ned for the b i ota . 

Each bul k properti es  samp l e was homogen i zed and d i v i ded i nto four 

subsampl e s .  One subsamp l e was u sed to determ i ne parti c l e  s i ze compo s i t i on ; 

one was u sed for anal ys i s  of total i norgan i c  carbon , total organ i c  

carbon , and adenos i ne tri phosphate (ATP ) . A th i rd su bsampl e was ana l yzed 

for the b i o l og i ca l l y  ava i l a bl e ,  aci d- l eachabl e fract i on of meta l s ,  and 

the fourth was assayed for sol vent extract i on-gas chromatograph i c  deter

mi nation  of hydrocarbon s .  The sed iment s u i te of meta l s was the same a s  

for the b i ota , except for the add i t i on of Cr .  

G .  1 . 4 . 2 . 3 . 2  Water 

S urface and bottom samp l es  were taken at each chemi stry s tat i on . 

Sampl es were fi l tered throug h a 0 . 45 mi cron membrane fi l ter . The suspended 

b i o l og i ca l l y  ava i l abl e part i cu l ate fracti on ( l eachabl e ) and the suspended 

refractory fraction were anal yzed for Fe , Mn , Zn , Pb , N i , Cu , and Cd 

p l u s  parti cu l ate organ i c  carbon . 

F i l tered water was analyzed for the s i x  bul k i ons  and 8 trace 

meta l s ( Cd , Cu , P b ,  N i , Hg , Zn , Fe , and Mn ) p l us  d i sso l ved organ i c  

carbon , d i s so l ved hydrocarbons , and nutrients . 

G .  1 . 5 Presentati on Format 

Sect ion G . 2  of thi s techn i ca l  report conta i n s  the resu l ts of the 

above fi e l d work together wi th a descr i ption  of the pre-d i scharge 

ba sel i ne env i ronmental characteri st i c s  of each d i ffu ser s i te and a 

d i scu s s i on of the potent ia l  impact of the d i s po sa l  of bri ne at these 
s i tes  on the important mar i ne resources in the area can be found i n  

Secti on G . 3 .  
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G . 2  REG IONAL AND S ITE SPEC I F IC  ENV I RONMENTAL SETT I N§ 

G . 2 . 1  CL IMATOLOGY AND METEOROLOGY 

G . 2 . l . l C l imate 

The area around the proposed d i ffu ser s i tes ( F i gure G . l - 1 ) has a 

mar i ne c l imate l argely infl uenced by the characteri sti cal ly  warm waters 

of the Gu l f  rf Mexi co wh i ch temper extremes of summer hea t ,  s horten 

wi nter co l d  spel l s ,  and prov ide  abundant mo i sture and ra i nfal l .  

The Bermuda h igh , an extens ive  semipermanent h i g h  pressure cel l 

centered i n  the Atl anti c Ocea n ,  domi nates  the spr i ng and summer weather 

cond i t ions  at the s i tes . T he preva i l i ng southeasterly  wi nds  bri ng mo i st 

a i r  to the area , wi th the resu l t that humi d i t ies  are hi gh  and convecti ve 

s hower acti v i ty occurs a lmost da i l y .  Coa stal c i rcu l ation  i s  affected by 

sea breezes d ur i ng the afternoon and even i ng hours . 

A l though the reg i on i s  sou th of the mean wi nter storm track ,  occa

s i ona l  i ntru s i ons of po l ar a i r  can cau se sudden drops i n  temperature and 

sometimes snowfal l .  The co l d  a i rmasses  a l so  tend to l ower sea- surface 

temperatures and are important i n  the format ion of advect ion-rad i ation  

fog , wh i c h  i s  preva l ent in  the area , espec i a l ly duri ng wi nter and 

s pr i ng .  

G . 2 . 1 . 2  Meteoro l og i ca l  Data 

G . 2 . 1 . 2 . 1  Temperature 

Summer temperatures for the area average i n  the mid-80 ' s ;  wi nter 

temperatures are usua l ly  i n  the 6 0 ' s .  

Tabl e G . 2- l  presents l ong-term month ly  average and extreme tempera

tures ba sed on mari ne observations  between 1 952 and 1 97 1 . The annual 

mean temperature i s  74 . 3°F .  J u ly  and August  are the warmes t months , 

wi th mean temperatures of 84°F ;  January and February , the co l dest 

months , have mean temperatures of 63°F .  The h i g hest and l owest recorded 

temperatures are l 00°F and 30°F ,  respect ive l y .  

G . 2 . 1 . 2 . 2  Prec i pi tati on 

Tabl e G . 2- 2  summari zes l ong-term , mean monthly and extreme prec i p i 

tat ion  for New Or l eans , Lou i s iana . T he l argest amount of ra i nfa l l 

occurs duri ng the summer months i n  assoc iat ion  wi th ei ther l ocal  thunder-
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TABLE G .  2 - 1  

Month 

January 

February 

March 

Apri 1 

May 

June 

J u ly  

Augus t 

September 

October 

November 

December 

Ann ua l  

Long-te rm ,  month ly  ave rage and  extreme a ir  temperatures 
for the Weeks I s l and - Chacahou l a  area , 1 952- 1 97 1 . 

Mean Mi n i mum Maximum 
OF OF  OF  

6 3 . 2  30 84 

6 3 . 8  32 85 

66 . 1  37 88 
7 1 . 4  46 9 1  

77 . 4  58 94 

82 . 0  67 99 

84 . 1  70 1 00 

84 . 0  70 1 00 

81 . 9  62  99 

76 . 7  52  99 

69 . 8  39 90 

65 . 5  36 90 

74 . 3  30 1 00 

SOURCE : U . S .  Dept . of  Commerce , 1 9 72 . 
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TABLE G . 2- 2  Long- term mean month l y  preci p i tati on , New Or l eans , 
Lou i s i ana . 

Normal  Maxi mumb Month Tota l a Mon th ly  

January � . 84 1 2 . 6 2  

Feb ruary 3 . 99  1 0 . 56 

March 5 . 34 1 9 . 09 

Apri 1 4 . 55 8 . 78 

May 4 . 38 1 4 . 33 

J une 4 . 43 8 . 87 

J u ly  6 .  72 1 1 . 46 

Augus t 5 . 34 1 1 . 77 

September 5 . 03  1 6 . 74 

October 2 . 84 6 . 45 

November 3 . 34 1 4 . 58 

December 4 . 1 0  1 0 . 77 

Annua l  5 3 . 90 1 9 . 09 

a Peri od of Record : 1 9 3 1 - 1 960 

b Peri od of Record : 1 946- 1 97 1  

Year 

1 966 

1 959 

1 948 

1 949 

1 959 

1 962  

1 954 

1 955 

1 974 

1 959 

1 947 

1 967  

March 
1 9 48 

SOURCE : U . S .  Dept . of Commerce , 1 9 71 . 
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f'1i n imumb Month ly  
r�axi mumb Year Da i ly 

0 . 54 1 968  4 . 77 

1 . 02 1 962  5 . 60 

0 . 24 1 955 7 . 87 

0 . 33 1965 4 . 35 

0 . 99 1 949 9 . 86 

1 .  1 2  1 952  4 . 1 9  

3 . 45 1 9 5 1  4 . 30 

2 . 00 1 952  3 . 06 
0 . 24 1 953  6 . 50 

0 . 00 1 9 52  2 . 58 

0 . 2 1  1 949 6 . 38 

1 . 46 1 958  3 . 94  

Oct . 
0 . 00 1 9 5 2  9 . 86 

Year 

1 955 

1 96 1  

1 948 

1 953  

1 959 

1 9 53  

1 966 

1 969 

1 9 7 1 

1 960 

1 953 

1 952  

May 
1 959 



storms or an  occa s i onal  tropi ca l  storm .  W i nter prec i p i tati on general l y  

resu l ts from fronta l  acti v i ty and fal l s  a s  s l ow ,  steady ra i nfa l l ;  i t  may 

occur at any t ime of day and cont i nue  i n termi ttent ly  for several days . 

The mean annual  prec i p i tat ion  i s  53 . 9  i nches . The max imum 24-hour 

prec i p i tati on was 1 4 . 01 i nches  i n  Apri l 1 92 7  ( U . S .  Dept .  of Commerce , 

1 97 1  ) . 

Frozen prec i p i tati on i n  the area i s  rare ; over the 25-year peri od 

( 1 946-1 971 ) the mean annual  snowfa l l was 0 . 2 i nches . I n  February 1 895 , 

a n  unusua l  storm dumped 8 . 2  i nches  of snow on New Orl ean s  ( U . S .  Dept . of 

Corrrnerce ) . 
G . 2 . 1 . 2 . 3  W i nd Speed and Di rect ion 

G . 2 . 1 . 2 . 3 . 1  Surface W i nds  

The mean annua l  wi nd speed at  the  d i ffuser s i te s  i s  1 1 . 5  knots 

( 1 3 . 2  mph ) (Tabl e G . 2-3 ) . I n  the spr ing  and summer , the Bermuda h i gh 

u sua l l y  control s s urface  wi nds  at the s i tes . I n  autumn , there i s  a 

trans i t i on from a trop i ca l  wi nd reg ime to a mod i fi ed conti nental wi nd 

reg ime . Accord i ng ly ,  the wi nds  s h i ft to easterly and northerly d i recti ons , 

a nd these w inds  s how the h i ghest average wi nd s peeds and greatest frequency 

of occurrence for the area . W i nds  i n  the autumn can be i n  excess of 33 

knots. 

G . 2 . 1 . 2 . 3 . 2  S l ack  W i nd and Pers i stence  

Due to  the coupl i ng effects of  surface wi nds  and  currents , per i ods 

of s l ack wi nds (wi nd s peed � 5 knots ) are of importance to bri ne d i s posa l . 

F i gure G . 2 - l  i s  a c l imatol og i ca l  record of wi nd pers i stence produced 

from a 1 5-year record ( 1 948- 1 963 ) of hour ly  wi nd data observed at Burrwood , 

Lou i s i ana , the c l osest primary coasta l  meteoro l og i ca l  s tation  to the 

a rea . The frequency of occurrence  of s l ack wi nd  peri ods l ast i ng  for 

more than 1 2  hours i s  l ow.  More than hal f of the observati on s  had a 

s l ack  wi nd per i od of l es s  than 5 hours , i nd i cati ng  that these periods can 

occur  often but i n  most cases prevai l for on l y  a s ho rt t ime .  

Tabl e G . 2-4 presents  a month ly  percent frequency d i stri bution of 

w i nd s peed categori es  based on  mari ne observat ions  in the Bayou Lafourche 

area . Wi nds wi th s peeds of 3 knots or l es s  occur most frequentl y between 

May and September.  
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TABLE G . 2 - 3  

Month 

January 

Feb ruary 

March 

Apri 1 

May 

June 

J u ly  

August  

September 

October 

November 

December 

Ann ua l  

Mean month l y  wi nd  s peed and  di recti on , Weeks I s l and  -
Chacahou l a  area , 1 95 2 - 1 97 1 . 

W i n d  Speed ( knots ) Di recti on 

1 3 . 3  N 

1 3 . 3  E 

1 2 . 9  S E  

1 2 . 4 S E  

1 0 . 4  S E  

9 . 0  S E  

8 . 1  SE  

8 . 5  S E  

1 1 . 4 E 

1 1 . 9 N E  

1 3 . 1  N 

1 3 . 4  E 

1 1 . 5 S E  

SOURCE : U . S .  Dept . of Commerce , 1 9 72 .  
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TABLE G . 2-4 Month ly percent frequency of observed wi nd 
Bayou Laforche Area , 1 952- 1 97 1  

s peeds -

W i nd S�eE:!d (knots } 
Month 0-3  4- 1 0  1 1 -2 1  22-33 34-37 48+ 

Jan 5 . 3  36 . 9 46 . 5  1 0 . 2  1 . 1 0 . 0  
Feb 4 . 2  38 . 1 46 . 6  1 0 .  1 1 . 0 * 

Mar 6 . 6 37 . 3  46 . 3  8 . 8  1 . 0 0 .  1 
Apr 5 . 9  39 . 7 47 . 3  6 . 5  0 . 6 
May 1 0 . 3  48 . 1  38 . 3  3 .  1 0 .  1 0 . 0  
June 1 4 . 4  5 5 . 3 28 . 3  1 . 8 0 . 2 0 . 0 
J u ly  1 7 . 0  59 . 8 22 . 2  0 . 9 0 . 1  0 . 0 
Aug 1 5 . 6  58 . 3  24 . 8  1 . 2 0 .  1 0 .  1 
Sept 9 . 0 45 . 0  39 . 0 6 .  1 0 . 8 0 . 1  
Oct 6 . 4  42 . 8  44 . 0  6 . 3 0 . 5 * 

Nov 5 . 5  37 . 6  46 . 3  9 . 8  0 . 9 0 . 0 
Dec 4 . 4  37 . 5  46 . 8  1 0 . 4  0 . 9 0 . 0  

* Data not ava i l ab l e 

Source : U . S .  Dept .  of Commerce , 1 972  
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The tabl e bel ow s hows monthl y  cummu l ati ve frequency categor i es and 

wi nd s peeds for the area : 

MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP  OCT NOV DEC 

FREQUENCY OF  W I ND SPEED  ( KNOTS ) OCCURRENCE 

01 % < 0 0 0 0 0 0 0 0 0 0 0 0 

05% � 3 4 2 2 1 1 1 1 1 1 1 4 

2 5% < 7 6 6 6 5 4 4 4 5 6 7 6 

50% < 1 2  1 2  1 1  1 1  9 8 7 7 9 1 1  1 2  1 2  

7 5% < 1 8  1 8  1 7  1 7  1 5  1 2  1 0  1 1  1 6  1 6  1 8  1 8  

95% < 28 28 27 25 2 1  2 0  1 9  1 9  25  24 28 28 

99% < 35  3 5  3 5  3 0  2 5  25  2 2  24 33 30 33 33 

Of the total observat i on s ,  on ly  25% were of w ind  speeds 6 knots or 

1 ess . S l ack  wi nd peri ods occurred most  often between May and September . 

G . 2 . 1 . 2 . 3 . 3  Extreme Wi nds 

Tabl e G . 2 -5  s ummari zes the " fastest m i l e " ( su sta i ned ) wi nd speeds 

i n  New Orl eans for a 1 2-year peri od ( 1 960-1 971 ) .  Offs hore , wi nds i n  

excess o f  1 75 knots ( 301 . 2  mph )  are estimated to have occurred duri ng 

hurri canes ( U . S .  Dept . of Commerce , 1 972 ) . 

The tabl e be l ow g i ves estimated extreme wi nds for return peri ods 

from 5 to 50 years : 

Mean Recurrence I n terval ( Years ) 

Maxi mum Susta i ned W i n d  ( Knots ) 

G . 2 . 1 . 2 . 4 Hurri canes 

5 1 0  25  50  

85 95 1 1 0  1 20 

J u ne to October i s  the tropi cal  cyc l one season . Between 1 899 and 

1 97 1 , 45 trop i ca l  s torms have penetrated the Weeks I s l and-Chacahou l a 

area wi th an  average northward movement of about 1 0  knots ; e i g hteen of 

these s torms were of hurri cane i ntens i ty ( U . S .  Dept .  of Commerce , 1 97 2 ) . 

Trop i ca l  cycl one and hurri cane frequenc i e s  recorded i n  the area 

between 1 899- 1 971 are g i ven bel ow : 
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TABLE G . 2-5 

Month 

January 

February 

March 

Apri l 

May 

J une 

Ju ly  

Augus t 

September 

October 

November 

December 

Ann ua l  

Month ly  vari ati on of  " fas tes t-mi l e" wi nds for New 
Orl eans , Loui s i ana , 1 960- 1 97 1 . 

Speed 
Di recti ona (mph ) Year 

33 28 1 966 

43 26 1 970 
37 1 8  1 969 
35 07 1 960 
31 23 1 962  

48 05 1 9 7 1  

32 07  1 969 

42 33 1 969 
69 09 1 965  
40 1 7  1 964 
30 31 1 969 

32 1 7  1 969 

69 09 1 965 

a Di recti on i n  terms of degrees from true North ; i . e . , Eas t-09 ; 
South- 1 8 ;  Wes t-27 ; North- 36 . 

SOURCE : U . S .  Deot . of Commerce , 1 9 71 . 
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Tropi ca l  Cyc l ones (w i nds  > 34 knots ) 

Hurri cane (wi nds > 64 knots ) 

Total No . 
1 899 - 1 97 1  

45 

1 8  

Average No . Years 
Between Occurrences 

1 . 6 

4 . 1  

I n  recent Gu l f  h i story ,  Hurri cane Cami l l e  ( August 1 969 ) wi th estimated 

wi nds of 1 75 knots ( 201 . 5  mph ) , was the most  severe . 
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G . 2 . 2  PHYS I CAL OCEANOGRAPHY 

G . 2 . 2 . l Nears hore Features 

G . 2 . 2 . 1 . 1  Regi onal  Descr ipt ion 

The coasta l area of Lou i s i ana i n  wh i c h  the Weeks I s l and and Chacahoul a 

br i ne d i ffusers wou l d  be l ocated i s  endowed wi th a un ique  vari ety of 

dynami c  envi ronments i nc l udi ng coa sta l  bays , estuari es , l a kes , marsh l ands , 

barri er i s l and s  and chen i ers ( stranded beaches )  ( Ftgure G . l -2 ) . Wi th i n  

th i s  area , o • Ne i l  ( 1 949 ) and Morgan and Larimore ( 1 957 ) have defi ned two 

d i st i nct morpho l og i ca l  prov i nces : an  eastern portion  extend ing  from 

Vermi l l i o n  Bay to M i s s i s s i pp i  Sound wh i ch cons i sts of a del ta p l a i n  

c haracter ized by a h i g h ly  i rregu l ar s horel i ne ;  and a western portion 

wh i ch pos sesses a more regu l ar s horel i ne and represents an area of 

marg i na l  del ta i c  sed imentat ion .  Al ong th i s  l atter secti on , mud fl ats 

wh i c h have been devel oped by the westward l ongshore dri ft of prev ious l y  

depos i ted del ta i c  sediments a l ternate wi th the growth o f  sand beaches . 

These areas and the i r peri ods of a l ternation  corres pond to changes 

brought a bout by the fl ow of the Mi s s i s s i pp i  R iver and i ts d i stri butar ies . 

S i nce the early 1 95o • s i t  has been observed that the Atchafa l aya 

Ri ver , wi th i ts s horter path and s teeper grad i ent , ha s been s l owl y 

capturi ng a s i gn i fi cant portion  of the Mi s s i s s i pp i  Ri ver d i scharge 

duri ng h i gh  water stages . Th i s  as pect represents a conti nuat ion  of the 

norma l s h i ft i ng patterns of the l ower ri ver channel and a l ternat i on i n  

the growth and eros ion  o f  vari ous s ubdel ta compl exes . S i nce 1 953 fl ow 

i nto the Atchafa l aya Ri ver has been arti f i c i a l l y  regu l ated by the U . S .  

Army Corps o f  Eng i neers to recei ve approx imate ly  30 percent of the tota l 

Mi s s i s s i pp i  d i scharge together wi th the tota l fl ow vo l ume of the Red 

Ri ver . Consequentl y ,  the Atchafal aya Ri ver i s  acti vel y bui l d i ng a new 

del ta compl ex i n  the Gul f of Mex i co west  of the Mi s s i s s i pp i  Ri ver del ta 

area ( Fi gure G . 2- 2 ) . 

An extens i ve study of the shel f waters immed i a te ly  west  of the 

Mi s s i s s i pp i  Ri ver del ta was conducted in conj uction wi th the Lou i s iana 

Offshore O i l Port ( LOOP )  ( LSU ,  1 97 5 )  Study program . A hydrograph i c  

study of the waters immed i ate ly  to the west  o f  the LOOP study area and 
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SOURCE : Sh 1 emon , 1 9 72 . 

F I GURE G . 2- 2 .  A n ti ci oated con fi oura t i on o f  the Atch afa1 aya �P.1 ta 
sh orel i ne b v  the �ear 2020 . 
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south of Timba l i er Bay has been sponsored by the Gu l f  Uni vers i ti es 

Research Consorti um ( GURC ) and i s  descri bed by Oetki ng ( 1 974a ) . 

The domi nant offshore bathymetr i c  feature i n  the reg i on i s  the Gu l f  

Coa st Geosync l i ne .  The axi s of thi s geosyncl i ne genera l ly corresponds 

wi th the trend of the present s horel i ne of the Gu l f  Coast  states . The 

s trati graphi c record i nd i cates that thi s geosync l i ne ha s been gradua l ly 

subs i d i ng s i nce the Cretaceous  per iod becau se of the vol umi nous del ta i c  

sedimentati on a nd depos i ti on .  Conti nued subs i dence of th i s  area i s  

i nd i cated by the s l ope of the natura l  l evees i n  the reg i on  whi ch ti l t  

toward the Gu l f  of Mexi co .  

T he conti nental s he l f  adj acent to the Mi s s i ss i pp i  del ta i s  to a 

l arge extent very narrow and at the del ta i s  a l most  nonex i s tant where 

the Mi s s i s s i ppi  R i ver has prograded across  i t .  To the east  or west of 

the del ta the conti nenta l  s he l f  of Lou i s i ana wi dens marked ly  to more 

than 200 km off the coa sts of F l ori da a nd Texas . The conti nenta l  s he l f  

west o f  the del ta i s  noncarbonate i n  ori g i n  and has many i so l ated seaknol l s  

a nd seamounts wh i ch are thought by some i nvesti gators to be surface 

express i ons of sa l t  domes ( S hepard , 1 937 ; Carsey ,  1 950;  Moore and Curray , 

1 963 ; Ewi ng and Anto i ne ,  1 966 ) . 

G . 2 . 2 . 1 . 2  D i ffuser S i tes  

Atchafa l aya Bay and Marsh  and Po i nt Au Fer I s l ands are the domi nant 

nears hore features at  the Weeks I s l and and C haca hou l a  s i tes ( F i gure 

G . l - 2 ) . The Bay i s  approximate ly  20 mi l es l ong i n  an  eas t-west d i recti on , 

averages 7 m i l es i n  width , and i s  genera l l y  l ess  than 7 feet deep . T he 

outer boundary of thi s bay i s  formed by Poi nt au Fer S hel l Reef , once an  

oyster-produc i ng area . Oyster producti v i ty on  the reef has been destroyed 

by i ncreas i ng amounts of fres hwater a nd sediment from the Atchafa l aya 

R i ver bas i n .  A s u bmari ne extens ion  of add i ti onal  reefs trend northwest

ward fnr 1 4  m i l es to Rabb i t I s l and . Beyond these reefs , water depths 

i ncrea se very gradua l ly such that the 3- and 1 00-fathom contour l i nes  

l i e 1 0  a nd 1 1 5  mi l es ,  respecti vel y ,  offshore . 

Water depth at the Weeks I s l and s i te i s  approx i mate ly  20 fee t ,  and 

a t  the C hacahou l a  s i te approx imate ly  30 feet .  Three l arge s hoa l s  l i e 

offshore of Atc hafa l aya Bay i n  the v i c i n i ty of the proposed Weeks I s l and 
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and C hacahou l a  d i ffuser s i tes . S h i p Shoal l i es offs hore i n  the eas tern 

portion  of the study area . Th i s s hoa l i s  about 7 m i l es l o ng ,  trends i n  

an east-west d i recti on , and ha s a water depth of 9 to 1 2  feet .  Numerous 

o i l  r i g s  are po s i ti oned a l ong the s hoal . 

Tri n i ty Shoal i s  i n  the western section  of the d i ffu ser area about 

20 m i l e s south of the west  end of Marsh I s l and ( F i g ure G . l - 2 ) . Tri n i ty 

Shoal a l o ng i ts maj or ax i s  i s  about 20 mi l es and trends i n  a west

southwest and east-northeast  d i recti on ; water depth ranges from 1 1  to 1 8  

feet .  The s hoal i s  fa i r ly steep on i ts south s i de where the 5- and 1 0-

fathom curves are on ly  about 5 mi l es apart .  I n  ca l m  weather , Tri n i ty 

Shoal i s  d i scernabl e by h i g h  turb i d i ty and i n  stormy weather by brea k i ng 

seas , but because of i ts greater depth , waves do not brea k as heav i ly 

on Tri n i ty S hoal as on Sh i p Shoal ( U . S .  Department of Commerce ,  1 977a ) . 

S trong tida l r i ps have been reported 1 5  m i l es southwest of Sh i p Shoal . 

Ti ger S hoal i s  l ocated j u st  south of Marsh  I s l and , i n shore of 

Tri n i ty Shoal , and i s  b i sected by the safety-fa i rway of Sou thwest  Pa s s . 

Water depths on Ti ger Shoal are genera l ly  l es s  than 1 2  feet . 

G . 2 . 2 . 2  Sed iments 

G . 2 . 2 . 2 . 1  Reg i ona l Strati graphy 

Recent nears hore sediments of centra l coasta l  Lou i s i ana and adjacent 

to the d i ffu ser s i tes cons i st of a thi c k  b l anket of terri genous s i l t  and 

c l ay ( Uchupi  and Emery , 1 968 ) . The conti nental  s he l f wes t of the 

Mi ss i ss i pp i  del ta grades from sand i n shore to s i l t  and c l ay offs hore . 

These sed iments were deri ved from two sources : 1 )  a del ta i c  env i ronment  

l a i d  down by former Mi s s i s s i pp i  d i s tri butari e s  or  2 )  offs hore sed iments 

transported westward by l i ttora l currents whi ch formed chen i ers ( s tranded 

beach r i dges ) beh i nd a zone of newl y devel oped mudfl at mars h .  

The Mi s s i s s i pp i  del ta i c  p l a i n  i s  a compos i te of vari ou s acti ve and 

i nact i ve del ta i c  comp l exes wh i ch stretch  1 80 mi l e s across  southeastern 

Lou i s i ana , resu l t i ng from the m i grati on of the ma i n  M i s s i s s i pp i  Ri ver 

channel and i ts d i s tr i butar i es . Severa l cycl es of sedimentat ion , marsh  

devel opment ,  and beach r i dge format ion can be traced in  the s ha l l ow 

subsurface of centra l and western Lou i s i ana ( Co l eman and Sm i th ,  1 964 ) . 
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The Quaternary strati graphy of Atc hafa l aya Bay genera l ly cons i sts 

of three d i sti nct del ta i c  comp l exes . Abou t 40 feet of Mari ngou i n-age 

prodel ta i c  c l ays form the base of the del ta i c  sequence . These sediments 

i n  turn are over l a i n  by about 20 feet of the Bayou Sal e  l obe of the 

Teche del ta i c  comp l ex .  Near the top of th i s  sequence i s  an anc i ent 

s he l l reef wh i ch i s  a l most  5 m i l es wi de ( Fraz i er , 1 967 ) . Cap p i ng the 

Teche sed iments are Lafourche-age del ta i c  depos i ts wh i c h  i ncrease i n  

thi ckness  from a few feet near the present shore l i ne to about 1 0  feet 

u nder S he l l Reef off Po i nt au Fer . W i t h i n  th i s  u n i t have been found two 

th i n  but extens i ve she l l -mud l ayers . 

Compar i son of aeri a l  photographs of the Atchafal aya Bay area taken 

i n  1 952  and 1 968 s hows a genera l shorel i ne retreat ,  however , accret ion  

re l ated to  the growi ng del ta ha s been noti ced 60 mi l es to the wes t .  

Accreti on i s  occuri ng because col l o i da l  c l ays from the Atchafa l aya Ri ver 

are carri ed i nto the Gu l f ,  and fl occu l a te ou t of suspens i on  upon contact 
wi th sa l i ne waters , and settl e to the bottom as a ge l at i nous mass  

(T hompson , 1 95 1 ) .  Duri ng storms the c l ays are resuspended and trans

ported further westward by the l o ng shore dri ft and are subsequently re

depos i ted . As more coarse-gra i ned sed i ments are depos i ted i n  the l ower 

Atchafa l aya del ta , the shorel i ne retreat shou l d  termi nate and s i g n i f i 

cant accretion  wi l l  l i ke ly  occur ( S h l emon , 1 972 ) . 

Bottom sed iment samp l es co l l ected at the Weeks  I s l and s i te and at 

C hacahou l a  ( F i gure G . l - 2 and Tabl e G . 2-6 ) show that the bottom sed i ments 

at the C hacahou l a  s i te are predom i nantly s i l ty sands wi th l i ttl e ( 1 0% )  

c l ay .  Water depths at  Chacahou l a  ranged between 1 9  and 46 fee t .  Sed iments 

taken at the two C hacahou l a  s tati ons ( CR l , CR4) l ocated farthest  offshore 

and i n  deeper waters ( 46 and 35 feet , respecti ve ly )  cons i sted mostly of 

sandy s i l ts .  

Bottom sed iments at the Weeks I s l and s i te were much fi ner than 

those taken at C hacahou l a  and consi sted predomi nantl y of s i l t  wi th h i g h  

o r  nearly equal proportions  o f  cl ay and sand (Tabl e  G . 2-6 ) . Water 

depths at Weeks I s l and were more u n i form than at C hacahou l a  and var i ed 
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TABLE G . 2 -6a Parti c l e s i ze character i s t i c s  - Weeks I s l and s i te .  

Percent S i l t  
Stati on  Water Depth Percent Sand ( <0 . 06 mm, Percent  C l ay 

No . ( feet) ( >0 . 06 rrm) >0 .  002 mm )  ( <0 . 002 rrm) 
W- 1  2 3  7 3  1 8  9 

W-2 22  1 9  43 38 

W-3 1 8  1 6  49 35 

W-4 1 8  23  55 22 

W-5 1 8  31  56 1 3  

W-6 1 8  1 8  62 20 

W-7 1 8  23 57 20 

W-8 1 5  22 58 20 

W-9 1 3  3 1  30 39 

W- 1 0 1 8  23  54 23  

W- 1 1  1 7  25  48 27  

W- 1 2  1 7  1 8  60 22  

W- 1 3 1 8  1 4  59 27 

W- 1 4  20 1 4  54 32 

W-1 5 1 9  24 53 23 

WR- 1 23 73 1 3  1 4  

WR-3 1 5  6 33 61 
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TABLE  G . 2 -6b Parti c l e s i ze characteri s t i c s  - Chacahou l a s i te .  

Percent S i l t  
Stati on Water Depth Percent Sand ( <0 . 06 mm , Percent  C l ay 

No . ( feet) ( >0 . 06 mm )  >0 . 002 mm )  ( <0 . 002 mm )  

C-5  33  1 8  70 1 2  

C -6  32  66  3 1  3 

C-7  32  6 1  34 5 

C-8 28 62 34 4 

C-1 0 32 51 45 4 

C- 1 1 32 52 44 4 

C- 1 2 33 52 39 9 

CR- 1 46 24 64 1 2  

CR-2 25 61  35 4 

CR-3 1 9  63 34 3 

CR-4 38 22 69 9 
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from 1 5  to 23 feet.  The two Weeks I s l and sed iment stati ons  (W l  and WRl ) 

l ocated farthest offshore and i n  the deepest water ( 23 feet ) were predom i 

nantl y sand . 

D i fferences i n  sed iment characteri st i cs between the two s i tes can 

be attri buted to the transport of sediment by the Atchafa l aya Ri ver 

through Atchafa l aya Bay and the adjacent offs hore area to the area of 

the d i ffuser . The coarsest fract i on of the sed iment l oad genera l l y  

settl es o u t  of su spens ion  and i s  depos i ted fi rst nears hore , wi th progres

s i ve ly  fi ner fractions be i ng depo s i ted further offshore . T h i s  d i stri bu

t i on pattern i s  refl ected in the sediment map prepared by Uchup i  and 

Emery ( 1 968 ) .  Some sed iment i s  a l so d i stri buted i n  the area from the 

reworki ng  and resuspen s i on of prev ious ly  depo s i ted del ta i c  sediments by 

the water currents or by storm waves . 

The Weeks I s l and s i te l i es i n  the path of f i ne-gra i ned sed iment 

transported westward from the Atchafal aya Del ta . Th i s sed i ment i s  be i ng 

depos i ted to the west of t1ars h I s l and .  D i vers have observed h i g h  turb i d i ty 

i n  the water col umn at Weeks I s l and , and analys i s  of bottom sed iments 

sampl es from th i s  s i te i nd i cated a h i g h  percentage of s i l t  and c l ay .  

Sed iments i n  the v i c i n i ty o f  the Chacahou l a  d i ffuser s i te are 

predom i nantly sand , wi th a h i g h  proport i on of s i l t  but very l i ttl e cl ay .  

Depth contours at  the Chacahou l a are even l y  spaced , para l l e l i ng the 

coastl i ne i n  a WNW-ESE  d i rect ion and gently d i pp i ng  to the SSW , wh i c h  

s uggests the currents fol l ow these contours . Because the predomi nant 

westward dr i ft of the current a l ong  th i s  secti on of the Lou i s i ana coast  

i s  l ess  affected by nears hore shoal s ,  the  current sweeps across  the 

i nner s hel f wi th the cl ay- s i zed fract i on in suspen s i on but the sand

s i zed fraction rema i n i ng und i sturbed . 

G . 2 . 2 . 3  Wa ter Temperature and Sal i n i ty 

G . 2 . 2 . 3 . l  Reg i onal  

Coasta l Lo u i s i ana sa l i n i ty d i s tri but i on s  are ma i n l y  i nfl uenced by 

the freshwater i nfl ow from the t·1 i s s i s s i pp i  and Atchafa l aya Ri vers ( Gag l i ano 

et �. , 1 970b ;  Nowl i n  and Mclel l a n ,  1 967 ) .  Geyer ( 1 950 ) reported tha t 
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sal i n i ty wi thi n 5 to 6 mi l es of the Lou i s i ana coast can vary from 1 5  to 

35 ppt as  a resu l t  of vari ati ons i n  the sea sonal d i scharges of the 

Mi s s i s s i pp i  and Atchafa l aya R ivers . 

I n  the reg i on of the proposed d i ffuser s i te ,  duri ng the summer 

( Fi gure G . 2-3a ) , typ i ca l  sal i n i ti es i ncrease from a surface va l ue of 23 

ppt to s l i g htly over 36 ppt i n  the upper 50 feet wi th a strong ha l oc l i ne 

at 23 to 26 feet . Temperatures are nearly i sotherma l , rang i ng from 77 

to 79°F .  The den s i ty ( s i gma- t)  profi l e  i nd i cates strong strati fi cati on 
wi th a pycnoc l i ne at  23 to 26 feet .  The typ i ca l  wi nter profi l e  ( Fi gure 

G . 2-3b )  s hows coo l er temperatures ( 61 to 66°F )  and nearly i soha l i ne 

cond i ti ons ; sal i n i ti es range from 32  ppt at the surface to 34 ppt at  49 

feet . S imi l ar ly  the den s i ty ( s i gma- t )  shows vi rtua l l y  no strati fi cat i on 

( U . S .  Department  of Commerce , 1 977a ) . 

Summer and wi nter verti ca l  cross  sections  of coastal Lou i s i ana 

( Fi gures G . 2-4  and G . 2- 5 )  s how that dur i ng both seasons , fresher , l ess  

dense water , probably from the Mi s s i s s i pp i  Ri ver system , appears at the 

surface . The s tong verti cal den s i ty grad i ent duri ng the summer wou l d  

tend to i n hi b i t verti cal sa l t d i ffu s i on whi l e  the strong hor i zonta l  

strati f i cati on wou l d  l ead to a strong westerly barocl i n i c  current that 

wou l d  enhance advecti on . The reducti on of hor i zonta l  and verti cal 

dens i ty grad i ents duri ng the wi nter wou l d  tend to enhance verti cal 

d i ffu s i on and i nh i b i t  advecti on .  

G . 2 . 2 . 3 . 2  D i ffuser V i c i n i ti es 

Bottom and surface water temperatures measured at  both s i tes dur i ng 

September and December 1 977 showed nearly i sothermal cond i ti ons but 

temperatures progress i vely decrea s i ng duri ng the wi nter months . Average 

monthly  surface water temperature ( Tabl e G . 2-7 ) at Weeks I s l and ranged 

from 81 . 1 °F ( 27 . 3°C )  i n  September to 54 . 9°F ( 1 2 . 7°C )  i n  December . 

Bottom water temperature c l osel y para l l e l l ed surface water temperatures 

and ranged from 80 . 8°F ( 27 . 1 °C )  i n  September to 57 . 6°F ( 1 4 . 2°C )  i n  

December . The average water temperatures a t  Chacahou l a  were s l i g htly 

warmer than those at  Weeks I s l and and ranged from 82 . 8°F ( 28 . 2°C )  i n  

September to 63 . 5°F ( 1 7 . 5°C )  i n  December at the surface and from 82 . 0°F 

( 27 . 8°C )  to 63 . 3°F ( 1 7 . 4°C )  at the bottom . 
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TABLE  G .  2 - 7 Month ly  temperature and sal i n i ty averages for the 
Weeks I s l and and Chacahou l a s i tes . 

WEEKS I SLAND CHACAHOULA 

Temperature ( OC )  Surface Bottom Surface Bottom 

September 2 7 . 3 27 . 1  28. 2 27 . 8  

October 20 . 3 2 1 . 5  21 . 6  2 1 . 1  

November 1 7 . 4  1 7 . 3  

December 1 2 . 7  1 4 . 2  1 7 . 5  1 7 . 4  

Sa l i n i ty ( ppt )  

September 

October 1 5 . 7  2 1 . 9  27 . 8  28 . 3 

November 26 . 2 2 7 . 1 

December 
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Between September and December 1 977 , the i ncrease i n  sa l i n i ty 

va l ues measured a t  the Weeks I s l and s i te refl ects the decrease i n  surface 

runoff from the Atchafa l aya and M i s s i s s i pp i  R i vers . In October a d i st i nct 

ha l oc l i ne occurred between the surface and bottom , but th i s  ha l oc l i ne 

d i s s i pated by November ; at  the Chacahou l a  s i te near ly i so ha l i ne cond i ti ons 

occurred dur i ng October . 

G . 2 . 2 . 4  Waves a nd T i des 

Waves exper i enced i n  the area are a combi nation  of l oca l  wi nd

generated waves and swe l l enter i ng from open water .  Wave d i recti on 

genera l ly corresponds to wi nd d i recti on and changes accord i ng to the 

season of the year . Between March and Augu st ,  waves travel i n  a north

westerly  d i recti on , wh i l e  i n  the fa l l  and wi nter the waves s h i ft more to 

the west .  When strong northers are present ,  the waves can travel offshore . 

Wave he i g hts range from 0 to 20 feet ,  wi th the sma l l est  waves occurri ng 

i n  the summer . Data obta i ned at  dri l l i ng p l atforms 1 5  mi l es offs hore 

from Atchafal aya Bay i nd i cate that 95 percent of the time , waves do not 

exceed 4 feet ( Harrer , 1 951 ) .  

S i gn i fi cant wave he i g hts measured at Sabi ne Pass , Texas and at 

Bayou Lafourche , Lou i s i ana ( U . S .  Department of Commerce , 1 972 ) have been 

used to estima te wave expectati ons for the d i ffuser s i tes . S i g n i fi cant 

wave he i g hts (average of the h i ghest one- th i rd ) are s im i l ar i n  both 

areas and are c l osely rel ated to wi nd speed . On the average ,  a s i gn i fi 

cant wave he i ght  of 42-43 feet wi l l  occur i n  deep water once every 50 

years and a he i g ht of 30-3 1  feet wi l l  occur every 5 years . Dur i ng a 

s torm , i nd i v i dual  waves may be much greater than the s i gn i fi cant wave 

he i g ht .  

T i de records measured at the two d i ffuser s i tes i nd i ca te that the 

area ha s a mi xed ti de , that i s ,  success i ve h i g h  and l ow l evel s are 

d i fferent .  The ranges of ti des at the Chacahou l a  s i te vari ed from 0 . 1 

feet to 2 . 7  feet for the peri od October 1 4  to November 1 ,  1 977 . T i de 

records at  the Weeks I s l and s i te i nd i cated a range from 0 . 1  feet to 3 . 6  

feet and averaged 1 . 6 feet for the per i od October 1 3  to November 1 6 ,  

1 97 7 .  
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G . 2 . 2 . 5  Currents 

G . 2 . 2 . 5 . 1  Regiona l  Hi stor i ca l  Data 

Current patterns wi thi n the area of the bri ne d i ffusers wou l d be 

the mos t s i gn i fi cant factor i n  determi n i ng d i s persa l  of bri ne . The 

dri v i ng forces of wi nd stress , l ocal  ru noff , and dens i ty strati fi cati on 

combi ne to shape the behav i or of nearshore waters a l ong the Lou i s i ana 

coast . Wave-dri ven currents predomi nate i n  contro l l i ng nearshore c i rcu l a

t ion  and beach dri ft ,  whi l e  densi ty grad i ents and verti ca l  mi x i ng of 

brack i s h  and fresh  waters wi l l  as sume i mportant rol es at  t ida l  passes 

and estuari es . 

Gu l f  surface currents i n  the central Lou i s i ana reg i on  have a wester ly  

net  a nnual  fl ow paral l e l i ng the shore , wi th speeds averagi ng from 0 . 2  to 

0 . 4  knots . Shal l ow water , wi nd driven  currents and barotropi c s l ope 

currents , both wh i c h  para l l el i sobaths , contr i bute to the genera l l y  

westward current  ( U . S .  Department o f  Commerce ,  1 977a ) . Currents vary 

seasona l l y ,  contro l l ed by reg i onal  wi nd cond i ti ons . An easterly surface 

flow ( 0 . 4  knots ) ha s been found i n  the summer and a westerl y surface 

fl ow ( 0 . 82 ) has been fou nd to persi st duri ng the wi nter and spr i ng .  

Bottom currents were ons hore and easterly duri ng the summer and westerl y ,  

ons hore a nd offshore , respecti vel y ,  duri ng the wi nter and early spri ng 

( Oetki ng , 1 974b ) . 

Su perimposed on the above currents i s  a rotary ti dal  current whi ch  

se l dom exceeds 0 . 3  knots . Genera l l y  the ti de he i g hts i n  nears hore 

centra l Lou i s i ana Gu l f  ranges from 1 . 5 to 2 . 0  feet and the tide wave 

moves from west to ea st .  When the moon i s  at i ts maximum dec l i nati o n , 

the ti de i s  d i urnal  and of greatest range . When the moon i s  over the 

equator , the ti da l  range i s  l owest  and several days of sem id i urnal  ti des 

may occur ( U . S . Department of Commerce , 1 977a ) . 

G . 2 . 2 . 5 . 2  Observed Currents 

A speed h i s togram and d i recti onal  p l ot  from i n  s i tu current mea

surements i n  October ( Fi gures G . 2-6 and G . 2-7 ) show that bottom currents 
cons i stently had somewhat l ower speeds than the near- surface currents . 

Th i s d i fference suggested that a verti cal  shear ex i sts between the 
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F ! GURE G . 2-6 . Speed h i s tograms and di recti ona1  o1 ots o f  currents meas ured at the prooosed Weeks I s 1 and s i te ,  October  1 3- 31 , 1 9 77 .  
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STATION C-5-1 
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STATION C-5-2 
D EPTH 21 F E ET 

FI GURE G . 2- 7 .  Speed h i s to9rams and di rect iona l  pl ots of currents meas ured at the 
proposed Ch acahou1 a s i te ,  October 1 4  to November 3 ,  1 9 77 . 
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s urface and bottom wa ters . Genera l l y ,  current speeds ranged from 0-50 

em/sec , but mos t  common ly  they ranged between 0- 30 em/sec . A rotary 

t i dal  effect wa s apparent throughout most  of  the record but was most 

s trong ly  refl ected in the upper currents . In add i ti on , a strong northwest

erly current was measured from October 21 to 24 ( J u l i an cal endar days 

2 94-297 ) . 

W i nd and wave data col l ected from an offshore p l atform ( Tabl e 

G . 2-8 )  s hows eas terly and so utheasterly wi nds rang i ng from 5-45 knots 

dur i ng  th i s  t ime i nterva l . Wave he i g hts ranged from 4- 6 feet and corres

ponded to the d i rect i on of the wi nd . 

Ana lys i s  s hows that the current speeds i n  December-January ( Fi gure 

G . 2 -8 )  ranged from a max imum of 83 em/sec to a m i n i mum of 2 em/sec and 

were s l i ghtly h i gher than those  found dur i ng the October i n terva l . 

A rota ry current was noted duri ng the fi rst � days of the study .  

The eas terly- southeasterly fl ow dur ing  the next 2 days ( J u l i a n  days 354-

356 )  corresponds to the per iod of max imum current speeds W i nds duri n g  

t h i s  i nterva l ( Ta bl e G . 2- 9 )  g enera l ly were from the northwest at  speeds 

ran g i n g  from 5-55  knots . An 8-day per i od ( J u l i an days 357-364 ) of 

predomi nantly northward fl ow,  for wh i ch there i s  on ly  parti a l  meteoro

l og i ca l  data , was fol l owed by a s l i g htly i rregu l ar but t ida l -dom i nated 

fl ow pattern for the rema i nder of the current record ( J ul i an days 365-

07 ) .  

G . 2 . 2 . 5 . 2 .  1 Al ongshore-Onshore Vel oci ty Scatter D i agrams 

Scatter p l ots devel oped to present hal f- hourly a l ongshore-onshore 

vel oc i t i es ( Fi g ures G . 2-9 ,  G . 2- 1 0 ,  and G . 2- l l ) can be v i sua l l y  a s s i gned 

an  approx imate pr inc i pa l  axi s correspond i ng to the mean d i rection of 

current fl ow. The extent of scatter in  the d i agrams betwe£� ' · '�s urements 

at  the same depth represents d i fferences in s peed , and the ex . J cence of 

a " ho l e" around the zero speed po i n t  may i nd i cate h i g h  meas ured speeds 

at l ow fl ow cond i ti ons , that i s ,  h i g h  s tart i n g  speeds or wave- i nduced 

contam i nat ion i n  the measurements ( Beards l ey et �' 1 977 ) .  L i kewi s e ,  

the pres ence of a band wi thout any speed and d i rect ion measurements 
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TABLE G . 2 -8  Offshore wi nd and wave data co l l ected at  East Cameron 
B l ock No . 328 , October 20- 25 ,  1 977 . 

Wi nd Waves 
Speed 

Date T ime ( Knots ) D i recti on Height Di rect i on Per i od 

October 20,  1 977  0000 0 E 0 E 
( J u l i a n  Day 293 ) 0400 1 0  E 1 E 4 . 3  

0800 1 5  E 1 E 4 . 3  
1 200 1 5  SE  1 SE 4 . 5  
1 600 20 SE 1 SE 4 . 7  
2000 25 SE 1 SE 4 . 4  

October 21 , 1 977 0000 27 E 1 E 4 . 7  
( J u l i an day 294)  0400 27 E 1 E 4 . 7  

0800 25 E 3 E 4 . 2  
1 200 25 E 3 E 4 . 6  
1 600 33 SE 4 SE 5 . 4  
2000 33 SE 4 SE 5 . 7  

October 22 ,  1 977 0000 30 E 6 E 3 . 8  
( Ju l i an day 295 ) 0400 23 E 6 E 5 . 5  

0800 23 E 5 E 4 . 7  
1 200 27 SE 5 SE 5 . 0  
1 600 1 5  SE  6 SE 5 . 6  
2000 1 5  SE 6 SE 6 .  1 

October 23 , 1 977  0000 30- 35 E-SE 5 ESE 5 . 0  
( J u l i an day 296 ) 0400 43 SE 5 SE  4 . 5  

0800 40 SE  9 SE 4 . 6  
1 200 1 3  SE 9 SE 6 . 0  
1 600 1 3  SE  1 0  SE 6 . 0  
2000 1 3  SE 8 SE 6 . 1  

October 24,  1 977  0000 20- 25 E 6 E 4 . 1  
( J u l i an day 297 ) 0400 20 E-SE 7 ESE 3 . 8  

0800 5- 1 0  E 1 2  E 3 . 9  
1 200 5- 1 0  SE 8 SE 3 . 1  
1 600 5- 1 0  N-NE  7 NNE 4 . 8  
2000 5- 1 0  N 6 N 6 . 0  

October 25 , 1 977  0000 5 N NO DATA NO DATA NO DATA 
( J u l i a n  day 2 98 )  0400 5 N NO DATA NO DATA NO DATA 

0800 5 NE  NO DATA NO DATA NO DATA 
1 200 5 N NO DATA NO DATA NO DATA 
1 600 5 N NO DATA NO DATA NO DATA 
2000 5 NW NO DATA NO DATA NO DATA 

Source : Transworl d Dri l l i ng Co . , 1 977 . 
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TABLE  G .  2 -9 Offs hore wi nd and wave data col l ected at Eugene I s l and 
B l ock No . 361 , December 20- 2 5 ,  1 97 7 .  

Wi nd Waves 
Speed 

Date T i me ( Knots ) D i recti on Hei ght D i rection Per i od 

December 20,  1 977  0000 1 5- 1 9  ssw 5 ssw 

( Ju l i an day 354)  0400 24- 30 SSE 5- 7 SSE 
0800 30- 35 N 7 - 9  N 
1 200 35- 40 N 1 0- 1 1  N 
1 600 40- 44 N 1 3- 1 5 N 
2000 40- 44 N 1 5- 1 6  N 

December 21 , 1 97 7  0000 44- 50 NNW 1 6- 1 7  NNW 
( J u l i a n  day 355 )  0400 40- 45 NW 1 6- 1 9  NW 

0800 40- 45 NW 1 8- 1 9  NW 
1 200 40- 44 NW 20 NW 
1 600 48- 55 NW 1 8  NW 
2000 46- 50 NW 1 9  NW 

December 22 ,  1 97 7  0000 26- 32 NW 1 0  NW 
( J u l i an day 356 )  0400 1 6- 22 N 6 N 

0800 1 5- 20 NE  5 NE  
1 200 4- 1 0  s 6 s 

1 6 00 4- 1 0  SE  6 SE 
2000 1 6- 1 8  s 6 s 

December 23 , 1 97 7  0000 30 s 6 s 5 . 8  
( Ju l i an day 357 ) 0400 3 0- 35 sw 9 sw 6 . 0  

0800 33- 35 S�J 9 sw 5 . 5  
1 200 30 sw 8 sw 6 . 3  
1 600 30 SE 7 SE 6 . 0  
2000  30  SE  7 SE 5 . 8  

December 24 , 1 977  0 000 30- 35 SE 7 SE 5 . 0  
( J u l i an day 358 )  0400 30 s 9 s 5 . 5  

0800 30 s 8 s 5 . 7  
1 200 28- 30 s 8 s 6 . 0  
1 600 30- 40 S E  9 . 5 SE 5 . 7  
2 000 30- 35 SE  9 . 5 SE 6 .  1 

December 25 , 1 977  0000 1 4- 22 sw 8- 1 1 sw 5 . 1  
( J u l i a n  day 359 )  0400 28- 30 w 9- 1 1  w 5 . 3  

0800 1 8- 22 N 7 N 5 . 6  
1 200 21  NW 8 NW 6 . 2 
1 600 30 NW 8 NW 6 . 9  
2 000 38-42 NW 8- 1 0  NW 7 . 3  
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TABLE  G . 2-9  conti nued . 

Wi nd Waves 

Date T i me 
Speed 

( Knots ) D i rection  He ight  D i recti on Peri od 

December 26 , 1 97 7  0000 NO  DATA NO  DATA N O  DATA NO DATA NO DATA 
0400 NO  DATA NO  DATA NO DATA NO DATA NO DATA 
0800 NO DATA NO DATA NO DATA NO DATA NO DATA 
1 200 N O  DATA NO  DATA NO DATA NO DATA NO DATA 
1 600 NO DATA NO DATA NO DATA NO DATA NO DATA 
2000 NO  DATA NO DATA NO DATA NO DATA NO DATA 

December , 1 977  0 000 NO DATA NO DATA NO DATA NO DATA NO DATA 
0400 NO DATA NO DATA NO DATA NO DATA NO DATA 
0800 NO DATA NO DATA NO DATA NO DATA NO DATA 
1 200 NO DATA NO DATA NO DATA NO DATA NO DATA 
1 600 NO DATA NO DATA NO DATA NO DATA NO DATA 
2000 NO  DATA NO DATA NO DATA NO DATA NO DATA 

Source : Transworl d Dri l l i ng Co . ,  1 97 7 .  
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cou l d  i nd i cate a d i recti ona l ma l funct ion . These d i fferences wi l l  affect 

the ori entat ion  a ng l e  of the pr i nc i pa l  ax i s  but may not be the only 

i nfl uenc i ng factor .  

Weeks I s l and 

In a compari son of rep l i cate current vel oci ties  for October ( F i g ure 

G . 2-9 ) , measured at  1 1  feet ( Stations  W-5- 1  and W-5-3 ) at  Weeks I s l and , 

the broad e l l i pse p l otted for the two meters shows that the measurements 

are s imi l ar .  Meter W-5-3 exh i bi ts. a vague l ow- speed ho l e ,  but there are 

i nsuffi c i ent data to ascerta i n  i f  thi s  pattern i s  dup l i cated i n  meter W-

5 - 1 . Both d i agrams show c l ose agreement  wi th regard to the ori entati on 

of the pr i nc i pa l  axi s ,  whi c h  l i es i n  an east-west  d i rect ion . 

Current ve l oc i t ies  measured at 1 4 . 5  feet ( Stations  W-5-2 and W-5-4 ) 
dur i ng  October exh i b i t a broad e l l i pse wi th a d i st i nct l ow speed ho l e  

a ppeari ng a t  Stat ion  W-5-2 .  Overa l l there i s  l es s  scatter for th i s  

depth than a t  1 1  feet ,  poss i bly due to the decreased effect of chang i ng 

w i nd d i rect ion  and ti des at  these deeper l evel s .  However , the most  

prom i nent d i fference i n  the behav i or between these two stat ions i s  

the mean d i rection  of current fl ow as  s hown by the var i at i on i n  the 

ori entat ion  of the pri nc i pa l  ax i s  ( F i gure G . 2-9 ) . The pr i nc i pa l  ax i s  at  

Stati on W-5-2  l i es i n  an  ea st-west  d i rect ion , whereas tha t of  Stati on 

W-5-4 l i es NE-SW . I t  i s  be l i eved that th i s  vari at ion  cou l d  be cau sed by 

a nonhomogeneou s fl ow f i e l d  at  the s i te .  

Compari son of ve l oc i ti es a t  each  array s how that for the f irst  

array ( Stati ons W-5- 1  and  W-5-2 ) there i s  a wi der scatter i n  the p l ot at  

the surface . However , the pri nc i pa l  axes arrays are  near ly i denti cal  

a nd l i e i n  an  eas t-west  d i recti on . 

I n  a compari son of stati ons the broader e l l i pse at the upper water 

l eve l i s  much more ev i dent.  The d i fference i n  the or ientati on of the 

pri nc i pa l  axes may be due to nonhomogemei ty i n  the water co l umn , poss i b ly 

i nduced by verti ca l  shear s tresses caus i ng a two- l ayered fl ow sys tem . 

The e l l i pse for the December-January data ( F i gure G . 2- 1 0 ) i s  more 

i rreg u l ar and broadens i n  the westerl y and northwesterly d i recti on . The 

predom i nant  pri nci pa l  axi s appears to be i n  an  east-wes t d i recti on , 
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a l though there a l so seems to be a spur ax i s  whi c h  l i es i n  a northwest

southeast d i recti on . Here , a h i g her percentage of fl ow wi th a northward 

(onshore ) component i s  apparent .  There a l so appears to be a s l i g ht 

i nstrument mal funct ion in  d i recti onal sens i ti v i ty .  There are two hol es  

a t  1 8° a nd 34 . 6° . 

When compared wi th the October data , the December-January currer 1ts 

s how l ess  coherence ( i . e .  greater scatter ) parti cu l arly i n  the onshore 

d i recti on . The ori entati on of the pr i nc i pal  axi s ,  however , i s  i n  a n  

east-west d i recti on . 

C hacahou l a  

Compari son of current vel oc i ti es measured at C haca hou l a  i n  1 6 and 

2 1  feet of water ( October-November )  i nd i cates that the behav i or of the 

currents at these two depths i s  s im i l ar ( F i gure G . 2- l l ) . T he scatter 

dens i ty at 21 feet i s  more concentrated at the l ow-speed ranges , probably 

due to a more coherent fl ow . The ori entati on of the pri nci pal  axes  for 

the mean d i rection of current fl ow are i denti cal  and trend NNW-SSE .  

G . 2 . 2 . 5 . 2 . 2  Mean Currents 

Current measurements were f i l tered u s i ng a 49-po i nt runn i ng average 

and the data deve l oped ( F i g ures G . 2- 1 2 ,  G . 2- 1 3  and G . 2- 1 4 )  present an  

average vel oc i ty vector for every 6 hours . 

Weeks I s l and 

Average current ve l oc i ti es measured at Weeks I s l and i n  October 

ranged from l ess  than 5 em/sec to approxi mately 33 em/sec . These currents 

s howed a var i a b l e  f l ow d i recti on , except for the per i od of October 2 1  to 

24 ( J u l i an days 294-297 ) when there was a pronounced northwestward dr i ft 

( F i gure G . 2- 1 2 ) . 

Mi nor d i recti ona l d i fferences occurred between the currents measured 

at the 1 4 . 5  foot depth , but a l arge d i fference occurred between the 1 1  

a nd 1 4 . 5  foot depths at  Array No . 2 ( Stati ons  W-5-3 and W-5-4 ,  respec

ti vely ) , espec i al ly  on  J u l i an days 294 and 303 . At that time current 

d i recti on d i ffered by as  muc h  as  1 80° , suggesti ng that a two- l ayered 

f l ow system was operati ng at the Weeks I s l and d i ffu ser s i te .  
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Average current ve loc i ti es at Weeks I s l and i n  December to January 

ranged from l ess  than 5 em/ sec to approxi ma te ly  53 em/sec . The peak 

vel oci ti es are c l early refl ected duri ng the per i od for J u l i an days 354 

to 356 , when a strong easterly-southeasterly fl ow was present .  The 

domi nant d i rect ion  of f l ow for th i s  per i od ,  however , was to the north

northwest  ( Fi gure G . 2- 1 3 ) . 

Chacahou l a 

Average current ve l oci ti es measured i n  October to November at the 

Chacahou l a d i ffu ser s i te ranged from l ess than 5 em/sec to 32 em/sec ; 

ons hore f l ow vel oc i ti es tended to exceed offshore f l ow vel oci ti es ( F i gure 

G . 2- 1 4 ) . Both meters showed c l ose agreement i n  average current  vector , 

whi ch  suggests that there i s  l i tt l e  two- l ayered f l ow at the Chacahou l a  

s i te .  

G . 2 . 2 . 5 . 2 . 3  Progres s i ve Vector Di agrams 

Progres s i ve vector d i agrams ( PVDs ) were constructed by i ntegrati ng 

i n  time each ha l f- hourl y current vel oc i ty vector . PVDs bes t  represent 

the mean di rection  of current . When a dr i ft current is absent , ti dal  

forces become a predomi nant factor , and a d i agram wi l l  show a f l ow 

pattern cons i sti ng of a seri es of overl app i ng l oops , whi ch  i ndi cate a 

cond i ti on of l i tt l e or no net current d i s p l acement .  As the s trength of 

the dri ft current i ncreases , the l oops separate and wi l l  d i sappear 

enti rely if the current dri ft vel oci ty reaches a threshol d va l ue and 

prevents a t ida l  reversa l . 

A summary of the net current d i sp l acement and v i rtua l d i rection  for 

each stati on measured i s  presented i n  Tab l e  G . 2- 1 0 .  The v i rtua l current 

d i recti on i s  the head i ng of a l i ne connecti ng the beg i nn i ng poi nt  on the 

d i agram to the end po i nt .  The net d i sp l acement i s  the l ength of th i s  

l i ne . 

Weeks I s l and 

The l arge d i screpancy i n  the net d i s p l acement of the two meters at 

1 1  feet measured duri ng October i s  due to the l im i ted operati onal time 

of meter W- 5- 1 . The dr.i ft duri ng the fi rs t 6 days , however , i s  nearly 
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TABLE  G .  2 ..:  1 0  Progres s i ve vector s ummary . 

Net Peri od of 
Vi rtual  D i s p l acement Record 

Meter Depth ( ft )  D i rect ion  ( km ) (days ) 

W-5- 1  1 1  31 1 1 9  1 8  

W-5-2  1 4 . 5  305 1 9 . 5 1 8  

W-5- 3 1 1  31 5 70 1 8  

W-5-4 1 4 . 5  322 1 4  1 8  

C- 5-1  1 6  31 9 70 20 

C-5- 2 2 1  339  43 20 

W I B  1 2  353 1 1 8 . 5 23  
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i denti cal . Both meters s how a cons i stent net d i sp l acement to the north

west  ( Fi gure G . 2- 1 5 ) . The two meters at 1 4 . 5  feet show a net d i sp l ace

ment of 1 9 . 5  and 1 4  km , but wi th a var i ati on i n  d i recti on from 305° to 

322° , respect ivel y .  

When the data from the meters i n  each array are exam i ned , l ess  

d i recti onal var i at i on i n  the currents i s  apparent . I n  one case the 

d i recti onal u n i formi ty throug hout the water col umn at each array suggests 

that the currents at  the s i tes are dr i ven by a common mechan i sm ,  whereas 

d i fferences between each array cou l d be i nduced by l ocal  topography or a 

nonhomogeneou s f l ow fi e l d .  T he PVDs deve l oped for the second current  

meter array i l l u s trate that a ti de-domi nated c i rcu l at ion  pattern occurred 

i n  the area between October 1 3  to October 23 (J u l i an days 286 to 296 ) . 

T i da l  affect on the bottom waters l agged a day to two beh i nd i ts affect 

on the surface waters . Duri ng the next 2 to 4 days a pronounced north

wes t  dri ft occurred , whi c h  was fol l owed by an eas terly dri ft dur i ng the 

l ast  6 days of thi s  per i od (J u l i a n  days 302-307 ) .  

The PVD deve l oped for December and January s howed a s h i ft i n  net 

dri ft from the northwes t quadrant to north quadrant ( ons hore ) ( Fi gure 

G . 2- 1 6 ) .  At the beg i nn i ng of the record , a per i od of ti da l -dom i nated 

c i rcu l at i on ( l i tt l e net dr i ft ) was present ;  thi s fl ow was fol l owed by 2� 

days of strong eas tward dri ft (J u l i a n  days 354-364 ) . Duri ng the next 8 

days ( Ju l i a n  days 357-364 ) a strong , nearly conti nuous northward dr i ft 

occurred . A rotary ti dal  f l ow was superimposed on a net northwestward 

current dri ft i n  the l as t  part of the study per i od .  

C hacahou l a  

The two PVDs devel oped for the C hacahou l a  d i ffuser s i te for the 

October-November peri od c l ear ly  show a northwes terly current dri ft but 

wi th a greater net d i sp l acement for the 1 6  foot depth than for that 

measured at  2 1  feet ( F i gure G . 2- 1 7 ) . The d i recti onal current patterns 

were cons i stent for both depths . After the f i r st  week  of the study the 

revers i ng northerly-souther ly  dri ft was fol l owed by a northwesterly 

dri ft ( October 21 - 25 ;  J u l i an days 294- 298 ) .  A predom i nantly ti da l ·  

contro l l ed c i rcu l ati on pattern occurred between October 25 and November 
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1 (J u l i an days 298-305 ) .  Th i s  f l ow was fol l owed by another short per i od 

of northwest dri ft , wh i ch q u i ck ly  reversed to southeaster ly on November 

3 (J u l i an day 304 ) . 

Severa l important factors concerni ng current f l ow are refl ected i n  

the PVDs deve l oped from the � s i tu measurements : 

1 )  Al l of the stations  s how a net dri ft to the northwest duri ng 

October . 

2 )  Evi dence o f  verti cal  shear i n  the water col umn i s  suggested by 

the g reater net f l ow d i s p l acement measured i n  the u pper porti on 

of the water co l umn . 

3 )  A d i rect cause and effect rel ati ons hi p between the northwesterly 

dri ft of the currents was refl ected i n  the current  meter 

measurements for October 21  to 25 (J u l i an days 294-298 ) and 

meteoro l og i ca l  data exami ned for thi s same i nterva l . 

G . 2 . 2 . 5 . 2 . 4  Drogue Study 

The resu l ts of a cursory drogue study u ndertaken on November 1 6  and 

December 2 ,  1 97 7 ,  s howed the mean current dri ft on November 1 6  to be 

cons i stent ly WNW , but on December 2 the dri ft d i recti on var i ed from SW 

to WNW . Nei ther of these stud i es was of l ong enough duration  to d i sti n

g u i sh  acute t ida l  i nf l uences from l ong-term dri ft . 
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G . 2 . 3 CHEM ICAL OCEANOGRAPHY 

C hemi cal factors such as oxygen ,  pH  ba l ance , nutri ents , organi c 

carbon , trace meta l s ,  hydrocarbons , and su spended matter i n  the nears hore 

Gul f of Mex i co waters of Lou i s i a na are hi g h ly  dependent on the seasonal 

d i scharges of the Mi s s i s s i ppi R i ver i n  the southeas t  reg i on and the 

Atc hafa l aya Ri ver i n  the southwes t reg i on . I n  genera l , the u pper water 

l ayers are i nfl uenced by the l ess sal i ne ,  l ess  dense ri veri ne waters , 

whi l e  the bottom water l ayers are affected by the more sal i ne ,  denser 

Gu l f water . Seasonal and meteoro l o g i ca l  cond i t ions , however ,  affect the 

m i x i ng of these two l ayers . 

G . 2 . 3 . 1  D i sso l ved Oxygen and pH Bal a nce 

Primary sources of oxygen i n  coastal waters resu l t from transfer 

across  the a i r-sea i nterface ( s urface m i x i ng ) and p hotosynthes i s .  

S urface d i sso l ved oxygen ( DO )  va l ues i n  the northern Gu l f  average approx i 

mate ly  8 . 0  ppm . Low DO val ues are found i n  bottom waters , especi a l ly 

duri ng the warm months . Near Marsh I s l and ( Fi gure G . l -2 )  DO  va l ues 

averaged 8 . 1  ppm from Apri l 1 972  to March 1 974 ;  the l owest  concentrati on  

was 7 . 0  ppm and the  h i g hest l eve l  was 8 . 7  ppm . There appeared to be  no 

depth-re l ated trend ( J u neau , 1 97 5 ) . DO l eve l s reported for the i ns hore 

areas and marshes of Ca i l l ou  Bay ( Fi gure G . l - 2 )  were h i ghest i n  March 

( 1 1 . 2  ppm ) and l owest  i n  September ( 5 . 7  ppm ) ; the samp l e  average was 

8 . 4  ppm ( Barrett , 1 97 1 ; Coasta l Resources Uni t ,  1 970 ) . 

DO measurements taken near the Lou i s i ana Offshore Oi l Port ( LOOP ) 

s tudy area , eas t of the bri ne d i sposal  s i tes , showed that surface DO was 

u n i form ly  h i g h ,  wi th station  means averag i ng 7 . 2  to 8 . 0  ppm .  At m i d

depths , va l ues  averaged 4 . 8  ppm ; at the bottom , val ues averaged 1 . 1 to 

4 . 6  ppm .  Duri ng December , 27 percent of the area was a noxi c ( l es s  than 

2 ppm ) ;  i n  J u l y ,  93 percent of the area was anoxi c .  Duri ng J une and 

J u l y  1 973 , the tota l  anox i c  area between the Southwest Pass and Sh i p 

S hoal  was estimated at  1 000 square m i l e s ( Fl owers et �. , 1 975 ) . 

DO val ues , averaged over each samp l i ng array , ranged from 5 . 1  to 

1 0 . 8  mg/1  and 6 . 1  to 1 1 . 4  mg/ 1 at the Weeks I s l and a nd Chacahou l a  s i tes , 

respective ly  ( Fi gure G . 2- 1 8 ) . DO l eve l s at s tat i ons  at each s i te were 
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s im i l ar .  Dur i ng September and October , the surface water a t  both s i tes 

had a greater oxygen content than the bottom water . I n  November and 

December , poss i bly  as  a resu l t  of fa l l turnover , DO l evel s  i n  the two 

l ayers were s im i l ar .  

I n  eastern Lou i s i ana Gu l f  waters , the b i ochem i ca l  oxygen demand 

( BOD )  was genera l ly l ow ( 2  mg/ 1 ) .  The average chem i ca l  oxygen  demand 

( COD )  was 1 7 0 mg/ 1 . Because of i ts h i g h  organ i c  l oad , the Mi s s i s s i pp i  

Ri ver system has a major i nfl uence o n  the seasonal BOD and COD o f  the 

area . BOD decreased stead i ly from May through September ;  COD i ncreases 

dur i ng summer ( Fl owers et �. , 1 97 5 ) . 

G . 2 . 3 . 2  I norgan i c Nutr i e nts , I ons , and Organi c  Carbon 

The Mi s s i s s i pp i  R i ver has a tremendous i nfl uence on the i nput of 

nutr i ents i nto eas tern Lou i s i ana coasta l  waters . I n  a 1 973 samp l i ng 

effort conducted from the Mi ss i ss i pp i  R i ver west  to Cami nada Bay ( Ho 

a nd Barrett , 1 975 ) , i norgan i c  n i trogen ( n i trate and n i tr i te )  val ues were 

one to two orders of magn i tude greater duri ng h i g h  r i ver d i scharge 

peri ods than  duri ng normal fl ow per i ods . Furthermore , there was an  

i nverse rel ati onsh i p  between n i trate ( N 03 ) and n i tr i te ( N02 ) and sa l 

i n i ty l evel s ;  n i trate/n i tri te decreased seaward wi th i ncreas i ng sa l i n i ty .  

Reacti ve s i l i cate ( S i 02 ) and orthophosphate ( P04 ) s howed a s i m i l ar but 

weaker rel at i ons h i p  wi th sa l i n i ty .  Anmoni a ,  orga n i c  phosphates , and 

organ i c  n i trogen , remai ned fa i r ly constant i n  coastal waters throughout 

var i ous  r i ver f l ow per i ods ( Ho and Barrett, 1 97 5 ) . 

Assumi ng that the Atchafa l aya R i ver fl ow i s  50 percent of the 

Mi s s i s s i pp i  R i ver fl ow but that both carry proporti onal ly  the same 

nutri ent l oad , the estimated amount of nutr i ents i n  b i l l i ons of pounds 

d i scharged i nto the Lou i s i ana coasta l  area between J anuary and J u ly 1 973 

( Ho and Barrett , 1 97 5 ) , duri ng abnorma l ly h i g h  water f l ow was : 

D i s so l ved 
N03 + N02 P04 S i 02 Organ i c  N Organi c  C 

Mi s s i s s i pp i  1 . 96 0 . 08 2 . 90 1 . 82 2 1 . 70 

Atc hafa l aya 0 . 98 0 . 04 1 . 45 0 .  91 1 0 . 85 
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I n  earl i er s tudi es ( Barrett,  1 97 1 ; Juneau , 1 97 5 )  n i trate i nshore of 

the proposed s i tes averaged 3 . 5  to 8 . 44 mi crogrqm-atoms per l i ter (}lg
at/ 1 ) ;  n i tr i te averaged 0 . 6  pg-at/ 1 . Average i nor9an i c  p hosphate ranged 

from 0 . 87 to 2 . 5  11g-at/1 and total phosphate averaged approximatel y  4 . 0  

11g-at/ l . Seasona l trends  were apparent but var ied from stati on to 

station  and year to year . Su l fate and cal c i um peaked duri ng October , 

a nd averaged 1 22 mg/ 1  and 73 mg/ 1 , respective ly  for the year . 

The resu l ts of the September samp l i ng i n  the present study are 

cons i s tent wi th prev i ou s  stud i es . The greater i nfl u ence of the Atcha

fal aya Ri ver on  the Weeks Is l and s i te compared to Chacahou l a i s  apparent 

i n  the means and ranges for nutri ents , major i ons , and organ i c  carbon 

(Tab l es  G . 2- l l and G . 2- 1 2 ) . D i fferences between s i tes i n  major i ons  

were a funct ion  of d i fferences i n  sal i n i ty .  S im i l ar l y ,  n i trate and 

s i l i cate i n  surface and bottom waters were h i g her at  the Weeks  I s l a nd 

s i te .  P04 va l u es a t  the two s i tes were s im i l ar .  These val ues are 

wi thi n  the range of those found i n  the coas ta l  Lou i s i ana reg i o n .  No 

trends or rel at i onsh i ps were found for nutrients in the pore water of 

the sed iments . However , compared to the water col umn , P04 l evel s were 

l ower a nd s i l i cate was greater i n  the pore water . At the Weeks I s l and 

s i te ,  the i nfl uence of denser Gu l f water i n  the bottom water can be 

seen . 

The percent tota l orga n i c  content ( %  TOG ) i n  the sediment at  the 

d i ffuser s i tes  was l ow due to the l arge i nfl ux of terri genous c l asti c 

materi a l , wh i ch effecti vely masked the organ i c  carbon con tent .  Because 

the Weeks I s l and s i te i s  nearer the source of organ i c materi a l  from the 

Atchafal aya R i ver than the Ghacahou l a  s i te ,  the % TOG was h i g her at 

Weeks I s l a nd .  D i s so l ved organ i c carbon  ( DOC ) and parti cu l a te orga n i c  

carbon ( POC ) showed a s im i l ar trend . A t  eac h  s i te ,  surface a n d  bottom 

water DOC and POG va l ues  were s im i l ar a nd these va l ues are c l ose  to 

those reported for other coas ta l  area s .  
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TABLE G . 2- l l Organ i c  carbon and nutr ients means and ranq�s i n  the water co l umn for the orooosed 
Weeks I s l and and C hacahou l a  bri ne di ffuser s i tes , Se�tember 1977 . 

Sta t ion % TOC 
( Sed imen t s )  

WEEKS 
I SLAND 

Mean 1 . 02 

Range . 72-1 . 3 7 

CHACAHOULA 

Mean 0 . 69 

Ra nge . 09-1 . 26 

S = Surface 
B = Bottom 

DOC 
(mg C/ l ) 

s B 

1 . 49  1 . 30 

0 . 75-2 . 30 1 .  20-1 . 36 

0 . 95 0 . 7 9  

0 . 90-1 . 01 0 . 32-l . l l  

Pore = Sed i ment Pore Water 

POC 
(mg C/ l ) 

s B 

0. 72 0 . 72 

0 . 44-1 . 54 0. 51 - 1 . 1 9  

0. 22 0 . 29 

0 . 08-0. 35 0 . 22-0. 37 

P04 S i 04 NOj 
( I!�) ( utj) ( llt1 

s B Pore s B Pore s 

1 . 20 1 . 34 0 . 52 24 . 1 6  1 4 . 40 1 07 . 60 1 2 . 22 

0 . 76-1 . 43 0 . 93 - 1 . 77 0 . 30-0 . 75 0 . 83-80 . 0  9 . 7- 2 1 . 3  85 . 0- 1 26 . 0  4 . 60-20 . 3  

l .  91 1 . 00 0 . 2 5  4 . 42 5 . 54 1 3 3 . 5  0 . 43 

0. 67-5 . 97 0 . 58-1 . 64 - 2 . 9-4 . 6  2 . 9- 7 . 9  1 2 1 . 0- 1 4 6 . 0  0 . 1 0- 1 . 0  

- --- �-- -

B Pore 

1 0 . 38 -

3 . 0- 1 9 . 90 -

1 . 23 -

0 . 40-2 . 9  -



G) . 
N 

I 
(.]1 
w 

TABLE G . 2 - 1 2  Maj or i o n  concentrati ons means and ranges { g/ Kg )  for the proposed Weeks I s l and and 
Chacahou l a  bri ne d i ffu ser s i tes , September 1 977 . 

Weeks I s l and 

Surface Mean 
Range 

Bottom Mean 
Range 

Pore Mean 
Range 

Chacahou l a  

r�ean Surface Range 

Bottom Mean 
Range 

Pore Mean 
Range 

C l  so
4 

-

9 .  77 1 .  27 
1 .  52 - 1 5 . 95 . 1 2 - 2 . 1 9  

1 3 . 09 1 .  78 
7 .  88 - 1 5 . 91 0 . 96 - 2 . 23 

1 3 . 06 2 . 39 
7 .  80 - 1 5 . 9 1 1 . 42 - 2 .  74 

1 7 . 21 2 . 42 
1 6 . 94 - 1 7 . 67 2 . 40 - 2 . 47 

1 7 . 42 2 . 46 
1 7 . 2 1 - 1 7 . 7 5 2 . 42 - 2 . 50 

1 7 . 37 2 . 62 
1 6 . 7 7 - 1 7 . 97 2 . 30 - 2 . 93 

Na K Mg 

5 . 3  0 . 1 9  0 . 64 
0 . 7 - 8 . 9  . 03 - . 32 0 . 08 - 1 . 08 

7 . 1  0 . 255 0 . 86 
4 . 1  - 8 . 8  . 1 5  - . 32 . 50 - 1 . 07 

7 . 36 0 . 306 0 . 928 
4 . 6 - 8 . 9  . 20 - . 35 . 50 - 1 .  1 1  

9 . 74 . 344 1 . 1 74 
9 . 3 - 1 0 . 1  . 33 - . 36 1 . 1 3  - 1 .  2 1  

9 . 76 . 348 1 . 1 78 
9 . 3 - 1 0 . 0  . 33 - . 36 1 . 1 3  - 1 .  22 

9 . 70 . 35 1 .  2 1 5 
9 . 5 - 9 . 9  . 35 1 . 1 8  - 1 . 25  

Ca 

0 . 22 
. 06 - . 34 

0 . 28 
. 1 9  - . 34 

. 306 
. 1 8  - . 37 

. 364 
. 35 - . 38 

. 370 
. 36 - . 38 

. 42 
. 40 - . 43 



G . 2 . 3 . 3  Trace Meta l s 

S l owey and Hood ( 1 97 1 ) found that i n  the Gul f of Mex i co the average 

coa sta l va l ues  of manganese were an order of magn i tude h i gher than open 

sea va l ues , 3 . 9  �g/ 1 compared wi th 0 . 3 1 �g/ 1 . Both the coa sta l  and open 

sea va l ues for copper a nd z i nc were 1 . 6 and 1 . 3 �g/ 1 and 4 . 2 and 3 . 5  

�g/ 1 , respect ive ly .  H i g hest  val ues i n  the open Gu l f  were usua l ly  found 

at surface and i n termed i ate depth s ;  deep waters had u n i formly l ow 

va l ues . H i g h  concentrat ions  of meta l s  at  i ntermed i ate depths seemed to 

have or i g i nated outs i de the Gu l f of Mex i co and may have res u l ted from 

the rel ease of trace meta l s  duri ng the decompos i ti o n  of orga n i sms . The 

r i veri ne i npu t of manganese i nto coasta l  waters was great , but i t  was 

neg l i g i b l e  for copper a nd z i nc . 

Wi th the exception of mercury , the va l ues for d i sso l ved meta l s  

co l l ected i n  the LOOP s tudy area ( Fl owers e t  �. , 1 97 5 )  from stati ons 

l ocated 1 9 . 4  to 20  km offshore i n  24 . 4  m of water and 27 . 4  to 36 . 6  km 

offshore i n  33 . 5  to 42 . 6  m of water (Tabl e  G . 2- 1 3 )  are wi th i n  the range 

of expected va l ues for coasta l  mar i ne envi ronments . The val ues for 

mercury are h i g her , but may be due to var i ati ons i n  analyti cal  tech

n i ques . 

Heavy meta l concentrati ons at the proposed Weeks I s l and and C hacahou l a  

s i tes are greatly i nfl uenced by sediment i nput from the Atchafa l aya 

Ri ver . I n  an  area of h i g h  su spended matter , i t  i s  expected that the 

parti cu l ate p hase , onto whi ch meta l s  ad here i n  the water co l umn , wou l d  

have a h i gher trace meta l content than the d i sso l ved p hase . Genera l l y ,  

th i s  trend i s  o bserved a t  the proposed bri ne d i ffuser s i tes ( Tab l e 

G . 2- 1 4 ) . T he Weeks I s l and s i te ,  wh i ch i s  c l oser to the r i ver and whi ch  

has  a h i gher l evel of  suspended matter , has  h i gher parti cu l ate trace 

meta l  l evel s than the C haca hou l a  s i te but the l eve l s  found are l ow 

compared to those found i n  other coasta l  areas of the Gu l f of Mex i co .  

Due to sediment resuspens i on , trace meta l l evel s i n  the bottom water 

parti cu l ate p hase were h i g her than those measured i n  surface waters . 

A port ion  of the parti cu l ate trace meta l phase i s  weakly attached 

onto suspended matter and may be ass im i l ated by organi sms duri ng d i gestion  

of parti cu l ate matter . The percent  l eacha b l e  fraction  is  a measure of 
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TABLE G . 2- l 3  Di sso l ved metal s ( opb ) i n  s urface and bottom waters of the LOOP study area . 

Cd Cr Cu Fe Pb  Mn  Hg N1  Zn  

STAT I ON GRP I I I s B s B s B s B s B s B s B s B s B 

1 9 . 4-20 km , 24 . 4m 

June,  1 973 1 . 8 0. 9 l . O 0. 8 l . l  ND 1 . 7 0 . 4  7 . 6  1 1 . 6 

July 0 . 48 0 . 4 1  

Aug . ND l 0. 6 0 . 6  ND 9 . 0  4 . 3  ND 8 . 9  2 . 4  3 .  l 0 . 9  ND 2 . 0  l . l 

Oc t .  21 . 1  l 0. 5 0. 7 4 . 3 4 . 3  9 . 9 ND 3 . 2  ND 2. l ND ND 2 . 6  3 . 4  

Jan.  1 974 3 . 5  ND l . l  1 . 4 5 . 2  2 . 0  ND 3 . 3  l . l  4 .  l 1 . 7 ND 5 . 2  3 . 9  

Range Surface 0.  3 - 3 .  l ND - 55. 3 ND - 4 . 9  ND - 1 4 . 9  ND - 3 . 3  ND - 3 . 8  0 . 22 - 0 . 90 ND - 5 . 2  N D  - 1 7 . 0  
G') Bottom ND - 2 . 8  N D  - 21 . 0  ND - 9. 0 ND - 1 2 . 8  ND - 26. 7 NO - 7 . 6  0 . 22 - 0 . 67 ND - 2 . 6  0 . 2  - 1 8 . 0  
. 
N I 01 Sta t i on GRP I V  01 

2 7 . 4  - 36 . 6  km 
33. 5 - 42 . 6  m 

June 1 973 0 . 2  0 . 2  2 . 8  1 . 9  ND ND NO ND 5 . 8  1 1 . 9  

J u l y  1 . 03 0 . 86 

Aug 7 . 9  4 . 0  2 .  l 2 . 2  1 . 4 3 . 6  1 7 . 5  0 . 8  ND ND 1 . 3 ND 0 . 9  2 . 8  

Oct 6 . 6  3 . 3 0 . 7  l .  0 1 4 . 2  8 .  l 2. 5 ND 1 . 2 ND 0 . 7  ND 5 . 6  3 . 4  

J a n ,  1 974 9 . 2  4 . 6  2 . 0  0 . 8  3 . 9  2 . 0  8 . 3  0 . 8  2 . 8  3 . 7  ND 5 . 5  4 . 2 1 . 9 

Range Surface ND - 0 . 8  ND - 28. 9 ND - 5. 7 ND - 1 8 . 2  ND - 36 . 7  ND - 6 . 8  0 . 86 - 1 . 36 ND - 2 . 6  N D  - 8 . 7  

Bottom ND - 0. 7 ND - 1 3 . 3  ND - 3 .  l NO - 1 4 . 2  ND - 3 . 3  NO - 6 . 3  0 . 71 - 1 . 1 4  ND - 2 2 .  l ND - 32 . 8  

Fl owers , e t  a l . ,  1 975 



TABLE G . 2- 1 4  Concentrati on of trace metal s i n  the d i s so l ved and 
pa rti cul ate phase of the water col umn and i n  pore water 
(means and ranges from the proposed Weeks I s l and and 
C hacahou l a  bri ne di ffuser l ocations ( ppb ) . 

D i ssol ved 
Weeks I s l a nd 

s 

Mean 

s 0 . 4  
Cd B . 05 

Pore 1 2 . 5  

s 1 . 4 
Cu B 1 . 1  

Pore . 5 5 

s <2 
Fe B <2  

Pore 86 

s 0 . 06 
Pb B 0 . 08 

Pore 1 . 7 

s 0 . 8 
Mn B 1 . 5  

Pore 1 61 0  

s 0 . 03 
Hg B 0 . 04 

Pore 

s 1 . 3 
Ni B 1 . 2 

Pore 5 . 7  

s < 1 2 
Zn B < 1 2 

Pore 65 

= Surface 
= Bottom 

Ra nge 

. 03- . 06 

. 03- . 07 
4 .  7- 1 8  

0 .  9- 1 . 8 
0. 9- 1 . 5  
32-83 

33- 245 

. 02- . 09 

. 04- . 2 1  
. 8- 2 .  2 

. 25- 1 . 2  

. 54- 2 . 1 
1 50- 320 

. 01 - . 05 
• 03- . 04 

. 9- 1 . 9  
1 . 0- 1 . 7  
4 . 9- 7 . 3 

22- 1 20 

B 
Pore = Sedi ment Pore Water 

Chacahou l a  
Mt!a n  Range 

. 03 . 02- . 05 

. 02 . 02 
6 . 2  4 . 7-7 . 6 

0. 8 0. 66- 0 . 92 
0. 6 . 57- . 66 

62 26- 98 

<2  
<2  

268 66-470 

0 . 1 2  • 08- . 1 5  
0 . 05 . 03- . 08 
1 . 1  . 8- 1 . 4  

1 . 3 . 62- 3 . 8 
1 . 4 . 45- 3 . 0  
775 250- 1 300 

0 . 04 1 . 01 - . 05 
0 . 03 . 01 - . 05 

1 . 5 1 . 2-1 . 7 
1 .  2 . 9- 1 . 4  
7 . 2  6 .  3-8 . 1 

< 1 2 
< 1 2 

38 37-40 

G . 2-56 

Parti cu l ate 
Wee ks I s l an d  Chacaho u l a 

Mean Range Mean Range 

. 02 . 006- . 057 . 0038 . 0036- . 004 
0 . 59 . 008-1 . 7  . 01 3  . 003- . 039 

0. 58 . 07-1 . 7 . 053  . 01 6- . 1 29 
1 . 45 . 06-3 . 1  . 037 . 00 1 - . 097 

1 348 95-4200 52 5 . 6-97 
4043 1 30- 7800 627 66-2200 

0 . 8  . 26-2 . 0  0 . 098 . 003- . 1 9  
1 .  97 . 097-4 . 8  1 2 . 8  . 038-51  

2 1  2 . 2-62 1 . 46 1 . 1 6-3 . 7  
8 1  1 0- 1 80 8 . 83 1 .  6-25 

1 . 6 < . 1 26-4 . 3  0 . 073 . 073 
3 . 82 . 1 7-8 . 0  2 . 9  2 . 9  

5 . 6  3 . 2- 1 2  3 .  57 . 20- 1 0 . 2  
31  . 65-62 1 . 88 . 24-3 . 5  



that porti on of the parti cu l ate meta l content wh i ch i s  so l ub l e i n  weak 

ac i d and may be b i o l og i ca l ly ass im i l a ted . The percent l eachabl e fracti on 

ranged from the typ i ca l ly l ow i ron l evel  to severa l h i g h  va l ues i nc l ud i ng 

manganese and cadm i um. 

Percent Leachabl e Fracti on of Parti cu l ate Trace Meta l s 

Fe Mn Zn Pb N i  C u  Cd 

Surface 4 . 49 62 . 67 30 . 47 29 . 27 8 . 95 1 3 . 96 29 . 34 
Weeks I s l and Bottom 1 0 . 53 59 . 20 53 . 1 0  26 . 53 1 6 . 93 22 . 20 35 . 65 

Surface 8 . 64 74 . 26 38 . 07 36 . 08 34 . 86 74 . 67 
Chacahou l a Bottom 1 8 . 26 74 . 22 57 . 85 3 1 . 08 28 . 03 67 . 02 

The concentrati ons of di sso l ved heavy meta l s  were much h i g her i n  

t he sed iment pore water than i n  the overly i ng water col umn . Th i s d i fference 

s uggests tha t  the meta l s  may be d i ffus i ng from the sediments i nto the 

i nterst i ti al water (Tabl e G . 2- 1 4 ) . Genera l l y ,  meta l s wi th  a h i g h  percent 

l eachabl e fracti on (Mn , Cd ) and meta l s  associ ated wi th the m i nera l s  i n  

the sed iment ( Fe ,  Zn ) were found i n  h i g h  l evel s  i n  the pore water . 

Sed i ments at  Weeks  I s l and are fi ner than those a t  Chacahou l a  and as  

a resu l t ,  Weeks I s l and samp l es had a s i gn i fi cantly h i g her heavy meta l 

concentrati on (Tabl e G . 2- 1 5 ) .  I ron , whi ch has s i mi l ar properties  to 

other trace meta l s ,  i s  not eas i ly a l tered by anthropogen i c  effects , and 

thus i s  a good i nd i cator of the source and res i dence of several of  the 

trace meta l s .  The fol l owi ng tabl e presents the sed iment meta l / i ron 

rati o s  for Weeks  I s l and and Chacahou l a :  

Mn/ Fe Zn/Fe Pb/ Fe N i / Fe Cr/Fe Cu/ Fe Cd/Fe 

( x l o-2} (x l o-4} (xl 0-4} (xl 0-4 ) ( x l o-4 ) (xl 0 -4 ) ( xl 0-5 } 

Weeks I s l and 9 . 3  46 . 3  3 1 . 1  1 1 . 3 4 . 6  1 9 . 2  3 . 6 

Chacahou l a 6 . 6  49 . 4  26 . 5  1 0 . 7  4 . 4  7 . 3  1 . 1 
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TABLE G . 2 - l 5  Concentrat i on of trace meta l s i n  s ed i ments (means 
and ranges ) from-the proposed Weeks I s l and and 
Chacahou l a  bri ne d i ffu ser l ocat i ons  ( ppm ) . 

Weeks I s l a nd Chacahoul a 
Mean Range Mean Range 

Al 1 900 1 500- 2000 800 500- 1 1 00 
Cd 0 . 22 0 . 1 9- 0 . 27 0 . 04 0 . 02-0 . 06 
cr 2 . 7 2 . 2- 3 . 3 1 . 5  1 .  0- 2 . 0  
Cu 1 1 .  0 7 . 8- 1 3 . 0 2 . 9  l .  0- 6 . 7  
Fe 6000 5700- 6300 3500 2400-5000 
Pb  1 8 . 7  1 6 . 8- 20 . 9 9. 2 6 . 4- 1 3 . 9  
Mn 555 507-627 234 1 54- 384 
N i  6 . 8  5 . 8- 7 . 7 3 . 7  2 . 9-4 . 6  
Zn 27 . 8  24 . 6-30. 9 1 6 . 6  1 3 . 1 - 21 . 2  
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I ron  l evel s ,  whi c h  decrease from the Weeks I s l and to the Chacahou l a 

s i te ,  are i nverse ly corre l a ted wi th sediment grai n s i ze .  Z i nc ,  n i c ke l , 

and copper have a s im i l ar sed iment s i ze-dependence as  i ron s i nce the 

meta l / i ron  rati os of these three meta l s rema i n  constant between the two 

s i tes . Copper and cadm i um decrease more rap i d ly  wi th i ncreased grai n 

s i ze than does i ron . 

Zoop l ankton , cons i st i ng mostly of chaetognaths ,  had s i g n i fi cantly 

h i g her l eve l s of trace meta l s ( except for copper )  than d i d  croaker and 

shrimp (Tabl e G . 2- 1 6 ) . T h i s d i fference may be due i n  part ,  i . e . , 

most ly surface sorpti on , to the i r  h i g h  surface area to mass rat i o  

rel at i ve to croaker and s hrimp . The trace metal va l ues found i n  the 

zoopl ankton were s im i l ar to others reported for zoopl an kton col l ected i n  

the northwest  Gu l f  of Mex i co ( S ims , 1 975 ) . Trace metal l evel s ,  w i th the 

except i on of those for z i nc ,  n i c ke l , and cadm i um ,  were genera l ly  l ow i n  

wh i te s hrimp . Trace meta l l evel s ,  wi th the except ion  of those for i ron , 

copper , and a l um i num , were a l so l ow i n  croa kers . 

G . 2 . 3 . 4  Hydrocarbons 

Of the est imated 6 to 1 2  m i l l i on metr i c  tons of hydrocarbons  enter

i ng the oceans yearly , 50 percent are be l i eved to resu l t from organi c  

decay , 1 7  percent from terrestri a l  ru noff , 8 percent from atmospher i c  

fa l l ou t ,  4 percent from natural seepage ,  and the rema i n i ng 2 1  percent 

from oi l produc i ng and s h i ppi ng operati ons (Ahearn , 1 97 0 ) . Hydrocarbon 

l evel s i n  the open ocean are genera l ly  l e ss  than 1 0  ppb at  the surface 

a nd much l ower i n  deeper waters .  

Because the Gu l f  of Mexi co has a h i g h  carbon l oad from r i ver d i s

charge a nd heavy o i l producti on acti v i ty ,  i t  wou l d  be  expected to have a 

h i g h  hydrocarbon content .  However ,  var i ou s  stud i es i nd i cate that hydro

carbon l evel s i n  the Gu l f  of Mex i co are the same order of magn i tude a s  

i n  the open ocean waters . Parker et �· ( 1 97 2  as  c i ted i n  LOOP , 1 97 5 )  

found n-a l kane l evel s i n  East Bay , Lou i s i ana , to be 0 . 2  ppb , 0 . 1  ppb 1 5  

m i l es from Corpus Chr i st i , Texas , a nd 0 . 63 ppb near a burn i ng o i l r i g  1 5  

mi l es southwest of Po i nt Au Fer I s l and , i n  the reg i on of the proposed 
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TABLE G .  2- 1 6  Heavy metal con tents of s� l ected ornan i sms - nronosed Weeks I s l an d  and Ch acahoul a 
bri ne di ffuser s i tes . 

Samp l e  Descr i pt i ona 
Sampl e # ( Spec i e s )/ S i te-Sta t i on Fe( ppm) 11n (ppm ) Zn (ppm ) Pb (ppm) Ni (ppm) Cu (ppm) Cd (ppm) � 

Croa ker 
( M .  u ndu l a tus ) Weeks I s .  -
WT3 1 3. 3  3 . 8  1 8 . 7  . 05 . 01 1 . 4 . 003 2 . 52 

2 Wh i te S h r i mp 
( P . seti ferous ) Weeks I s .  -
WT3 6 . 4  2 . 2  56 . 3  . 001 . 24 27 . 3  . 04 0 . 1 3  

3 Zoopla nkton 
( c haetognaths ) Weeks I s .  -
WT3 692 . 21 . 9  1 62 .  . 5 5 6 . 0 1 5 . 6  1 .  56 1 020. 

4 Wh i te Shrimp 
( P . set i ferous ) Chacahoula  -
CT2 3 . 5  1 . 1  7 2 . 6 . 005 . 09 39 . 5  . 02 0 . 1 3  

NW Gu l f  of Mex i co Zoopl anktonb 
# 1  799. 1 2 . 6  1 1 5 .  1 5 . 3  2 . 0  74 . 0  2 . 4  1 252 . 
#2 288 . 9 . 8  58 .  4 . 3  1 . 9 6 . 3  1 . 3 283 .  

aSampl e 1 - 4 f i s h  pool ; f l e s h  only 
Sampl e 2 - 5 shr imp pool ; f l es h  only 
Sampl e 3 - Who l e  samp l e ;  mos t l y  chaetogna ths 
Samp l e  4 - 1 shrimp;  flesh  o n l y  

b
Sims , 1 97 5 .  #1  - Samp l e  from near- s hore off Corpus Chri s t l , Texa s .  

# 2  - Sample from d i rec t l y  offs hore of  the Atcha fa l aya , s 1 g n 1 f i ca n t l y  further from l and than the s i tes of  t h i s  s tudy . 



Weeks I s l and bri ne d i ffuser s i te .  The n- Paraffi n l eve l s were 0 . 63 ppb 

i n  water off Lou i s i ana ( ! DOE ,  1 97 2 ,  a s  c i ted i n  B i s hop et �. , 1 975 ) . 

The Gu l f  Uni vers i ti es Research Consorti um ( 1 974 )  detected hydrocarbon 

l eve l s of 0 . 5  to 2 . 1  ppb i n  a control area , 0 . 8  to 6 . 0  near an  operati ng  

r i g , and 3 . 7  to  1 1 . 0 ppb  in  Timba l i er Bay .  The LOOP s tudy ( 1 97 5 )  reported 

hydrocarbon content rang i ng from 1 7  to 64 ppb i n  coasta l  Lou i s i ana . 

Hydrocarbons fou nd i n  the Gu l f  of Mexi co are predomi nate ly  saturated 

hydrocarbons wi th l ow concentrati ons of aromati c s ; nonvo l ati l e  hydrocarbons 

were i n  the range of 1 to 1 2  ppb , and aromati cs ranged from 1 to 3 ppb ,  

wi th many samp l es undetectab l e .  Paraffi n compounds were h i g h , the most  

a bu ndant bei ng s i ng l e  r i ng naphthenes . I n  genera l , surface waters had a 

h i g her content than deeper waters ( Brown et �. , 1 973 , a s  c i ted i n  

B i s hop et �. , 1 975 ) . Fl owers et �- ( 1 975 ) found that hydrocarbons i n  

coastal Lou i s i ana compri sed 80 to 90 percent of the s urface water 

organ i c  matter i n  coasta l  Lou i s i ana wi th a range of 1 7  to 64 ppb .  The 

predomi nant carbon tetrachl ori de extractab l e component  was the fatty 

aci d fracti on of the l i p i ds ,  1 6  to 1 36 ppb . Other va l ues found i n  the 

Gu l f  are 1 00 to 800 ppb for methyl ester fatty aci d s , and 200 to 1 000 

ppb for fatty a l cohol s ,  fatty aci ds , and fatty esters . 

The Weeks I s l and s i te conta i ned over twi ce the sediment hydrocarbon 

content ( 1 4 , 01 3 . 8  v s  6870 . 3  ppb ) of the C hacahou l a  s i te ( Tab l e G . 2- 1 7 ) . 

Th i s d i fference seems to be l arge ly as  a resu l t  of the fi ner grai n 

texture and the g reater organ i c  carbon content at the Weeks I s l and s i te .  

I n  the water co l umn , the same trend i s  seen , wi th the Weeks I s l and s i te 

hav i ng a greater hydrocarbon concentrat ion  than the C hacahou l a  s i te 

( 1 0 . 6  vs  1 . 8 ppb  for surface samp l es and 9 . 2  vs 0 . 97 ppb for bottom 

samp l es ) .  

Representati ve chromatograph i c traces of sed iments i nd i cate that 

substrate hydrocarbons at the C hacahou l a s i te conta i n  a greater rel ati ve 

contr i bu ti on of polyo l efi n hydrocarbons character i s ti c  of p hytopl ankton 

and zoopl ankton than at Weeks I s l and ( F i gure G . 2- 1 9 ) . The chromatograph i c 

trace of sed iments at  Wee ks I s l and ( F i g ure G . 2-20 a nd G . 2-21 ) i s  domi nated 

by waxes of h i g her p l ants and a l so s hows greater petrogen i c  hydrocarbon 

contr i buti on than the trace from C hacahou l a .  
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TABLE G . 2- 1 7  

WEEKS I SLAND 

Surface r�ean 

Ra nge 

Bo ttom Mean  

Ra nge 

Sed iment Mean 

Ra nge 

C HACAHOULA 

Su rface Mean  

Ra nge 

Bottom Mean 

Ra nge 

Sed iment Mean 

Range 

Gas ch romatoqranh carbon concen trati ons ( means and ranqes ) 
i n  water samn l es and sediments from the nrooosed  14eeks 
I s l an d  and Ch acahou l a brine  di ffuse r  s i tes . 

Hexane Frac t i o n  ( pp b )  Benzene Fraction  ( pp b )  To tal ( pp b )  
Re so l ved Un reso l ved Reso l ved Unresol ved 

0. 204 7 . 906 0. 200 2 . 254 1 0 . 564 

. 0027- 1 . 027 1 . 348- 34 . 361 . 0042- . 906 . 1 93- 1 0 . 447 2 . 8 1 -45 . 9 1 

0 . 1 55 7 . 284 0. 073 1 .  737 9 . 249 

. 022- . 489 1 . 591 - 8 . 974 . 01 7- . 347 . 432- 1 . 565 2 . 39-26 . 33 

950. 1 5  9624 . 7  587 . 7  2851 . 3  1 401 3 . 8  

247- 1 , 364 1 ' 640- 1 4 '  327 1 1 2- 1  , 61 2  6 1 2 - 6 , 389 2' 6 1 1 -2 0 , 088 

0 . 050 1 . 367 0. 1 06 0 . 270 1 .  793 

. 01 9- . 087 . 672-2 . 347 0 . 033- . 209 . 079- . 392  1 . 32-2 . 59 

0 . 03 6  0 . 690 0 . 072 0 . 1 73 0 .  971 

. 01 7- . 048 . 661 - . 736 0 . 003- . 209 0- . 392 0 . 88- 1 . 42 

393 . 7  4802 . 3  1 72 . 7  1 501  . 6  6870. 3 

1 1 1 -835 71 4- 1 3 , 540 1 22-356 331 -4 , 1 80 1 ,430- 1 8 , 9 1 0  
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Gas ch romatograoh i c  trace of  s tati on CR- 3 s edi �ent : ( a ) hexane fracti on , ( b )  bP.nzene 
fracti on , nronosed  Chacaho ul a s i te .  
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FI GURE G . 2- 20 .  Gas ch romatoqraph i c  trace of s tati on WR- 3 sed iment : ( a )  hexane fract i on , ( b )  benzene 
fracti on , proposed Weeks I s l an d  s i te .  
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FI GURE G . 2- 2 1 . Gas chromatogranh i c  trace of s tati on H- 5 sedimen t :  ( a )  h exane fracti on , ( b )  benzene 
fracti on , propose d  Weeks I s l an d  s i te .  



The chromatograp h i c  traces of water co l umn hydrocarbons i n  Fi gure 

G . 2-22  are representat ive of the Weeks I s l and s i te .  However , the aromati c  

fracti on a t  Stat ion  W-2 ( F i g ure G . 2- 23 )  s hows extreme ly  h i g h  concentra

ti ons of h i g h  mo l ecu l ar wei g ht compou nds . The trace of surface waters 

from Stat ion  W-5 ( F i g ure G . 2- 24 )  shows a l arge petrogen i c  contr i buti on ,  

poss i bl y  a resu l t  o f  contami nati on from the s hi p • s  b i l ge .  

The traces from the two water col umn chromatographi c traces at 

C haca hou l a  ( F i gure G . 2- 25 )  s how an  abundance of n-al kanes aromati c 

contr i but ion  i s  s l i g ht .  

A more quanti tati ve ana lys i s  of the hydrocarbon components of the 

sed iment and water col umn for certa i n  stati ons i n  the Weeks I s l and and 

C hacahou l a  samp l i ng grid has been performed u s i ng a combi nati on gas 

chromatograph/mass  spectrometer ( Secti on  G . 5 ) . Sed iment samp l es con

ta i ned abundant s u l fur and i n  genera l , petrogen i c  hydrocarbon content 

i ncreased wi th decrea s i ng gra i n  s i ze ( i . e . , a greater petrogeni c contri 

but i on at the Weeks I s l and s i te ) . 

Hydrocarbon concentrati ons i n  b i ota from Weeks I s l and were greater 

than that from Chacahou l a  ( Tab l e G . 2- 1 8 ) . Croaker sampl es conta i ned 

twi ce the amount of hydrocarbons at Weeks I s l and than at Chacahou l a ,  

whereas wh i te s hrimp sampl es from Weeks I s l and contai ned a l most an  order 

of magn i tude more of hydrocarbons than the samp l es for C hacahou l a .  

Chromatographi c  traces of croakers ( F i gure G . 2 -26 ) s how that 

samp l es from Weeks I s l and had a l arge petroge n i c  hydrocarbon content 

whi l e  sampl es from C hacahou l a  had a l arge pri stane pea k ,  the predomi nant 

hydrocarbon i n  mi xed phytopl an kton and zoop l ankton samp l e s .  Chromato

graph i c  traces of wh i te s hrimp ( F i gures G . 2-27 , G . 2- 28 ,  a nd G . 2-29 )  

s how that the Weeks I s l and sampl es had a greater petrogen i c  contri but ion  

and  more steranes , tri terpenes , a nd po lyo l efi ns than the s hr imp col 

l ected from C hacahou l a .  Mass  spectrometr i c  ana l yses of s hrimp ti ss ues 

from Weeks I s l a nd ( Sect i o n  G . 5 ) show that the aromati c fracti on con

ta i ned a number of potenti al l y  tox i c  aromati c  and ch l ori nated compounds . 
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FIGURE G . 2-22 . Gas ch romatograph i c trace of  s tati on �IR- 3 water col l ected at mi d-deoth : ( a )  hexane 
fracti on , ( b )  benzene fracti on , orooosed l�eeks I s l and  s i te .  
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FI�URE � . 2-23 . . Gas chromatograph i c  trace of  s tati on 14-2  s urface \'later :  ( a )  hexane fract ion , ( b )  benzene 
fracti on ,  proposed 14eeks I s l and s i te .  
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FI GURE G . 2-24 . Gas chromatoaraoh i c  trace of  s ta ti on 14- 5  s urfacP. watP.r :  ( a )  hexane fracti on , ( b )  benzene 

fracti on ,  orooosed Weeks I s l and s i te .  
. 



a 

<lJ 
� 
<II 
� 
(I) 

•rl 
1-< 
p. 

� Q) 
r:: 

_ <II g 

QJ 
r:: 
<lJ 

0 rl 
0 o cu 
" o ;J 
"" co er 

N CIJ  

\ 
G> I I 
. 
N I 
-....J 
0 

b 

FIGURE G . 2-25 . 

-----

0 
0 
Ill 
rl 

0 
0 
" 
rl 

Gas ch romatoqraoh i c  trace of  hexane extract of :  ( a )  s tat ion CR- 3 watP.r (mi d- deoth ) , 
( b )  s tati on C- 5 water ( s urface ) , orooosed  Chacah o ul a s i te .  
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TABLE  G .. 2-1 8  Hydrocarbon concentrati ons i n  organ i sms col l ected from the 
proposed Weeks I s l and  and Chacahou l a bri ne d i ffuser s i tes . 

Hexane Fract i on ( ppm ) Benzene Fract ion ( ppm ) Tota l 
Re sol ved Unreso l ved Resol ved Unreso l ved ( ppm ) 

WEEKS I SLAND (W l ) 

Shr imp ta i l s  0 .  023 0 . 649 0 . 1 05 0 . 407 1 . 1 84 

Who l e s hr imp 0 . 276 1 2 . 628 0 . 245 2 . 83 2  1 5 . 98 1  

Croa ker w/o gut 0 . 509 8 . 1 6  Fatty Ac i d  �1ethyl 
Ester Contami nat i on 

CHACAHOULA 

Croa ker w/o gut 0 . 246 4 . 930 Fatty Ac i d  Methyl 
Ester Contam i nat ion  

Whol e s hr imp 0 . 046 1 .  528 0 . 094 1 .  037 2 . 705 
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F I�URE G . 2-26 . Gas chromatograph i c  trace of  hexane fra cti on of  croaker col l ected at  ( a )  the orooosed 
Weeks I s l and s i te and ( b )  the orooosed Chacahou l a s i te .  
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FI GURE � . 2-27 . Gas chromatographi c  trace of whol e wh i te s h ri mo col l ected at  the orooosed 14eeks I s l an d  
s i te :  ( a ) h exane fracti on , ( b )  ben zene fract i on . 
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FH�URE G . 2-28 . Gas ch romatograph i c  trace of 1'/h o l e  wh i te s hri mo col l ected at the orooosed  Chacahoul a 
s i te :  ( a )  hexane fracti on , ( b )  benzene fract i on . 
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FI GURE G . 2- 29 . Gas ch romatogranh i c  trace o f  the ta i l  norti ons of  wh i te s h ri mn from the nrooosed l�eeks 
I s l and s i te :  ( a) hexane fracti on , ( b )  ben zene fracti on . 



G . 2 . 3 . 5  Su spended Matter 

The turbi d i ty of a water body has a l arge i nfl uence on the amount  

of l i g ht  wh i c h  penetrates i t , thu s affecting photosynthes i s  and the 

res u l tant  producti v i ty of the area . The northern Gu l f  of Mex i co i s  

h i g h ly  i nfl uenced by the Mi s s i s s i pp i  and Atchafal aya Ri vers and general 

ly  the greatest  turbi d i ty occurs i n  s ha l l ow ,  i ns hore , l ow sa l i n i ty 

waters . The effects of the Mi s s i s s i pp i  R i ver on turbi d i ty have been 

detected 1 5  to 1 8  m i l es offshore . (At s tati ons  i n  25 to 30 feet of 

water , Secchi  d i sc measurements ranged from 1 . 5 to 2 1  feet . ) I n  a 

previ ou s  s tudy ,  the l owes t  v i s i bi l i ty occurred i n  February ,  May and 

J u ne , whi l e  the greatest  was i n  September and March ( Fl owers et �. , 

1 97 5 ) . 

I n s hore of the C hacahou l a  bri ne di ffuser s i te ,  the greatest  tur

b i d i ty ,  assoc i ated wi th the l ow sa l i n i ty waters of the Atchafal aya 

Ri ver , occurred duri ng June whi l e  the l owes t  occurred i n  August  and 

November . The s tation  averages ranged from 0 . 7  to 2 . 0  feet ( Barrett , 

1 97 1 ) .  I ns hore from the proposed Weeks I s l and s i te ,  turb i d i ty was 

greatest i n  the wi nter and spri ng . 
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The i n fl uence of the Atchafal aya Ri ver on the suspended matter at 

the proposed bri ne d i ffuser s i tes is  evi denced by the greater total 

s u spended matter at the Weeks I s l and s i te :  

Wee ks I s  1 and 

Mean 
Surface Range 

Mean 
Bottom Range 

Chacahou l a 

Mean 
Surface Range 

I 

Mean 
Bottom Range 

Tota l  Suspended Part i cu l ate Orga n i c  
Matter (mg/ 1) Carbon ( mg C/ 1 ) 

24. 0 0 .  72 

3 . 0 - 51 . 7  0 . 44 - 1 . 54 

63 . 5  0 .  72 

1 8 . 5 - 1 65 . 4 0 . 51 - 1 . 1 9  

1 .  64 0 . 22 

0 . 4 - 3 . 4 0 . 08 - 0 . 35 

9. 48 0 . 29 

1 . 8 - 32. 7 0 . 22 - 0 . 37 

Parti cu l ate organ i c  carbon ma kes up  a smal l er proport i on of the 

matter at the Weeks I s l and s i te ,  perhaps resu l ti ng from mask i n g  

l arge quanti ty of terri genous materia l . 
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G . 2 . 4  B IOLOG ICAL OCEANOGRAPHY 

G . 2 . 4 . 1  Hab i tats 

The coastl i ne i s ,  i n  genera l , i rregu l ar ,  be i ng characteri zed by a 

seri es  of estuari es , bays , and ri vers . These s upport va l uabl e sport and 

commerc i a l  fi s heries  i nc l ud i ng s hr imp , crabs , oys ters , and menhaden , 

wh i ch consti tute a l most  98 percent of Lou i s i ana • s  fi s hery .  I n  addi ti on , 

these coastal  waters serve as spawn i ng and nursery areas for many of 

these spec i es . 

The sa l i n i ty of these waters fl uctuates seasona l ly due to fres hwater 

runoff , prec i pi tati on , and evaporat ion . The most  i nfl uenti a l  factors 

regu l ati ng sa l i n i ty are the Gul f of Mex i co and fres hwater from the 

Mi s s i s s i pp i  and Atc hafa l aya Ri vers ( Lou i s i ana Wi l d l i fe and Fi s heri es 

Commi s s i on , 1 97 1 ) .  Sal i n i ty i n  thi s reg i on var ies  from a few ppts i n  

the estuari es  to 36 . 5  ppt i n  the open Gu l f  waters . Water temperatures 

can vary seasona l ly from a l ow of about 43°F ( 6°C )  i n  December to a h i gh 

of around 96°F ( 35 . 6°C )  i n  J u l y .  The net l ong-term dri ft ranges from 

0 . 25 to 0 . 75 knots ( 1 5-49 em/sec ) to the west  and para l l e l to the coa s t .  

I n  genera l , turbi d i ty i s  h i ghest i n  the estuari es  and coasta l  

reg i ons and decreases seaward . D i s so l ved oxygen may atta i n  maximum 

va l ues  ( 1 1 . 2  ppm ) duri ng the wi nter months of December and January and 

l owes t  ( be l ow 5 . 0  ppm ) duri ng m i d-summer ( J u ly  and Augu st ) . Water 

temperature usua l ly i s  corre l ated wi th th i s  c hem i ca l  parameter .  

Nutr i ent ( n i trogen , phosphoru s )  l evel s vary a l ong the coa st .  H i ghest  

nutr i ent  l eve l s are norma l ly  found where sa l i n i ty val ues are l owes t ,  

i nd i cati ng that the major source of nutri ents i s  from fres hwater d i s

charge i nto these coasta l  waters . Nutr i ent  concentrati ons decrease wi th 

d i s tance from the coa st .  

The offs hore topography i s  gently s l op i ng and rough ly  para l l e l to 

the coast .  Wi th i n  20 nau ti ca l mi l es of the coas t ,  the water depth 

vari e s  from l es s  than 3 feet to more than 60 feet ,  a s l ope of about 0 . 05 

percent . The sed iments i n  th i s  area are predomi nantly composed of 

h i gh ly  orga n i c  s i l ts and c l ays wi th some fi ne to med i um gra i ned sands 
and s hel l fragments ( LOOP , 1 97 5 ) . 
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G . 2 . 4 . 2 Pl a n kton 

I n  Lou i s i ana ' s  coa stal zone ,  freshwater runoff m ixes  wi th the 

waters of the Gul f of Mex i co .  As a resu l t ,  the p l an kton commun i ty i s  

both di verse  and product i ve ,  and the i ndi genou s  popul at i ons  are , i n  

genera l , capabl e o f  to l erat i ng wide f l uctuations  i n  temperature and 

sal i n i ty .  Due to the m i x i ng of freshwater with  Gul f waters , mari ne , 

estuar i ne ,  and freshwater p l a n kton s pec i es may be found i n  th i s  neri t ic  

zone . 

G . 2 . 4 . 2 . 1 P hytopl ankton 

Phytopl an kton are u n i cel l u l ar a l gae that rely on water currents for 

movement .  These p l ankton , due to thei r abi l i ty to convert water and 

nutri ents i nto organ i c  compounds by p hotosynthes i s ,  are cons i dered "the 

grasses of the sea . 11 I t  i s  through the process of photosynthes i s  that 

phyto p l a n kton prov ide an  abundant source of energy to the aquatic  food 
web .  The majori ty of the primary production i n  the area has been attri 

buted to p hytop l an kton . 

D iatoms and d i nofl agel l ates s easona l l y  dom i nate the phytop l ankton 

commun i ty .  Duri ng the LOOP ( 1 975 ) study ,  35 s pec i es and 26 genera of 

p hytop l ankton were i denti f i ed ( Tab l e G . 2- 1 9 ) . Duri ng the l ate s pri ng

s ummer , the domi nant genera i nc l uded Ceratium ,  Exuv i ael l a ,  Gon iau l ax , 

Gymnodi n i um ,  Aster ionel l a ,  B i ddu l ph i a , Cos c i nod i scus , Cyc l ote l l a ,  

L i thodi smi um ,  Nav i cu l a ,  Ske l etonema , and Tha l ass i as i ra .  From September 

throug h December , B i ddu l ph i a ,  Navi cul a ,  N i tzsch i a , and Rhi zo so l en i a  were 

predomi nant;  di nofl agel l ates were absent . Duri ng wi nter , the d iatoms 

Aster ione l l a ,  Frag i l l ar i a ,  Gu i nard i a ,  Poros i r i a ,  Rhi zo so l eni a ,  S kel etonema , 

and Tha l a s s i o s i ra domi nated . 

Phytop l an kton b ioma s s  and producti v i ty undergo l arge s pat i a l  and 

temporal f l uctuations  i n  the Lou i s i ana coasta l  waters . Total phytopl an kton 

dens i ty has been reported ( LOOP , 1 975 ) to range from 0 to 305 , 000 cel l s/ 

l i ter .  In  genera l , p l an kton b i omass  atta i ned maximum val ues i n  s urface 

waters . B iomas s  may atta i n  a maximum from June through August  and a 

mi n i mum from October to March .  Cel l dens i t i es are h i g hest i n  the coastal 

bays and neri t i c  zone and decrease  seaward . I n  the neri t i c  zone , p hyto-

. G . 2- 79 



TABL E  G . 2 - l 9  Phytopl ankton taxa observed duri ng May , 1 973 to t1arc h ,  1 974 . 

Cyanophyta Pyrrophyta 
Osc i l l ator ia  sp . 

C h l orophyta 

C h 1 o re 1 1  a s p . 

Bac i  1 1  ariophyta 

Asterione l l a  j apon i ca 

Baci l l ar ia  sp .  

B i dd u l ph ia  a l ternans 

Chaetocerus compres s um 

f. peruv ianum 

f. pel agi cum 

Co sc i nod i scus  excentri cus  

Co sc i nod i scus  sp .  

Cyc l ote l l a  sp . 

Fragi l l ar ia  s p .  

Gu i nard i a  fl acc i da 

Hemi d i scus  s p .  

L i thodesmi um undu l atum 

Navi cu l a d i stans 

Nav i c u l a s p .  

N i tzsch ia  s p .  

P l euros i gma s p .  

Poros i ra s tel l i ger 

Rh i zoso l en i a  acumi nata 

R. al ata 

B_. fragi 1 i s s ima 

R .  imbri cata 

Skel etonema costatum 

Staurone i s  membranacea 

Tha l a s s i os i ra aes t i va l i s  

So urce : LOOP ,  1 975 
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Cerat i um furca 

C .  h i rcus  

Cerati um sp . 

Exuv i ael l a  sp . 

Gon iau l ax s p .  
G .  mon i l ata 

Gymnod i n i um spl endens 

Per i d i n i um sp . 



p l an kton  di vers i ty may be greater than ei ther open Gul f waters or 

i n l and waters due to the m i x i ng of fres hwater and mari ne  genera . E l  

Sayed ( 1 972 , as  c i ted in  U . S .  Dept .  of I nter i or ,  1 976 ) noted spati al  

va l ues  for primary producti on  i n  i ns hore surface and i ntegrated euphoti c 

zone ( 0 . 55 mg C/m3/ hr and 7 . 04 mg C/m2/hr , respecti vel y )  to be h i gher 

than those for offshore waters ( 0 . 21 mg C/m3/hr  and 5 . 45 mg C/m2hr , 

respecti vely ) .  

The phytop l a n kton communi ty near the Weeks I s l and and Chacahoul a 

bri ne  d i ffuser s i tes conforms to the p l ankton commun i ty character i st i c 

of the coasta l  waters of Lou i s i ana . Duri ng  the 4-month ( September

December , 1 977 ) i nvestigati o n , 98 phytopl ankton s pec i es were i denti fi ed 

i n  these waters (Tabl e G . 2-20 ) . The c l a s se s  and number of s pec i es  

i dent i f i ed in  each c l ass  are as  fo l l ows : Bac i l l ari ophyceae ( 72 ) ,  D i no

phyceae ( 1 1 ) , Chl orophyceae ( 8 ) , Cyanophyceae ( 6 ) , and Chrysophyceae 

( 1 ) .  The major i ty of the Ch l orophyceae and s everal of the Bac i l l ar i ophyceae 

noted are fres hwater speci es , havi ng been i ntroduced i nto these coastal  

waters by ri veri n e  d i scharge .  These s pec i es ,  i nc l ud i ng  Chl ore l l a  sp . ,  

Scenedesmus s pp . , Frag i l l ar i a  s p .  a n d  Nav i c u l a  spp . , were , i n  genera l , 

more abundant i n  the s urface waters at the Weeks I s l and s i te than at the 

Chacahoul a s i te .  About 35  o f  the d i atom s pec i es observed i n  th i s  area , 

among them B i dd u lph i a  s pp . , Chaetoceros s pp . , Rhi zo so l en i a  s pp . , Tha l as s i os i ra 

spp . , and S ke l etonema sp . , are con s i dered neri ti c forms ( Cupp , 1 943 ) .  

S i x  d i atom spec i es o bserved more often at the Chacahou l a s i te are pre

domi nantly oceani c  forms , wi th nomi nal  representat ion at Weeks I s l and . 

The di nofl agel l ates noted at the di ffuser s i tes  were predomi nant ly  

ner i ti c  and mari ne  spec i es ;  two estuari ne-neri ti c  spec i es ( D i nophys i s  

s p . and Per i di n i um s p . ) occurred once i n  the surface waters at Weeks 

I s l and . The presence of freshwater , neri ti c ,  and oceani c  p hytop l an kton 

s peci es i n  these waters i s  cons i stent wi th thi s  reg i on where ocean i c  

water i s  measurably d i l u ted by fres hwater runoff from the Mi s s i s s i pp i  

a nd Atchafa l aya R i vers . F i g ure G . 2-30 presents the average phytopl ankton 

den s i ty ( stand i ng crop ) in s urface and bottom waters for September 

throug h December 1 97 7 ,  for the two proposed bri ne di ffuser s i tes . For 
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TABLE G . 2-20 

SPECIES 

CHLOROPHYCEAE 
Actinastrum hantzsch t i  
Ank i s trodesiiUS fa l ca tus 
� sp. 
� guadriseta 
Chlorococcum sp, 
Scenedes�M�s annatus 

�- � 
i· guadr1cauda 

Total 

CYANOPHYCEAE 
Aqmene 1 1 um � 
� sp.  
Anacy s t i s  � 
Osc l l la to r i a  spp. 
Schlzothrh: � 
Spi ru l tna subsalsa 

Total 

SAC ! LLAR IOPHYCEAE 
Centra les 

Ac t i noptychus � 
Sacterias trtJ .. del fcatu i UPn  
!·  hya l i """ 
B i ddulph i a  aurita 
�- mob i l  fensJJ_ 

§_. s inl!ns i s  
� - obtusa 
Certatul ina pe lagica 
Chaetocel'"os a ffinis 
f.. brev i s  

.f.. compress us 

f.. � 

f.. curvi seturw 
C. decipiens 

f.. d i dynurw 

f.. � 
� £!jophy l un� 
Coscinodiscus � 
f.. gra n i i  
f. I ineatus 

f. ?CUl�..:!.E.!! 
.f.. � 
C o s c i nodiscus sp. 
Cyc 1 o te1 1 a  c f .  f.. 
f.. menegh i n l a na 
Cyc 1 o t e 1 1 a  sp. 
Eucamp..! sp.  

� �  

caspla 

� hardm.!nia� 

� �  
!:!_. mernbranaceus 
leptoc,r1 1 ndrus �� 
1_. m i n il!llls 
L i thode!.mil.HII � 
� granul a ta 
R.h i zosolenia � 
R. ca l car-a v i s  
R. � 
�- fragi 1 i s s i 1111 
R. � 
R. set igera 

"Phe quanti tat i ve and q�:.�a l i tati=ve d i stribut i on ( #1m3 ) of  
phytopl ankton s pec i es i n  the s urface and bottom waters at 
the Weeks I s l and and Chacahau l a  brine  di ffuser s i tes from 
September to December, 1 977 . 
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TABLE G . 2- 20 conti n ue d .  

SPECIES 

ll_. stol lerfott11 i 0 . 1 9  2 . 1 5  
SkeletonetN costatUJa 3953. I 3929. 2 7  
Stephanopyx l s  pal���eriana 0. 1 3  
S trepto tt1eca tha��ens i s  o. 9 0.86 
Tha l l as s io s i r i a  aestivalus 

!· eccentrica 20. 33 

!· rotula 0 
Tt1a l a s s i o s i r i a  s p .  59. 39 1 01 . 33 

Total 4209.01  4 1 9 1 . 37 

Pennales 

Alnpt1iprora !lata 0 . 22 
Asterione l l a  c f .  �- formosa 
�· J!lponica 1 5 . 1 7  34 . 67 
Diploneis crabro 0 o. 22 
Fragi l l aria cf.  f.· l eptostauron 52 . 66  0 
� l>a l ticlll! 
NnicuJ..! mural i s  
Mavicu l a  sp. 
N i tzschia a c i c u h : r i s  

�· capi tata 

�· closterium 

�· l onqi ssima 

�· paradoxa 

�· � 
�· � 
,Ni tzschia spp. 
Pl agiograiiiN staurophorim 
P1 euros iglftil s p .  
Synedra u l na 
Thalassionetta n i tzschioides 
Tha lassiott1rix splendens 
Tro�onei s  sp. 

Total 

OINOPHYCEAE 

Cera t i UM  furca 

f.. fusus 

f.. t1 i rcus 

f.. � 
Cl adopyxi s  sp. 
D 1 nophys t s  caiJdata 
Per i d i n i UM  coniciJIII 
.':· d i vergens 
Per t d i n i !MR  sp.  
ProrocentrUM compressum 
Pyrophacus sp. 

Total 

CHRYSOPHYTA 

D t c tyocha f i bu l a  
Total 

STATION TOTALS 

0.  1 3  o. 55 
0 

o. 07 0 . 32 

0. 77 3. 66 
0 1 . 57 

0 
8 . 33 0 
1 . 6  1 .  75 
0 0. 1 3  

0 . 29 
78. 73 43 . 38  

0 . 07 

0 . 1 3  
0 . 07 
0 . 1 3  0. 1 3  
0 

0 . 22 
o. 07 
0 . 40 0 . 42 

0 . 03 
0 . 03 

4690. 1 3  4295 . 1 7  

2 . 36 1 8 . 88  
1 688. 67 1 6 73 . 33 

0 
2 . 45 1 9 . 4  

0 
1 3 . 7 779.93 

0 

1 926. 75 2782 .OJ 

0 
5. 3 54 . 5  

0 . 58  
0 
9 . 2 7  
1 .  73 
0 

8 . 67 
2 . 09  1 1 . 0  
6 . 1 3  0 

45 
0 

1 3 . 52 130. 75 

1 979. 97 2991 . 73 

NOVEMBER DECE!i!ER 
eeks s an ee s s an .,. u a 

BottOflll ur ace Bot tOW! ur ace tt001 

0 1 4 . 55 2 . 8 1  
529. 5  266 . 57 231 . 57 483 86 894.33 1 2 . 4 3  3 . 62 

3 6 . 3 7  4 1 . 4 0 1 5 . 73 5 . 07 0 
0 1 6 . 73 24 . o  0 o. 93 0.  74 

8 . 8  0 
8 . 49 353 . 8  1 1 . 9  3 6 . 9 7  6 . 02 1 . 34 
0 36. 6 7  

345 . 4 7  4994 .67 39 . 23 6 . 0  2 . 79 
1 779. 04 68 58 . 04  353.95 654.28 467.48 1 788 . 4  53.44 4 5 . 22 

1 4 2 .87 
4 1 7 . 33 2 1 4 . 57 4 5 . 67 0 

0 0 0 
0 
0.85 0.  56 

1 . 26 
0 2 2 . 4 3  

4 . 07 
1 . 26 J. 73 2 . 38 4 . 4  0.  20 

3 . 06  2 . 04  0 
51 . 1 3 0 0 

8 . 1 7  2 6 . 7 3  8 . 83 39.67 1 6 5 . 67 1 0 . 1 7  

2 .  52 56. 07 2 . 81 1 . 69 4 . 46 

0 0 
0. 61 

7 . 4 7  0 
0 0 

1 3 0 . 2  917 . 67 8 . 83 1 4 . 83 1 7 1 .33 26 . 73 9 . 43 
0 0 0 0 
3 . 73 

563 . 8  1309.64 2 . 38 63 . 33 1 97 . 37 344 . 2 1  3 9 . 44 1 5 . 26 

1 . 69 
1 . 02 
0 

1 . 26 
1 .  5 1  
0 

2 . 04  2 . 18 
4 . 76 0 
0 

0 

1 . 26 2 . 04  4 .  76 2 .  71 3 . 69 

3529. 1 8543.05 356 . 33 757 . 70 1 699.42 2 1 32 . 61 2 1 6 . 59 64. 1 7  
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thi s sampl i ng per i od ,  the s tand i ng crop was h i ghest  i n  September and 
l owes t  i n  November or December . Chl orophyl l � concentrati ons ( F i gure 

G . 2-3 1 , and Tabl e s  G . 2-21  and G . 2-22 ) , whi c h  have been u sed to estimate 

phytopl an kton s tand i ng crop , s how a s imi l ar trend . 

Surface and bottom water sampl es were obta i ned once ( i n  September)  

from the  Wee ks I s l and and Chacahou l a  s i tes for chem i ca l  analyses . 
S i l i cate and phosphate concentrations  at the bottom were genera l ly  
greater than i n  the surface waters , whi l e  n i trate concentrati ons were 
greater i n  the surface waters . Even thoug h surface phytoplankton dens i ty 
was greater i n  the surface waters i n  September at Weeks I s l and than i n  

the bottom l ayers , the pl an kton dens i ty d i fferenti a l  wou l d  be d i ffi cul t 
to corre l a te to the observed n i trate-ni trogen d i fference between  the 
two l ayers . 

G . 2 . 4 . 2 . 2  Zoopl ankton 

Zoopl ankton are the free-fl oati ng anima l s of the aquati c ecosys tem . 
Thi s group has l i mi ted abi l i ty for hori zonta l  movement yet undergoes 
verti cal mi grati on wi thi n the water co l umn . The i r  maj or ro l e  i s  to 
transfer energy from the primary producers to h i g her l evel s of the food 
web .  Egg s or l arvae of fi s h ,  s hrimp , crabs , oys ters , and other organi sms 
whi ch  spend a porti on of thei r l i fe cyc l es as p l ankton are termed mere
pl ankto n .  Many other spec i es are pl anktoni c for thei r enti re l i fe cycl e 
( ho l opl an kton ) . Mos t  zoopl ankton may be c l a s s i fi ed as herbivores , 
carn i vores , or detri ti vores ( detri tus feeders ) .  The mos t  important  and 
abundant herbi vores are the copepods ( e . g .  Euchaeta sp . ,  Euca l anus sp . , 
and Acart i a  sp . ) .  Euchaeta sp . and Corycaeu s are typ i ca l  carni vores . 

Zoopl ankton spec i e s  co l l ected duri ng the LOOP ( 1 97 5 )  study are 
l i s ted i n  Tabl e G . 2- 23 .  Copepods were domi nant duri ng a l l sampl i ng 
mon ths , compri s i ng 52 to 97 percent of the monthly tota l and averag i ng 
79  percent over a l l  month s . Acarti a sp . was the predomi nant copepod 
genus , cons ti tu ti ng 53 percent of the tota l . I n  a s imi l ar s tudy of the 
coasta l  waters of Lou i s i ana , Gi l l espi e ( 1 971 ) reported that Acarti a s p .  
made u p  an  average o f  6 0  percent of the total p l ankton dens i ty ,  wi th 
max imum i n  May and October . Duri ng the LOOP s tudy , Paracal anus  s p .  was 
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TABLE G . 2- 2 1  Chl orophyl l concentrati ons (mg;m3 ) at  the Weeks I s l and 
s i te for four months - September to December ,  1 977 . 

Stat i on September October November December a 

Wl 
W2 1 78 . 5  29 . 8  

W3 20 . 5 40 . 9  28 . 2  

W5 376 . 0  2 1 . 9 28 . 2  40 . 9  

W6 29 . 6  

W7 2 1 . 4 53 . 9  

W8 2 63 . 2  43 . 7  33 . 7  

Wl O 263 . 2  25 . 1  

Wl l 1 4 . 7  26 . 0  1 4 .  1 

Wl 4 22 . 3  25 . 1 23 . 5  

Wl 5 206 . 8  27 . 9  

WRl 23 . 3  36 . 3  

WR2 33 . 9  1 6 . 4  

WR3 308 . 0  1 6 . 3  41 . 7  51 . 3  

WR4 20 . 5  25 . 1  25 . 8  

Average 2 65 . 8  2 1 . 6  33 . 60 29 . 2  

aVa l ues g i ven are the average of  surface and bottom val ues . 
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TABLE G . 2-22  Ch l orophyl l concentrations  (mg/m3 ) at  the  Chacahou l a  s i te for 
four months - September to December ,  1 977 . 

Stati on September October November December a 

C2 20 . 7  

C3 1 2 . 5  
C5 1 01 . 1 1 2 . 3 29 . 1 
C7 4 . 6  
Cl O 4 . 3  
Cl 3 1 2 . 8  24 . 4  
CRl 5 . 6  23 . 5  
CR2 4 . 5 
CR3 1 30 . 9  8 . 6  
CR4 1 4 . 3 
CR5 

Average 85 . 9  8 . 9 25 . 3  

aVa l ues g i ven are the average of s urface and bo ttom val ues . 
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TABLE G . 2- 2 3  A l i s t  of  the zoopl ankton co l l ected du r i ng the LOOP ( 1 975 ) 
s tudy . 

Phyl um PROTOZOA : 
Cl ass  Sarcodi na 

Phyl um COELENTERATA 
Cl ass  Hydrozoa : medusae  
Cl a s s  Scyphozoa : medusae 

Phy l um CTENOPHORA 
Cl ass  Tentacul ata 

Phy l um ASCHELM I NTHES 
Cl as s  Roti fera 

Cl ass  Nematoda 

Phyl um MOLLUSCA 
C l a s s  Pel ecypoda : 
Cl a s s  Pteropoda : 

Lamel l i branch l arvae 
l a rvae 

Cl a s s  Cep ha l opoda : Squ i d  l a rvae 

Phyl um ARTHROPODA 
C l a s s  Crus tacea 

Naupl ei  
Zoea 
Mega l ops 
Ostracoda 
Cl adocera 
Copepoda 

Acarti a sp . 
Centropages sp . 
Euca l a nus sp . 
La bi docera s p .  
Paraca l anus s p .  
Pontel l a  sp . 
O i thona sp . 
Herpact i co i ds 
Mi sc . Copepods 
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TABL E  G . 2- 2 3  cont i nued . 

Amph i pods 
I so pods 
Mys i dacea 
Cumacea 
Stomatopoda l arvae 
Decapoda : 

Luci fer faxon i  
Acetes ameri canus 
Penae i d  post l a rvae 
Cari dean pos t  l arvae 
Un i dent i fi ed decapod post l a rvae 

P hy l um CHAETOGNATHA 
Sag i tta sp . 

P hyl um CHORDATA 
Subphyl um Tu n i cata 

C l a s s  Larvacea 
Oi kopl eura s p .  

Cl ass  Thal i acea 
Do l i o l i ds 

Subphyl um Verterata 
Fi s h  eggs 
Fi s h  l arvae 

SOURCE : Ragan , 1 9 75 . 
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the second mos t  a bundant genus , compri s i ng 28 percent of the copepods . 

G i l l es p i e  reported th i s spec i es occurr i ng only i n  coastal waters east  of 
Timba l i er Bay , Lou i s i ana , in the early spri ng and absent during the 
summer months .  Other copepods peri odi ca l l y  present i n  quant i ty were 

centropages sp . , O i thona sp . , Euca l anus sp . , Labi docera sp . , and Temora 
sp . 

A general succes s i onal  pattern of zoopl an kton spec i es occurred 
throughout the year ( G i l l esp i e ,  1 97 1 ) .  Pteropods were abundant from 
J u l y  to November , wi th a maximum i n  October .  I n  Ju ly ,  August , and 
February , pel ecypod l arvae were abundant . C i rri ped i a  naupl i i  were 
present thro ughout  the year , hav i ng maxima i n  Apri l and October . Decapod 
l a rvae were found from Apri l to November , wi th a maximum i n  Augus t .  

From Apri l through November , fi sh  l arvae were present havi ng a den s i ty 
pea k i n  J une .  Zoopl an kton pea ks ( 1 44l /m3 ) occurred i n  May wi th l ows 
( 740/m3 ) i n  March and aga i n  from J une through September . Dur ing  the 
LOOP study ,  mean zoopl an kton den s i ti es ranged from 2 , 000 to 1 20 , 000 
organi sms per cubi c meter . Den s i ti es from mi d-depths were genera l l y  
h i g her than at  t h e  surface . I n  genera l , zoopl an kton maxima have been 
recorded i n  May through June  and i n  September and November.  Mi n i ma have 
been noted December throug h March , and J une through  September ( LOO P ,  
1 97 5 ;  G i l l esp i e ,  1 97 1 ) .  These per iods o f  m i n i ma and maxima have been 
correl ated to such env i ronmental parameters as phytopl ankton dens i ty ,  
water temperature and sa l i n i ty ,  l oca l currents , wi nds , and predat ion , 
especi a l l y  by ctenophores . 

Dur i ng the 4-month sampl i ng prog ram , zoopl an kton from e i g ht phyl a 
were i denti f i ed (Ta bl e G . 2-24 ) . The copepods domi nated th i s  commun i ty 
duri ng a l l sampl i ng months and were most  abundant at the Chacahou l a  s i te .  

Duri ng th i s per i od ,  th i s  group compri sed 89 to 96 percent of the zoopl an k
ton communi ty .  Acarti a tonsa was the  domi nant spec i es at Weeks I s l and 
from September throug h November and contr i buted more than 45 percent of 
the zoopl ankton b i omass  (Tabl e G . 2-25 ) . Temora tubi nata , a euryha l i ne 

and eurythermal spec i e s ,  was domi nant at Chacahoul a i n  October and aga i n  
i n  December ,  wh i l e  Paraca l anus  crass i rostr i s  domi nated ( 35 percent ) th i s  
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TABLE G . 2- 24 Average n umber of zooo l an ton ( #/m3 ) i denti fi ed at the Weeks I s l and and Ch acahou l a 
bri ne di ffuser  s i tes  duri n g  SP.otember - December  1 977 . 

SEPTEMBER OCTOBER NOVEMBER DECEMilER 

Weeks I s l and Chacahoul a Weeks I s l and Chacahoul a Weeks I s l a nd Weeks I s l a nd Chacahoul a 

HYDROZOA 

Hydromedusae 0. 0026 0 0 0 0 0 . 0038 0 

TOTAL 0. 0026 0 0 0 0 0 . 0038 0 

CTENOPHORA 

Beroe s p .  0. 0026 0 0 . 0206 0 0 0 0 

TOTAL 0. 0026 0 0 . 0206 0 0 0 0 

CHAETOGNATHA 

Sagi tta i nf l a ta 2 . 4768 3 . 0069 0. 0568 0 . 7869 1 . 6898 0 . 8823 34 . 0041 

TOTAL 2 . 4768 3 . 0069 0 . 0568 0. 7869 l .  6898 0 . 8823 34 . 0041 

BRYOZOA 

Larvae 1 7 . 1 440 2 5 . 1 548 0 0 0 0 0 

TOTAL 1 7 . 1 4 40 2 5 . 1 548 0 0 0 0 0 

GASTROPODA 

Vel i ger 0 0 0 0 . 01 29 0 0 0 

TOTAL 0 0 0 0 . 01 29 0 0 0 

ANNEL I DA 

Pol ychaeta 0. 51 83 0 0 l .  1 274 0 0 1 . 1 61 0  

TOTAL 0. 51 83 0 0 1 . 1 274 0 0 1 . 1 61 0  

C I RRIPEDIA 

Cypri s 0. 2837 0. 0542 0 0 . 2348 0 0 . 7739 0 
Naupl i i  0 0 5 . 1 60 0. 0851 20 . 6398 0 0 

TOTAL 0. 2837 0 . 0542 5 . 1 60 0 . 31 99 20. 6398 0. 7739 0 
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TABLE G .  2- 24 conti n ued . 

COPEPODA 

Naupl i i  
Acartia tonsa 
Caligus sp:-
Centropages sp .  
Eucal anus attenuatus 
Labi docera sp .  
Paracatanus crass irostri s 
Pseudodia l'omus coronatus 
Temora tubi nata 
Cor*caeus subul atus 
O i t  ona col carva 
0. brevicorn i s  
0. subulatus 
Oncaea sp .  
Sapharel l a  sp .  
Euterpina acuti frons 
Longipedia sp .  
Microsettel a sp .  

MYS IDACEA 

Mys i dopsi s  sp .  

I SOPODA 

Aegatha ocul ata 

TOTAL 

TOTAL 

TOTAL 

SEPTEMBER 

Weeks I s l and Chacahoula 

1 4 3 . 291 6 29. 41 1 7  
24 1 . 2793 696. 01 39 

0. 061 9 0 
0 0 
0 0. 5031 
1 .  9594 1 .  935 

56. 2951 7 . 7399 
o. 921 0 
0. 051 6 0. 201 2 
0 0 

57. 3271 22. 6347 
0 0 
0 0 
0 0 
0 0 
0 0 
0. 1 032 0 
0 0 

501 . 2902 758. 4395 

0. 01 29 0 

0. 01 29 0 

0. 0026 0 

0. 0026 0 

OCTOBER NOVEMBER DECEMBER 

Weeks I s l and Chacahoul a  Weeks I s l and Weeks Is l and Chacahoul a 

1 6 . 2023 21 . 0529 1 81 . 7079 2 . 321 9 6 . 7079 
37 . 1 001 1 0 . 5263 347 . 781 2 32 . 5077 2 3 . 21 98 

0 . 0026 0 0 0 0 
0 0 . 3767 0 0 0 . 2580 
0 4 . 6233 0 0 2 . 2 1 88 
0 0. 049 0 3 . 2 1 20 9 . 391 1 

1 6 . 1 739  5. 521 2 85. 7327 42 . 1 826 1 39 . 3 1 88 
0 0 0 0 0 
0 . 0026 28. 6626 0 0 . 1 548 1 54 . 7865 
0 0. 0593 0 0 0 
0 0 0 0 0 
5 . 7921 7 . 01 75 44 . 3756 22 . 4458 1 44 . 9948 
0 0 . 4 205 0 0 0 
0 0 0 0 0 . 6450 
0 2 . 5542 0 0 0 
0 1 5 . 5057 0 0 0 
0 0 0 0 0 
0 0. 0568 0 0 0 

7 5 . 2736 96 . 426 659. 5974 1 02 . 8248 481 . 5407 

0 0 0 0 0 . 051 6 
0 0 0 0 0 . 051 6 

0 . 0026 0 0 0 0 . 0026 
0 . 0026 0 0 0 0 . 0026 
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TABLE G .  2- 24 conti n ued 

DECAPODA 

Ca l i  nectes sa[!i dus 
C l i bana r i u s  v i t tatus 
Hexa[!anopeus angustlfrons 
Luci fer faxoni 
Ocypod i dae-
Pa l a emonetes s p .  
Panaeops i s  s p .  
Penaeus s e t i ferus 
Petro l i s thes armatus 
Pi nnixa sp.  zoea 
Rl throaano[!eus harri s s i  
Xa nthi  megalops 
Uni dent i f i ed 

CHORDATA 

Anchoa mi te h i  c i  
Gobi dae Larvae 
La rvacea 

SlAT ION TOTAL 

NUMBER OF SPEC I ES 

SEPTEMBER 

Weeks I s l and Chacahoul a 

0 . 01 29 0 
0. 0232 0 
0 0. 0503 
0. 0296 0 
0. 0077 0. 01 93 
0. 0722 0 
0. 0026 0 
0. 0026 0 
0. 0077 0 
0. 5289 0. 1 354 
l .  3 1 84 0 
0. 521 2 0. 0580 
0 0. 2941 

TOTAL 2. 527 0. 5571 

0 0 
0 0 
0 0 

TOTAL 0 0 

524. 2607 787 . 21 25 

28 1 6  

OCTOBER NOVEMBER DECEMBER 
Weeks I s l and Chacahoul  a Weeks I s l and Weeks I s l and Chacaho u l a  

0 0 0 0 0 . 0026 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 . 5366 
0 0 0 0 0 
0 0. 3379 0 0 0 . 0026 
0 0 0 0 . 0038 0 
0 0 0 0 0 
0 0 0 0 l .  6899 
0 . 01 03 0. 5470 0 . 51 60 0 7 . 51 54 
0 0 0 0 0 
0 0. 1 522 0 0 0 
0 0 0 0 0 
0 . 01 03 l .  0371 0 . 51 60 0 . 0038 9 . 7445 

0 0 0 . 01 55 0 . 0077 0 
0 . 0026 0 0 0 0 
0 . 8334 0 0 . 0774 0 1 2 . 0382 
0. 8360 0 0 . 0929 0 . 0077 1 2 . 0382 

81 . 3599 99. 7l  02 682 . 5359 1 04 . 4963 538 . 4885 

l 3  21  9 l l  20 
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TABLE G . 2-25 The oercentaqe compos i ti on of the zoool ankton comori s i na the four domi nant s oeci es 
at the Weeks Is l and and  Chacahou l a bri ne di ffuser  s i tes duri nq  Seotember - December 1 9 77 . 

Aca rt i a  tonsa 

Bryozoa La tvae 

Cope pod Na up 1 i i 

Eu terpi na acuti frons 

Labi docera s p .  

Oi thona brev i corn i s  

O i thona c o l carva 

Paraca l a nus cras s i rostri s 

Sag i tta i nf l a ta 

Temora tubi nata --- -

September 

Wee k s  Weeks 
I s l and Chacahou l a  I s l and 

46. 1 9  88 . 43 45 . 69 

3 . 1 9  

27 . 40 3 . 7 3 1 9 . 95 

7 . 1 3  

1 0. 70 2 . 87 

1 0 . 76 1 9 . 92 

October November December 

Weeks Weeks 
Chacahoul a I s l and Chacahoul a I s  l and Chacahoul a 

1 0 . 55 50 . 95 2 5 . 72 

2 1 . 1 1  26. 62 

1 5 . 506 

2 . 54 

6 . 50 3 5 . 52 26. 92 

1 2 . 56 33 . 38 25 . 8 7  

1 5 . 55 6 . 31 

28 . 74 28 . 74 



commun i ty at  Weeks I s l and i n  December . Other numeri cal ly important 
copepod genera were O i thona spp . and Eu terpi na sp . I n  the September 
col l ecti ons , bryzoan l arvae were the codomi nant zoopl an kton at both 
s i tes . S imi l ar l y ,  the c i rri ped i a  naupl i i  were second i n  abundance to 
the copepods i n  October and November at Wee ks I s l and . The chaetognath , 

Sag i tta i nfl ata was present duri ng each month at both s i tes , however 
i t  wa s mos t  abundant at  the Chacahou l a  s i te i n  December . The decapods 
contri buted approxima te ly  1 3  to 28 percent  of the spec i es recorded at 
both s i tes . 

Dur i ng the 4-month sampl i ng program , average dens i ti es ranged from 

81 to 788/m3 (Ta bl e G . 2-24 ) . F igure G . 2-32 denotes the zoop l an kton 
concentrati on ( #/m3 ) at each s i te .  Wi th the exception  of the November 
sampl i ng at Chacahou l a  ( sampl es were not ta ken ) ,  the zoop l an kton b iomas s  

a t  the Chaca hou l a  s i te was greater than that at  Wee ks I s l and . A t  both 
s i tes , m i n imum zoopl an kto n  b iomass occurred i n  October . Maximum va l ues  
were attai ned i n  November a t  Wee ks I s l and ( 682/m3 ) and in  Sep tember at 
C haca hou l a  ( 787/m3 ) .  The p l an kton pu l se vari es  from year to year , bu t 
genera l l y  i s  ev i dent  duri ng September through November . 

Trace metal ana l yses performed on sel ected sampl es from the d i f
fuser s i tes are presented i n  Secti on  G . 5 , Tab l e  G . 5- l l .  There were 
h i g her concen trati ons of a l l meta l s ,  except copper ,  i n  zoopl an kton than 
i n  fi s h  and s hrimp samp l es .  Th i s i s  du e ,  i n  part , to the concentrati ng 
abi l i ty of these  secondary producers (mostly  chaetognaths ) and a l so to 
the extreme ly h i g h  su rface area/mas s  rati o re l ati ve to macrofauna . 
Compared wi th two zoop l an kton sampl es ta ken from other stud i es i n  the 
northwest  Gu l f of Mexi co { Tabl e G . 5- l l ) ,  manganese ( Mn ) , z i nc ( Zn ) , and 
ni cke l  ( N i ) contents were greater wh i l e  l ead ( Pb )  content was con s i der
ably l ess . Concentrati ons for the rema i n i ng heavy metal s ,  i ron ( Fe ) , 
copper ( Cu ) , cadm i um ( Cd ) , and a l umi num (Al ) ,  were , wi thi n the range 
for the northwest  Gu l f samp l e s . 

G . 2 . 4 . 3  Benth i c I nvertebrates 

Benthic  i nvertebrates are important contr i butors to the trophi c 
s tructure of the coa s ta l  reg i on . Many phyl a and trophi c l evel s are 
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Fi l1URE l1 . 2- 32 .  

�HACAHOULA 
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I I Nov�mber December September October 
SAMPL I N G  DATES 

A� rage zoo�1 ankton concen trati ons ( H/rn3 ) at the pronosed �eeks I s l and and Ch�cahou1 a 
b ri ne di ffuser s i tes duri n g  Seotember - December 1 9 77 . 



represen ted . Some benth i c  organ i sms feed on detri tus and phytopl an kton , 

converti ng thei r energy i nto a form not otherwi se useabl e by h i gher 

organ i sms . Many others are carn i vores as wel l as prey for h i g her carn i 
vores . Many of the h i g her carn i vores are commerc i a l l y  i mportant  spec i es 
such as shrimp , bl ue cra b ,  croa ker , and red drum . Shrimp , crabs , and 
f i sh  that spend at  l east  part of the time on the bottom are cons i dered 
a s  ne kton s i nce they are h i g h l y  moti l e  and are most  often caught wi th 
bottom trawl s .  The Ameri can oys ter ( Crassostrea v i rg i n i ca ) , the on l y  
benth i c  organ i sm o f  s i gn i f i cant commerci al importance i n  the reg i on , 
does not i n ha b i t the proj ect area . 

Benth i c  i nvertebrate d i stri bution and abundance i s  affected by such 
factors as subs trate , depth , DO , sal i n i ty ,  and temperature . The substrate 
of coasta l  Lou i s i ana cons i sts ma i n l y  of s i l t  w i th f i ne sand and cl ay .  
The DO i n  bottom water i s  often l ow. A h i gh ly  s i gn i fi cant pos i ti ve 
correl ation  was found i n  the Lou i s i ana coasta l waters west of the Mi ss i 

ss i pp i  Ri ver between DO and tota l number of i n vertebrates and tota l 
number of  pol ychaetes �  Stati sti ca l ly  s i gn i f i cant negati ve corre l a ti ons  
were found between sal i n i ty and to ta l pol ychaetes , total i nvertebrates , 

and phoron i ds .  It  wa s al so reported that between the 2 5  and 1 40 foo t 
depths there was a general decrease i n  dens i ty of benth i c  macro i nver
tebrates ; however , dens i ti es were usual l y  h i gher at sta t i ons  in 49 to 62 
feet of water than at those i n  25 to 30 ( Ragan , 1 975 ) . 

Ragan ( 1 97 5 )  reported the presence of 24 taxa of  benth i c  macro i nver
tebrates ( col l ected by ponar gra b )  during  a 1 973-1 974 survey ( Tabl e 
G . 2-26 ) .  Pol ychaetes were the mos t  abundant organ i sm ,  averag i ng 69  
percent of the total n umber of organ i sms and  rang ing  between 29  and 92 
percent .  Phoron ids and pel ecypods were the second and th i rd most abundant 
organ i sms , respectivel y .  These three groups made up 94 percent of the 
samp l es . The mean dens i ty for total i nvertebrates was 860/m2 wi th the 
range at  i nd i v i dual s tat ions  from 1 80/m2 to 2700/m2 . Seasonal vari at ion 
i n  dens i ty var i ed wi th depth ; however , at  s hal l ow stati ons ( 25-62 feet ) 
pea ks occurred i n  January and March , wh i l e  at the deeper stati ons ( 70-
1 40 fee t )  the h i g hest  den s i t i es were in  September and December. Further-
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TABL E  G . 2- 26  Benth i c  I n fauna col l ected by Ponar Grab Sampl er 
i n  Lou i s i ana Coastal waters duri ng the LOOP Stud.v 

Scyphozoa : Medusae ( J el l yfi s h )  
Anthozoa : Sea anemones 

Nemerti nea : Ri bbon worms 
Nematoda : Ro undworms 
Po lychaeta : Sandworms 
Ga s tropoda : Snai l s  

Cancel l ar i a  ret icu l ata 
Ol i va sayana 
Pol i n i ces dupl i cata 
Other gas tropods 

Pel ecypoda : 
t1u l  i na s p .  
Other Pel ecypods 

I sopoda : I sopods 
Amp h i poda : Amph i pods 

Cl i banari u s  vi ttatu s : hermi t crab 
Other hermi t crabs 
Sp i der· crabs 
Un i dent i f ied crabs 
Crangon s p . : Snapp i ng s hrimp 
Xi phopenaeus s p . : Sea bo bs 
Un i dent i fi ed s hrimp 

Phoro n i da 
Chaetognatha : Arrow worms 

Sagi tta s p . : Arrow worm 

Echi nodermata : Op hi uro i dea - Bri ttl e star 
Cephl achordata : Lancel ets 

Sa lpa s p .  

SOURCE : Ragan , 1 9 75 .  
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more , these trends may depend on seasonal f l uctuati ons i n  bottom sa l i n i ty 

and DO rather than on l i ght and temperature . Ragan ( 1 97 5 )  conc l uded 
that the reg i on ' s  benth i c  i nvertebrates were not �� excepti ona l l y  producti ve , 11 
thoug h they were s i gni fi cantly more product i ve i n  the onshore areas than 
i n  offshore areas . 

I n  contrast  to the LOOP study , n i nety-fi ve taxa of  benth i c  i nverte
brates were col l ected at the Weeks I s l and s i te and 98 taxa were col l ected 
at Chacahou l a ( Tabl e G . 2- 27 )  dur i ng the September-December 1 977  survey . 
Spec i es di vers i ty as measured by the Shannon-Weaver i ndex , was ca l 
cul ated for eac h s i te dur i ng the samp l i ng program . 

T h i s  i s  a tool for measuri ng the qual i ty of the envi ronment and the 
effect of s tress on the structure of a macrobenthi c  communi ty .  The use 
of thi s tool i s  based on the genera l l y  observed phenomenon that rel ati ve ly  
und i sturbed envi ronments support commu n i t i e s  havi ng l arge numbers of  
speci es  wi th no i nd i v i dual spec i es present in  overwhel m i ng abundance . 
When spec i es i n  thi s communi ty are ranked on the bas i s  of the i r  numeri ca l  
abundance , there wi l l  b e  rel ati vely few speci es wi th l arge numbers o f  
i nd i v i dua l s  and l arge numbers of spec ies  represented by few i nd i v i dual s .  
Stress trends to reduce d i versi ty of ma ki ng the envi ronment unsui tabl e 
to some spec i es or by g i v i ng to other species  a competi ti ve advan tage . 

The cal cu l ated speci es  di vers i ty show that the i ndex was a l ways 
l ower at Weeks I s l and ( Tabl e G . 2-28 ) compared to C hacahou l a  (Tabl e 
G . 2-29 )  suggesti ng that the benth i c  i nvertebrates at  Weeks are subj ected 
to a cond i t i on of chang i ng or h i g her envi ronmenta l  stress . 

The dens i ty of organi sms for a parti cu l ar stati on  ranged from 1 65 
to 1 41 0/m2 at Weeks I s l and , and 48 to 1 585/m2 at  Chacahou l a ( Tabl es 
G . 5-22  through  G . 5-28) and on a mon thly bas i s  was a l ways l ower at Weeks 
I s l and (Tabl es  G . 2-28 and G . 2- 29 ) . Densi ti es remai ned rel ati vely constant 
at Weeks I s l and ; at C hacahou l a there was a s i gni fi cant dec l i ne in December . 
The mean dens i ti es  and maximum dens i ty reported by Ragan ( 1 97 5 )  and the 
h i g hest  dens i ty ( 1 585 organi sms/m2 ) reported at C hacahoul a were l ower 

than the l owest  mean dens i ty reported at simi l ar depths off the Texas 
coa st  over the same time per i od where densi ti es ranged from 1 673 to 5008 
organi sms/m2 ( U . S .  Dep t .  of Energy , 1 978 ) . 
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TABLE G .  2 - 27  Summary compari son of benth i c  macro i nvertebrate ( i nfauna ) 
col l ected at the Weeks I s l and and &haca ho ul a bri ne di ffuser 
s i tes , September - December , 1 97 7 .  

Weeks I s l and 

Tota l number of taxa 
Mean monthly den s i ty range ( i nd iv i dual s/m2 ) 
Mean monthly d i vers i ty (d) range 
Number of  po lychaete taxa 
Number of crus tacean taxa 
Number of mo l l us k  taxa 
Number of mi scel l aneou s  taxa 
Percentage of po l ychaetes  (monthly range ) 
Percen tage of  crus taceans  (monthl y range ) 
Percentage of mol l us ks (monthly range ) 
Percentage of  mi scel l aneous  g ro ups (month l y  range )  
Number o f  taxa uni que to s i te 

aData based on  materi a l  i n  Tabl es G . 5-22 th rough G . 5-28 . 

G . 2- 1 0 1  

95 
530-604 
3 . 3-3 . 8  

28 

24 

33 

1 0  
64-73  

0 . 5-1 6 
7-9  

1 2-22 
29 

Chacahoul a 

98 

560-700 
4 . 0-4 . 3 

26 
38 

23 

1 1  
57-66 

6-9  
7- 1 3  

1 2-26 
34 



TABLE G . 2 - 28 Summary of benthi c macro i nvertebrate col l ect i ons at 
the Weeks I s l and survey s i te ( September-December , 1 977 ) a , b 

ANTHOZOA (SEA AN EMONES ) 

RHYNCHOCELA ( N EMERTEANS ) 

CHAETOGNATHA ( ARROW WORMS ) 

Sagi tta s p .  

GASTROPODA ( SNAI LS ) 

Anach i s  obe sa 
Anachi s s p .  
Nassar i u s  acutus 
Tectonati ca pus s i l l a  
Pol i n i ces  dupl i catus 
Epi ton i um rubi col a 
Epi ton i um sp . 
Prunum api c i num 

Prunum sp . 
Terebra protexa 
Terebra s p .  
Neri ti na sp . 
O l i vel l a  deal bata 
Turboni  1 1  a sp . 
Cantharus cance l ar i u s  

SCAPHOPODA ( TUS K SHELLS ) 

Dental i um texa s i anum 

PELECYPODA ( C LAMS ) 

Mu l i n i a  l ateral i s  
Nucu l ana concentr i ca 
Anadara ova l i s  
C h i one sp . 

September 

R 

A 

c 

R 
uc 

R 
R 

R 
R 

R 

R 

c 
c 

R 
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A A A 

uc c A 

uc R uc 

c c c 
uc R 

R 
R 

R 

R 
R 

R 

R 
uc uc 

R 

c c c 
c c c 
R R 

R 



TABLE  G . 2-28 ( conti nued ) 

Noeti dae 
Seme l e  profi cua 
Semel e bel l astri tta 
Pandora tri l i neata 
Luci na mu l ti l i neata 
Luci na ami antus 
Tel l i na s p . 
Abra aegual i s  
Gemma sp . 
Mactra sp . 
So l en v i ri d i s  
Macoma constri cta 
Macoma s p . 

POLYCHAETA ( BR ISTLE WORMS ) 

Spi o�hanes bombyx 
S trebl os�i o bened i cti 
Cos sura l ongoc i rrata 
S i gambra s p .  
Lumbri neri s sp . 

Lepi dastheni a var i a  
Pseudeurythoe amb i gua 
Mal mgreni a cf . l unul ata 
Glycera s p .  
Lepi donotu s  s p .  
Gypti s  brev i �a l pa 
C lymenel l a  torguata 
Chaetopterus vari opedatu s  
Onuphi s o�a l i na 
Onuph i s s p .  
D i opatra cuprea 
Megel ona rose  a 

Se�tember 

R 
R 
R 

R 

A 
A 
A 
c 
R 

uc 
c 
R 
R 
R 

u c  
c 
R 

R 

u c  
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COLL ECTI ON DATE 
October November December 

R R R 

R 

R 
uc R R 
uc R uc 

R 
R R 

R 

c 
uc uc 

A A A 
A A A 
A A A 
c c c 

uc uc uc 
R R 

R R 
R 

R 

uc R R 
R R R 

R uc 
uc uc uc 

R uc R 
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TABLE G .  2 -28 ( conti nued ) 

C i rratu l us s p .  
Amphi ctes gu nneri 
C hane i nfund i bu l i formi s 
Glyci nde sol i tari a  
Paraoni s fu l gens 
Neanthes succi nea 

Agl aophamus verri l l i  

Syl l i dae 
Steno l epi s s p .  
Scol upus  cf . e l ongatu s 
Anci s trosyl l i s  spp . 

OL I GOCHAETA (AQUAT I C  EARTHWORM� 
CRUSTACEA ( CRABS , I SO PODS , ETC . ) 

Monocu l odes i ntermedi us 
Corophi um sp . 
Ogyri des l im i co l a  
Campyl aspi s rubi cunda 
Oxyu ros tyl i s  smi thi  
Edotea montosa 
Paracaprel l a pu s i l l a 
Cal i dus  s p .  
Mys i dops i s b i ge l owi 
Luci fer faxon i  

J 
• 

Acetes ameri canu s cardi nea 
Hargeri a rapax 
X i ph i peneus kroyeri 

Penaeus  seti ferus 
Upobegi a affi ni s 
Ca l l i anassa l ati spi na 

Polyonyx gi bbes i  
Eu ceramus prael ongu s 

September 

c 
R 

uc 
uc 

R 

R 
R 

c 

R 
R 

uc 
R 
R 

R 
R 

R 

R 
R 
R 
R 
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COLLECTI ON DATE 
October November December 

R 

uc 
R 

R uc uc 

c c c 
uc uc uc 
uc R R 

R 
R 
R R uc 

c A A 

R 
R 

R 
R 
R 
R 

R 
R 

uc 
R 

uc R 
R 

A 
R 

R R 

R 



TABLE G . 2-28 (conti nued ) 

Pagurus bul l i s i  

Hepatus pud i bundus 

Panopeus  turgidus 

Panopeus  herbsti i 

Portunus s ayi 

P i n n i xa chaetopterana 

ECH I NODERMATA ( S EA STARS ) 

Amph iphol i s  s p .  

HEMICHORDATA {ACORN WORMS ) 

Ptychodera bahamen s i s  

CEPHALOCHORDATA { LANCELETS ) 

Branchi stoma s p .  

Tota l Taxa 

Den s i ty (m2 ) 

D i vers i ty (d) c 

September 

R 

� 
R 

R 

uc 

uc  

c 

uc 

6 1  

540 

3 . 8  

COLLECTION DATE 

October November December 

uc uc R 

R R 

c R uc 

uc 

c c 

uc uc 

c 
• 

uc 

R uc 

55  49 42 
604 533 530 

3 . 5  3 . 3  3 . 3  

aData from Tab l es G . 5-2e thro ugh G . 5-25 : based on 32 sampl es i n  September 
and October and 38 i n  November and December 

• 
bA-Abundant ( 1 00 or more col l ected ) ; C-Common (20-99 col l ected ) ;  UC-Uncommon 

{1 9- 5  col l ected ) ; R-Rare { l es s  than 5 col l ected ) 

cD i vers i ty cal cul ated us i ng S hannon-Weaver i ndex , d = � ( N  l og1 0  N - � n i l og1 0  n i ) 
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TABLE  G .  2 - 29 Summary of benth i c  macro i nvertebrate col l ecti ons a£ �he 
Chaca hou l a  su rvey s i te ( September - December 1 977 ) ' . 

COLLECTION DATE 
Se�tember October December 

ANTHOZOA ( S EA ANEMONES ) R 

TURBELLARIA ( FLATWORMS ) R 

RHYNCHOCELA ( N EMERTEANS ) c c c 

CHAETOGNATHA (ARROW WORMS ) 

Sagi tta s p .  c c uc 

GASTROPODA ( S NA I LS ) 

Anach i s  o besa uc 
Anach i s s p .  R 
Nas sari us  acutus  R c R 
Tectonati ca �u s s i l l a uc c R 
Epi toni um ru b i col a R 
01 i va sayan a R 
Cycl otremi scus s p .  R 
S i num macu l atu s R 
S i num �erspecti vum R 
Turbon i l l a  s p .  R 
Cantharus cancel ar ius  R R 

PELECYPODA ( CLAMS ) 

Mul i n i a  l a teral i s  c c 
Nucul ana concentri ca c c R 
Nucul ana macul atus  R 
Chi one s p .  R 
Semel e profi cua R 
Semel e bel l a stri tta R 

Luc i na mul ti l i neata R 

Te l l i na s p .  c c uc 
Abra aequa l i s  c uc uc 
Eucras satel l a  spec i osa c 
Sol en v i r id i s R 
Macoma s p .  R 
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TABL E  G .  2 -29 cont i nued . 

POLYCHAETA ( B R ISTLE WORMS ) 

S�i o�hanes bombyx 
Streb l o s�i o bened i cti  
Cos sura l ongoci rrata 
S i gambra s p .  
Lumbri ner i s  s p .  

Lepi dasthen i a  var i a  
P seudeurythoe ambi gua 
Mal mgren i a  cf.  l unu l ata 
Glycera s p .  
Gy�ti s  brev i �al �a 
Clymenel l a  torguata 
Onu�h i s  o�al i n a  
Onu�h i s  s p .  
Diopatra cuprea 
Megel ona ros ea 
Ci rratul u s  grand i s  
Amph i ctes gunneri 
Chane i nfundi bul i formi s 
Glyci nde sol i tari a 
Neanthes s ucci nea 
Agl aophamus verri l l i  
Syl l i dae 
Armand i a  macu l ata 
Steno l epi s s p .  
Sco l upus cf .  el ongatus 
Anc i s trosyl l i s spp .  

OL I GOCHA ETA (AQUAT IC  EARTHWORMS ) 

G . 2 - 1 0 7 

COLLECTION  DATE 
Se�tember October December 

A A c 
A A c 

uc uc R 
c uc R 
c A c 
R R 
R 
R 

R R R 
R R 
c c c 

uc 
R 

R uc R 
R uc R 

uc uc 
R 

c c 
c uc R 
c c uc 
A A c 

uc R 
R R 
c c uc  
c c 

uc uc 

A c c 



TABLE G .  2 -29 cont i nued . 

CRUSTACEA ( CRABS , I SOPODS , ETC . ) 

Monocul odes i n termed i u s  
Monocul odes sp . 
Ampel i sca abdi ta 
Polyonyx g i bbes i 
Coroph i um l ou i s i anaum 
Pr i s c i l l i na s p .  
Ogyri des l i mi col a 
Campyl aspi s rubi cunda 
L i s tr i el l a  ba rnard i  
Speocarci nu s  l oba tu s 
Leptochel a s erratorbi ta 
Oxyurostyl i s  smi th i  
Mys i dops i s  bi gel owi 
Luci fer faxoni  
Acetes ameri canus cardi nea 
Al pheus  heterochael i s  
Automate k i ngs l eyi 
H ippolyte pl eracantha 
X i ph i pene u s  kroyeri  
Penaeu s seti feru s 
Upobeg i a  affi n i s  
Cal l i anassa l ati spi na 
Ca l l i anassa j ami cense 
Argi s sa bamatipes 
Euceramus prael ongus 
Pagurus bu 1 1  i s  i 
Haus tori i dae 
Cal l i nectes s im i l i s  

Al bu nea paretti 
Chasmocarc i nu s  mi s s i s s i ppi ens i s  

G . 2- 1 08 

COLLECTION DATE 
September October December 

R 

R 

c 
R 

uc 
R 
R 

uc 
R 

uc 
R 

uc 

R 
R 
R 

R 
R 
R 

uc 

uc 
R 

uc 
c 

uc 
uc 

R 

R 
uc 
uc 

R 

uc 
R 
R 

R 
R 

R 

R 

R 
R 

R 

uc 

R 
R 



TABL E  G .  2 -29 conti nued . 

COLLECTI ON DATE 
September October December 

CRUSTACEA ( CONT ' D )  

Sgu i l l a empu sa 
Osach i l a  s p .  
Persephona agu i l onar i s  
Panopeus  h erbsti i 
Portunus  s p .  
P i n n i xa chaetopterana 
P i nn i xa reti nens 
P i nnotheres ostreum 

ECHI NODERMATA ( S EA STARS ) 

Ho l othuro i dea 

Amph i phol i s sp . 

HEMICHORDATA (ACORN WORMS ) 

Ptychodera bahamens i s  

C EPHALOCHORDATA ( LANCELETS ) 

Branchi s toma s p .  

Total Taxa 

Dens i ty (m2 ) 

D i vers i ty (d) c 

R 

u c  
R R 

R 
R 

uc c u c  
R 
R 

u c  

R 
c u c  

R 

R uc 

uc R 

68 68 39 

698 700 560 

4 . 2  4 . 3 4 . 0  

aData from Tabl es G . 5-2 6 th rough G .5-28 ; based upon 30 , 34 and 9 samp l es , 
res pecti vel y .  

bA - abundant (1 00 o r  more col l ected } ; C - common ( 20-99 co l l ected ) ; 
UC - uncommon ( 1 9-5  col l ected ) ; R - rare ( l es s  than 5 col l ected ) . 

cDi vers i ty cal cu l ated u s i ng Shannon-Weaver i ndex , 
d = � ( N  l og1 0  N - � n i l og 1 0 n i ) .  

G . 2- 1 09 



The benth i c macroi nvertebrate assembl ages at both s i te s  were domi na ted 

by polychaetes , whi ch compri s ed 57 to 73 percent of the organ i sms co l l ected 
each month (Tabl e G . 2- 27 ) . Mo l l u s k s  and cru s tacea ns were u s ua l l y  the 
s econd and th i rd most  abundant groups . These rel ations h i p s  are s imi l ar 
to those reported by Ragan ( 1 975 ) i n  that the domi nant taxa were the 

po l ychaetes ; however , i n  h i s co l l ecti ons polychaetes  were genera l ly  more 

abundan t .  Al so , phoro n i d s  were not co l l ected duri ng th i s  s urvey ;  i n  
Ragan ' s  survey ( 1 975 ) , they were the second mos t  abundant group ( abou t  

22 percent) . 

There do not appear to be any s i gn i f i cant di fferences fn the benth i c  
assemb l ages among the var i ou s  s tat ions  a t  e i ther s i te ;  however , there 
were d i fferences between the two s i te s .  There were 29 taxa u n i que to 
Wee ks  I s l and and 34 taxa u n i que  to Chacahou l a  ( Tabl e G . 2-27 ) . The mos t  

apparent  contra s t  between the two s i tes was the abundance o f  Coss ura 
l ongoci rra ta and S i gambra sp . ( po l ychaete s ) , and Penaeus seti feru s 
(whi te s hrimp ) at  Weeks I s l and and of Lumbr i ner i s  sp . and Agl aophamus 
verri l l i  ( po lychaetes ) at  Chacaho u l a  (Tabl es  G . 2- 28 and G . 2-29 ) . 

G . 2 . 4 . 4  Nekton 

G . 2 . 4 . 4 . 1 Regi ona l and S i te Spec i fi c  Characteri zat ion  

The  h igh  primary and  secondary producti v i ty of coa s ta l  Lou i s i ana 
res u l ti ng from the i n teracti on of the Mi s s i s s i pp i  R i ver del ta sys tem and 
the Gu l f  of Mex i co ,  provi de s  an extreme ly  s u i tabl e habi tat for one of 
the maj or fi s heri e s  areas i n  the Uni ted S tates . Some of the maj or 
fi s heri es i nc l ude shrimp , menhaden , oys ters , and bl ue  crabs . Average 
annual harves ts ( va l ue and wei g h t )  of the maj or commerc i a l  fi s heries  for 
Lou i s i ana duri ng 1 963 to 1 967 are presented i n  Tabl e G . 2- 30 .  Many of 
these  spec i e s  depend on the bays and estuari e s  for spawn i ng ,  feed i ng ,  
growth , and a s  a nursery (Tab l e  G . 2-31 ) .  

Commerc i a l  l andi ngs i n  coas ta l  and i n l and Lou i s i ana dur i ng 1 976 
were 1 . 2 b i l l i o n  pounds , va l ued at  $ 1 38 . 0 mi l l i o n . Menhaden was the 
l ead i ng spec i e s  i n  we i g ht ( 1 . 1 bi l l i o n  pounds ) and second i n  va l ue ($37  
mi l l i on ) . Shrimp was second in  wei gh t  ( 82 mi l l i on pounds ) but fi rs t  i n  
va l ue ( $80  mi l l i o n ) . The b l u e  crab ran ked th i rd i n  wei ght ( 1 5 . 2  mi l l i o n  
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TABLE  G . 2 - 30 Average annual harvest of major commerci a l  fi s h  and 
s hel l fi s h  for Loui s i ana ( 1 963-1 967 ) .  

Speci es 

Men haden 

S hrimp 

Croa ker 

Oyster 

B l ue Crab 

Spot 

Catfi s h  and bul l heads 

Sea trout 

Red drum 

TOTAL 

aMi l l i on s  �f pounds 

bMi l l i on s  of dol l a rs 

We i ghta 

71 3 . 06 
73 .  51 

23 . 71 

9 . 97 

8 . 27 

4 . 62 

4 . 59 

4 . 1 1  

0 . 53 

842 . 37 

Source : U . S .  Army Corps of Engi nee rs , 1 9 73 . 

G . 2- l l l  

Val ueb 

1 0 . 1 2  

26 . 68 

0 . 42 

4 . 39 

0 . 73 

0 . 08 

0 . 78 

0 . 1 9  

0 . 09 

43 . 48 



TABLE  G . 2 - 31 Mi g ra tory behavi or of coasta l organ i sms . a 

Mon th 

Jan 

Movement i n to Estuari es  
(or  nearshore zone ) 

Southern Ha ke , Red Drum 
( peak )  

Feb Sti ngray, Brown Shr imp Post
l arvae ,  Menhaden , Spadef i s h  

Mar 

Apr 

May 

June 

Gu l f  Ki l l i fi s h ,  Spot,  Cut
l as s fi s h ,  Hogchoker , Butter
fi s h ,  Rough S i l vers ide , 
Fl ounder , Tonguefi s h  

Gafftopsa i l  Catf i sh ,  Sea 
Catfi s h ,  Bl uefi s h ,  Bumper , 
Sand Seatrout ,  Southern 
Ki ngfi s h ,  Sh i pjack  Herring  
( i n  and  out  same month ) ,  
Adu l t Croaker ,  Back Drum 
( peak ) , · Pi nfi s h ,  Atl ant i c  
Threadfi n ,  Toadfi s h , Mi d
s h i pman 

Str iped Anchovy , Li zardfi s h ,  
Sard i n e ,  Spa n i s h  Mackerel , 
Wh i te Shrimp Postl arvae 

Needl efi s h ,  Pompano , ere
val l e  Jack ,  Leatherjacket ,  
Atl antic  Moonfi s h  

J u ly  Ladyfi s h ,  Lookdown 

Movement from Estuar ies 

Menhaden , Spadefi s h  

Bl ue Catfi s h , Sheepshead 
Mi nnow, Longnose Ki l l i 
fi s h  

B i g head Searobi n 

Men haden , Southern Hake 

Butterfi s h  

Aug Ladyfi s h ,  Atl ant i c  
Threadfi n 

Sept Adu l t  Croaker , Rough 
S i l vers i de 

Oct Menhaden , Sheepshead 
Mi n now, B i g head Searob i n 

G . 2- l l 2  

Sard i ne , Bl uefi s h ,  Lea
therj acket , Atl anti c 
Moonfi s h ,  Sand Seatrout , 
Cutl a s sfi s h ,  Span i sh 
Mackerel 



TABLE  G . 2 - 31 conti nued . 

Month 

Nov 

Dec 

Movement i n to Estuari es (or nearshore zone ) 
B l ue Catf i s h ,  J uven i l e  
Croa ker 

Longnose Ki l l i f i sh 

Movement from Estuari es 

Stri ped Anc hovy ,  Gaff
topsa i l , Sea Catf i s h , 
Needl efi s h ,  Pompano , 
Creva l l e  Jack ,  Bumper , 
Loo kdown , P i nfi sh , 
Tonguefi s h ,  Toadfi sh , 
Mi dsh i pman , Whi te S hr imp 
J uven i l es 

Sti ngray ,  L i zardfi s h ,  
Gul f Ki l l i f i s h , Spo t ,  
Southern Ki ngfi s h ,  
F l ounder , Hogchoker 

aDeri ved from data conta i ned in cooperati ve Gul f of Mexi co Estuar i ne 
I nventory and Study ,  Lou i s i ana , Phase I V ,  B i o l ogy . Perret , et a l . ,  
1 97 1 . 

Source : U . S .  Department of Commerce , 1 9 77a . 
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pounds ) and fourth i n  va l ue ( $3 . 1 mi l l i on ) . Oysters were th i rd i n  va l ue 

( $ 9  mi l l i on ) .  Lou i s i ana l ed a l l States i n  vol ume and was th i rd i n  va l ue 

( U . S .  Dept .  of Commerce , 1 977b ) . 

Sportfi s h i ng i n  the Lou i s i ana coastal  area i s  extremely  popu l ar and 

prov i des for a l arge i ndustry . The bays and nearshore reg i ons yi e l d 

Atl anti c croaker , spot ,  red drum , seatrout ,  b l ack drum , southern fl ou nder , 

sheepshead , and spadefi sh . O i l  r i g s  prov i de a reefl i ke envi ronment wi th 

as sembl ages of cobi a ,  creva l l e  jac k ,  greater amberjack ,  sheepshead , 

great barracuda , k i ng mackere l , b l ue ru nner , and Atl antic  spadefi sh . 

Recent stud i es of centra l coas tal  Lou i s i a na ( Perret ,  1 97 1 ; Ragan 

and Harr i s ,  1 97 5 )  characteri ze the reg i o n  as hav i ng more than 42  spec i es 

of i nvertebrates (Tab l e  G . 5-36 ) . Some of the more abundant i nvertebrates 

fou nd i n  these stud i e s  are seabob , bri ef squ i d ,  whi te shrimp , brown 

s hr imp , and b l ue crab .  

Based on  trawl data ( September to December 1 97 7 )  from Weeks I s l and 

the mos t numeri ca l ly abundant i nvertebrates col l ected were the wh i te 

shrimp , seabo b ,  b l ue crabs ( i nc l ud i ng j uveni l es ) , and bri ef squ i d  ( Tabl e 

G . 2-32 ) . The whi te shrimp , bri ef squ i d , and moon je l lyfi sh were the 

mos t numeri ca l l y abu ndant i nvertebrates col l ected from trawl s ( September 

December 1 977 ) at the C hacahou l a s i te (Tabl e G . 2-33 ) . At l east  2 1  taxa 

of i nvertebrates were co l l ected at the Weeks I s l and s i te compared to 1 7  

a t  Chacahou l a .  The tota l number of i nvertebrates col l ected and the 

number of col l ections i n  wh i c h they were present was a l so much h i gher at 

Weeks I s l and than at Chacahou l a  (Tabl es G . 5-33 through G . 5-35 ) . The 

brown shr imp were not very abundant i n  trawl co l l ecti ons at e i ther s i te ,  
wh i c h may be expected s i nce data at l ocat i ons wh i ch are further offshore 

i nd i cate peak abu ndance between June and l ate October . 

F i ve and four spec i e s  of commerc i a l ly  i mportant i nvertebrates were 

col l ected , respecti ve ly ,  at the Weeks I s l and and C hacahou l a  survey 

s i tes . I nvertebrates , parti cul arly commerc i a l ly  important ones , were 

more abu ndant i n  the trawl s at Weeks I s l and that at Chacahou l a .  Commer

c i a l  trawl i ng acti v i ti es were i n  progress at both s i tes dur i ng th i s  

survey ;  however , they were much more concentrated i n  the v i c i n i ty of 
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TABLE G . 2- 32 Summary of trawl catches of  i nvertebrates and fi sh  col l ected 
at the Weeks Is l an d  s urvey s i te ( Sentember-December ,  1 9 77 ) . 

COMMON NAME SC I ENT I F I C  NAME COLL ECT ION DATE 

I n vertebrates SeEtember October November December 

Hydro i d  col ony Hydrozoa p p 
Sea nettl e C hr�saora gu i nguec i rrha uc 
Cabbagehead Stomol oEhus  mel eagri s c 
Sea anemone Cal l i acti s tri c o l o r  R 

Sea anemone ( u n i den t i f i ed )  An thozoa uc 
Moon s na i l  Po l i n i ces duEl i catu s  u c  R 

Arc s hel l ( c l am) Arc i dae R R 

B r i e f  squ i d  Lol l i guncu l a  brevi s c A c c 
Manti s s hrimp Squi l l a em2usa c uc c R 

W h i te s hrimp Penaeus seti ferus A A A A 

Brown s hrimp Penaeus aztecus c R uc 
Penaei d s hrimp Pena e i dae ( j uven i l e )  c A 

Sea bo b X i EhoEeneus kroyeri A A A 

Roc k  s hrimp S i cyo n i a  dorsa l i s  uc 
Stri ped hermi t crab Ca l i banar i u s  v i ttatus R 

Hermi t crab Pagurus po l l i cari s R 

Pu rse crab Perse2hona agu i l onari s R R 

S p i der crab L i b i n i a  s p .  R 

B l ue crab Ca l l i nectes saEi dus  c R A uc 
Swimi ng crabs Portun i dae ( j uven i l e )  A uc R uc 
Bryozoan Bryozoa p p 

Fi s h  

S h r i mp eel 0Eh i chthus gome s i  R 

Gu 1 f  men haden Brevoort i a pa tronu:� R R 

Bay anc hovy Anchoa m i tc h i l l i  A A A A 

Stri ped anchovy Anchoa he2setu s R uc 
Sea catfi s h  Ari s  fel i s  A c A R 

Ga ffto p sa i l  catfi s h  Barge ma ri nus  c 
At l a nti c  mi d s h i pman Porichth�s poro s i s s imus c R 
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TABLE  G . 2- 32 conti n ued .  

COMMON NAME SCIENT I F I C  NAME COLLECTION DATE 

September October November December 

Ski l l etfi sh  

Crested cusk-eel 

Cha i n  p i pefi sh  

Atl antic moonfi sh  

Lookdown 

Atlantic bumper 

B l untnose jack 

Creva l l e  jack 

Southern ki ngfi sh  

At l antic croaker 

Sand seatrout 

Spot 

Star drum 

Banded drum 

S i l ver perch 

Spadefi sh 

Atl antic threadfi n 

Southern stargazer 

Fat s l eeper 

Atl antic cutl assfi sh  

Gu l f  butterfi sh  

B i ghead sea rob i n  

B l ackfi n sea ro bin  

Fri nged flounder 

Bay whi ff 

Li ned sol e  

Hogchoker 

B l ackcheek toungfi sh 

Least puffer 

Gobiesox strumosus 

Ophi dion wel shi 

Syngnathus l ou i s ianae 

Vomer setapi nni s 

Sel ene vomer 

Chl oroscombrus chrysurus 

Hemicaranx amblyrhynchus 

Caranx � 
Menti c i rrhus americanus 

Micropogon undu l atus 

Cynoscion arenarius  

Leiostomus xanthurus 

Stel l i fer l anceol atus 

Larimus fasciatus 

Bai rd i el l a  chrysura 

Chaetodipterus faber 

Po lydactyl us octonemus 

Astroscopus y-graecum 

Dormi tator macu l atus 

Tri chi urus l epturus 

, Pepri l us burti 

Prionotus tri bu l us 

Prionotus rubio 

Etropus crossotus 

C i thar i chthys spi l operus 

Achi rus l ineatus 

Tri nectes macul atus 

Sumphurus pl agiusa 

Sphoero ides parvus 

aData from Tabl es G . S-29 th rough G . S-32. 
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TABLE G . 2- 33 S u!TITlary of trawl' catches of i nvertebrates and fi s h  col l ected 
at the Chacah o ul a s urvey s i te ( Seotember-Decemher ,  1 9 77 ) . 

COI+!ON NAME SCIENT I F I C  NAME 

Invertebrates 

Hydroi d  col ony 

Moon je l l yfish  

Sea anemone 

Sea anemone ( un i dentified) 

Southern oyster dri l l  

Channel ed whel k 

Br i ef squ i d  

r�anti s  shrimp 

Wh i te shrimp 

Brown shrimp 

Penaeid  shrimp 

Hermi t crab 

Spi der crab 

Bl ue crab 

Swi11111 ing  crab 

Swi11111i ng  crabs 

Starfi sh 

Fi sh 

Scal ed sard i ne 

Gu l f  menhaden 

Bay anchovy 

Str i ped anchovy 

Offshore l i zardfi sh  

Sea catfish  

Atl antic midshi pman 

Crested cusk-eel 

At l antic moonfi sh 

At l antic bumper 

Bl untnose jack 

Lane snapper 

Longsp i ne porgy 

Hydrozoa 

Aurel i a � 

Ca l l i acti s  tri col or 

Anthozoa 

� haemastoma 

Busycon contrarium 

Lol l i gunc u l a  brevi s 

Sgu i l l a  empusa 

Penaeus seti ferus 

Penaeus aztecus 

Penaei dae ( j uven i l e )  

Pagurus pol l i cari s 

L i b i n i a  s p .  

Ca l l i nectes sa2idus 

Portunus sp . 

Portuni dae ( j uven i l e )  

� clathrata 

Harengul a  pensacolae  

Brevoorti a patronus 

� mi tchi l l i  

� hepsetus 

Synodus � 

fu::.ll. � 
Pori chthys poro s i ss imus 

Oph i dion � 
� setapi nni s  

Chloroscombrus chrxsurus 

Hemicaranx amblyrhynchus 

Lutjanus synagri s  

Stenotomus caprinus 
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TABLE G . 2- 33 �onti nued.  

COMMON NAME 

F i s h  

P i nf i s h  

Sou thern k i ng f i s h  

At l an t i c  c roa ker 

Sand s ea trout  

S i l ver sea tro u t  

Spot 

Star drum 

Ba nded d rum 

Spadefi s h  

At l a n t i c  cut l a s sf i s h  

G u  1 f butterfi s h  

B i ghead sea ro b i n  

B l ackf i n  sea rob i n  

Fri nged f l o u nder 

Bl ackcheek toungfi s h  

Lea s t  puffer 

Stri p ed burrfi s h  

SC I ENT I F I C  NAME 

Lagodon rhombo i des 

Men t i c i rrhus ameri canus 

M i cr0[1090n undu l a tus 

Cynosc i o n . aren a r i u s  

Cynosci o n  nothus 

Le i o s tomus xanthurus 

Stel l i fer l anceo l atus 

Lrimus fas c i a tu s  

Chaetod i eterus � 

Trichi urus l epturus 

Pepri l us burti 

Pri onotus tr i bu l us 

Pri onotus ru b i o  

Etro2us crossotus 

Symehurus el agi usa 

Sehoero i des parvus 

C h i l omx:cterus schoeefi 

aData from Ta bl es G . S-33 thro ugh G . S- 35 .  
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Weeks I s l and . At one time duri ng the October survey at l east  23 trawl ers 

were observed wi thi n a 5-mi l e  rad i u s  of the Weeks I s l and s i te .  There 

were no threatened or endangered i nvertebrates col l ected duri ng thi s 

survey , as was expected based on reg i onal data . 

Fi s h  tend to domi nate the nekton , outnumberi ng i nvertebrates i n  

both number of spec ies  and tota l i nd i v i dua l s and we i g ht . The reg i ona l 

i chthyofauna have been characteri zed wi th at l east  1 05 fi sh  spec i es 

(Tabl e G . 5-37 ) ( Perret , 1 97 1 ; Ragan and Harri s ,  1 975 ; Dunham , 1 97 2 ;  

J unea u ,  1 975 ) . Many other fi s h  whi ch are scarce or el u s i ve are a l so 

l i ke ly  to i nhab i t the area , s i nce more than 600 spec i es of fi sh  are 

known to occur i n  coasta l  Gu l f  water off Texas ( U . S .  Dep t .  of Energy , 

1 978 ) . 

Some of the more abundant f i s h  of the reg i on i nc l ude the bay anchovy , 

Atl anti c croaker ,  sea catfi s h ,  rock seabass , Gu l f  menhaden , Atl anti c 

cutl assfi sh , fri nged fl ounder ,  spot , sand seatrout , Gu l f  butterfi sh , 

Atl anti c bumper ,  bl ue spotted searobi n ,  and Atl anti c threadfi n .  Depth , 

d i stance offshore , and DO have been shown to have a h i g h ly  pos i ti ve 

corre l ati on  wi th nekton  abundance i n  th i s  reg i o n .  Seasonal d i fferences 

may a l so affect spec i es abundance ( Ragan and Harri s ,  1 975 ) . 

The bay anchovy , sand seatrout ,  and star drum were numeri cal ly the 

most abundant f i s h  col l ected from trawl s at the Weeks I s l and s i te ,  

a l though the Atl anti c croaker and sea catfi sh  were a l so common ( Tab l e  G . 2-32 ) . 

At the C hacahou l a  s i te the bay anchovy and Atl anti c croaker were numer-

i cal ly  most abu ndant ;  s tr i ped anchovy , Atl anti c bumper ,  banded drum , and 

s i l ver seatrout were al so abundant at times ( Tabl e G . 2-33 ) . Thi rty- s i x  

spec i es o f  fi sh  were co l l ected a t  the Weeks I s l a nd s i te compared to 30 

at  C hacahou l a .  The total number of fi sh  col l ected and the number of 

col l ections i n  whi ch they were present were a l so much h i gher at the Weeks 

I s l and s i te than at C hacahou l a ( Tab l es G . 5-25 throug h G . 5-3 1 ) .  Other 

d i fferences i n  fi sh  d i str i buti on i nc l ude the rel ati vely h i g h number of 

s tri ped anchovy ( September ) ,  Atl anti c croaker , banded drum , and s i l ver 

seatrout  ( December )  col l ected at Chacahou l a  and very l ow number ( no 

s i l ver seatrout )  col l ected at the Weeks I s l and s i te (Tabl es G . 5-29 

throug h G . 5-35 ) . 
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The l ow number of Gul f menhaden and absence of st i ngrays , whi ch  are 

usual ly abundant i n  th i s  part of the Gul f ,  are probably due to the i r  

movement to s ha l l ow water and/or estuari es duri ng the seasons samp l ed .  

Ladyfi s h ,  bl uefi s h ,  Span i s h  mackere l , pompano , and creval l e  jack , wh i ch 

are l i ke ly  to be present i n  the v i c i n i ty of both s i tes were not col l ected 

( except for one creva l l e  jack  at the Weeks I s l and s i te )  duri ng the trawl 

surveys , but the i r  re l ati vely h i g h  swimmi ng speeds may have a l l owed them 

to escape . The Atl anti c cu tl assfi s h  was the l argest fi s h  col l ected 

(wi th respect to l ength ) , the l arges t be i ng about 22 i nches . The second 

l argest f i s h  col l ected was a sand seatrout of about 1 4  i nches ; however , 

few fi s h  exceeded 1 0  i nches i n  l ength (Ta b l es G . 5-29 through G . 5-35 ) . 

There was no evi dence of commerc i a l  f i nfi sh  operati ons i n  the 

v i c i n i ty of e i ther s i te dur ing  the trawl surveys . Th i s  may have been 

because the s hrimp were not runn i ng and the menhaden were mov i ng out of 

the estuari es . L i kewi se  no sportfi s h i ng was observed i n  the v i c i n i ty of 

e i ther s i te ,  bu t these areas may prov i de a more producti ve sportfi shery 

at other times of the yea r .  

E i ght spec i e s  o f  major commerc i a l  fi sh  ( based o n  1 976 Lou i s i ana 

Land i ngs L i s t )  were col l ected at the Weeks I s l and s i te and seven were 

col l ected at C hacahou l a .  Sportfi s h i ng spec i es i nc l uded the Creva l l e  

Jack  and sand seatrout a t  Weeks I s l and and the sand and s i l ver seatrout 

at C hacahou l a .  

Reg i onal data whi ch ta kes i n to cons i derat ion  seasona l  vari ati ons i n  

m i grat ion  and behavi or shou l d  be used to compare the fi sheri es of the 

two s i tes . There were no threatened or endangered f i s h  co l l ected duri ng 

th i s  survey ,  as  was expected based on reg i o na l data . 

G . 2 . 4 . 4 . 2  L i fe H i s tor i es of Major Nekton i c  Spec i es 

G . 2 . 4 . 4 . 2 . 1  Shrimp 

The l i fe h i s tori es of brown and wh i te shrimp are fa i r ly s im i l ar .  

Mati ng and spawn i ng ta ke p l ace offs hore . Duri ng mati ng , the mal e transfers 

a sperm capsu l e  or spermatophore to the fema l e .  Upon spawn i ng ,  the 

fema l e  rel eases 500 , 000 to 1 , 000 , 000 eggs , s i mu l taneous ly  ferti l i z i ng 

them wi th the s tored sperm .  The tim i ng of th i s  event wi th wh i te shrimp 
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seems to depend on water temperature and occurs i n  8 to 3 1  meter (m ) 

depths from March to October wi th peaks i n  J une or J u l y .  Brown s hrimp 

spawn throughou t the year i n  waters of 46 m or greater and from spri ng 

to early wi nter i n  s ha l l ower water .  Spawni ng acti v i ty of  the brown 

shrimp does not · occur i n  waters of l ess  than 1 4 m depths . The eggs of 

both spec ies  are demerse l  and hatch wi thi n 24 hours ( Gai dry and Wh i te ,  

1 973 ; C hr i stmas a nd Etzo l d ,  1 977 ; L i ndner a nd Cook , 1 97 0 ;  Cook and 

L i ndner , 1 970 ) . 

Larval s hrimp go through 5 naup l i i ,  3 protozoea l , and 3 mys i d  

stages . Duri ng thi s time ( 2  to 3 weeks ) ,  they are p l an kton i c ,  dri fti ng 

wi th the currents towards the bays and estuar i es . Brown shr imp postl arvae 

enter the estuari es i n  wi nter and early spri ng ; whi te shrimp postl arvae 

enter from J une to September ( C hr i stmas and Etzo l d ,  1 977 ) . These shr imp 

concentrate i n  the sha l l ow ,  vegetated , fresh  waters of the estuary . I n  

warm waters , they grow rapi d l y ,  settl i ng to the bottom and feed i ng 

omni vorou s l y .  As the shr imp grow to the j uven i l e  stage i n  the estuary ,  

they move to more sa l i ne water . Whi te shrimp have a greater tol erance 

for l ower sal i n i ti es than do brown shrimp ; duri ng per i ods of rap i d  

growth , the optimum sa l i n i ty for the former i s  0 . 5  to 1 0  ppt ,  a nd for 

the l atter i s  1 9  ppt .  However , both spec ies  can wi thstand a wi de range 

of sa l i n i ti es ( Barrett and Gi l l espi e ,  1 973 ; 1 97 5 ) . 

After be i ng i n  the estuar i es for a few months , depend i ng on envi ron

menta l cond i ti ons , the young shrimp move offs hore ; whi te shrimp rema i n  

i n  the estuary l onger a nd m igrate a t  a l arger s i ze than do brown shrimp . 

Shrimp are capabl e of reachi ng matur i ty and spawni ng wi thi n a year , 

mak i ng the shrimp an  annual  crop . Brown shrimp are found from Cape Cod 

to Yucatan but are absent on the west  coast  of Fl ori da . Whi te shrimp 

are d i s tr i bu ted from Long I s l and to Yucatan but are absent i n  wes tern 

and southeas tern F l ori d a .  H i ghest dens i ti es are i n  depths of 27 to 55 m 

and up  to 35 m respecti vely  ( Chri stmas and Etzo l d , 1 977 ) . 

The seabob i s  of mi nor importance i n  the commerci a l  shrimp fi shery 

and i s  exp l o i ted primari l y  i n  the fa l l and wi nter months when the brown 

and wh i te shrimp have moved offshore . Approximately  90% of the Gu l f  

seabob catch occurs i n  Lou i s i ana . They are primari ly caught i n  s ha l l ow 
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water , 2 to 4 m ,  and tend to concentrate a l ong the beach after a co l d  

front passes . They are found from Cape Hatteras through the Gu l f  of 
Mex i co and Cari bbean Sea to Braz i l .  I t  appears that th i s  s hrimp comp l etes 

i ts l i fe cycl e  i n  a narrow zone of the coas tl i ne ,  out to 1 3 m depth 

contour , and rare ly ,  i f  ever , enters bays or estuaries  e i ther i n  the 

j uven i l e  or adu l t s tage . The fema l es i s  grav i d  duri ng the spri ng , 

summe r ,  and fal l .  Laboratory s tud i es i nd i cate that the seabob l arvae go 

through 5 naup l i ar  and 1 protozoeal s tage . However , data on the presense 

of l arval , pos tl arva l , and j uven i l e  stages i n  nature i s  rare ( Chri stmas 

and Etzo l d ,  1 97 7 ;  J uneau , 1 977 ) . 

G . 2 . 4 . 4 . 2 . 2  B l ue Crab 

The bl ue crab ( Ca l l i nectes sapidus ) ranges from Nova Scoti a to 

Uruguay and i s  found ma i n ly  i n  estuaries  and sha l l ow ocea n i c  waters . 

Femal es tend to be i n  more sa l i ne waters than the ma l es ,  but both can 

tol erate waters of from 0 . 7  to 88 ppt .  Mat ing  occurs from l ate wi nter 

to ear ly fa l l  wh i l e the fema l e  is i n  the soft-she l l  s tage of mol t ;  the 

mal e  pas ses the spermatozoa i nto the fema l e  for storage of up to 1 year .  

The fema l e  then moves to more sa l i ne waters where spawn i ng occurs . As 

the 700 , 000 to 2 , 000 , 000 eggs are re l eased , they become ferti l i zed by 

the stored sperm .  The embryos become attached to the fema l es abdomen 

unti l hatch i ng ,  a proces s of 9 to 1 5  days . On ly one or two of these 

eggs wi l l  s urvi ve to adu l thood ( Jaworsk i , 1 972 ) . 

Larva l zoeal stage l as ts from 30 to 39 days , wi th the organ i sm 

undergo i ng from 4 to 8 mol ts . Optimum sa l i n i ti es for s urvi va l  and 

growth of the l arvae are 1 5  to 45  ppt .  The zoea then metamorphose i nto 

mega l ops , a s tage l as ti ng 6 to 20 days . The mega l ops i s  crabl i ke i n  

appearance and i s  ab l e to swim or wal k  on the bottom . Optimum sal i n i ti es 

for th i s  stage are greater than 1 5  ppt .  The fi na l metamorphos i s  l eads 

to the j uven i l e  crab , an  acti ve predator that migrates from one part of 

the estuary to another wi th the seasons i n  search of food . As i t  grows , 

the exos kel ton i s  repeatedly s hed i n  mol ti ng .  Growth to maturi ty requ i res 

1 2  to 1 8  months ; the l i fespan i s  2 to 4 years , though many are caught 

upon reach i ng commerc i a l  s i ze ,  1 2  to 1 8  months after hatch i ng ( J awors ki , 

1 972 ) . 
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The b l ue  crab i s  omn i vorous  and as such p l ays an important rol e  i n  

the coastal ecosystem . Rang i a  cl ams , mu sse l s ,  xanthi d crabs , snai l s ,  

fi s h ,  p l ants and i nsect l arvae have been reported i n  the d i et of the 

b l ue crab , as wel l as s cavenged mater i a l . I n  turn , the spec i es , es peci a l ly  

sma l l er members , are fed u pon by spotted seatrout ,  red drum , Atl anti c 

croaker , bl ack drum , and sheepshead . B l ue  crab l arvae and eggs are al so 

fou nd i n  the d i et of many fi s h  (Adki ns , 1 972 ) . 

G . 2 . 4 . 4 . 2 . 3  Gu l f Menhaden 

The Gu l f  menhaden , fou nd mai n ly  i n  the Gu l f of Mex i co ,  compri ses a 

majori ty of the U . S .  menhaden fi s hery .  Adu l t menhaden overwi nter from 

65 to 1 00 km offshore i n  waters of 90 m depth . There they spawn from 

l ate fa l l  through the wi n ter . The l arvae move i nto the estuari ne nurseri es 

i n  September through Apri l .  They rema i n  i n  the l ow sal i n i ty waters , 

metamorphose i nto j uveni l es , and return to the open Gul f duri ng October 

through  February .  Menhaden have a rel ati ve ly  s hort l i fespan , returni ng 

to the spawn i ng areas after one year . Mos t  of the fi sheri es catch 
cons i s ts of one and two year o l d fi sh . I n  genera l , menhaden are found 

i n  a wide range of sal i n i ti es , 0 to 60 ppt ( U . S .  Dep t .  of Commerce , 

l 977a ) . 

G . 2 . 4 . 4 . 2 . 4  Anchovy 

Two speci es , bay and stri ped , are abundant off the Lou i s i ana coa st ,  

The str i ped anchovy prefer more sal i ne ,  c l earer water and are thu s found 

further offshore than the bay anchovy , wh i ch are genera l ly  restri cted to 

bays and nears hore areas . Both spec i es are found i n  schoo l s and have 

s imi l ar l i fe h i stor i es . D i et  cons i s ts ma i n l y  of mys i ds and copepods 

( H i l debrand and Schroeder , 1 972 ) . Spawn i ng occurs i n  the spri ng , summer , 

and fal l and the pe l ag i c  eggs hatch wi thi n a day . An i nfl ux of bay 

anchovy eggs and l arvae i nto the es tuar i es has been reported duri ng 

January through  J u ne , and i n  September and November . The l arvae and 

young j uveni l es tend to res i de i n  l ow sal i n i ty areas and move to h i gher 

sal i n i ty waters as  they grow (Dunham , 1 972 ) . 
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G . 2 . 4 . 4 . 2 . 5  Sc i aen id  F i s hes  

Atl anti c croaker . Th i s f i s h  i s  one of the mos t  abundant i n  the 

Lou i s i ana coasta l  area . Spawni ng occurs from October to May i n  the 

s ha l l ow open sea . As wi th the other estuari ne-dependent spec i es , the 

l arvae move i nto the estuary where they feed and grow . They rema i n  i n  

the estuary unti l the onset of col d  weather , then move offshore . Th  y 

are bottom feeders , consumi ng ma i n ly  annel i ds ,  mol l us ks ,  and asc i d i ans . 

Atl anti c croaker are d i stri buted from Mas sachusetts to Texas and are 

found i n  sal i n i ti es rang i ng from 0 to 75 ppt ( H i l debrand and Schroeder , 

1 97 2 ;  U . S .  Dept of Commerce , 1 977a ) . 

Seatrou t .  Var ious  types , i ncl ud i ng the spotted seatrout and weakfi s h ,  

are found i n  the Gu l f  of Mex i co .  The sand seatrout i s  the most  abundant 

coastal  speci es . I t  i s  confi ned to the Gu l f  of Mex i co and i s  found i n  

waters of from 1 . 3 to 3 2 . 5 ppt .  Spawn i ng occurs i n  the  spri ng and 

summer , near passes and i n l ets . The adul ts and l arvae move i nto the 

bays duri ng the summer then offshore wi th the onset of col d  weather 

( U . S .  Dept .  of Commerce , 1 977a ) . 

Red Drum or redfi s h  are found from Mas sachusetts to northern Mex i co 

commonly i n  the 5 to 30 ppt range though they have been taken i n  waters 

of between 0 to 50 ppt .  The adul ts u nder 3 years genera l ly  rema i n  i n  

the bays and s pawn i n  the s hal l ower waters of the Gu l f  near passes 

duri ng the fa l l .  O l der adul ts make s pawn i ng runs a l ong the coas t  i n  the 

l ate summer and wi n ter  ( U . S .  Dept of Commerce , 1 977a ) . J uven i l es tend 

to rema i n  i n  the bays unti l fal l when some mi grate to the Gul f .  Red 

drum are known to l i ve at l east  8 years . 

G . 2 . 4 . 5  Threatened or Endangered Speci es  

Several threatened or endangered ( U . S .  Dept of  I n teri or , 1 977a ) 
s pec i es of mar i ne repti l e  have been reported i n  the northern Gul f of 

Mexi co (Tabl e G . 2-34 ) . T he Atl anti c R i d l ey turtl e popu l at i on has undergone 

severe reductions  s i nce the 1 940 ' s when the i r number was a lmost  40 , 000 . 

I n  1 976 , the number of nesti ng fema l es was i n  the range of 400 to 500 . 

T he Atl anti c R i d l ey nests i n  abundance on ly i n  Tamau l i pas , Mex i co .  I ts 
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TABLE  G . 2- 34 Threatened or endangered repti l es and mamma l s reported i n  the northern Gu l f  of Mex i co . 

Common Name 

Repti l es 

Atl anti c Ri d l ey Turtl e 

Hawks h i l l  Tu rtl e 

Leatherback Turtl e 

Mamma l s 

Sperm Hha i e 

� Bl ack  Ri ght Wha l e  
� 
I 

� U1 
Humpback  Whal e 

Sei  Whal e 

Fi n Whal e 

Bl ue Wha l e 

Sc i enti f ic  Name 

Lepi dochelys kempi i 

Eretmochel�s imbr i cata 

Dermochel� coriacea 

P hyseter_ catodon 

E uba l aena g l ac i d i s  

Megapt_era novaeangl i ae 

Bal aenoptera boreal i s  

Bal aenoptera physa l i s  

Ba l aenoptera muscl u s  

Di stri but i on 

Trop i ca l  and Temparate 
seas 

Trop i ca l  Seas 

Trop i ca l  and Temperate 
seas 

Offshore Lou i s i ana ; 
M i s s i ss i pp i  and A l a bama 

Enti re Gul f of Mex i co 

Rare i n  Gul f of Mex i co ; 
one s i t i ng off Fl ori da 

Offshore Lou i s i ana 

Offshore Texas 
and Lou i s i ana 

Offshore Texas 

Source : U . S .  Department  of the I nteri or , 1 9 77a ; 1 9 77b . 

Status 

Endangered 

Endangered 

Endangered 

Endangered 

Endangered 

Endangered 

Endangered 

Endangered 

Endangered 

Food Source 

Portu n i d  Crabs 

Je l lyfi sh  

Squ i d ,  s hark and 
bonyfi shes 

Zoopl an kton-copepods 

Kri l l , school i ng fi s h ,  
copepods 

Kri l l , squ i d  and 
sma l l f i s h  

Euphaus i d s  



primary forag i ng area i s  i n  the northern Gu l f  of Mex i co coas ta l  area , 

espec i a l ly  off Lou i s i ana where i t  feeds heavi ly on portu n i d  crabs 

( Ca l l i nectes sp . ) .  There are records of Leatherback turtl es havi ng been 

caught by s hrimp trawl ers off the coast of Lou i s i ana . Th i s  spec i es 

nests i n  trop i ca l  waters but ranges throughout the Gu l f  and Wes tern 

North Atl an ti c to Nova Scoti a .  The Leatherback turtl e has been assoc i ated 

wi th l a rge concentrations  of je l lyfi s h  on whi ch they feed ( U . S .  Dept .  of 

I n teri or , 1 977b ) . The Hawksb i l l turtl e has  been reported to range the 

warmer coasta l  waters of the Atl anti c Ocean between New Eng l and and 

Braz i l ( Conant ,  1 958 ) . 

S i x  spec i e s  of endangered ( U . S .  Dep t .  of I nteri or , 1 977a ) mari ne 

wha l es ( Tab l e G . 2-34) , have been s i g hted i n  the northern Gu l f  of Mex i co .  

Most  were fortu i tous s i g hti ngs ( U . S .  Dept .  of I nteri or , 1 976 )  and do not 

i nd i cate i nd i genous popu l ati ons . 

G . 2 . 4 . 6  Un ique or Important Habi tats 

Severa l s h i pwrecks ( F ig ure G . 2-33 ) whi ch serve as arti fi c i a l reefs 

are wi th i n a few mi l es of the proposed Weeks I s l and a nd C hacahou l a bri ne 

d i ffuser s i tes . Two wrecks are l ocated about 7 mi l es to the west of the 

C hacahou l a  s i te ,  and one wreck i s  approxi mate ly  7 m i l es to the west  of 

the Weeks I s l and s i te .  I n  a neri ti c zone where sand and s i l t  substrates 

preva i l , these s h i pwrecks provi de a hard , s tabl e substrate for the 

attachment of aquati c organ i sms ( e . g .  barnac l es , macroa l age , bryozoans ) 

as  we l l  as  protecti ve cover for a vari ety of j uven i l e  organ i sms . The 

abundant  aquati c l i fe on these structures a l so prov i des a readi ly 

ava i l ab l e food source for the sheepshead , spadefi sh , jac kfi s h ,  seatrout ,  

a nd drum . 

G . 2- l 26 
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G . 3  IMPACTS O F  BR I N E  D I S POSAL ON THE MAR I N E  ENV I RONMENT 

G . 3 . 1  Impacts on  the P hys i cal  Envi ronment 

G . 3 . 1 . 1 I n troducti on 

Di sposal of bri ne from the Cap l i ne Group i n  the Gu l f  of Mex i co 

wou l d  be a l arge scal e operati on over the s hort term , but over the l i fe 

of the project thi s d i sposal  wou l d  be u ndertaken on ly  i nfrequently .  

I n i ti al l y ,  expans i on o f  Capl i ne Group crude o i l s torage capaci ty by 

l each i ng new caverns wou l d  i nvol ve d i scharge of bri ne over a peri od of 

50 to 60 months . Subsequent fi l l i ng of new caverns wou l d  requ i re 

d i sposal of add i ti ona l bri ne over 24 months . For study purposes , the 

l arger d i sposal rate duri ng l eachi ng was sel ected to max im i ze the 

magni tude of projected i mpacts . If e i ther the Weeks I s l and or Chacahou l a  

storage s i tes are sel ected for devel opment i n  the Capl i ne Group , off

s hore bri ne d i s posal  wou l d be uti l i zed . 

To determi ne the most effi c i ent d i ffu ser des i g n  and l ocati on for 

the d i ffuser system , a mathemati cal s imul ation  model was used . The 

model was devel oped by the Ral ph Parsons Laboratory at the Mas sachusetts 

I nst i tute of Technol ogy ( M IT ) and the model runs  were u sed by the 

Nati onal Oceanograph i c and Atmospheri c Admi n i strati on  ( NOAA ) i n  a s tudy 

underta ken  at the request of DOE to determi ne the effects of bri ne 

d i sposal connected wi th the SPR program ( U . S .  Dept . of Commerce , 1 977a ) . 

The MIT model i s  a time-dependent model  whi ch s imu l ates the trans i ent 

p l ume cond i ti ons  at the d i ffuser s i te when wi nd-dri ven current speeds 

and d i recti on are i nput to a computer for analys i s .  The ana lys i s  u ti l i zes 

resu l ts from d i ffu ser performance studi es conducted by the U . S .  Corps of 

Engi neers Waterways Experiment Stati on to determi ne the mathemat i cal 

d i l ut i on  factors i n  the near and i n termed iate f i e l ds (0 to 1 000 feet 

from the d i ffuser ) . Sal i n i ty concentrati ons  i n  the far-fi e l d reg i on 

were cal cu l ated u s i ng the MIT Trans i ent P l ume Model , whi ch has been 

cal i brated through therma l d i scharge studi es ( see Secti on G . l . 3 ) . 

The reg i on s  of analys i s for the MIT Model are s hown i n  Fi gure 

G . 3- l . I n  the near-fi e l d  reg i on , d i l ut i on  i s  affected by turbu l ent  j et 

m i x i ng and i s  a functi on of d i ffu ser desi gn , amb i ent current vel oci ty ,  

G . 3- l  
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and ( i n  sha l l ow water wh i ch wou l d  l im i t p l ume r i se ) , water depth . The 

trajectory of each p l ume , and the l ateral spread i ng of each p l ume after 

i t  fa l l s  to the bottom , are s trong ly  affected by the ( negati ve ) buoyancy 

f l �x of the d i scharge . The near f i el d reg i on i s  assumed to extend 

downstream unti l the p l umes from adjacent nozzl es merge to form a con

ti nuous p l ume , a d i stance on the order of 1 00 fee t .  

The i ntermed i a te f i e l d i s  characteri zed primar i ly by buoyant 

l ateral  spread i ng and verti cal  col l apse of the pl ume . Ambi ent  d i ffus i on 

acts to further d i l u te the p l ume , but i ts i mportance , i ni ti a l l y ,  i s  

secondary to buoyant spread i ng .  The i ntermed i ate f i e l d i s  assumed to 

end ( and the far fi e l d  to beg i n )  at a bout 1 000 feet , correspond i ng to 

the po i nt at  wh i ch verti cal  co l l apse of the p l ume due to buoyancy i s  

comparabl e wi th verti ca l  growth due to d i ffu s i on .  

The far f i e l d i s  the l argest of the three reg i ons  and i s  charac

ter i zed by the ambi ent processes of advecti on and d i ffus i on .  These 

proces ses are essen ti a l ly  i ndependent  of d i ffuser des i g n  and are the 

ones wh i c h  u l timate ly control any accumu l at i on  of effl uents . 

G . 3 . 1 . 2 Bri ne P l ume Sal i n i ty Analys i s 

G . 3 . 1 . 2 . 1  E st imated Base l i ne Cond i ti ons 

A p l ume analys i s  was i n i ti al ly  conducted ( U . S .  Dept .  of Commerce , 

1 977a )  u s i ng h i stori ca l  current data to determi ne the excess  sa l i n i ty 

val ues at  the bottom , m i d-depth , and surface for vari ous  scenari os of 

current s peed , d i recti on , a nd durat i o n  i nc l ud i ng stagnant cond i ti ons . 

Computations  were made for the 1 0  comb i nations ( 5  for each s i te )  of 

water depths , est imated current sequences , and d i ffus i on coeffi c i ents as 

shown i n  Tabl e G . 3- l . The base case ana lys i s  for the Weeks I s l and s i te 

( Run  No . 5 )  assumes a 2000-foot bottom d i ffuser l ength , a water depth of 

20 fee t ,  a f l ow rate of 650 , 000 BPD ( 42 cfs ) , a nd a four-day wi nd-dri ven 

current cycl e .  The base case analys i s  for the Chacahou l a  s i te ( Run 

No . 1 8 ) assumes a 3420-foot bottom d i ffuser l ength , a water depth of 30 

fee t ,  a fl ow rate of 1 , 1 00 , 000 BPD ( 7 1 cfs ) and a four-day wi nd-dri ven 
current cycl e .  Add i ti onal  ana lyses consi der the effect of s tagnant fl ow 

G . 3- 3  
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TABLE  G . 3- l  Summa �y of  na rameters used i n  b ri ne di s charoe ca l cu l ati ons ( for a bottom di ffuser ) . 

Di scharge 
Va riables Pa rameters Di ffuser Parameters Current Parameters Di ffus ion Parameters 

Cond i tion Qo Il e a  II  L N T II B 
K

h 

Run Tested (cty) (pjlt) (IT) (ft )  - (hr )  ( fps ) ( fps ) (ft2/s ) 

5 Base 4 2  230 20 2 , 000 34 96 0 . 5  -1 . 0  . 001 . 003a
h

1
·

1 5  

case 

1 4  Stagnant 
f l ow 

1 5  Reduced * Vert.  Di ff. 

1 6  Reduced 
* Hor .  Di ff. 

1 7  Reduced Vert
* & Hor. Di ff. 

1 8  Base 
case 

1 9  Stagnant 
f l ow 

20 Reduced * 
Vert . Di ff. 

21 Reduced 
Hor. D i ff.  * 

22 Reduced Vert* &Hor. D i ff.  

42 

42 

4 2  

4 2  

7 1  

7 1  

7 1  

7 1  

7 1  

Di ffus i  v i ty 

230 

230 

230 

230 

230 

230 

230 

230 

230 

20 2 , 000 34 

20 2 , 000 34 

20 2 , 000 34 

20 2 , 000 34 

30 3 , 420 58 

3 0  3 , 420 58 

30 3 , 420 58 

30 3 , 420 58 

30 3 , 420 58 

* D i ff .  = 

SOURCE : U . S .  Dept . of  Commerce , l 9 77a . 

• 

" 

384 0 . 25 

96 0 . 5  

96 0 . 5  

96 0 . 5  

96 0 . 5  

384 0 . 25 

96 0 . 5  

96 0. 5 

96 0 . 5  

-0. 75 

- 1 . 0  

- 1 . 0  

- 1 . 0  

-0. 1 

-0. 75 

- 1 . 0  

- 1 . 0  

- 1 . 0  

. 001 

. 0003 ( 1 0 '  
cei l i ng )  

. 001 

. 0003 ( 1 0 '  
cei l i ng)  

. 001 

. 001 

. 0003 ( 1 0 '  
cei l i ng ) 

. 001 

. 0003 ( 1 0 '  
cei l i ng) 

· 003a 
1 . 1 5  

h 

. 003a 
1 . 1 5  

h 

. OO l o  
1 . 1 5  

h 

. OOl o 
1 . 1 5  

h 

. 003a 
1 . 1 5  

h 

. 003a 
1 . 1 5  

h 

. 003a 
1 . 1 5  

h 

. OOl a 
1 . 1 5  

h 

. OO l o  1 . 1 5  
h 

Calcu l a t i on 
Times 

T
n (hr) 

309 , 333 
357 , 381 

4 7 7 , 573 
669 , 765 

309 , 333 
357 , 381 

309 , 333 
357 , 381 

309 , 333 
357 , 381 

309 , 333 
357 , 381 

4 7 7 , 573 
669 , 765 

309 , 333 
357 , 381 

309 , 333 
357 , 381 

309 , 333 
357 , 381 



cond i t i ons  ( Ru n  Nos . 1 4  and 1 9 ) and reduced val ues of hori zontal and 

verti cal d i ffus i o n  coeffi c i ents ( Run  Nos .  1 5 ,  1 6 ,  1 7 ,  20 , 2 1 , and 22 ) .  

Current sequences ass umed i n  the model were a comb i nation of tidal  

and , for the a l ongshore component onl y ,  wi nd -dr iven components assumed 

as : 

( i nshore component ) 

( a l ong s hore component ) 

Rotary tidal  components were spec i fi ed i n  the form : 

UT = 0 . 3  cos (�� t )  

VT = 0 . 6  cos (�� ( t  + 6 ) ) 

where t i s  i n  hours and uT and vT are i n  ft/sec . The wi nd -dri ven 

current was assumed to f i t  the schematic  cyc l e  descri bed in Fi gure 

G . 3-2 . Al though i dea l i zed , thi s sequence reproduces the observed 

phenomena of wi nd reversal s fol l owi ng the passage of a front ,  coupl ed 

w i th peri ods  of stagnat i o n .  A 4-day wi nd-dri ven cycl e  was sel ected to 

s i mu l ate cond i ti ons of moderate wi nd and current .  A 1 6 -day wi nd-dri ven 

cyc l e  was sel ected to s imul ate the bu i l dup of sal i n i ty concentrati ons 

wi th t ime duri ng an 8-day peri od of stagnati on . 

G . 3 . 1 . 2 . 2  Resu l ts and Conc l u s i ons ( Est imated Currents ) 

For each run , excess concentrati ons were ca l cu l ated four times 

wi th i n the current sequence and at three depths ( bottom , mi d -depth , and 

surface ) .  I s oconcentrati on pl ots for those depths and times ( s hown i n  

Tabl e G . 3-l ) a t  wh i c h  pred i cted excess concentrati ons exceeded 0 . 1 ppt 

are presented i n  1 1Analys i s  of Br ine D i sposal i n  the Gul f of Mex i co ,  

Capl i ne Sector"  ( U . S .  Dept . of Commerce , 1 977a ) . 

Concl u s i ons  drawn from the model outputs may be summari zed as 

fol l ows : 

1 .  The current sequence has on ly  a moderate effect on the 

maxi mum pred i cted concentrati on i n  the far f ie l d (�2 -5  ppt ) , 

but i t  substantial l y  i nfl uences the s hape of the pred i cted 

pl ume . Peri ods  of strong amb i ent currents produce l ong 

G . 3- 5  
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narrow p l umes wi th sa l i n i ty concentrati ons near the d i ffuser 

rema i n i ng re l ati vely l ow .  Duri ng per i ods  of weak amb i ent 

currents , the p l umes tend to rema i n  c l ose to the d i ffuser .  

2 .  Sa l i n i ty concentrati ons i n  the v i c i n i ty of the di ffuser 

are g eneral ly  h i g her for cases of strong ambi ent currents 

wi th i n  a current cyc l e .  The time T1 for each  cycl e  repre

sents a time when the current i s  i nstantaneous ly  h i g h , but 

the effects of pri or stagnati on a nd/or a reverse current 

durat ion  can be seen . 

3 .  Extended stagnation  peri ods s i g n i fi cantly i ncrease bac kground 

sa l i n i ty concentrati ons . An ei g ht-day stagnati on per i od re

su l ted i n  an  i ncrease of 1 ppt compared to a one or two-day 

stagnation  peri od . 

4 .  Reduct i on o f  the hori zonta l and verti ca l  turbu l ent d i ffu s i on 

coeffi ci ents has no s i g n i fi cant effect on the max i mum pre

d i c ted sa l i n i ty concentration  i n  the far fi e l d .  I f  the 

verti ca l  d i ffu s i on coeffi ci ent i s  reduced ( by ,  for examp l e ,  

a factor of 3 . 3 ) , bottom concentrat ions over the enti re p l ume 

are i ncreased s l i g htly ( 0 . 5  ppt ) . The effect i s  greatest 

c l osest to the d i ffuser . At i ncreased d i s tances away from the 

d i ffuser , more m i x i ng ta kes p l ace , and the pred i cted con

centrati ons approac h those of the base case ana lysi s .  If  the 

hori zonta l d i ffu s i on coeff i c i ent i s  reduced by a factor of 

three , for examp l e ,  the l a tera l spreadi ng of the p l ume i s  

reduced , wh i c h i ncrea ses the pred i cted bottom concentrati ons  

a l ong the centerl i ne of the p l ume . 

5 .  A p l ot o f  affected bottom areas vs . exces s  sa l i n i ty for 

vari ous runs i s  s hown i n  Fi gures G . 3-3  throug h  G . 3-8 . The 

ba se case ca l cu l ations  for Weeks I s l and and C hacahou l a  i nd i 
cate that an  i ncrease of l e ss than 5 ppt above ambient  may 

be expected wi thi n  a boundary of 1 06 square feet ( 23 acres ) .  

F i gures G . 3-6 and G . 3-8 i l l u strate four time peri ods for 

the runs ( 1 4  a nd 1 9 )  wi th extended stagnati on . An overa l l 

G . 3- 7  
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F I GURE G . 3- 4 .  Bottom concentrati ons vers us area for vari ous runs at Chacahou l a  
for output t ime 4 ( see Fi g .  G . 3-2 ) . 
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T1 = E N D  OF 1 - DAY UPCOAST CU R R ENT 

T2 = END OF 1 - DAY DOWNCOAST CU R R ENT 

T3 = AFTER 1 DAY OF STAG NATION 

T
4 

= E N D  O F  2 - DAY STAG NATION 

W E E K S I S L A N D 

RUN 5, BOTTOM 
4 - D A Y  C Y C L E  

F I GURE G . 3- 5 . Bottom concentrati ons vers us area for base case cal cu l ati ons at 
Weeks I s l and ( run 5 )  for output ti mes 1 , 2 , 3 , 4  ( s ee F i g .  G . 3- 2 ) . 
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KEY:  

T 1 = END OF 4 - DAY UPCOAST CU R R ENT 

T 2 = END O F  4 - DAY DOWNCOAST C U R RENT 

T3 = AFTER 4 DAYS O F  STAGNATION 

T4 = END OF 8 - DAY STAGNATION 

W E E K S I S L A N D 

RUN 14, BOTTOM 

1 6 - D A Y  C Y C L E  

F I GURE G . 3-6 . Bottom concentrati ons vers us area for ca l cu l ati ons w i th a 1 6-day 
cycl e - Weeks I s l and (run 1 4 )  for output t imes l , 2 , 3 , 4 , ( s ee 
Fi 9ure G . 3- 2 ) . 
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KEY: 

T1 = END OF 1 - DAY UPCOAST CURRENT 

T 2 = END OF I - DAY DOWNCOAST CURRENT 

T3 = AFTE R I DAY OF STAGNATION 

T4 ,. END OF 2 - DAY STAGNATION 

C H A C A H O U L A 

RUN 1 8, BOTTOM 

4 - D A Y  C Y C L E  

F I GURE  G . 3- 7 .  Bottom concentrati ons vers us area for base case ca l cu l ati ons at 
Chacahou l a  ( run 1 8 ) for output ti mes 1 , 2 , 3 , 4 ( see F i g .  G . 3-2 ) . 
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KEY: 

T1 • END OF 4 - DAY UPCOAST CURRENT 

T 2 • END OF 4 - DAY DOWNCOAST CURRENT 

T3 • AFTER 4 DAYS OF STAGNATION 

T4 • END OF 8 - DAY STAGNATION 

C H A C A H O U L A 

RUN 19, BOTTOM 

1 6 - D A Y  C Y C L E  

F I GURE G . 3- 8 . Bottom concentrati ons versus area for cal cu l ati ons wi th a 1 6 -day 
current cyc l e  at Chacahou l a ( run 1 9 )  for output t imes 1 , 2 , 3 , 4 
( see Fi g .  G . 3-2 ) . 
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i ncrease i n  background sa l i n i ti es of approximately 1 ppt 
occurs between the T1 curve ( after 4 days of u pcoast  current 
and the T4 curve ( after 8 days of stagnati on ) . A p l ot at  the 
end of a s l ack  water peri od (T4 ) wi th reduced hori zonta l and 
verti cal d i ffu s i on ( Run Nos . 1 7  and 2 2 ) s hows : 

a ) Sal i n i ty concentrati ons i n  the near fi e l d  rema i n  
s imi l ar ;  

b ) The area wi th i n  i soconcentrati on l i nes i s  i ncreased by 
a factor of 4 or 5 over the base case cond i ti on .  

The effect on bottom areas by reduc i ng on ly the verti ca l di ffu s i on ( Run 
Nos . 1 5  and 20 ) i s  greater than reduc i ng only the hori zonta l  di ffus i on 
( Run Nos . 1 6  and 21 ) . Th i s  behav i or occurs becau se the former process 
moves excess sa l i n i ty concentrati ons away from the bottom , wh i l e  the 
l atter process mere ly red i s tr i bu tes the sal i ne mass  a l o ng the bottom . 

G . 3 . 1 . 2 . 3  Observed Base l i ne Cond i ti ons , Res u l ts a nd Conc l u s i ons  

A second p l ume ana lys i s was conducted (U . S .  Dep t .  of  Commerce , 
1 978b ) u s i ng � s i tu current data col l ected at  the Weeks I s l and and 
Chacahou l a  d i ffuser s i tes duri ng October and November , 1 97 7  ( see F i gure 
G . 2-2  through G . 2- l 3 ) . These data , whi l e  not s tati sti ca l ly character
ti c for the who l e  year , represent actua l  currents at  the d i ffu ser s i te .  
F i gures G . 3-9  through  G . 3- l 6 depi ct contours of the far-fi e l d  sa l i n i ty 
patterns emanati ng from the proposed di ffu ser at  3-hour i n terva l s duri ng 
a ti dal cyc l e .  A total of about  1 3  days of data on observed currents 
was i npu t to the model pri or to outputti ng the sa l i n i ty contours shown . 
The f igures represent an i nstant time analysi s of the p l ume as  i t  wou l d  
dynami ca l ly change i n  response to changes i n  the ti dal  and wi nd-dr i ven 
currents found i n  the proposed di ffu ser area . F i gure G . 3- 1 7 and G . 3- l 8  
i l l u strate the current ve l oc i ty vectors at  two depths , correspondi ng to 
the times the p l ume model outpu ts were ta ken . 

The October-November i n- s i tu current data i nd i cates that the currents 
at the two s i tes  are wea ker than prev i ous ly  estimated u s i ng the h i s tor
i ca l  current data ( U . S .  Dept .  of Commerce , l 977a ) . The expected di l ut ion  
effect of the currents wou l d  therefore be  l es s , cau s i ng a n  i ncrease i n  
the observed excess s a l i n i ty and temperature va l ues at the s i tes . 
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F I GURE G . 3-9 . Contours of excess sa l i n i ty concentrati on  { ppt ) at vari ous d i s tances ( feet ) from 
the center of the di ffuser ( dot )  for the propos ed Weeks I s l and s i te us i ng observed 
currents at T = 0 hrs . 
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F I GURE G . 3- 1 0 .  Con tours of  exces s s a l i n i ty concen trat i on s  ( no t )  at va ri ous 
di s tances ( feet ) from the center of th e d i ffus er  ( do t )  fo r the  
orooosed Week s  Is l an d  s i te us i n g ob s e rved currents at T=3 h rs .  
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FI GURE G . 3- 1 l . Contours of exces s sa l i n i ty concentrati ons ( ppt ) at  vari ous di s tances ( feet ) from 
the center of the di ffuser  ( dot ) for the proposed Weeks I s l and s i te us i ng observed 
currents at T = 9 hrs . 
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FI GURE G . 3-1 2 .  Contours of  e xcess sal i nty concentrati ons  ( ��t ) at vari ous di stancP.s ( feet)  from 
the center  of the di ffuser ( dot )  for the orooosed  \<leek s  I s l an d  s i te us i no observed 
currents at T= 18 h rs .  
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FIGURE G . 3-l 3 .  Contours of exces s s al i n i ty concentrati ons { ppt )  at vari ous di s tances ( feet )  from 
the center of the di ffuser ( dot )  for the proposed Chacahou l a  s i te u s i ng  observed 
currents at  T = 0 hrs . 
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FISURE G . 3- 1 4 .  Contours of excess sal i n i ty concentrati ons ( ppt ) at  vari ous di s tances ( feet) from 
the center of the di ffuser ( dot )  for the proposed Chacahou l a  s i te us i ng observed 
c urrents at T = 3 hrs . 
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FI GURE G . 3- 1 5 .  Contours of excess sal i n i ty concentrati ons ( ppt )  at  vari ous d i s tances ( feet ) from 
the center of the di ffuser ( do t )  for the proposed Chacahou l a s i te us i ng observed 
currents at T = 6 hrs . 
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FI GURE 8 . 3- 1 6 . Contours of exces s sa l i n i ty concentrati ons ( ppt )  at  vari o us di s tances ( feet ) from 
the center of the di ffuser ( dot )  for the proposed Chacahoul a s i te us i ng observed 
currents at T = 9 hrs . 
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F I GURE G . 3- l 7 .  Weeks I sl and current vel oc i ty vectors at depths of 1 1  and 1 4 . 5  feet correspond i n g  
to the snapshot ti mes for the pl ume model output ( s ee � i gures G . 3- 9  through G . 3- l 2 ) . 
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The expected p l ume patterns , u s i ng the observed current data , cl osely 
para l l e l the patterns predi cted by i nputti ng estimated current data . The 
i sopl eths of sa l i n i ty i n  the f igures are p l otted where the pred i cted excess  
sa l i n i ty contours exceed 0 . 1 ppt .  Wi th the excepti on of the 0 . 1  ppt  i s o
hal i ne ,  the four pred i c ted p l umes are s im i l ar ,  refl ecti ng the effects of 
ambient  currents i n  the area on the s hape of the pl ume pattern . Excess far 
fi el d sa l i n i ty concentrat i ons do not exceed 2 ppt for a ny of the p l umes 
descri bed ; thi s i s  a l so cons i stent wi th pred i cti ons us i ng estimated cur
rents . Sal i n i ty concentrati ons near the d i ffuser head are rel ati vely h i g h  
due to the pos i ti ve dependence o f  the nearfi e l d  d i l ut i ons on  current speed . 

G . 3 . 1 . 3  Bri ne P l ume Therma l Ana lys i s  

The bri ne whi c h  wou l d be d i scharged from Capl i ne Group d i ffusers a t  
Weeks I s l and or C hacahou l a ( F i gure G . 3- 1 9 )  wou l d  ori g i nate e i ther from the 
i n i ti a l  l eachi ng of caverns or from water d i spl acement of s tored oi l duri ng 
a cavern fi l l  peri od . Because of the earth ' s  thermal i nfl uence i n  these 
deep caverns , the effl uent  bri ne wou l d  be e l evated i n  temperature . The 
temperature of the bri ne before d i s posal  i n  the Gul f of Mexi co wou l d  thus 
be i nfl uenced by thi s  geotherma l heati ng and i s  rel ated to the depth of the 
l eached caverns i n  the earth , the res i dence time i n  the caverns , the temper
ature of the d i sp l aced oi l ,  the retention  time of the bri ne i n  the hol d i ng 
p i ts and any heat l os s  or gai n i n  the pi pel i ne to offs hore . Al though i t  
has been conservati vely estimated that the temperature of the bri ne wi l l  be 
1 30°F ,  observations  made for vari ous fl ow rates at severa l operati onal  sa l t  
domes s how that the temperature of the bri ne before i njecti on i nto a bri ne 
ho l di ng p i t wi l l  be more rea l i s ti ca l ly at  a temperature of 1 20°F or l es s .  

Observed Temperature and F l ow Rates for Bri ne at  
Several Gul f Coast  Sa l t  Domes 

Sal t Dome 

Bryan Mou nd 

Bayou C hoctaw 
West  Hackberry 

Bri ne T8mperature O i l  Te�perature Fl ow Rate 
( F )  ( F )  ( BPH ) 

1 20 

80-90 
80-90 

80 

80 
80 

1 500 
1 000 
1 250a 

1 500 
1 000 

a Fi l l  at Bayou C hoctaw i s  i ntermi ttent ;  the average i s  1 250 BPH but 
actua l  i njecti on rate i s  2200 BPH . 
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FI GURE G . 3-1 9 . Schemat i c  model for bri ne temperature analys i s .  



An analys i s  of hea t transfer properti es i n  the proposed bri ne 
di sposal p i pel i ne was conducted to determi ne the expected heat l oss i n  
the d i sposal  when the bri ne i s  pumped from the bri ne p i t to the di ffu ser 
head ( F i gure G . 3- 1 9 ) . Thi s ana lys i s  was carr i ed ou t for cond i ti ons 
where the temperature of the bri ne at  the i n l et ranged from 70°F to 
1 40°F and ambi ent ground temperatures ranged from 50°F to 70°F .  The 
res u l ts of thi s ana l ys i s  i n  the tabl e bel ow i nd i cate that the max imum 
temperature d i fferenti a l  ( 6T )  between the i n l et and the outl et ( i . e . , 
the d i ffu ser ports ) wou l d  occur for the case when the i n l et temperature 
was 1 40°F and the ground temperature was 50°F ,  bu t th i s  d i fference wou l d  
on ly  amount to 3 . 2°F due to the i nsu l ati ng effect of the p i pe coati ngs of 
tar wrap a nd concrete . Therefore the temperature of the bri ne at  the 
d i ffu ser head cons i dered bel ow shou l d  conservative ly  rema i n  wi thi n the 
temperatu re range of about  1 1 5° to 1 20°F .  

Bri ne Temperature ( °F )  at  the Proposed D i ffuser Ports 
as a Functi on of Ground Temperature and Bri ne 

Temperature at the P i pel i ne I nl et 

Bri ne I n l et 
Tem�erature ( °F )  

1 40 
1 30 
1 1 0 
90 
70 

G . 3 .  1 . 3 . 1  Genera l Approach 

Ground Tem�erature 
50 60 

1 36 . 8  1 37 . 2  
1 27 . 2  1 27 . 6  
1 08 . 1  1 08 . 5 
88 . 9  89 . 3  
69 . 6  69 . 9  

( OF )  
70  

1 37 . 6  
1 28 . 1  
1 08 . 9  
89 . 6  
70 . 0  

To estimate the potenti a l  impacts from excess temperatures whi ch 
m ight  resu l t from di scharge of bri ne to the Gul f  of Mex i co through a 
Cap l i ne Group  d i ffu ser at  e i ther Weeks I s l and or Chacahou l a ,  a s im
p l i sti c heat fl ow model  ( F i gure G . 3-20 )  was eva l uated a nd ana lyzed . A 
corre l ati on was made between excess  temperature a nd excess sa l i n i ty 
profi l es , assumi ng 90°F seawater ( probabl e max imum ) and bri ne tempera
tures varyi ng from 90°F to 1 50°F .  The bri ne di spers i on model as di s
cussed i n  Secti on G . 3 . 1 . 1  prov i ded a bas i s  for applyi ng thi s correl ati on 
to expected m ix i ng cond i ti ons i n  the Gu l f  of Mex i co at  the di ffu ser 
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Seawater Q 
effecti ve l y  s 

entra i ned i n  C 
Bri ne  s 

D i ffuser Cps  

Ts 

S ubmari ne 
Bri ne  

D i ffuser 

Qs 

cs 

cps  

Ts 

Mi x i n g  Envel ope 
- Qm 
- em 
- cpm 
- Tm 

Mi x i ng  Enve l ope 

Where : Q = F l ow rate ( cfs ) 

Mi x i ng envel ope 
corresponds to the 
area as  defi ned by 
i sop l eths o f  s a l i n i ty 
i n  Bri ne P l ume model  
( U . S .  Dent . of  Commerce , 
l 97 7a )  · 

C = Sa l i n i ty Concentrati on ( ppt)  

Cp = Speci fi c  heat ( BTU/ 1 6m-°F )  

T = Temperature (°F )  

FI GURE G . 3-20 . Schemati c model of m i x i ng zone rel ati ons h i ps for  bri ne pl ume temperature ana lys i s . 



s i tes . The s i mp l i fi ed ana lys i s  presented here does not account for 
buoyancy effects i n  the water col umn due to e l evated bri ne temperatures . 
The analys i s  s houl d be reasonably accurate wi th i n  the mi x i ng zone whi ch 
i s  l ocated c l ose to the br ine  d i ffuser.  

S i nce the temperature of the bri ne wi thi n the sa l t dome i s  not 
accurately known and temperature wi l l  vary wi th  res i dence t ime and the 
other factors descri bed a bove , a parametr i c  analys i s  was used to rel ate 
the d i fference i n  the temperature i n  the bri ne p l ume compared to the 
ambi ent water temperature ( �T1 ) wi th  the temperature of the bri ne (Tb ) 
( see F i gure G . 3-20 ) . 

G . 3 .  1 . 3 . 2  Sa l i n i ty Di l ut i on Ca l cu l ati on 

The bas i c  analys i s  for the sa l i n i ty d i l ut ion effects corresponds to 
the area at the d i ffuser s i te defi ned by the MIT model ( Secti on  G . 3 . 1 .  1 )  
a bove ; i n  th i s  analys i s  sa l t i s  conserved throughout m i x i ng zones such 
that : 

pm Qm em = p b Qb cb + p S Qs Cs ; where pm Qm = p b Qb + p S Qs ' 

and i s  the spec i fi c  grav i ty of the correspond i ng fl u i d .  p 

C = p b Qb C b + p S QS CS 
m p b Q b + p s Qs 

Defi ne : �cl = em - c s = p b Qb c b + p S Qs c s - c s 
p b Qb + p s Qs 

Or �c l = p b Qb ( Cb - Cs ) 

p b Qb + p s Qs 

Sol ve for Qs : Qs = p b Qb ( Cb - Cs ) - p b Qb ( �C 1 ) 

p s � c l 

Defi ne : Cb - Cs = �c2 = constant 

Then � 
p S 
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G . 3 . 1 . 3 . 3  Heat Di l ut ion Ca l cul at ion 

Ass ume conservation of energy i n  m i x i ng zone : 

P m Qm Cpm Tm = P b Qb Cpb Tb + P s Qs Cps Ts ; where 

Pm Qm = P b Qb + P s Qs and wi th i n  most of m i x i ng zone , 

cpm � cps ( i . e . ' substanti a l  d i l ut ion ) 

Al so , heat capaci ty per u n i t  vol ume i s  nearly i ndependent of sal i n i ty ,  
or p s cps = p b cpb = pm cpm 

then : 
Tm = P b Qb Cpb Tb + P s Qs Cps Ts 

(p b Qb + p s Qs ) cpm 
Def i ne : 

P s liT = T - T = m s 

Usi ng equati on ( 1 ) :  

= 

( 2 )  

Us i ng equati ons ( 1 ) and ( 2 )  and s i te spec i f i c  data for Qb ' Cb ' Cs ' 
P s ' P b ' and Ts , we can sol ve for Qs and liT , as a function of Tb and liC 1 . 

G . 3 . 1 . 3 . 4  Appl i cat ion  to  Capl i ne Group Di ffusers 

The fo l l owi ng data have been appl i ed to the d i ffuser at Bryan Mound : 

Qb = 42 cfs at Weeks I s l and , 71 cfs at  C hacahou l a  

liC = w 240 ppt ;  cb 270 ppt ;  cs = 30 ppt 

T = 32°C = 90°F s 
P s = 1 .  02 

p b = 1 . 2  
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Then , from Equat ion  ( 1 ) :  

1 . 2 = f ( llc 1 ) 1 . 02 

and from Equati on  ( 2 ) : 
liC l liT = 240 ( 0 . 85 Tb - 90 ) = f ( liC 1 , Tb ) 

Therefore , u s i ng the sa l i n i ty change profi l es ( liC 1 ) as cal cul ated i n  
Secti on G . 3 . 1 . 3 . 2  above , we can cal c u l ate Qs , a nd for var i ou s  a s s umed 
bri ne temperatures , Tb ' we can correl ate liT wi th liC1 . 

Fi gure G . 3-2 1  p l ots correl ati ons cal cu l ated between liC 1 , and liT , 
for a range of Tb from 1 50°F to 90°F and for an a s s umed Ts = 90°F .  

To a pply these resu l ts ,  the profi l es of exces s sal i n i ty wh i ch 
appear i n  Secti on G . 3 . 1  a bove can be rep l otted for excess temperature 
profi l es .  W i th i n  the range of liC 1 as p l otted , liT , wi l l  be l ess than 
1 ° F ,  whi ch  i nd i cates a very sma l l area wi l l  be affected by e l evated 
bri ne temperatures . Concentrat ion  profi l es of sal i n i ty excess wou l d  be 
needed i n  the near f ie l d to s how the area of poss i b l e  thermal impact .  
Therefore u nder worst  case cond i ti ons i t  i s  expected that at  the boun
dary of the 25-acre mi x i ng zone an  i ncrease i n  temperature of l ess  than 
1 ° F wou l d  occur duri ng summer temperature max ima . 

The presenc� of a strong thermoc l i ne or ha l oc l i ne at  the proposed 
d i ffuser s i te m ight  poss i bly i nhi bi t the verti cal movement of the p l ume 
d i s c harge water and thus i ncrease the area affected by el evated tempera
tures . The cond i ti on wou l d  mos t  l i kely occur i n  the spri ng when fresh
water i nfl ow ,  due to h igh  ri ver fl ow ,  is  a maxi mum , a nd the surface 
waters are beg i nn i ng to warm due to sol ar heati ng . 
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G . 3 . 2  I MPACTS ON WATER  QUAL I TY 

Impacts on the water qua l i ty of the Gu l f  of Mexi co duri ng bri ne 
d i scharge cou l d  i nc l ude i ncreased sal i n i ty ,  hydrocarbon , and trace meta l 
l evel s ,  d i srupti on of seawater i on  proporti ons , and a l terati ons i n  
c hemi ca l  consti tuent sol ubi l i t ies . Constructi on and operati on impacts 
wou l d  di ffer i n  that duri ng operati on , water used for o i l d i sp l acement 
wou l d be i n  contact wi th o i l and wou l d  be i n  the cavern for a l onger 
peri od . As a res ul t ,  di sp l acement water wou l d  be warmer and more sa l i ne 
a nd wou l d a l so conta i n  petrol eum hydrocarbons . 

The areal  extent of the br i ne p l ume has been predi cted us i ng a 
mathematica l  model and c urrent patterns observed i n  the Weeks I s l and
Chacahou l a area ( Secti on G . 3 . 1 ) .  Excess sa l i n i ty contours of the pre
d i cted p l umes are a s s umed to be tracers refl ecti ng the di stri buti on of 
other components that may be di scharged duri ng bri ne d i ffus i on . 

Lo u i s i a na has establ i s hed spec i fi c  water q ua l i ty cri teri a wh i ch may 
be app l i cabl e at  the proposed bri ne di ffuser l ocati ons . Segment 1 2 , 
Tabl e G . 3- 2 ,  i s  the area di rectly affected by the proposed Weeks I s l and
Chacahou l a  bri ne d i ffusers ; other segments may be i ndi rectly affected . 
The U . S . Envi ronmental Protecti on Agency ( EPA ) has a l s o  proposed water 
q ua l i ty cri ter ia  (Tabl e G . 3-3 ) . 

G . 3 . 2 . 1 Bri ne Chemi stry 

Approximately 500 sal t domes are found i n  the Gul f of Mexi co coastal  
bas i n .  They ori g i nated from the Louann sa l t  l ayer of the Tri ass i c
J u rass i c  Age ,  whi ch underl i es vi rtua l ly the enti re Gul f Coas t bas i n .  
Because of common ori g i n  of th i s  br i ne , the chemi cal  compos i ti on of the 
sa l t  domes except as noted for Bayou Choctaw are s i mi l ar (Tab l e  G . 3- 4 ) . 

Approximate ly  99% of sa l t  dome bri ne cons i sts of sodi um ch l ori de ;  
most of the rema i n i ng 1 %  i s  cal ci um s ul fate . Bri ne i n  exi s t i ng caverns 
i s  saturated ( 3 1 7 g/1 or 263 ppt )  wi th respect to sodi um ch l ori de ; for 
new caverns th i s  satu rati o n  l evel i s  expected to occur only duri ng the 
operati on p hase . Duri ng the i n i ti a l  so l uti on mi n i ng process for new 
caverns , res i dence t ime for the brine wou l d  be re l ati vely short and 
therefore total di ssol ved sol i ds l evel s wou l d  be l es s  than the l eve l s  
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TABLE G . 3-2  Spec i fi c  water qua l i ty cri teri a - State of Lou i s i ana . 
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L ATCHArALAYA BAS I N  

010010 Atcha f l l aya R i vtr - Hudwa ters ( B a rbre L o� n d l nq ) to 65 70 5 . 0  6 . 5  t o  8 . 5  200 33 440 
M1!o l i B  ( 1 . 2 m i l ts be l ow mouth o f  Bayou Boeu f )  
( lncl udts Grand lake and S i x.  M i l e  L a k e }  

010020 West Atcha f a l aya Bo rrow P i t  C a n a l  ( S t .  landry and 100 75 
St. Ml. r t 1 n  Pa ri shu) 

5.0 6 . 0  to 8 . 5  200 32 500 

010030 Atch,fal aya River - Mi l e  1 1 8  to Atclu f a l aya Bay 4 . 0  
( T i d l l )  

6 .  5 t o  9 . 0  200 35 

010040 J n t ra c o n u l  Wa terway (North-South} - Bayou Sorre l  ISO 75 5 . 0  6 . 0  t o  B. 5 1000 32 500 
to Kor9an C i ty 

010050 IntracoH U 1  Waten.-ay { E a H -We s t )  
lock5. t o  W a x  L a ke Ou t l t t  

• Bayou Boeu f I SO 75 5 . 0  6 . 0  t o  B . S  1000 32 500 

010060 Wu Lak.e Ou t l e t  ( T i da l )  4 . 0  6 . 5  to 9 . 0  1 000 35 

010070 A t c h i fa hya Say ( T i da l )  s.o  6. s to 9 . 0  70 35 

2.  BARATARIA BASIN 

020010 Bayou Verrtt { In c l udes 8c1you Chevereu 1 1 ,  Bayou 1000 SOD 
tt t.mon and Grand Bayou , e t c . )  

s . o  6 . 0  t o  B . S  200 32 2000 

4 .  MERMENTAU - VERMILION- TECHE BAS,IN 

040120 Ve"" f 1 1 on R f vtr · Or tc;� i n to J n t n c o n t a l  Wattf"'riay 230 36 5 . 0  6 . 0  to B .  S 200 32 3SO 

0401 30  Venn i l ion Rhtr · lntr�eoastal Wa ttf"'rray t o  4 , 0  
Ytnn l l lon B a y  ( T i d a l )  

6 .  5 to 9 . 0  1000 3S 

040140 Bayou T l grt - O r i g i n  to Yeml l l on Bay ( T i da l )  4 .0 6 . 5  t o  9 . 0  1000 3S 

0401SO L • k• Ptlgneur ( T i da l )  4 . 0  6 . 0  to B .  5 35 

040190 Bayou hcht · Headwa ters  to Keystone locks  and Oam 43 32 s . o  6 . 0  t o  B . S  200 32 210 

040200 Span f s h  l a k� 250 7S s . o  6 . 0  to B . S  200 32 500 

040210 Bayou hche · keystone locks and Dam to Char�nton so 50 s . o  6 . 0  t o  B . S  200 32 350 
Cana l 

0402!3 Tete Bayou 80 so 5 . 0  6 . 0  t o  B .  S 200 32 350 

0402 ! 4  lorrauvi l l e  C a n a l  so so s . o  6 . 0  t o  B . S  2 00  3 2  350 

040215 lake F a u s H  P o i n t  { In c l u d i n g  Daute r i v e  l a k e )  so so 5 . 0  6 . 0  t o  B .  S 200 32 350 

040216 Chdrenton Canal · l a ke rausst Point to S.&you Tee he so 50 s . o  6 . 0  t o  B . S 200 32 350 

040220 Bayou Teche · Chartnton C a n a l  to Wax l a k e  125 6B s . o  6 . 0  to B . S  200 n 500 

04022S Charenton Canal · Bayou Teche to I n t raco a s t a l  250 75 5.0 6.0 to B .  S 200 32 SOD 
Wat tntay 
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TABLE  G . 3- 2  conti nued . 

AGENCY 1 . 0 .  
NUMBER 

04DZZ6 

040Z30 

040Z40 

040Z50 

040Z70 

osoozo 

1 10010 

l lOOZO 

1 10030 

I 10040 

1 10050 

l lOOGO 

1 10100 

1 10 l ! O  

1 1 01ZO 

1 10130 

1 10 1 4 0  

1 1 0150 

1 10 \ 90 

l l OZOO 

1 1 0Z10 

1 10ZZO 

1 10280 

1 1 0Z90 

SEGHI:NT DESCRIPTION 

Charenton Ca n a l  - Intruoasta l Watrrw•y to West 
Cote B l a nche Bay ( T i da l )  

Ye,.,. l l lon Bay ( T i di l )  

West Cote Bl anche Bay ( T i da l ) 

E a s t  Cote B l a nche Bay Wa terway ( T 1 dl l )  

lntracoutal Waterway ( Eut-Wes t )  - Ytnfti l ion Lock 

5.  "!SS!SS ! P P !  BAS I N  

�hs t s s i pp i  R i ver: from O l d  R i ver Control 
Structure to l'luey P. long Br-idge above Neow Orleans 

1 1 .  TERRE BONNE BASIN 

late Verret 

lake P a l ourde 

Bayou Boeuf • l a ke Pa l ourde to Morgan C i ty 

Intruou u l  W'Henway ( E ut - Wtsl } - �rgan C i ty 
to l a rose 

Bayou B l ack - I n t racoastal  Wa tenway to Houii'WI 

Bayou Terrebonne - Th1 bodau.l to Bourg 

Bayou Grosse Tete - Headwaters to lntracou u l  
Wate�ay 

Bayou P l aquemine - H u dw.ners to Intr.coutal 
Wa te�ay 

Upper Cirand R i ver and Lower F l a t  Ri ver - Headwaters 
to l n t racoas ta 1 Wc1 terway 

I n t racoa s t a l  Watenway {North-Sou t h )  - Port Al l en to 
Be you So r re 1 

lower Gr6nd R i ver- and Be l l  R i v e r- - Bayou Sorrel to 
lake Pa l ourde ( Inc l udes Bayou Go u t •  •nd Grand Sc1yo u )  

Bayou du large - Koum.a to B a y  J u n o p  ( T i da l )  

lake Ha che , lake DeCade , lost lake and Four-ltatj!ue 
Bay ( T i da l )  

Bayou Pench11nt and lc11 ke Penchant - �rgan C 1 ty to 
Late DeCade ( S c e n i c  Ri ver) ( T i d a l )  

Ca i l l<N Bay 

Bayou lafourche - Donaldsonv i l l e  to larose 

Bc1you la fourcl'tc - lar-ose to Gu l f  o f  �eJ.i co ( T i da l } 

l Z .  gl�� 

Gu l f  of M.t .r. f co and other open cou t • l  wc1ters not 
spec f ff ccJ l ly fdcn u f i t d  in the t a bl n 
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75 

100 

tOO 

100 

Z50 

Z50 

Z30 

Z50 

Z5 

Z50 

Z50 

Z50 

Z50 

10 

lZO 

4 . 0  

4 . 0  

4 . 0  

4 . 0  

4 . 0  

5 . 0  

CR I T ER IA 

6 . S  to 9 . 0  

6 . S  t o  9 . 0  

6 . 5  t o  9 . 0  

6 . 5  t o  9 . 0  

L S  to 9 . 0  

6 . 5  t o  9 . 0  

7 5  5 . 0  6 . 0  t o  8 . 5  

7 5  S . O  6 . 0  t o  8 . 5  

7 5  5 . 0  6 . 0  t o  B . 5  

75 5 . 0  6 . 0  t o  8 . 5  

7 5  5 . 0  6 . 0  t o  8 . 5  

55 5 . 0  6 . 0  t o  8 . 5  

7 5  5 . 0  6 . 0  t o  8 .  5 

Z5 5 . 0  6 . 0  to 8 . 5  

75 5 . 0  6 . 0  t o  8 . 5  

7 5  5 . 0  6 . 0  t o  8 . 5  

7 5  5 . 0  6 . 0  t o  8 . 5  

75 S . O  6 . 0  t o  8 . 5  

5 5  

4 . 0  

4 . 0  

4 . 0  

5 . 0  

5 . 0  

4 . 0  

5 . 0  

6 . 5  to 9 . 0  

6 . S  t o  9 . 0  

6 . 5  to 9 . 0  

6 . 5  t o  9 . 0  

6 . 0  to 8 . 5  

6 . 5  t o  9 . 0  

6 . 5  to 9 . 0  

zoo 

10 

10 

10 

1 000 

zooo 

35 

3S 

3S 

35 

35 

3Z 400 

ZOO 3Z 3SO 

zoo 3Z 300 

zoo 3Z 300 

zoo 3Z 500 

zoo 3Z 500 

zoo 3Z 875 

1000 3Z 500 

1000 3Z zoo 

1000 3Z 500 

1000 3Z 500 

1000 . 3Z soo 

1000 3Z 500 

10 

10 

10 

10 

zoo 

zoo 

10 

35 

35 

35 

35 

3Z 

35 

3Z 

50 



TABLE  G .  3-3 Proposed EPA n umeri cal cri teri a for water qual i ty .  

Pub 1 i c Water Mar i n e  Water Freshwater 
Parameter Supp ly I n take Canst i tute nts Aqu a t i c  L i fe 

b•g/ 1 )  (Aqu a t i c  l He) ( v g/ 1 )  (�g/ 1 ) 

Arsenic 50 50 

Cadmium 1 0  1 0  30 !hardness > 1 00 �g/1 ) 
4 hardness < 1 00 �g/ 1 ) 

Chromium 50 1 00  50 

Copper 1 000 50 1 / 1 0  LC 50 

lead 50 50 30 

Mercury 2 . 0  1 . 0 0 . 2  

N i c kel  100 1 / 50 LC 50 

Z i nc 5000 1 00  5/1000 LC 50 

Cya nides 200 1 0  1/20 L C  50 ( . 005 � g/ 1 )  

Aldrin 5 . 5  0 . 0 1  

DDT 50 0 . 6  0 . 002 

D i e l d r i n  5 . 5  0 . 005 

Chl orodane 3 0 . 04 

End r i n  0 . 2  0 . 6  0 . 002 

Heptachlor 0 . 1  8 0 . 0 1  

Heptach 1 o r  epox ide 0 . 1  

L i ndane 4 5 0 . 02 

Phenol s 1 . 0 1 /20 LC 50 ( 0 .  1 �g/1 ) 

O i l  and Grease 1 .  Not detecta b l e  a s  a 1 .  None v i s i b l e  on s u r-
v i s i b l e  f i l m, s heen d i s - face . 
col oration of the s u r- 2 .  1 000 vg/kg hexane face, o r  by odo r .  extractab l e  substances 

2. Does not cause ta i nt i n g  i n  sed i ment s .  
o f  f i sh o r  i nvertebrates 

3. 1 /20 LC 50 . or damage to bi ota . 

3 .  Does not form a n  o i l  
d e  pes i t  o n  the shores 
o r  bottom of the receiv-
i ng body o f  water.  

pH 6.5  - 8 . 5  6 - 9 
Anmoni a 400 1 /20 LC 50 ( 20 � g/1 ) 

Hydrogen SuHide 1 0  

Su l f ides 2 

Dis  so 1 ved Oxygen 6 . 6  � g/ 1  4 . 0  � g/ 1  ( > 31 °C )  

Phosphorus 0 . 1  

D i a z i non 0 . 009 

Ma l a thion 0 . 008 

Parathion 0 . 001 

Suspended aod 
80 �g/1 s e t t l e a b l e  sol i ds 

Turb i d i ty and l i ght 1 en: change in  
penetra t i on compensa t ion pT 

Co l or 1 0% change i n  
compensation pT 

Toxaphene 5 0 . 1 0  0 . 0 1  

SOURCE : U . S .  E n vi ron menta l P ro��c�i nn � ncn cy ,  1 9 7 3 .  

G . 3-36 



TABLE G . 3-4 Prel imi nary ana lys i s  of bri n e  i n  var i ous sa l t doMes of the 
Gul f Coast .  

E l ement Brine Sample" Sea Weeks 

or Ion BC-6 BC- 1 7  BC - 1 9  BH-5 SK-10 SU-2 lfi - 1 1  water" l s l ande 

Nab 1 02 ,800 1 21 ,200 1 20 , 400 1 1 7 ,600 1 20 ,800 1 2 1 ,600 1 20 ,800 1 0 , 561 5 ,200 

Kb 7 , 420 1 94 1 9  296 380 222 

Cab 5 ,300 420 330 720 370 910 420 400 250 

Mg
b 4 ,880 1 0  4 1 ,272 750 

Cl b 200,000 200,000 1 95 , 000 1 94 ,000 1 98 ,000 1 96 ,000 200,000 18,980 1 1  ,430 

so
4 

b 1 ,480 1 , 340 800 1 ,960 800 2 ,200 1 ,440 2 ,649 1 ,520 

Agc ,d < 1 0  < 1 0  < 1 0  < 1 0  < 1 0  < 1 0  < 1 0  0 . 3  
( < 4 )  ( < 4 )  ( < 4 )  ( < 4 )  ( < 4 )  ( < 4 )  ( < 4 )  

As c ,d <2  1 0  6 2 <2  <2  4 1 5  
( <200) ( <200) ( < 200 ) ( < 200 )  ( < 200) ( < 200 ) ( < 200) 

Sac <400 <400 <400 <400 <400 <400 <400 50 

cl 'd 1 00  2 2 <2 2 8 <2 
(96) ( <20 ) (<20) ( <20 ) ( <20 )  ( <20) ( < 20 )  

Cr
c ,d 8 <2  <2 <2 <2 <2 <2 

( <20) ( <20) ( <20) ( <20 ) ( <20 ) ( < 20 ) ( <20 ) 

Cuc ,d 1 4  20 1 5  2 < 2  <2  < 2  
( 2 5 )  ( 1 7 )  ( 5 4 )  ( < 1 0 )  ( < 1 0 )  ( < 1 0 )  ( < 1 0 )  

Hg
c < 0 . 2  < 0 .  2 <0. 2  <0.2  <0. 2 < 0 . 2  0 . 4  0 . 03 

Mnc 40 , 000 420 320 1 00  1 40 280 160 

Ni
c ,d < 2  2 2 2 <2  <2  <2  0 . 1  

( 6 )  ( 4 )  ( 6 ) ( < 4 )  ( < 4 ) ( 24 )  ( < 4 )  

Pb 
c ,d 34 25 26 2 1 2  <2 2 

(40) (20) ( 2 4 )  ( <20) ( <20 ) ( < 20) ( <20) 

Sb c
,d <2  <2 « 2  <2 <2  <2 <2  

( <2 0)  ( <20 ) ( < 20 ) ( <20)  ( <20 ) ( <20) ( <20) 

Sec <2 <2  <2 <2  <2 <2 <2 

ZnC 1 6 ,000 80 400 80 32 <2  

• saoop le Code ( Cavern number fol lows the Naooe code ) 

BC - Bayou Choctaw SU - Sulfur Mines 
BM - Bryan Mound WH - West Hackberry 
SK - Starks 
Sea wa ter analyses - Sverdrup, Johnson & Fleming, 1942 . 

bun its - Bri ne siiJIIIlles:  IIIIJ/ 1 ;  sea water sample:  mg/ko. 

cTrace elements uni ts : bri ne samples ug/ 1 ; sea water salftDl e :  uo/ko 

dFor brine samples , val ues in parentheses were by Emi ss ion Spectooraphv wh i l e  those n<it in parentheses 
were by Atom i c  Absorption. 

e
Average of mean , surface and bot to. sample concentrations during September, 1977. 
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d i s charged duri ng o i l s torage operations ( 270 g/ 1 or  230 ppt ) . Compared 

to norma l seawater ,  sodi um and chl ori de in the bri ne s o l uti on are an 

o rder of magni tude h i gher , but magnes i um i s  two orders of magn i tude 

l ower ;  ca l c i um and s u l fate concentrati ons are s im i l ar to those i n  s ea

water ,  whi l e  pota s s i um is  s l i ghtly l ower .  

Of the trace metal s anal yzed i n  bri ne , manganese ,  and z i nc amounts 

are greater than i n  seawater (Tabl e G . 3-4 ) .  However , i n  mos t  cases , the 

heavy metal concentrati ons in the bri ne are wi th i n  the acceptabl e EPA 

standards ( Ta bl e G . 3-3 ) . 

The water chem i s try of Bayou Lafourche and the I ntracoastal Waterway 

( I CW )  must a l so  be cons i dered s i nce these waters are the proposed sources 

for raw water at the Chacahou l a  and Weeks I s l and storage s i tes , respec

t i ve ly ,  and the i r  chem i ca l  consti tuents wo u l d eventua l l y be d i s charged 

at the d i ffusers . Addi t i ona l l y ,  the Gu l f of Mexi co and/or the M i s s i s s i pp i  

Ri ver are a l tern a t i ves to Bayou Lafourche ; the Gu l f i s  a l so an a l ternati ve 

to the ICW .  Water q ual i ty l evel s from samp l i ng s tati ons in  the  Cap l i ne 

reg i on (Tabl e G . 3-5 ) are , however , wel l wi th i n  EPA recommended g u i de l i nes 

and wou l d  not restri ct the use of e i ther the proposed or a l ternati ve 

water sources . 

G . 3 . 2 . 2  Impacts 

The maj or impact of bri ne d i s charged to the Gu l f  of Mexi co wou l d  be 

i ncreased sa l i n i ty l evel s wi thi n the p l ume ( Secti on G . 3 . 1 . 2 ) . Asso

c i a ted wi th th i s i ncrease woul d be an a l teration  in the constant compos i 

t i on o f  seawater .  In parti cu l ar , ca l c i um/magnes i um rati os , whi ch are 

normal ly  0 . 3 for seawater ,  are at l east two orders of magn i tude l arger 

i n  bri ne . 

A mode l used to pred i ct the concentrati on of vari ous chemi ca l 

components at vari ous exces s  sa l i n i ty contours for bri ne d i sposal  i n  the 

Texoma Group ( FEA , 1 977b ) ( Tabl e G . 3-6 )  forecas ts that many of the free 

c hemi cal  components woul d ass ume near norma l l evel s wi th i n  the 1 0  ppt 

excess  sa l i n i ty contour .  At Weeks I s l and and Chacahou l a ,  an  area of 

about 30 and 50 acres , respecti vely ,  wo u l d be  encompassed in  the l arger 

4 ppt excess  sa l i n i ty contour duri ng an 8-day s l ack  peri od , as predi cted 

by the t•1 I T  mode l ( Secti on G . 3 . 1 . 1 ) .  Furthermore , changes i n  the ca l ci um 

to magnes i um free concentrati on rati os are predi cted to be sma l l .  
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TABLE G . 3-5 

Arsenic ( A s �  (ug/ 1 )  
"' D i s .  Arsen i c  (As ) (ug/ 1 ) 

w Tot . Cadml.., (Cd ) (uq/ 1 )  
I O i s .  Cadmium (Cd ) (uq/ 1 ) 

w 
1.0 T o t .  Chromium ( C r )  (uq/ 1 )  

Hex . Chromium ( C r  6 )  {ug/ 1 )  
To t .  Copper ( C u )  (u9/ l )  
Ol s .  Copper ( C u )  (uq/ 1 ) 
Tot . lead (Pb)  (ug/ 1 ) 
D i s .  lead (Pb)  (uq/ 1 )  
To t .  Mercury ( H q )  (uq/ 1 )  
Sus. Mercury ( Hq )  (uq/ 1 )  
D i s .  Mercury ( Hq )  (ug/ 1 ) 
T o t .  N i ckel ( Il l )  ( uq/ 1 ) 
D i s .  N i ckel (Ni ) (ug/ 1 )  
T o t .  Z i nc ( Zn )  (ug/ 1 )  
Di s .  Zinc ( Z n )  (ug/ 1 )  

Water q ual i ty data from samp l i ng s tati ons i n  the Capl i ne regi on . 
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TABLE G .  3-6 Free component concentra ti ons  at  the var i ou s  exces s  s a l i n i ty conto urs as  predi cted by model l i ng . 

Exces s  Sal i n i ty i n  Parts Per Thousand 

Com�onent 0 . 0 1 0 . 0  30 . 0  60 . 0  1 59 . 4  

Bari urn 1 . 4 �g/ 1 l .  6 �g/ 1  2 . 2  �g/1  3 . 1  �g/ 1 6 . 6  �g/ 1 

Cadmi um . 009 �g/ 1 . 005 �g/ 1 . 002 �g/1  . 0007 �g/ 1 . 0001  �g/ 1 

Ca l ci um 3 59 . 5 mg/1  376 . 8  mg/ 1 404 . 8  mg/ 1  448 . 9  mg/ 1 400 . 8  mg/ 1  

C h l ori de 1 9 .  36 g/ 1 26 . 63 g/ 1 41 . 48 g/1  64 . 52 g/ 1 1 1 8 . 06 g/ 1 

Chromi um N*  N N N N 

Copper ( I I )  0 . 8  �g/ 1 0 . 8  �g/ 1 0 . 8  �g/ 1 0 . 8  �g/1  0 .  8 �g/ 1 

I ron  ( I I I ) N N N N N 

Lead 0. 2 �g/ 1 0 . 3  �g/ 1 0 . 2  �g/ 1  0 . 1  �g/ 1 . 004 �g/ 1 

G') Magnes i um 505 . 5 mg/ 1 508 . 0  mg/ 1  503 . 1  mg/ 1  488 . 5  mg/ 1 432 . 6  mg/ 1  
. 
w Manganese ( I I )  3 . 1 �g/ 1  1 1 2 . 1 �g/ 1  201 . 6  �g/ 1  2 1 2 . 6  �g/1  1 48 . 9 �g/ 1 I � 0 Mercury N N N N N 

N i  eke 1 1 . 2  �g/1  l .  7 �g/ 1 2 . 6  �g/ 1 3 . 5  �g/ 1 4 . 6  �g/ 1 

Po ta s s i um 3 7 1 . 8  mg/ 1  402 . 7 mg/ 1  465 . 3  mg/ 1  567 . 0  mg/ 1 797 . 6  mg/ 1  

S i l ver N N N N N 

Sodi um 1 0 . 5 1 g/ 1  1 5 . 24 g/ 1  25 . 06 g/ 1 40 . 23 g/ 1 75 . 41 g/ 1 

Su l fate 1 095 . 1  mg/ 1  920 . 2 mg/ 1 697 . 4  mg/ 1  480 . 3  mg/ 1  226 . 7  mg/ 1 

T i n ( I I )  N N N N N 

Z i nc 1 . 4 �g/ 1 4 . 8  �g/1  4 . 8  �g/ 1  4 . 8  �g/1  3 .  2 �g/ 1 

*N s pec i f i es zero or essenti a l ly zero free concentrati o n .  



Level s of trace meta l s  i n  the di s charge wou l d  be re l ated more to 

t he l eachwater source than the sa l t of the dome . As s hown i n  Tab l e 

G . 3-6 the qua l i ty of the water source i s  wel l wi th i n  recommended cri teri a .  

D uri ng f l ood or l ow-f l ow peri ods , heavy metal concentrati ons cou l d i n

crease i n  the i ntake wate r ,  pos s i b ly exceedi ng EPA recommended di s charge 

l evel s .  Res u l ti ng bri ne heavy metal l evel s may tend to exceed the 

ambi ent l evel s found at the di ffuser s i te (Tabl es  G . 2- 1 4 and G . 2- 1 5 ) . 

A porti on of the parti cu l ate heavy meta l s wou l d sett l e out  i n  the s a l t 

cavern , thereby decreas i ng the meta l l evel s i n  the bri ne . O nce d i scharged , 

the Texoma model predi cts that due to formati on of greater amounts of 

heavy meta l -ch l oro compl exes and other so l ub l e speci es , free concentrati ons 

of heavy metal s wou l d general ly be l es s  at e l evated sa l i n i ti es . At 

l ower excess  sa l i n i ti es , concentrati ons  of free heavy meta l s wou l d be 

h i g her ; however , because of expected overal l l ow l eve l s  l i tt l e i mpact 

may be ant i c i pated from trace meta l s di scharged i n  the bri ne .  

The predi cted n umber of prec i p i tate types wou l d remai n constant 

t hroughout the bri ne p l ume wi th the concentrati ons of mos t  prec i p i tates 

i ncrea s i ng wi th  i ncreases  i n  sa l i n i ty .  The h i g h  l eve l s  of di s so l ved and 

prec i p i tated so l i ds wou l d tend to have an affi n i ty for the s u rface of 

exi st i ng  parti c u l ates . Formati on and pos s i b l e settl i ng of these parti cu

l ates cou l d  have an i nfl uence on the sess i l e  mari ne l i fe in  the di s posa l  

area ( FEA , 1 977b ) . 

The e l evated sa l i n i ty and temperature of the bri ne water wou l d  

res u l t  i n  i ts deoxygenati o n .  Anoxi c waters are known to occur i n  th i s  

area a l ready. However , jet di l uti on  at the d i ffuser s i te wou l d  cause  a 

rap i d  i ncrease i n  oxygen l evel s to near amb i ent  l evel s .  There i s  no BOD 

or COD assoc i ated wi th the bri ne . Predi ctions  from other bri ne di sposal  

stud i es  have estimated reduct ions  of oxygen l evel s from amb i ent by 0 . 6  

mg/ 1  wi thi n the 20 ppt excess  sa l i n i ty contour ,  0 . 1  to 0 . 2  mg/ 1  wi thi n 

the 4 ppt exces s  sa l i n i ty contour and 0 . 06 mg/ 1  wi thi n the 2 ppt exces s  

s al i n i ty contour  ( FEA , 1 977a ; U . S .  Dep t .  of  Energy , 1 978 ) . W i nd  mi xi ng 

i n  these sha l l ow waters wou l d  ai d i n  reoxygenati on .  Impacts from l ow DO 

val ues woul d  occur onl y i n  the immedi ate vi ci n i ty of the di ffusers . The 

pH of t he water col umn s hou l d  not be a l tered , s i nce none of the consti tuents 

i n  the bri ne s ho u l d  affect pH l evel s .  
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At Weeks I s l a nd , br i ne d i s charge rates duri ng l each i ng wou l d be 

approximately 600 MBCD over 4 yea rs ; d i scharge rates duri ng o i l fi l l  

wou l d  be 1 90 MBCD over 1 . 5  years . At Chacahou l a ,  these rates wou l d  be 

1 250  MBCD over 5 years for l each i ng and 350 MBCD over 2 years duri ng o i l  

fi l l .  Al though sa l i n i ti es i n  the l eachwater wou l d  be about 1 5% l ower , 

i mpacts dur ing t h i s  p hase ,  espec i a l ly  at C hacahou l a ,  wou l d  be greater 

than duri ng operation  as a resu l t of h i gher rates of br i ne d i scharge 

over l onger periods .  

Duri ng the  operati onal p has e ,  petro l eum hydrocarbons d i sso l ved i n  

the br i ne wou l d  be d i scharged . The equ i l i bri um concentration o f  crude 

o i l s  i n  br ine  i s  31  ppm . However , there wou l d  be i ns uffi c i ent t ime ,  

turbu l ence ,  and c i rcu l at ion to a l l ow the o i l to reach the equ i l i bri um 

concentrati o n .  Mode l i ng stud i es ( FEA , 1 977a )  i nd i cate that the hydro

carbon concentration  i n  bri ne d i scharged to the s urface contro l fac i l i ty 

wou l d  average 1 6  ppm for the l ater stages of the i n i ti a l  o i l fi l l ; a 

concentration  grad i ent of 0 to 31 . 4  ppm wou l d  ex i st i n  the cavern , wi th 

the top 50 feet of br ine becom i ng saturated wi th o i l .  Duri ng s ubsequent 

o i l  refi l l s ,  a dense refractory l ay�r wou l d  have t ime to form , redu c i n g  

d i ffus i on and d i 5so l ut ion o f  o i l i nto the bri ne .  The bri ne transferred 

to the surface contro l fac i l i ty dur ing s ubsequent refi l l s  wou l d  conta i n  

a n  average hydrocarbon content o f  6 ppm . Depend i ng o n  cavern geometry , 

the o i l  concentration  wou l d vary from 4 to 1 5  ppm .  However ,  reduction  

· o f o i l  content duri ng bri ne d i scharge due to vapori zation  of l i ght 

hydrocarbons  wou l d  resu l t in an estimated o i l  concentrat ion i n  the 

d i scharged br ine of approx imate ly  6 ppm . H i stori ca l  data on the content 

of hydrocarbons di scharged from s i mi l ar bri ne cavern o i l  storage operations  

were col l ected . I n  Manosque ,  France , d i scharged o i l - i n- br i ne l eve l s  

were 4 . 6 ppm ( Range : 0 . 0- 1 3 . 8  ppm ) i n  operat ional caverns and 3 . 3  ppm 

( Range : 0- 1 0  ppm) i n  the so l ut ion  mi n i ng of new caverns . I n  Etzel , 

Germany , the hydrocarbon concentration  of the bri ne di scharge was l es s  

than 1 ppm ( FEA, 1 977a ) . 

The pred i cted l evel i s  an order of magni tude greater than amb i ent 

hydrocarbon  concentrations at the Weeks I s l and and Chacahou l a  br ine  



d i ffu ser s i tes . I f  hydrocarbons are d i l u ted as rap i d l y  as i on i c  com

ponents , however , el evated o i l  l evel s wou l d  occur on ly i n  the i mmed i ate 

v i c i n i ty of the d i ffuser s i te s .  I t  i s  expected that l ocal mi xi ng and 

d i spersal mechan i sms wou l d have a moderati ng effect .  

Many o f  the chemical  character i st i cs o f  the bri ne  d i scharge have 

been pred i cted to be d i l uted to near-ambient l evel s wi th i n  a smal l area 

s urro undi ng the d i ffuser .  Outs i de of thi s area , no one chemi cal compo

nent may be i n  h i g h  enough  concentrat i ons  to be tox i c  but a number of 

compounds may act synergi sti cal l y .  Seasonal factors such as temperature 

and ri ver i nput  may a l so act synerg i st i ca l ly wi th  the bri ne p l ume . 

These i mpacts wou l d mostly affect the b i o l ogy and eco l ogy of the s i te 

area ( Section G . 3 . 3 ) . 
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G . 3 . 3  I MPACTS TO THE B I OLOG I CAL ENV I RONMENT 

G . 3 . 3 .  1 Impact of Changes i n  Sa l i n i ty and Temperature on 
Aquat i c  Organ i sms 

The sa l i n i ty and temperature reg imes of the mar i ne env i ronment 

exert a major  i nfl uence on the d i stri but i on of ma ri ne organ i sms . � ter 

temperature i s  genera l ly  more important to the d i stri bution of i nd i  i dual 

o rgan i sms and faunal assembl ages than i s  sal i n i ty .  Water temperature 

contro l s the l i ves of most  aquat i c  an imal s ;  s i nce they are po i k i l otherms , 

the i r body temperatures are at or near the temperature of the water 

env i ronment and the i r  temperature vari es  wi th changes i n  the water 

co l umn . I n  the Gu l f  of Mex i co ,  the average maximum s urface water temp

erature rare ly  exceeds 85°F and at a depth of about 1 000 feet the temp

erature rema i n s  at about 41 °F .  These two phys i co- b io l ogi cal parameters 

and the i r  potent i a l  for change are important to the devel opment of a 

d i ffu ser s i te .  Thei r impact on b i o l og i cal  as sembl ages at the d i ffu ser 

s i tes are d i scus sed in the fo l l owi ng sect i ons . 

Aquat i c  organ i sms are bes t s u i ted , p hys i o l og i ca l ly , to an optimum 

sa l i n i ty range . Fa una and fl ora hav i ng l i m i ted sal i n i ty tol erance 

ranges are termed stenoha l i ne ;  tho se hav i ng a wide sal i n i ty to l erance , 

euryha l i ne .  Even though these organi sms exhi b i t  optimum sal i n i ty ranges , 

they often l i ve i n  waters outs i de these range s .  �J i th i n  the estuari ne 

and neri t ic  ecosystems , aquati c organi sms may encounter a wi de range of 

sa l i n i ty reg i mes . Estuar ies  and other coasta l  water bod i es , where 

seawater i s  measurably d i l uted wi th fres hwater , seasona l ly  undergo wi de 

sal i n i ty var i at ion s .  

An organ i sm ' s response to sa l i n i ty stress wi l l  vary dur i ng parti cu l ar 

sta ges  of i ts l i fe cyc l e .  The adul t stages may s how a to l erance to wi de 

sa l i n i ty reg imes , whereas narrow ranges are requ i red for spawn i ng and 

reari ng of l arvae .  Hence , a spec i es may change from stenoha l i ne to 

euryha l i ne d ur i ng  i ts l i fe cycl e ,  and even wi th i n  a certa i n  l i fe stage 

may to l erate d i fferent and often non-optimum growth sal i n i ty ranges . 

Th i s  i s  exemp l i fi ed by the l i fe cycl e of many Gul f of Mex i co mar i ne 

spec i es whi c h  a l ternate between envi ronments of l ow and h i gh sa l i n i ty .  
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Much of the spawn i ng acti v i ty occurs i n  the Gu l f , whi l e  the nears hore 

and estuari ne habi tats hav i ng l ower sal i n i ti es are uti l i zed as nursery 

areas . 

Envi ronmental temperature changes have pronounced effects on an 

organ i sm • s response to var i ations i n  sal i n i ty .  Aquati c  organi sms 

exhi bi t maximum to l erance to sal i n i ty var i ati ons when the temperature of 

thei r envi ronment i s  wi th i n  the i r optimum phys i o l og i ca l  temperature 

range .  W i thi n the Gu l f  coast estuari es and coasta l waters , seasonal 

var iat ions i n  water temperatures may be extreme , parti cu l arly in the 

s ummer and wi nter months when temperatures may approach or exceed some 

organ i sms • temperature l i mi ts .  Dur i ng  these months , s l i ght var iati ons  

i n  sa l i n i ty may cause excess i ve stress on these organ i sms . 

G . 3 . 3 . 2  Impacts to P l an kton 

P l ankton , due to thei r l i mi ted power of mob i l i ty ,  may become entrai ned 

i n  the bri ne d i scharge p l ume . The pl ankton i n  the upper hal f of the 

water col umn , i n  the v i c i n i ty of the bottom-fl owi ng bri ne d i scharge , 

w i l l  probably not encounter the section  of the p l ume i nduci ng adverse 

impacts . P l ankton i n  the l ower ha l f  of the water col umn encounter i ng 

t he p l ume at the d i ffuser wou l d  be entra i ned . The duration of exposure 

or " res i dence time" of p l an kton i n  the p l ume duri ng non- s l ack peri ods i s  

not l i ke ly to exceed several ho urs . On ly  a very smal l port ion of th i s  

t i me wou l d  be spent i n  the sector of the pl ume near the di ffu ser where 

extreme sal i n i ty l evel s ( from 5 to 230 ppt above amb i ent )  and temperatures 

( from 1 to 1 20° F above ambi ent ) wou l d  occur .  P l ankton entrai ned i n  the 

p l ume produced duri ng a worst case , e i g ht-day s l ack i n  the l ongshore 

nont i dal  current ,  due to very l ow ( � 1 em/sec ) current v e 1 o c i t  i e s wo ul d 

probably rema i n  in  the p l ume for a l onger t ime .  I t  i s  assumed that 

recovery from sa l i n i ty and/or temperature shock wou l d  commence when the 

p l an kton are carri ed out  of  the i mmed i ate area of the p l ume . I t  i s  

poss i b l e  that duri ng the cool er seasons temperatures wi th i n  sectors of 

the p l ume cou l d  temporari ly stimul ate p l ankton l i fe proces ses ( e . g . , 

photosynthes i s ,  feedi ng , metabol i sm ) . I t  has been estimated that the 

extent of the bri ne p l ume hav ing  sal i n i ty and temperature va l ues whi ch  
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cou l d  i nduce severe p hys i o l og i cal stress on the entra i ned p l ankton wou l d  

be rel at i ve ly  smal l .  The fol l owi ng tab l e  shows approxi mate acreages for 

the area wi th i n  excess i sohal i nes dur i ng both a conservati ve 8-day s l ack 

peri od us i ng estimated currents as we l l  as duri ng non-s l ack  per iods 

( u s i ng observed c urrents ) at  the Cap l i ne bri ne d i ffuser s i tes : 

Weeks I s l and C hacahou l a  

8-day 8-day 
PPT Non-s l ack  Per i od S l ack Per i od Non-s l ack  Peri od S l ack Peri od 

500 2900 1 400 4600 

2 250 400 450 1 300 

3 40 1 00 1 25 200 

4 30 50 

The data presented i nd i cate that the acreages wi th i n  each i sohal i ne are 

up  to about three t imes greater at Chacahou l a  compared to Wee ks I s l and . 

The h i gh sa l i n i ty-temperature reg i on  of the p l ume res u l ti ng from an 8-day 

s l ack i n  the l ongs hore nonti da l  currents wou l d be cons i derably l arger 

than under amb i ent current cond i ti ons but present for s horter peri ods . 

I t  has been estimated that the temperature at the 4 ppt i so hal i ne ,  as s umi ng 

a d i scharge temperature of 1 20°F ,  wou l d be l ess  than 1 °F above amb i ent . 

The p l ankton bi omass entra i ned i n  th i s  sector of the p l ume produced duri ng 

a stagnation  peri od ,  due to l ow current ve l oc i ti es ( � 1 em/sec ) and l i mi ted 

durati on , wou l d be comparati ve ly  sma l l .  

The sal i n i ty to l erances of several p l ankton  spec i es that mi ght  be 

found i n  the v i c i n i ty of the di ffuser s i te are g i ven i n  F i g ure G . 3-22 . 

Wi thi n g i ven to l erance ranges , these spec i es have p hys i o l og i ca l ly  optimum 

sa l i n i ty ranges . Above and be l ow these ranges , l i fe processes may be 

adverse ly  mod i fi ed . 

Bi oassay ana lyses were underta ken by NOAA ( U . S .  Department of Commerce ,  
1 978a ) to assess the impact of vari ous bri ne concentrati on at 72°F and 

86°F on  se l ected p l an kton and nekton spec i es over a 9-day peri od . Of 
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Weeks I s l and  and Ch acahoul � di ffuser  s i tes . 
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the three p hytopl ankton spec i es stud i ed , on ly S kel etonema costatum wa s 

col l ected duri ng the current study .  The conc l u s ions  drawn from these 

b i oassay stud ies  were : 

( 1 ) Each a l gal  spec i es exhi bi ted character i st ic  responses to 

var ious  concentrations  of bri ne : 

( 2 )  

T .  chu i i  - most to l erant 

H .  carterae - to l erant 

S .  costatum - most sen s i t i ve 

No growth occurred i n  40 percent ( 1 43 ppt )  bri ne so l ution  i n  

any spec i es , but a concentrat ion of 20  percent ( 94 ppt ) and 1 0  

percent ( 64 ppt )  was i n h i bi ti ng i n  varyi ng degrees as  fo l l ows : 

% Br i ne Sa l i n i ty (ppt ) H .  carterae s .  costa tum T .  chu i i  

0 . 0 30 . 0 ++ ++ ++ 

0 . 1  3 1 . 0  ++ +++ ++ 

0 . 2  3 1 . 5  ++ ++ ++ 

0 . 5  3 2 . 0 ++ ++ ++ 

1 . 0 34 . 0 ++ ++ ++ 

2 . 0  3 9 . 0 ++ + + 

5 . 0  4 6 . 0 ++ + + 

1 0 . 0  64 . 0  + 

20 . 0 94. 0 

40 . 0 1 43 . 0 

( +++ = better than control ; ++ = s i mi l ar to contro l ; + = l es s  than 

control ; - - = no growth ) .  

( 3 )  A concentration  of 5 percent bri ne i s  the h i g hest amount 

of bri ne at wh i ch a s tand of phytop l a nkton may reasonably 

be expected to be susta i ned . 

( 4 )  I ncrease i n  temperature ( from 7 2° to 86°F )  had no s i gn i fi cant 

effect on the growth of any of the al gae tested i n  concentrations  

u p  to a 5 percent bri ne concentrat ion . 
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Impact assessment of the bri ne d i sposal  on the mar i ne p hytop l an kton 

i n  the study area s houl d con s i der two poi nts : 1 )  because of the rel at i ve ly  

smal l s i ze of  the ( bottom-fl owi ng ) p l umes under con s i derati on , a propor

t i onate ly  smal l percentage of the total p hytopl ankton b i omas s  i n  the 

coastal shel f waters wou l d be entra i ned and therefore i mpacted by the 

p l umes under con s i derat i on ;  and 2 )  the res i dence t ime of p hytopl an kton 

entra i ned i n  the p l ume produced duri ng  peri ods of normal current and 

t i dal  f l ow woul d be bri ef and wou l d  amount to no more than a few hours 

durati on . 

F i gures G . 3-23 and G . 3-24 present a 2 -year sa l i n i ty record ( 1 963-

1 964)  of Lou i s i ana coastal  waters ( Gagl i ano , 1 973 ) in the v i c i n i ty of 

the Cap l i ne bri ne d i ffuser s i te s . The maxi mum recorded sa l i n i ty val ues 

recorded duri ng th i s  peri od were approximate ly  33 . 5  ppt at Weeks I s l and  

i n  December of 1 963 and 34  ppt at  C hacahoul a i n  Apr i l and  December of  

1 963 and  November  of 1 964 .  I n  general , maximum val ues were noted i n  the 

wi nter and early spri ng months . Based on sa l i n i ty to l erances o btai ned 

from bi oassays conducted on sel ected p hytopl ankton spec i es ( U . S .  Depart

ment of Commerce ,  l 978a ) the s a l i n i ty l evel at  whi ch growth was retarded 

for Skel etonema costatum and Tetrasel mi s chu i i was approximately 39 ppt . 

Based on thi s ,  the area wi th i n the bri ne d i s charge that cou l d  potent i a l ly  

k i l l  or  retard t he  growth of these phyto p l an kton wou l d  be wi th i n the 

5 . 5  ppt exces s  i so ha l i ne ( < <40 acres ) at Wee ks I s l and and wi th i n the 

5 . 0  ppt exces s  i so ha l i ne ( << 1 25  acres ) at  C hacahoul a ,  duri ng months when 

sal i n i ti es approached maxi mum val ues . When ambi ent s a l i n i ti es are 

l ower , th i s h i g h  s tres s zone wou l d be s ubstant i a l ly  sma l l er .  I f  an 

8-day s l ack i n  the nont i da l  l ongshore currents shou l d  occur , these areas 
wou l d become con s i derab ly  l arger but the probabi l i ty of a s l ack  peri od 

t h i s l ong i s  l ow ( Sect i o n  G . 2 .  1 ) .  Ass umi ng the p l an kton entra i ned i n  

t he p l ume at the d i ffuser wou l d be k i l l ed due to the trans i tory effects 

of h i g h  sa l i n i ty ( � 264 ppt ) and h i g h  water temperatures ( 1 20- 1 30°F )  and 

uti l i z i ng the average p hytopl ankton cel l den s i t i es i n  the bottom sampl es 

ta ken September through December 1 977 , about 4300 x 1 04 cel l s  at  C hacahou l a  

and 2370 x 1 04 cel l s  at  Weeks I s l and wou l d  b e  destroyed for each cub i c 

meter of water entra i ned i n  the p l ume at the d i ffuser . Con s i deri ng the 
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ST R ESS OR G R OWTH I N H I B IT E D  
( S .  COSTA T U M ;  T .  C H U I I  ) 39 ppt 

MAX I M U M  SA LI NTY .., 33.5 ppt 
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FI GURE G .3 - 23. Sal i n ity record i n  the vi ci n i ty of the proposed Heeks  I s l and  bri ne di ffuser s i te ,  
196 3  and 1964(� l s howi ng the bri ne concentration at wh i ch nhytoohnkton are 
s tres sed or growth i s  i nh i b i te d .(2) 
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F I GURE G . 3 - 24 . Sa1 i n i ty record i n  the vi ci n i ty of the nronosed Chacahoul a bri ne di ffuser s i te 
196 3 and 196�� 1showi n g  the b ri ne concentrati on at wh i ch rhyton1 ankton a re 
s tressed  or growth i s  i nh i b i ted !2> 



same a s s umpt i on s , about 350 and 475 zoop l ankton wou l d  be destroyed at 

Weeks  I s l and and Chacahoul a ,  respecti vel y ,  for each cubi c meter of water 

entra i ned i n  the p l ume at the d i ffuser . These val ues wou l d  vary through

o ut the year and wou l d  probab ly  be con s i derably g reater duri ng  the wi nter  

or  early spr i ng  months when p l a nkton b i omas s  genera l ly  atta i ns max imum 

val ues  ( Green , 1 978 ) . I n  the far-fi e l d  sector of the p l ume where sa l i n i ty 

and temperature val ues are near amb i ent , p l ankton product i v i ty may be 

temporari ly  reduced . 

F i gure G . 3-25 i l l u strates a Langrang i a n  mode l output based on 

c urrents con s i dered character i s t i c  of the proposed Seaway bri ne d i ffuser 

s i te off Freeport , Texas ( U . S .  Dept .  of Commerce , 1 978a ) .  Thi s data i s  

u sed a s  an approximati on  of the durat i on of exposure of the p l an kton 

e ntra i ned i n  the i ntermed iate fi e l d  of the p l ume ( i . e . , wi th i n  a reg i on 

o f  300 to 400 feet of the di ffuser ) .  I n  the Langrang i an presentat i on , 

f i s h  l arvae , eggs , p hytop l a nkton , and other zoop l ankton are a s s umed to 

be carr i ed wi th the amb i ent waters and entrai ned i n  the d i ffu s i ng bri ne 

effl uent p l ume . These organi sms wou l d be exposed to exces s  sa l i n i ty as  

a funct i on of the l ocat i o n  of the i r entrai nment i n  the p l ume and the 

p reva i l i ng d i ffu s i on rate of excess bri ne at the l ocat ion  of the dri fti ng 

o rgan i sms . The excess sa l i n i ty ( >30 ppt )  ca l cu l ati ons are s hown wi th 

average and max imum exposure durati ons . As i l l u s trated , the max imum 

exposure to 1 ppt exces s  i s  a bout 1 0  ho urs . The b i oa s say res u l ts and 

p l ume model l i ng s uggest that on ly  e l evated sa l i n i ty l evel s wi thi n  the 

nearf i e l d reg ion  of the p l ume are expected to s i g n i f i cantly retard 

growth of phytop l ankto n  ( U . S .  Department of Commerce , 1 978a ) .  

Chemi cal  i mpacts wou l d  be expected a s  a res u l t of bri ne d i scharge i nto 

i nto the Gu l f of Mex i co ( Sect i o n  G . 3 . 2 . 2 ) . I on rati o s  i n  the d i scharge 

p l ume wou l d  be expected to be a l tered , espec i a l ly  the cal c i um/magnes i um 

rati o .  These c hanges co u l d  be expected to i nduce phys io l ogi cal s tres s  on 

the p l an kton commun i ty entra i ned in the p l ume . The concentrati ons of 

s everal heavy meta l s ( P b ,  Hg , Zn , and Mn ) in the p l ume may exceed EPA 

recommended d i s charge l evel s .  Pl ankton entra i ned i n  the p l ume may adsorb 

or  a bsorb these meta l s ,  thu s  prov i d i ng an acces s i b l e  source of heavy meta l s 

to other components of the food web . As a res u l t  of br ine  d i scharge , i f  

t urbi d i ty were to i ncrea se ,  l i ght penetration  wou l d  be l oca l ly  reduced , 
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thus  temporari ly  reduci ng primary producti v i ty .  I n  addi t ion , DO concen

trati ons may decrease i n  the v i c i n i ty of the d i ffuser , l eadi ng to a 

further temporary reducti on i n  primary producti vi ty .  I t  has been est imated 

( Secti on G . 3 . 2 . 2 )  that approximately 6 ppm of oi l wou l d be conta i ned i n  the 

br ine  d i scharge.  Pl an kton are threatened primari l y  by a fl oati ng s l i ck 

or d i sso l ved hydrocarbons wi th i n  the pl ume . B i oas says underta ken to 

a s sess  the s u bl etha l effects of petro l eum products on mar i ne organ i sms 

( Hyl and and Schnei der , 1 976 ) have i nd i cated that phytopl an kton , when 

exposed to var i ous  hydrocarbon s i n  concentrat ions  of 1 0-4 ppm to 38 ppm , 

i l l u strate a depres s i on i n  growth rate or a reduction i n  photosynthes i s .  

Mi xed phytopl ankton popu l ati ons of Monochrys i s  l u theri , Phaeodactyl um 

tri cornutum, Skel etonema costatum and Ch l orel l a  �· , among others , when 

exposed to a range of crude and fuel o i l s  i n  concentrati ons of 1 ppm to 

200 ppm , a l so i l l us trated reductions  i n  growth rate and photosynthes i s .  

Venezuel an crude o i l i n  concentrations  of 1 0  �g/ 1 to 30 �g/1 i nduced a 

s timu l ation  i n  photosynthes i s .  The copepod Cal anus  hel gol and i cu s , when 

exposed to s u spended o i l dropl ets in l a b vessel s i n  concentrations  of 

1 0  ppm , s howed a decrease i n  feed i ng and metabol i c  acti v i ti es .  P l an kton 

entra i ned i n  the bri ne d i scharge conta i n i ng oi l concentrations  of 6 ppm 

cou l d exper i ence s hort- term i mpacts to thei r metabo l i c  acti v i ty ( e . g . , 

metabol i sm ,  p hotosynthes i s ) . Maj or changes i n  the p l an kton commun i ty 

due to oi l contami nati on have not been reported ( Hyl and and Schnei der , 

1 976 ) . 

Outs i de the h i g h  sal i n i ty- temperature sector of the pl ume i n  the 

proximi ty of the br i ne di ffuser , no s i ngl e chemica l  const i tuent i ntroduced 

by the p l ume wou l d  be expected to be present i n  concentrations  tox i c  to 

mar ine  l i fe .  However , these chemi cal s may act synerg i s t i ca l ly  to i nduce 

adverse i mpacts on the bi o l og ica l  commun i ty .  

Dur ing  the bri ne di scharge peri od , temoorarv stagnat i on peri ods i n  

the l ongs hore nont i da l  currents are anti c i pated . Even though these 

per iods are not expected to occ ur for more than from several hours to 2 

days , an 8-day s l ack i n  the l ongshore currents i s  con s i dered . I f  such  

a s l ac k  per iod were to occur ,  the area wi th i n  the 4 ppt excess i so ha l i ne 
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woul d i ncrease to about 30 acres and 50 acres , re specti vel y ,  for the 
0 Weeks I s l and and Chacahoul a p l umes . The bottom area covered by the 1 F 

excess  i sohal i ne wou l d  i ncrease as wel l .  As a conseq uence , the sector 

of the p l ume near the d i ffuser havi ng a h i gh sal i n i ty- temperature reg i me 

and caus i ng severe p hys i o l og i cal  stress  on the p l ankton woul d i ncrease 

dur i ng  thi s peri od . 

G . 3 . 3 . 3 Impacts to Benthos 

Br i ne di sposal  in the Gu l f of Mexi co wou l d have a s i gn i fi cant 
effect on certa i n  components of the benth i c  i nvertebrate commun i ty ,  

s i nce the dense bri ne wi l l  s i n k towards the bottom . The area o f  greatest  

s tres s  to  the benth i c  organ i sms wou l d be  wi th i n  the 4 p pt  i sohal i ne .  

Many of the sess i l e  ( nonmoti l e )  organi sms l i v i ng wi th i n  the range of 

th i s contour wou l d  be ki l l ed ( U . S .  Department of Commerce , 1 977a ) , 

parti cu l arly i n  areas near the di ffuser where sal i n i ti es may approach 

val ues of up to 264 ppt and excess  temperatures woul d vary from l es s  

than 1 °F at the 4 p pt  i s ohal i ne to a s  h i gh a s  1 20°F at  the di ffuser 

port . As sum i ng total mortal i ty i n  th i s  area , about 2 . 1 x 1 06 and 3 . 6  x 1 06 

benth i c i nvertebrates per acre woul d be ki l l ed ,  respecti vel y ,  at Weeks 

I s l and and Chacahou l a  ( based on mean dens i ty val ues from the fi ve stations  

at  the center of each  s i te ;  Tabl es G . 5-22 through G . 5-28 ) . Th is  va l ue 

woul d vary wi th seasons but i s  l i ke ly  to be greater i n  the s ummer duri ng 

peri ods of h i g hest  product i v i ty .  Based on conservati ve estimates , about 

30 and 50 acres , respecti ve ly ,  wou l d  be covered by the 4 ppt i soha l i ne 

during an 8-day s l ack peri od i n  l ongshore non-ti da l currents at Weeks 

I s l and and C hacahou l a . 

Several heavy meta l preci p i tates ( copper hydroxi de ,  i ron hydroxi de ,  

s tronti um s u l p hate and a l umi num hydroxi de )  are expected to be present 

wi thi n the bri ne p l ume in concentrati ons exceedi ng amb i ent concentrat i ons . 

B i oaccumul ati on of these metal prec i p i tates may occur i n  the food web as 

a res u l t of i ngestion by detri ti vores and fi l ter- feedi ng benth i c  organ i sms . 

I ngestion of these meta l s  by benth i c  organ i sms cou l d i nc l ude di sturbances 

of the metabol i c  proces ses of sel ected popu l ati ons . 

Outs i de of the nearfi e l d  area , l i ttl e or no s i gn i fi cant adverse 

effects to benth i c organ i sms woul d occu r .  Al though an excess  sa l i n i ty 

gradi ent of about 1 . 0  ppt may extend for several  mi l es from the d i ffuser 
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s i te under vari ous combi nati ons of envi ronmental cond i ti ons , the sa l i n i ty 

i ncrease ( l es s  than 4 ppt )  i n  the far fi e l d  i s  un l i ke ly  to have a s i gn i 

f i cant adverse impact on the benthi c commun i ty near the s i te .  

Data are l imi ted o n  the sal i n i ty tol erance o f  mari ne  benth i c  i nver

tebrates or i nfauna . Sa l i n i ty ranges of 24 to 82 ppt ( Tab l e  G . 3- 7 )  

have been reported by Hedgpeth ( 1 967 ) for several spec ies  o f  benthi c  

i nvertebrates , and these data i nd i cated that i nvertebrates , and i n  

parti cul ar polychaetes , are capabl e of q u i c k  recovery even after l a rge 

commun i t i es are ki l l ed by adverse sa l i n i ty changes ( Gunter , Bal l ard , and 

Ven katarmi a h ,  1 974 ) . B i oassay studi e s  ( Neff, 1 978 ) of the polychaete 

Neanthes arenaceodentata revea l ed thi s benth i c  spec i es was abl e to 

wi thstand sa l i n i t i es of 40 to 53 . 3 ppt .  To eval uate the potenti a l  

i mpacts of  i nc reased sal i n i ti es on the po lychaetes , an Eu l eri an approach 

( hypersa l i ne exposure at fi xed l ocat i on s  affected by the p l ume ) was 

empl oyed us i ng the M I T  Trans i ent P l ume Mode l ( U . S .  Department of Commerce , 

1 978a ) . An i dea l i zed bri ne p l ume ( F i gure G . 3-26 )  was determi ned from 

currents typ i cal  of the area ( 0- 1 . 5  knots ) and exposure cond i ti ons 

versus durati on of exposure were p l otted for vari ous l ocati ons  wi th i n  

th i s  p l ume ( Fi gure G . 3- 27 ) .  S i nce sa l i n i ti es wou l d  not be h i g h  enough 

to cause s i gn i fi cant morta l i t i es to polychaetes i n  the far-fi e l d ,  morta l i ty 

curves were not p l otted . These stud i es a l so  s howed that Neanthes was 

better abl e to to l erate hi gh  bri ne concentrati ons at a temperature of 

68°F than at e i ther 59°F or 86°F .  Al though adu l t  Neanthes seem wel l 

adapted to wi thstand stress  from h i g h  sa l i n i ty l evel s ,  the devel opmenta l  

s tages of  th i s speci es are not .  S imi l ar trends i n  sa l i n i ty tol erance 

l eve l s  and temperature i nteracti on may be expected for many other po ly

chaete spec i es and rel ated benth i c  i nvertebrate i nfauna taxa . Neanthes 

was abl e to accl imate to rel ati vely  h i gh concentrati ons of petro l eum 

hydrocarbons and a l though there was a reducti on i n  fecundi ty ,  i t  was 

parti a l l y  compensated by i ncreases i n  oocyte maturati on rate and decreases 

i n  brood morta l i ty .  

Al though many o f  the benthi c  i nvertebrates are o f  l i tt l e or no 

d i rect economi c va l ue ,  the i nfauna occupy i mportant troph i c  pos i ti ons  i n  

the food web .  The benth i c  i nvertebrate data analyzed for the d i ffuser 

s i tes  ( Secti on G . 2 . 4 . 3 ) do not revea l the presence of e i ther threatened 
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TABLE  G . 3-7 Sa l i n i ty ranges for benth i c  i nvertebrates i n  the northwestern 
Gu l f  of Mexi co havi ng  a recorded occurrence i n  sal i n i t i es 
a bove 45 ppt .  

ORGAN I SM 

POLYCHAETE ( WORMS ) 

Nere i s pel agi ca 

Polydora l ign i 

C I RR IP ED IA  ( BARNACLES ) 

Ba l anus  eburneus 

Ba l a nus  amph i tr i te 

AMPH I POD ( SCUDS ) 

Gammarus mucronatus  

Podocerus  bras i l i en s i s 

Grand i di erel l a  bonnero i des 

P ELECYPODA ( B I VALVES ) 

Mu l i n i a  i ntera l i s  

Anomal oca rd i a  c une imeri s 

Source : Hedgpeth , 1 967 

SAL I N I TY 0/00 ( PPT} 

0 1 0  20 30 40 50 60 70  80 
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or  endangered speci es  or un i q ue commun i ti es wi th i n  the excess 4 ppt 

i sohal i ne .  On a reg i onal  bas i s ,  the envi ronmental  l oss  of the benth i c  

commun i ty wi th i n  th i s  bri ne p l ume i s  not expected to be s i g n i fi ca nt .  

G . 3 . 3 . 4 Impacts to Nekton 

The i mpacts of the bri ne d i ffusers on ne kton wou l d  depend upon 

var i ou s  factors i ncl udi ng the season , the l i fe stage of the organ i sm and 

i ts l i fe h i s tory .  General l y ,  the i mpacts of bri ne di sposal  on the adu l t 

s tages of the nekton woul d be expected to be m i n i mal  s i nce these organ i sms 

are acti ve swi mmers and cou l d avoi d the p l ume impact area . However ,  the 

adu l ts of certa i n  speci es , s ue� as shrimp and crab , depend on the bottom 

for burrowi n g ,  food , cover,  and breed i ng and wou l d  be be impacted to a 

greater extent than fu l ly nekton i c  spec ies . I n  the Lou i s i ana coastal  

reg i on , these economi cal ly  important ne kton i c  organi sms i nc l ude the 

brown and whi te shr imp ,  bl ue crab ,  men haden , and the Atl anti c croake r .  

Eggs and l arvae o f  ne ktoni c organi sms tend to be more sens i ti ve to 

envi ronmental perturbati ons than the adul ts and have no escape mechan i sm ,  

and thus wou l d be affected to a greater extent over a l arger area . The 

i mpacts on these early l i fe s tages wou l d be greatest  duri ng the spri ng 

and s ummer when reproducti ve acti vi ty i s  at a maximum . 

The greatest impact of bri ne d i scharge on nekton wou l d be i ncreased 
sa l i n i ty and temperature , a l though i ncreased tu rbu l ence , parti cu l ates , 

and hydrocarbon l evel s ,  decreased DO , and a l tered ca l c i um/magne s i um 

rati o may a l so ca use envi ronmenta l  stress . The area of greatest  stres s  

to the ne kton wou l d be  wi th i n  the 4 p pt  i sohal i ne where sal i n i ty and 

temperature va l ues wou l d  occur .  Most  of the nekton wou l d be excl uded 

from thi s area s i nce sa l i n i ti es may approach va l ues of 264 ppt and 

temperatures  may be as  h i gh  as 1 20°F .  Based on conservati ve estimates 

about 30 and 45 acres , respecti vel y ,  wou l d be covered by the 4 ppt 

i sohal i ne duri ng an 8-day s l ack period  in l ongshore non -ti dal currents 

at Weeks I s l and and Chacahou l a .  Normal non- s l ack cond i ti ons wou l d have 

much smal l er areas encl osed by the same i sohal i ne .  Outs i de of the 

nearf ie l d area , temperature wi l l  approach amb i ent ; however , an exces s  

sa l i n i ty grad i ent  of about 1 . 0 p pt  may extend several mi l e s from the 

d i ffuser .  No s i gn i f i cant i mpact to the nekton woul d be ant ic i pated i n  

th i s area . 
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Of the chemi cal s wh i ch may be rel eased wi th  the bri ne at Weeks 

I s l and and Chacahou l a ,  trace meta l s are expected to be wi th i n  the EPA 

acceptabl e  range for mari ne l i fe .  However ,  hydrocarbons , whi ch wou l d  be 

rel eased only duri ng the o i l refi l l  phase of the proj ect ,  wou l d  occur i n  

l evel s much h i g her than those of amb i ent ,  averag i ng 6 ppm. B i oassay 

data on a wi de vari ety of mari ne organ i sms reveal a l etha l l evel range 
of 1 to 1 00 ppm so l ub l e petro l eum fractions for adu l t  stages and 0 . 1  to 

1 . 0 ppm for l arval and j uven i l e  l i fe s tages . Adverse s ub l ethal p hys i o

l og i ca l  impacts have been found to occur from 1 to 1 0  ppb  ( Hyl and and 

Schneider ,  1 976 ) . 

Jet  d i l uti on woul d be expected to decrease hydrocarbon l evel s 

rap i d l y ;  however ,  p hys i o l og i ca l  dysfuncti on may occur to nekton whi ch 

have not avoi ded or rap i d ly  traversed the reg i o n .  These i ncl ude d i s rupt i on 

of  norma l feed i ng and reproducti ve patterns poss i bly  due to di s rupti on 

of chemotacti c  sens i ng .  Low- l evel hydrocarbon pol l uti on  has been found 

to res u l t in decreased growth , de l ayed hatch i ng ,  and abnormal behav ior  

and  devel opment i n  fi s h  and  macro i nvertebrate eggs and  l arvae ( Hyl and 

and Sc hne i der,  1 976 ) .  I ncorporation  of petro l eum hydrocarbons i n  mari ne 

organ i sms may res u l t i n  ta i nt i ng of edi b l e spec i es , espec i a l ly  i mportant 

i n  th i s  h i gh-y i e l d commerc ia l  fi s heri es area . 

I n  genera l , nekton i c  popu l ati ons affected by hydrocarbons wou l d 

probably recover q u i ck ly s i nce l arval and adu l t  immi grants wou l d rep l ace 

i ndi vi dual s that were e l im i nated duri ng the 1 . 5 to 2 years of o i l 

refi l l .  Ne kton i c  organ i sms dependent on the benthos wou l d be affected 

to a greater extent , because hydrocarbons accumu l ate i n  sed iments to 

h i gher l evel s and for l onger peri ods . 

An i ncrease i n  the amounts of d i sso l ved and preci p i tated so l i ds 

coul d have an i nd i rect effect on the nekton . I ncreased turbi di ty woul d 

res u l t i n  decreased producti vi ty ,  thus decreas i ng ava i l ab l e food sources . 

Po s s i bl e  s ettl i ng of the part i cu l ates coul d have an i nfl uence on benth i c 

l i fe , another food source for the nekton . Lower DO l evel s woul d a l so 

affect sess i l e  organ i sms decreas i ng food so urces for nekton . Furthermore , 

nekto n i c  organi sms woul d tend to avo i d these l ow oxygen areas . However , 

oxygen l evel s are expected to ass ume near normal l evel s rel ati ve ly  

rap i d ly .  T he  ca l c i um/magnes i um rat i o ,  whi c h  i s  norma l ly 1 : 3 i n  seawater , 
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i s  at  l east  two orders of magni tude greater i n  bri ne . When d i scharged , 

the a l terati on of i o n  ba l ance i n  the water col umn may affect muscu l ar 

acti v i ty and nerve transmi ss i on in  ne kton i c  organ i sms . 

The exi t  ve l oci ty of water from the di ffuser ports has been set at 

25  ft/ sec to faci l i tate mi x i ng .  The res u l t i ng  tu rbu l ence wou l d  probably 

cause morta l i ti es among fi s h  and macro i nvertebrate eggs  and l arvae . 

Fu rthermore , sa l i n i ti es wou l d  be h i gh where the di scharge ve l oc i ty i s  

great , compoundi ng the impact of turbu l ence . 

G . 3 . 3 . 4 . 1 Shr imp 

I n  bri ne b i oassays performed on three l i fe s tages of wh i te shrimp : 

eggs , naupl i i ,  and early protozoea l s tages , the concentration  of bri ne 

at 82°F that was l ethal to the embryon i c  shr imp was between 2 . 45 and 

3 . 2% bri ne by vol ume ( 36 . 5  to 38 . 0  ppt ) (W i l son et �. , 1 978 ) . 

These studies  a l so  i nd i cated that at 82°F the 24- hour Lo50 ( l ethal 

dose to 50% of the test  organ i sms ) of pos tl arvae was between 6 . 3  and 
6 . 5% bri ne ( 49 ppt ) . At 87 . 8 , 89 . 6 , and 91 . 4°F ,  the 24- hour Lo50 • s  were 

5 . 9 , 4 . 75 ,  and 4 . 4% bri ne ,  respecti vely ( approximately  48 , 43 , and 42 

ppt ) . I t  appeared that sa l t dome bri ne i s  l es s  tox i c  to naupl i i  than to 

embryos or early postl arvae . A l though the naup l i i  s urv i ve ,  they may not 

metamorphose to the fi rst protozoeal s tage after expos ure to concentrati ons 

u nder 3 . 0  percent bri ne ( 39 ppt ) . Furthermore , i f  exposed from the t ime 

of  egg c l eavage to protozoea l stage , devel opment may be i nh i b i ted at 

bri ne concentrati ons under 3 . 0 percent  (Wi l son et . �. , 1 978 ) . 

I n  other stud i es ( FEA ,  l 977a ) , the sa l i n i ty preference of pos tl arval 

of brown and whi te s hrimp (Tabl e G . 3-8 ) , have been exami ned in gradi ent 

tanks wi th sa l i n i ty ranges from 0 to 70 ppt and 0 to 50 ppt , respecti vely . 

The res u l ts i nd i cate that the s hrimp preferred l ower sa l i n i ty l evel s 

than those that wou l d  be normal l y  expected i n  the open Gu l f .  I t  was 

hypothes i zed that the s hrimp key i n  on sa l i n i ty gradi en ts to navi gate 

duri ng the i r  m i grati on to the l es s  sa l i ne i ns hore n ursery grounds . I t  

was concl uded from stati st i ca l  analys i s  o f  the data that a seasonal 

vari ation  in sa l i n i ty preference by the postl arvae was be i ng expres sed , 

e spec i a l ly  by the brown shrimp , wh i ch preferred h i g hest  sa l i n i ti es i n  

the spri ng .  Wh i te shr imp pos tl arva showed a seasona l preference on ly  

when exposed to  l ow sa l i n i ti es .  
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TABLE  G . 3- 8 Sal i n i ty preference of postl arvae of brown and wh i te s hrimpa . 

S EASON P5b P25 P50 P75 P95 P75- P25 P95-P5  

SUMMER 

Brown 41 . 4  28. 9 20 . 6 1 3 . 9 7 . 2  1 5 . 0  34. 2 

Whi te 43 . 5 34 . 5  28. 0 21 . 1 1 1 . 1 1 3 . 4  32 . 3  

FALL 

Brown 47 . 3 36. 0 27 . 4  1 9 . 2  1 0 . 0  1 6 . 8  37 . 3 

Whi te 41 . 0  28. 5 21 . 1  1 3 . 6  5 . 8  1 4 . 9 35 . 2  

SPRI NG 

Brown 49. 1 38.  1 29 . 9 21 . 9  1 1 . 4 1 6 . 2  37 . 7  

a Sal i n i ty va l ues ( ppt ) . 

bP5 represents the sa l i n i ty val ue  at or  above whi ch the top 5% of the 
most  sa l i n i ty to l erant members are found .  P50  wou l d be the med ian 
va l ue where 50% of the members are above and 50% are bel ow the 
i nd i cated sa l i n i ty va l ues . 

Source : Kei ser and Al drich  ( 1 976 ) .  
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At temperatures of 73° to 78°F ,  postl arvae of brown shrimp grew 

equal ly  we l l  at sa l i n i ti es of 2 to 40 ppt .  Postl arvae of whi te s hri mp 

produced twi ce as  much ti ssue  at i ntermedi ate sal i n i ti e s  ( 1 0  to 1 5  ppt )  

compared to cond i ti ons a t  2 0  and 3 5  ppt and temperatures above 77°F .  

Po stl arvae o f  brown shr imp produced the most  ti s s ue at sa l i n i ti es o f  30 

ppt and 90°F ( F EA ,  l 977a ) .  These data i nd i cate that postl arva l penae i d  

s hr imp are tol erant o f  both sal i n i ty and temperature vari ati ons . 

Several  s tudi es have i ndi cated that adu l t wh i te shr imp genera l ly 

are l ess  to l erant of h i g h  sa l i n i ty than adu l t brown s hrimp , but other 

s tudi es have s hown no di fferences i n  sa l i n i ty preference of the two 

postl arva l penaei d shr imp speci es . Adu l t  whi te s hrimp have been co l l ected 

u nder cond i ti ons where the sal i n i ti es ranged from 0 . 2  ppt to more than 

47 ppt ;  and brown s hrimp have been taken i n  areas where sa l i n i ti es range 

from 0 . 1 ppt to 69 ppt .  Th i s  wi de range of sa l i n i ty val ues i nd i cates 

that the se two penaei d shrimp are euryhal i ne spec i e s  ( FEA , l 977a ) . The 

preferred temperatures ( based on catch data ) for adu l t whi te and brown 

s hrimp are 68° to 86°F and 68° to 95°F ,  respecti vel y ( Copel and and 

Bechtel , 1 974 ) . 

Experiments on the suscepti bi l i ty of the whi te shrimp to oi l fi e l d 

bri ne s howed that for one case a l l shr imp di ed wi th i n  2 hours after 

expos ure to an o i l fi e l d  bri ne concentrati on of 42 ppt ; wh i te shrimp 

s urv i ved i ndefi n i tely when s imi l arly exposed to evaporated bay water 

wi th sal i n i ti es of 45 ppt .  The concl u s i on  was that the i on i c  compos i ti on 

of  the bri ne may exert a greater i nfl uence on organi sms than the h i g h  

concentrati ons ( FEA , l 977a ) .  

L i ttl e i nformati on i s  avai l abl e about the way i on i c  compos i ti on 

affects s hr imp .  I t  i s  suspected that l ocomotory acti vi ty of penaei d 

s hr imp may be i nversely correl ated to the i r  respecti ve bl ood serum 

magnes i um l eve l s ( FEA , l 977a ) .  

Wi th i n  the i mpacted area of the di ffuser s i te ,  the n umber of shr imp 

affected , based on Nati ona l Marine  F i sher ies  Serv i ce s hri mp stati st i c s  

( U . S .  Dept .  of Commerce , 1 97 5 ;  l 976a ) , wou l d  be  approximate ly  4 . 55 

s hr imp per acre . These stati sti cs are based on the ann ual average catch 

col l ected from trawl s ta ken over a l arge area and as  such , the ca l cu l ated 

number wi l l  va ry wi dely dependi ng on the season and durati on of i mpact 
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and d i stri but i on of shr imp school s .  Outsi de of th i s  area the bri ne 

effl uent wou l d  probab ly  not have a s i gn i fi cant adverse effect on adu l t 

s hrimp ,  but hatchi ng and l arvae devel opment coul d be affected ( F i gures 

G . 3-28 and G . 3-29 ) . 

G . 3 . 3 . 4 . 2  B l ue  Crabs and Oysters 

Adu l t b l ue crabs have a wi de range of sa l i n i ty tol erance ( 0 . 7  to 88 

ppt )  and spawn i n  waters wi th re l ati vely h igh  sa l i n i ty ( J aworsk i , 1 972 } . 

F i ve percent bri ne ( 44 ppt}  at 82°F was l ethal to b l ue crab yo l k  ( Johnson 

and Wi l l i ams , 1 978 ) . Adu l t  b l ue crabs spend much of the i r ex i stence on 

the bottom . They have been found i n  abundance at the shal l ower Weeks 

I s l and s i te but are rare i f  at a l l present at the Chacahou l a  s i te .  

Oysters , another commerc i a l ly  i mportant spec i e s  i n  coasta l Loui s i ana , 

devel op and grow i n  l ow sal i n i ty waters , under 1 5  ppt , howeve r ,  they are 

not found i n  the regi on  of the proposed d i ffuser s i tes . 

G . 3 . 3 . 4 . 3 F i sh  

fhe envi ronmental impact of bri ne di sposal at the proposed s i te 

wou l d  be expected to be mi n ima l  to adu l t f i s h  wh i ch general ly  avo i d  

areas wi th adverse sal i n i ty concentrati ons . Al though sal i n i ty tol erances 

for mari ne fi s h  vary between fspec i es , i t  i s  usua l l y  the younger deve l op 

menta l stages o f  the fi s h  that wou l d  be expected to b e  l ess  tol erant to 

sa l i n i ty changes . However, some mari ne tel eost eggs can to l erate wi de 

ranges of sal i n i ty .  For examp l e ,  Atl ant ic  herr i ng eggs have hatched 

under l aboratory condi ti ons i n  sal i n i ti es up  to 90 ppt , and the eggs of 

the s heepshead mi nnow have hatched i n  sal i n i ti es of 1 1 0  ppt in s i tu .  

Yo l k  sac l arvae of the Atl ant i c  herr i ng survi ve and rema i n  acti ve for at 

l east 24 hours at sa l i n i ti e s  of 60 to 65 ppt .  The l arvae of Gul f menhaden 

have metamorphosed i n  the l aboratory at sal i n i ti e s  of 25  to 40 ppt ( FEA , 

l 977a } .  

B i oassays conducted on spotted seatrout eggs and l arvae when exposed 

to sal t dome bri ne for 48 hours at 80 . 6°F res u l ted i n  s i g n i f i cantly 

i ncreased morta l i ti es at a concentrati on equ i va l ent to  approximate ly  40  

ppt .  These  morta l i ti es d i d not di ffer from those of comparabl e sa l i n i ti es 

u s i ng arti fi c i a l  seawater , i ndi cati ng that the i on i c  compos i ti on  of 

bri ne may not have an impact ( Johnson and Wi l l i ams , 1 978} . The p l ankton i c  

l i fe stages entrai ned i nto the p l ume wou l d  on ly  be exposed to excess  
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FI GURE G . 3- 28 . Sal i n i ty record i n  the vi ci ni ty of the oroposed Weeks  I s l and  b ri n� di ffuser s i te ,  
196 3 and 1964\1 >s hmt�i n g  the b ri ne concentrati ons at 1.ffi i ch v1hi te s h ri mn eqqs , 
l arvae and postl arvea are· stressed or k i l l e d .121 
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FIGURE G .3 - 22 Sal i ni ty recond i n  the vi ci n i ty of  the �ro�osed Chacahoul a bri ne di ffuser  s i te ,  
196 3 and 1964�1 ' showi na the bri ne concentrat i ons  at 1>/h i ch wh i te s h ri mn eqas , 
l arvae and postla rvae· are stres sed or  k i l l ed .!21 
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sa l i n i t i es for a re l at i ve ly  short t ime ( i n  terms of hours ) . Us i ng 

observed currents at the proposed Seaway Group bri ne di ffuser s i te off 

Freeport , Texas , and assum i ng that these organ i sms wou l d be entra i ned 

w i th i n a regi on 300 to 400 feet from the d i ffuser ,  the two curves i n  

F i gure G . 3- 30 rep resent estimates of average and maximum p l ume exposure 

( U . S .  Department  of Commerce ,  1 978a ) .  

Br i ne b i oassays of l arva l spotted seatrout were performed for 

exposure peri ods of 1 and 2 hours ( Tab l e  G . 3- 9 ) . The 48 hour-Lo50 of a 

1 hour exposure to the bri ne was about 48 ppt ( 6 . 2% by vol ume ) and for a 

2 hour exposure i t  was about 41 ppt ( 3 . 5% by vol ume ) .  When entra i ned 

under the cond i t i ons dep i cted i n  F i gure G . 3- 30 ) , the bri ne di s charge 

exposures  are expected to be l ethal to l es s  than 1 0  percent of spotted 

seatrout l arvae . 

Supranormal  sal i n i ti es may cause changes i n  growth rates and energy 

expendi ture ,  l ead to g i l l  t i s sue damage and asphyx i ati on , and affect 

metabo l i c  rate , acti vi ty ,  a nd neuromuscu l a r  funct i ons . S i nce the DO 

l evel decreases as sal i n i ty i ncreases , the phys i o l o g i ca l  effects may be 

i nd i rect .  Th i s  i s  revea l ed by growth rate experiments i n vo l v i ng desert 

p upfi s h .  As sa l i n i ty i ncreased , a progress i ve retardat ion of devel opment 

was observed . These resu l ts were attr i buted to l ower oxygen l evel s i n  

t he water ( FEA , 1 977a ) .  Severa l  i nvesti gators have reported that the 

s i ze d i stri buti on of fi s h  i s  d i rectly re l ated to sa l i n i ty .  

The expendi ture of energy i n  mari ne  organ i sms may resu l t  from both 

d i rect and i nd i rect effects of sal i n i ty .  I t  has been s hown that wi th i n  

a certai n  optimum sa l i n i ty range a mi n imum amount of  energy needs to be 

expended i n  order to mai nta i n  osmoti c gradi ents ; thus , l a rge amounts of 

energy can then be d i rected to growth . Above the optimum sal i n i ty range 

an  i ncrease in metabol i c  process occurs and i s  genera l ly accompani ed by 

an  i ncrease i n  uptake of oxygen . Above 35 ppt , the oxygen upta ke rate 

i n  the s tarry fl ounder i ncreased 1 5  percent .  I n  order to susta i n  osmoti c 

and i o n i c regu l at i on at above-opti mal  sal i n i ty reg imes , add i ti onal 

e nergy i s  expended ( FEA , 1 977a ) .  

The majori ty of fi sh  encountered i n  the proposed di ffuser areas are 

euryhal i ne and have a h i gh tol erance to wi de sal i n i ty ranges (Tabl e 
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n r,I JRE r, . J- 30 .  E xces s  s a l i n i ty vers us durati on  of  expos ure for dri fti ng  
p l ankton i c  s peci es en trai ned i n  the bri ne p l ume .  Area 
above the 1 0% l i ne denotes envi ronmental condi ti ons l ethal 
to at  l ea s t  10 percent  of l aboratory tes ted s pec i mens . 
( Data for l arva l s potted seatrout ) . 
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TABLE G .  3- 9 Average morta l i ty of 1 hour posthatch l arval s potted seatrout to 
s hort term exposure to sal t dome bri ne ( based on 4 repl i cates ) .  

Exposure Tota l Test Exposure Total Test 
Percentage T ime Time Morta�i ty Time Time Morta�i ty 

(Vol ume/Vo l ume ) a (Hours ) ( Hours ) ( % )  ( Hours ) (Hours ) ( % )  

1 0 . 0  [ 55 ]  24 3 . 00 48 58 . 83 
( 2 .  57 ) ( 1 6 . 91 ) 

5 . 0  [ 44]  24 2 . 07 48 2 5 . 65 
( 2 .  1 1 ) ( 1 1 . 87 )  

2 . 0  [ 36] 24 2 . 56 48 1 6 . 40 
( 0 . 76 ) ( 8 . 50 ) 

1 . 0 [ 34 ]  24  2 .  47 48 1 2 . 03 
( 2 . 48 )  ( 3 .  27 ) 

0 . 5 [ 33] 24 2 . 85 48 4 . 53 
( 2 . 33 )  ( l .  33 ) 

0 . 0 [ 30 ]  24 0. 68 48 4 . 90 
( 0 . 78 )  ( 1 . 24 ) 

1 0 . 0  [ 60 ]  2 24 80. 55 2 48 98 . 75 
(8 . 33 ) ( l .  50 ) 

5 . 0 [ 48 ]  2 24 1 0 . 1 3  2 48 53 . 90 
( l .  44 ) ( 7 . 94 )  

2 . 0 [ 42 ]  2 24  3 . 78 2 48 48 . 75 
( l .  03 ) ( 28 . 69 )  

1 . 0 [39 ]  2 24 4 . 1 8  2 48 1 7 . 25 
( 2 . 1 9 ) ( 1 4 . 80 )  

0 . 5 [ 38 ]  2 24 4 . 00 2 48 6 . 75 
( 2 . 1 4 )  ( 2 . 33 )  

0 . 0 [ 36 ] 2 24 2 . 35 2 48 4 . 83 
( l .  65 ) ( l .  54 ) 

Lc50 = 1 hr - 24 hr = > 1 0% V/V ,  h r  - 48 hr = 8 . 4  � 2 . 2% V/V 
2 hr - 24 hr = 7 . 5 � 2 . 5% V/V ,  2 hr - 48 hr = 3 . 5% V/V 

a [ ] = measured sal i n i ty i n  pot . 
b ( ) = 1 standard dev i ati on 
SOURCE : Johnson and 14i 1 1  i ams , 1 9 78 . 
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G. 3- 1 0 ) . Genera l l y  the upper l imi t of th i s  tol erance i s  about 75 to 80 

ppt ;  the l ower l imi t i s  that of freshwater , l ess  than 5 ppt . However ,  

t he  s heepshead mi nnow ha s  been reported i n  waters w i th sal i n i ti e s  rangi ng 

up  to 1 42 . 4 ppt ( FEA, 1 97 7a ) . 

Commerc i a l fi s hery acti v i ti es , part icu l arly for wh i te shrimp , wou l d 

not be d i sturbed by the di ffuser ports as non-snag features woul d be 

i ncorporated i nto the des i gn .  

Sport fi s h i ng i n  the reg i on  shou l d  be unaffected by the bri ne  

d i sposal  except i n  the i mmedi ate area around the  di ffuser where mos t  

s port fi s h  wou l d  be excl uded.  

G . 3 . 3 . 5 Impacts to Threatened or Endangered Spec i es 

I t  i s  not expected that the endangered spec ies  whi ch have been 

l i s ted for the northern Gu l f  of Mexi co ( Secti on G . 2 . 4 . 5 ) wou l d  be 

s i gn i fi cantly  affected by the bri ne di scharge . Al though data concern i ng 

the sa l i n i ty and temperature to l erances of these spec i e s  are sparse , 

these h i g h ly  mob i l e  organ i sms wou l d  probab ly  avo i d  reg i ons  of the p l ume 

they found undes i rabl e .  I f  these organ i sms moved through the p l ume , 

they wou l d probably experi ence on ly temporary sal i n i ty-temperature 

s tres s  and wou l d  move to more favorabl e areas i n  the water co l umn 

e i ther above or to the s i de of the p l ume . Because of the s hort durati on 

of th i s  stress , recovery s hou l d  commence soon after they encounter the i r 

preferred ,  ambi ent temperature- sal i n i ty reg imes . 

G . 3 . 3 . 6  Impacts to Un ique or Important Habi tats 

The s h i pwrecks l ocated wi th i n  severa l  mi l es of the Cap l i ne bri ne 

di ffuser  s i tes  ( Secti on G . 2 . 4 . 6 ) are cons i dered to be u n i q ue and important 

habi tats . L i ttl e i nformati on is  ava i l ab l e concern i ng the reef commun i ti e s  

i nhab i ti ng these wrecks , however ,  because they are present i n  these 

coasta l waters , they are probably eurythermal and euryha l i ne .  

Based o n  the characteri sti cs o f  the di scharge p l ume (Secti on G . 3 . 1 ) 
and the d i stance of the wrecks from the d i ffusers (�7 m i l es ) , the se reef 

commun i t i es s hou l d  not be impacted by the farfi el d sector of the p l ume . 

I f  the far-fi e l d  segment of the p l ume where sal i n i ty val ues wou l d 

probably not exceed 0 . 5 ppt above ambi ent and temperatures  near amb i ent  
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TABLE G . 3- l O Sal i n i ty tol erances of s ome coastal Lo ui s i ana fi shes . 

SAL I N ITY ( P P T )  

RANGE GREATEST H I GHEST RECORDED REFERENCE
a 

COMMENTS 
ABUNDANCE SAL I N ITY TOLERANCE 

Lady f i s h  7 5  Gunter 1 967 Die a t  1 00 ppt 

Gu1 f menhaden 0- 30 5-24 . 9 LWL&FC 1 97 1  
< 1 - > 60 Rei ntjes and Pac heco 1 966 Die a t  80 ppt 

Stri ped a n c hovy > 29 . 9 >·1 5  LWL&FC 1 97 1  
7 5  Gunter 1 967 Die a t  1 00 ppt 

Gi zzard shad 60 Cope l a nd and Mosel ey 1 967 Bri ne domi nated system 

Sea c a t f i sh 0- > 3 0  > 1 0  LWS&FC 1 97 1  
2-36 . 7  > 3 0  Gunter 1 945 

Sheepshead m i n now 75 Gunter 1 967 D i e  at 1 00 ppt 
60 Cope l a nd and Mosel ey 1 967 Brine dom i n a ted system 

1 4 2 . 4  S i mpson a nd Gunter 1 956 

Gu l f  k i l l i f i s h  5 5 . 1 - 58 . 6  Renfro 1 969 

Longnose k i l l i f i s h  7 5  Gunter 1 967 Die at 1 00 ppt 

T i dewa ter s i l vers i de 75 Gunter 1 967 D i e  at 1 00 ppt 
55 . 1 - 58 . 6  Renfro 1 960 

Ro c k  seaba s s  > 5 - > 3 0  LWL&FC 1 9 7 1  

P i n f i s h  
1 5- 26

b 
7 5  Gunter 1967 D i e  at 1 00 ppt 

U . S .  Corps o f  Eng i neers 1 9 76 

Sa nd seatrout 0 . 2- > 3 0  LWL&FC 1 97 1  

Spo tted sea trout 75 Gunter 1 967 Die a t  1 00 ppt 

1 5- 4 5
b 

1 5- 35 7 7  T a b b  1 966 
U . S .  Corps of Engi neers 1 97 6  

Banded drum 5- > 3 0  > 1 5  LWL&FC 1 9 7 1  

Spot 0 .  2- > 3 0  > 1 0  LWL&FC 1 97 1  
0- 33 . 9  Ne l son 1 96 9  

Southern U ng fi s h  2- > 3 0  1 0  LWL&FC 1 97 1  

A t l a n t i c  c roaker 0- > 3 0  LWL&FC 1 97 1  
7 5  S i mmon s  1 9 57 

1 5- 35
b 7 5  Gunter 1 967 Die a t  1 00 ppt 

U . S .  Corps of Engi neers 1 97 6  

B l ack drum 0 . 2- 24 . 9  LWL&FC 1 9 7 1  
75 Gu nter 1 967 Die a t  1 00 ppt 

1 5-45
b 80 S i mmo n s  and Breuer 1 962 Eyes are g l a zed 

U . S .  Corps of Engi neers 1 97 6  

Red drum 5- 29 . 9  LWL&FC 1 9 7 1  
0 . 8- 3 7 . 6  Ki l by 1 9 55 

1 5-40
b 50 S i mmons and Breuer 

U . S .  Corps o f  Engi neers 1 97 6  

Stri ped mu l l et 0- > 3 0  5- 1 9. 9  LWL&FC 1 97 1  
60 Cope l a nd and ��o sel ey 1 96 7  B r i n e  domi na ted system 
75 Gunter 1 967 Die a t  1 00 ppt 

25-85
b 5 5 . 1 - 58 . 6  Renfro 1 969 

U . S .  Corps of Engi neers 1 976 

At l a n t i c  threa df i n  1 . 6- 29 . 9 20 LWL&FC 1 9 7 1  

At l an t i c  c u t l a s s f i s h  0. 2->30 > 1 5  LWL&FC 1 9 7 1  

B l a c k f i n  s e a  ro b i n  1 0- 24. 9 LWL&FC 1 97 1  

F r i nged fl ounder 5- 29 . 9  2 0  LWL&FC 1 9 7 1  

Sou thern fl o u nder 0- >30 LWL&FC 1 97 1  
0- so U . S .  Corps o f  Engi neers 1 9 76 

l 2- 35
b 

I b i d .  

B l  a c kcheck toung f i s h  0 . 3-29. 9 > 1 0  LWL&FC 1 9 7 1  
> 3 0  Gunter 1 945 

a
LWL&FC - Lo u i s i a na W i l d l i fe a n d  F i sheries Commi s s i o n . 

b
idea l sa l i ni ty ra nge . 

Source: FEA , 1 97 7a. .  
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s hou l d encompass the reefs , l i ttl e ,  i f  any p hys i ol ogi cal  stress  wou l d  be 

anti c i pated .  Polyha l i ne organi sms i n  th i s  mesohal i ne reg i on may be 

s timu l ated by i ncreased sal i n i ti es .  
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G . 4  ALTERNATIVE  D I FFUSER S I TES 

Uti l i zing  bas i c  s i t i ng cri ter i a ,  a l ternati ve bri ne d i ffuser s i tes 
were sel ected to determ i ne if any of the ant i c i pated i mpacts at  Wee ks 
I s l and and Chacahoul a cou l d  be mi ti gated by rel ocati ng to areas further 
offs hore . The a l ternati ve Wee ks I s l and s i te i s  about  20 naut ica l  mi l es 
south of the entrance to Atc hafal aya Bay i n  about  2 0  feet of water ; the 

a l ternative Chacahoul a s i te i s  about  18 nautical  mi l es off of I s l es 
Derni eres i n  about  20  feet of water .  Sed i ments at  these s i tes cons i st 
of  gray sandy s ha l e  or gray s ha l es .  

The cri teri a  were d i v i ded i nto three general categor i es :  eng i 

neeri ng , envi ronmental , and economi c .  The primary engi neer ing  req u i re
ment was that  the d i ffu ser s i te be in  a m i n i mum of 20  feet of water , to 
ensure maximum d i l ut i on of the br i ne jet i n  the water col umn . Economic  

cr i teri a  requ i red that  the l ength of p i pel i ne be  mi n i mi zed , to  reduce 

construction and operat ional  costs . Usua l l y  con s i dered an env i ronmental 
requi rement ,  yet certa i n l y  an econom i c  one as wel l , was that the d i ffuser 
s i te not be l ocated i n  a prime s hrimp habi tat or sportfi s h i ng area . 

Basel i ne environmenta l sampl i ng was underta ken monthly  at  the Weeks 
I s l and and Chacahou l a  s i tes from September to December 1 977 , to deter
mine the i mpac ts of bri ne d i scharge i n  these wa ters . In January 1 978 , a 
second series of fie l d  mon i tori ng programs were i n i t i a ted at  the al terna
tive s i tes to characteri ze the phys i cal , chemical , and b i ol og i cal  envi ron
ment of the area . 
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G . S  SUPPLEMENTARY DATA 

The fol l owi n g  secti on  presents ori g i na l  and reduced data obtai ned 
duri n g  the four s ampl i n g cru i s es i n  Seotember through December ,  1 977 . 

A di s c us s i on of  the crui ses  and of the sampl i ng and data oreparati on 
methodo logy has been prese nted i n  Secti on G . l . 
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TABLE G .  5-1 . Water temperature ( °C )  data for the proposed Weeks I s l and br i ne d i ffuser s i te ,  
September through December , 1 977 . 

SeEtember Octobera November a December a 

s B s B s B s B 

Wl 27 . 5  2 7 . 5  2 1 . 0  2 1 . 5  1 8 . 0  1 8 . 0 1 3 . 0  1 5 . 0  

W2 27 . 5  2 7 . 5  20 . 5 22 . 0 1 8 . 0  1 8 . 0  1 3 . 0  1 5 . 0  

W3 27 . 0  27 . 0  20 . 0  22 . 0  1 7 . 5  1 7 . 0  1 2 . 5  1 4 . 5  

W4 28 . 0  27 . 0  20 . 5 22 . 0  1 7 . 5  1 7 . 5  1 2 . 5  1 4 . 5  

W5 26 . 5  2 7 . 2 2 1 . 0  22 . 0  1 7 . 5  1 7 . 5  1 3 . 0  1 4 . 5  

W6 27 . 5  2 7 . 0  20 . 5 22 . 0  1 7 . 5  1 7 . 5  1 3 . 5  1 4 . 5  

W7 28 . 0  2 7 . 0 20 . 5 22 . 0  1 7 . 0  1 7 . 0  1 2 . 0  1 4 . 5  

W8 27 . 0  2 7 . 0  20 . 0 2 1 . 5  1 7 . 0  1 6 . 5  1 2 . 0  1 3 . 0  

G) W9 27 . 0  2 7 . 0 20 . 0 2 1 . 0  1 6 . 5  1 6 . 5 1 2 . 0  1 3 . 0  
. 
U"1 I Wl O 27 . 0  27 . 0  1 9 . 5  22 . 0  1 7 . 5  1 7 . 0  1 2 . 5  1 4 . 0  
N 

Wl l 27 . 0  2 7 . 0  20 . 0 22 . 0  1 7 . 5  1 7 . 5  1 3 . 0  1 4 . 0  

Wl 2 27 . 0  2 7 . 0 1 9 . 0  22 . 0  1 7 . 5  1 7 . 5  1 2 . 5  1 3 . 5  

Wl 3 27 . 5  27 . 0  2 1 . 0  22 . 0  1 7 . 5  1 7 . 5  1 4 . 0  1 4 . 5  

Wl 4 27 . 5  27 . 0  2 1 . 0  2 1 . 0  1 7 . 5  1 7 . 5  1 2 . 5  1 4 . 5  

Wl 5 27 . 5  2 7 . 5  2 1 . 0  2 1 . 5  1 7 . 5  1 7 . 5  1 3 . 0  1 4 . 5  

WRl 27 . 5  27 . 5  2 1 . 0  2 1 . 5  1 8 . 0  1 8 . 0  1 2 . 5  1 5 . 5  

WR2 27 . 0  27 . 0  1 8 . 0  20 . 5 1 7 . 0  1 7 . 0  1 3 . 0  1 3 . 5  

WR3 27 . 0  2 7 . 0  1 9 . 5  20 . 0 1 6 . 5  1 6 . 5 1 2 . 0  1 3 . 0  

WR4 27 . 5  27 . 5  2 1 . 5  2 1 . 0  1 7 . 5  1 7 . 5  1 3 . 0  1 4 . 0  

MEAN 27 . 29 2 7 . 1 4  20 . 29 2 1 . 55 1 7 . 39 1 7 . 31 1 2 . 71 1 4 . 1 8  

S . D . 0 . 38 0 . 22 0 . 85 0 . 60 0 . 43 0 . 48 0 . 53 0 .  7 1  

aTemperature reported for nearest  ha l f  un i t .  
S = Surface 
B = Bottom 
S . D .  = Standard Dev i at i on 



TABLE G . 5-2 .  Water temperature ( °C )  data for the  proposed Chacahou l a bri ne d i ffuser s i te ,  
September through  December , 1 977a . 

September Octoberb Decemberb 

s B s B s B 

C l  28 . 0  28 . 0  23 . 0  23 . 0  

C2 28 . 0  27 . 5  22 . 0  2 1 . 5  

C3 28 . 0  27 . 5  2 1 . 5  20 . 5  

C4 28 . 0  27 . 5  22 . 0  2 1 . 5  

C5 29 . 0 27 . 5  22 . 0  20 . 5  1 7 . 5  1 7 . 0  

C6 28 . 0 27 . 5  2 1 . 0  20 . 5  

C7 28 . 0  27 . 5  2 1 . 0  20 . 5  

C8 28 . 5  28 . 0  2 1 . 5  20 . 5  

C9 28 . 5 28 . 0  20 . 0  20 . 5  
G) . C l O 28 . 0  28 . 0  21 . 5  20 . 5  U1 I w Cl l 28 . 5  27 . 5  21 . 0  2 1 . 0  

C l 2 28 . 0  27 . 5  22 . 0  20 . 5  1 7 . 5  1 7 . 0  

Cl 3 - - 22 . 0  2 1 . 0  1 7 . 5  1 7 . 0  

CRl 28 . 0  28 . 0 23 . 0  24 . 0  1 7 . 5  1 8 . 0  

CR2 28 . 5  28 . 0  2 1 . 0  21 . 5  

CR3 28 . 5  28 . 5  20 . 0  20 . 0  

CR4 28 . 0  28 . 0  22 . 0  2 1 . 5  1 7 . 5  1 8 . 0  

MEAN 28 . 22 27 . 78 2 1 . 56 2 1 . 1 8  1 7 . 5  1 7 . 4  

S . D .  0 . 3 1  0 .  3 1  0 . 84 1 . 02 0 . 0  0 . 55 
-

aData not obtai ned for November .  
bTemperature reported for nearest  hal f un i t .  
S = Surface 
B = Bottom 
S . D . = Standard Dev i at i on 



TABLE  G . 5-3 Sa l i ni ty ( pp t )  data for the proposed Weeks I s l agd Bri ne 
di ffuser s i te ,  September through  December ,  1 97 7  . 

Octoberb 
s B 

Wl  1 9 . 5  23 . 5  

W2 1 8 . 0  23 . 5  

W3 1 8 . 0  22 . 5  
W4 1 7 . 5  23 . 5  

W5 1 6 . 5  21 . 0  

W6 1 9 . 0  23 . 5  

W7 1 8 . 5  22 . 5  

W8 1 5 . 5  21 . 5  

W9 1 6 . 0  1 8 . 0  

Wl O 1 0 . 5  24 . 5  

Wl l 1 4 . 5 21 . 5  
Wl 2 1 2 . 5  21 . 5  
Wl 3 1 6 . 5  21 . 5  
Wl 4 1 8 . 0  23 . 0  

Wl 5 1 9 . 0  21 . 5  
WRl 20 . 5  23 . 0  

WR2 9 . 5  23 . 5  

WR3 1 1 . 5  1 8 . 0  

WR4 1 7 . 0  1 8 . 5 

Mean 1 6 . 2 1 21 . 89 

S . D .  3 . 1 5  1 .  92 

aData not obtai ned for September and December .  
bSa l i ni ty reported for nearest ha l f  un i t .  

S = Surface 
B = Bottom 

S . D .  = Standard Dev i ati on 
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Novemberb 
s B 

28 . 5  29 . 5  

28 . 0  28 . 5  
28 . 0  28 . 5  
28 . 0  28 . 0  

28 . 0  28 . 0  

28 . 0  28 . 0  

27 . 0  27 . 0  

26 . 0  27 . 0  

21 . 0  22 . 0  

25 . 5  27 . 5  

25 . 5  27 . 5  

24 . 5  27 . 5  

28 . 0  28 . 0  

28 . 0  28 . 0  

28 . 0  28 . 0  

28 . 0  29 . 5  

24 . 5  25 . 0  

1 6 . 0  1 9 . 5 

28 . 0  28 . 0  

26 . 24 27 . 1 0  

3 . 1 3  2 . 47 



TABLE G . 5-4 Sal i n i ty ( ppt )  data for the proposed C hacahoul a  Bri ne Di ffuser 
S i te ,  September throug h December , 1 977a . 

Octoberb 

s B 

C l  25 . 5  26 . 0  

C2 26 . 0  28 . 0  

C3 28 . 0  28 . 5  

C4 28 . 0  28 . 0  

C5 28 . 0  28 . 5  

C6 29 . 0  29 . 0  

C7 30 . 0  30 . 0  

C8 28 . 0  28 . 0  

C9 29 . 0  29 . 0  

C l O  26 . 5  28 . 5  

C l l 29 . 0  29 . 0  

C l 2 28 . 0  28 . 5  

C l 3 28 . 0  28 . 5  

CRl 25 . 0  25 . 5  

CR2 27 . 0  28 . 0  

CR3 29 . 0  29 . 0  

CR4 29 . 0  29 . 0  

Mean 27 . 82 28 . 26 

S . D . 1 . 39 1 . 09 

aData not col l ected for September ,  November and December .  
bSal i n i ty reported for nearest ha l f  uni t .  

S = Surface 

B = Bottom 

S . D .  = Standard Dev iat i on 
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TABL E  G . 5- 5 D i sso l ved oxygen (mg/ 1 ) data for the proposed Weeks I s l a nd 
br i ne d i ffuser s i te ,  September through  December , 1 97 7 .  

September 
s 

Wl 7. 1 

W2 7 . 0  

W3 6 .  1 

W4 6 . 8 

W5 7 . 0 

W6 6 . 9 

W7 6 . 4 

W8 6 . 7 

W9 6 . 9 

Wl O 6 . 4 

Wl l 7 . 9 

Wl 2 8 .  1 

Wl 3 6 . 8  

Wl 4 7 .  1 

Wl 5 6 . 7 

WRl 7 . 2  

WR2 6 . 4 

WR3 7 . 4  

WR4 6 . 8  

M EAN 6 . 93 

S . D . 0 . 49 

Key : S = S urface 
B = Bottom 

B 

7 .  1 

6 . 6 

6 . 0 

6 .  1 

5 . 0 

6 . 4 

6 .  1 

6 .  1 

6 . 4  

6 .  1 

6 . 2  

6 . 5 

6 . 5 

6 . 6 

6 . 7 

7 . 0  

6 .  1 

6 . 0 

6 . 7 

6 . 33 

0 . 46 

October 
s B 

1 1 . 2 9 . 6 

1 1 . 2 9 . 7 

1 1 . 4 9 . 8 

1 0 . 9  9 . 5 

1 0 .  6 8 . 9 

1 1 . 0 9 . 4  

1 0 . 4  9 . 4 

1 0 . 8  9 . 3 

1 0 .  7 9 . 8 

1 0 .  2 9 . 0 

1 1 . 0  9 . 9  

1 0 . 0  9 .  1 

1 0 .  6 9 . 3 

1 0 . 6 9 . 2 

1 0 . 6  9 . 2 

1 0 . 8  9 . 8 

1 0 . 0  8 . 7  

1 1 . 0  1 0 .  5 

1 2 . 8  1 3 . 4  

1 0 . 83 9 . 66 

0. 61 l .  00 

S . D .  = Stan dard Devi ati on 
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November December 
s B s B 

5 . 4  5 . 4  1 0 . 0  1 0 . 2  

5 . 2  5 . 2  1 0 . 3  1 0 . 5  

5 . 0  5 . 2  1 0 . 0  1 0 . 3  

5 . 0  5 . 2  1 0 . 5  1 0 . 5  

5 . 2  5 . 2  1 0 . 8  1 0 . 4  

4 . 9  5 .  1 1 0 . 2  1 0 . 2  

4 . 9  5 .  1 9 . 8  1 0 . 4  

5 . 0  5 .  1 9 . 6 1 0 . 0  

5 . 0  5 .  1 9 . 4  9 . 9 
4 . 9 5 . 0 9 . 6 9 . 6 

5 . 0  5 .  1 1 0 .  2 1 0 . 2  

5 . 3  5 . 2  9 . 2  1 0 . 1  

5 . 0 5 .  1 1 0 . 6  1 0 . 4  

5 . 0  4 . 9  1 0 . 6  1 0 . 7  

5 . 4  5 . 4  1 0 . 8  1 0 . 5  

5 . 4  5 . 4  1 0 . 4  

4 . 9  5 . 0  9 . 0  9 . 2  

5 . 2  5 . 2  1 0 . 2  1 0 . 0  

5 . 4  5 . 4  1 0 . 3  1 0 . 4  

5 . 1 1  5 . 1 7  1 0 . 06 1 0 . 2 1 

0 . 1 9  0 . 1 4  0 . 53 0 . 3 6 



TABLE G . 5-6 D i s so l ved oxygen (mg/ 1 ) data for the proposed Chacahou l a 
br i ne d i ffuser s i te ,  September through December , 1 977 . 

September October Novembera December 
s B 

C l  7 . 4  4 . 7 

C2 7 . 5  2 . 5 

C3  7 . 5  6 . 3 

C4 7 . 7  7 .  1 

C5 7 . 4  6 . 3 

C6 7 . 7  6 . 2 

C7 7 . 8  6 . 4  

C8 7 . 8  7 . 3  

C9  8 . 0  7 . 0  

C l O 7 . 8  6 . 6 

C 1 1 7 . 6  6 . 7  

C l 2 7 . 6  6 . 5 

C l 3 

CRl 7 . 2  4 . 4  

C R2 7 . 7  7 . 4  

CR3 7 . 7  7 . 7  

C R4 7 . 7  4 . 7 

MEAN 7 . 63 6 . 1 1  

S . D . 0 . 20 1 .  37 

Key : S = Surface 
B = Bottom 

s 

1 1 . 2  

1 1 . 4 

1 1 . 8 

1 1 . 6 

1 1 . 8 

1 1 . 2 

1 1 . 2  

1 0 . 8  

1 1 . 8 

1 1 . 4 

1 1 . 5  

1 1 . 4 

1 1 . 9  

1 1 . 2 

1 1 . 4 

1 0 . 6  

1 1 . 4 

1 1 . 39 

0 . 35 

S . D .  = Standard Devi ati on 

a Data not obtai ned for November .  

B s B s B 

9 . 3  

1 0 . 4  

1 0 . 4  

1 o .  6 

9 . 6 9 . 4  9 . 30 

1 0 . 8  

1 0 .  2 

1 0 . 0  

1 1 . 6  

1 o .  6 

1 o .  5 

1 0 . 0  1 0 . 0  9 . 0  

9 . 7 1 0 . 0  9 . 0  

8 . 5  9 . 9  9 . 8  

1 0 . 4  

1 0 . 8  

9 . 6  9 . 8  9 . 7  

1 o .  1 8  9 . 82 9 . 30 

0 . 70 0 . 25 0 . 41 
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.. . 

. 1 1  

. 6 2  
.. . 

. 1 1  

. . .  
2 6 .  

... 
· " 

· " 
· " 

. .. 

... 

. . . 
1 . 1  ss. 

. 9 - 1 . 8  

.9�1 . !I 
l�-8) 

. .  

. .  

6 2 .  

. 66· .  ·�  

. !1 7 - . 6 6  
26-91 

"" 
<a,.,, ... ,,  

. o •  
.01 

H . '-

.OS 

.OS 

.OS 

.OS 
1 1 . 0  

. 06  

.01 
' · '  

.0) 

. 01 
1 1 . 0  

. 0 )  
14 .6 

.02 

.02 
1 . 6  

.0] 

.02 
' · '  

.02 

.02 

.02 

.02 

,02 
.02 

. .. 

.OS 
! 2 . !1  

•• 
<��a/11.1) 

.01 

.0] 

ro, 
( .. ) 

uo., 
( .. ) 

. 7 6  1 . )  
. 9 1  10 . 0  
. 10  1 2 6 .  

oo, 
(uH) 

• .  6 
1 . 0  

.0!1 l . l J  1 9 . 0  1 6 . 1  
• 04 I .00 9, 7 

.04 I .11 2 1 . 1  20 . 1  

.04 1 . 7 1  2 1 . )  1 9 . 9  
I S .  

.02 . 7 1  l l . l  U . !i  

.04 L !IO U . 4  9 . 9  

. 75o 1 2 2 .  
.04 1 . 4] 1 0 . 0  
. 0 )  1 . !10 1!1 . 6  

. 10 J 0 7 .  

1 . 19 80. 
, )) 9 8 .  

. 0 )  1 . !17 2 . 9 
.01 1 . 64. · 2 . 9  

. 2 )  146. 

·� 
.02 

. .. 

. .. 
s .  
1 . 1  

( 1 2 . 1) 121 . 
.OS 
.0, 

. 6 1  
· "  

.04 !1 . 9 7  

.04. l . St.  

.OS 

.0, 

.01 

. ..  

.61 

. so 

. . .  
• .  6 

. . .  
7 . 9  

6 . 6  
. . . 

S . l  
1 . 1  

1 2 . 7  

1 . 0  

0 . 1  
2 . 9  

0 . ] 
o . •  

1 . 2 

0 . 1  
o . •  

.OJ- . 06 . O l - . 0 !1  

.Ol-.07 .Ol- . 04  
(, , 7-18.0 

. O l  · .o:z 
6.2 

. .. 

. 01 

. o�� . os .ot�.os 
.o� .ot-.o� 

4 . 7-7 .6  
J . s• 2s• 

8 2 .  2H 
,. 

Cl 
C1/ka> .. , 

<•'"'' 

l )  .9!1 z . 1 9  
U . ll 2 . 2 1  
U .91 Z . H  

7 .01 . 1 1  
U . 9 1  2 . 1 9  

• . •  6 1 .06 
1 . n  .96 

1 1 . 2 1 2 . 1.9 
1 2 . 9 1  1 . 76 
1 !1 . 7 )  2 . 1 6  
) 4. . 9 7  2 . 7 1 

h . 61 2.00 
1t.. 71 2 . 1 0 
1!1 . )) 2 . 60 

l . H  . 1 2  
7 . 80 1 . 1. 2  

.. 
Ca/k.al 

0 . 9  
. . . 

0 . 9  

1 . 9  
1 . 7  

• .  s 
. . . 
6 . S  

1 . 0 
. . .  
• •  
0 . 0  
1 .9 
. . . 

. 1  

• .  6 

1 1 . 67 2 . 4. 7  10 . 1  
1 1 . 1!1 2 . fo9  1 0 . 0  
1 7 .97  2 . 9) 9 . 9  
1 7 . )1 l . U  1 0 . 0  
1 1 . /o l  2 . 46 9 . 9  
1 6 . 7 7  2 . JO 9 . S  

l b . '!ll. 2 . 40 9 . 6  
1 7 . 21 2 . 4 2  9 . 7  

1 7 . 2 1  2 . 1.4 9 . 7  
1 7 . S I  � .  !1 0  9 .  9 

l b . 9(, 2 . '-0 9 ) 
1 7 . 2 1 2 . 1. 2  9 . )  

l 9 . H  2 . 1 1  10.1 
l 4 9 . s  1 . •• n . s  

' 
(&/kaJ 

. 12 

. l l  

. I S 

. .. 

. Jl 

. 1 6  

. I S  

. I I  

. I S  
. II 

" 

. 19 
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· " 
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)] 
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1 . 10 
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l it 
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1 . 1 8 
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TABLE G . 5- 8 

S i te 

Weeks I s  1 and 

Chaca hou l a  

Data for rel ati ve di s sol ved and Darti cul ate heavv metal burdens - oronosed l�eeks I s l and  
and Chacahoul a bri ne di ffuser s i tes , SP.ntember 1 9 77 .  

Depth 
S ta t 1  on ___ {!ltl_ 

W2 

6 

W5 

6 

W8 3(11 ) 

3 ( 8 ) 

W I O  

6 

W1 5 

6 

WR3 2 

C2 

" 

C5 

9 

Cll 

() 

C l O  

8 

CR3 

6 

TSH POC POC/TSI1 DOC Fe Hn Zn Pb Il l 

!�'9!.!1 Lll!!LfL!l __ Jn_ j_11_1!!__(j_!_}_ !!'.!!!!t �_!!�_1-l ll.!!Ltl 51'.!1L!l J1•!lf_tJ 

D i s so l ved 
Part i c u l a te 

Di ssol ved 
Pa r t i c u l a te 

Dt ssol ved 
Particu I a te 

Di s so l ved 
Part i cu l a te 

Di ssol ved 
Pa r t i cu l a t e  

D i ssol ved 
Pa r t i c u l a te 

Di ssol ved 

I 5. 7 

lfl. 5 

8 . 5  

74 . 4  

5 1 . 7  

30. 4 

Pa r t i cul a te 3 . 0  

Di ssol ved 
Pa r t i c u l a te 1 65 . 4  

D i s sol ved 
Pa r t i cu l a te 1 3 . 6  

D i s sol ved 
Pa r t i cul a te 40. 7 

Dl sso l ved 
Part i c u l a te 

D i s so l ved 
P a r t i c u l a te 

D i ssol ved 
Pa r t i c u l a te 

D i s sol ved 
Pa r t i c u l a te 

Di sso l ved 
Pa r t i c u l a te 

D i s sol ved 
Part i c u l a te 

D i s sol ved 
Pa r t i c u l a te 

Dl ssol ved 

4 5 . 1 

0 . 4  

2 . 2  

1 . 3  

6 . 5  

1 . 4  

1 . 8  

Pa r t icul a te 1 . 7  

D i s so l v ed 
Pa r t i c u l a te { 32. 7 ) 
D i s sol ved 
Pa r t i c u l a te 3 . 4  

D i � so l ved 
Pa r t i cu l a te 2 . 2 

. 46 2 . 9  

1 .  20 

. 54 2 . 9  

. 7 5 
. 5 1 6 . 0  

. 62 0 . 6  

1 .  93 

. 93 1 . 8 

. 93 3 . 1  

1 . 1 0  

. �6 1 5 . 3 

1 .  3 6  

1 . 1 9 0. 7 

1 .  3 1  

. 44 3 . 2  

1 . 33 

. 5 1  1 . 3  

2 . 30 

1 . 54 3 . 4  

. 08 20 . 0  

. 93 

. 22 1 0 . 0  

1 . 01 
. 22 1 6 . 9  

. 00 

. 32 3 . 8  

. 94 
. 22 1 5 . 7 

. 32 

. 2 3  1 2  . !I  

. 90 
. 35 1 0 . 3 

1 . 1 1 
. 37 1 6 . !1 

· 2 . 0  

7500 

< 2 . 0  

1 30 . 0  

< 2 . 0  

3 7 0 . 0  

< 2 . 0  

. 540 

1 5 . 0  

l .  90 

1 0 . 0  

1 .  20 

7 . 7  

2 . 1 0  

< 2 . 0  0 . 740 

3200 . 0  62 . 0  

3 . 40 1 . 300 

1400 . 0  29 . 0  

1 93 . 0  1 6 . 40 

95 . 0  2 . 2  

< 2 . 0  1 . 000 

7600 . 0  l fiO . O  

< 2 . 0  1 . 200 

5300 1 2 . 0  

<2 . 0  0 . 5�0 

4200 . 0  53 . 0  

• 2 . 0  0 . 2 ' 0  

3 1 00 . 0  2fi . O  

< 2 . 0  

5584 

< 2 . 0  

66 . 0  

< 2 . 0  

4 7 .  0 

< 2 . 0  

1 60. 0 

< 2 . 0  

52 . 0  

• 2 . 0  

0. 620 

0. 1 6.1 

0 . 450 

1 . 6 

0. 700 

0 . 66 

I .  300 
5 . 7 

0. 570 

1 . 5 

0. 500 

· 2 . 0  0 . 7 7 0  

6 3 . 0  1 . 3  

• 2 . 0  1 . 500 

2200 . 0  25 . 0  

< 2 . 0  3 . 800 

97 . 0  3 . 7 

< 2 . 0  

Ill . 0 

3 . 000 

3 . 0  

< 1 2 . 0  0 . 090 

3 . 5  0 . 52 

< 1 2 . 0  0 . 040 

0. 65 0 .  0973 

< 1 2 . 0  0 . 070 
3 . 7  0 . 26 

< 1 2 . 0  0 . 2 1 0  

< 1 2 . 0  0 . 040 

1 2 . 0  2 . 0  

< 1 2 . 0  0 . 030 
4 . 3  0 . 4 9  

< 1 2 . 0  1 . 800 

� . 2  0 . 26 

< 1 2 . 0  0 . 080 

62 . 0  4 . A  
< 1 2 . 0  0. 060 

3 . 2  0 . 29 

< 1 2 . 0 0 . 0�0 
3 1 . 0  1 . 0 

< 1 2 . 0  0 . 020 
6 . 5  1 . 8 

0 . 900 

0 . 1 0  

1 . 0()() 

0. 1 6 5  

1 . 4 00 

0 . 5 H 

I .  I 0 

I .  900 

3 . 9  

1 . 700 

1 . 7  

1 . 700 

< 0 . 1 26 

1 .  300 

B . O  

1 . 300 

6 . 0  

1 . 1 00 

3 .  3 

1 . 400 

4 . 3  

< 1 2 . 0  0 . 1 50 1 .  700 

0 . 003 1 6  

< 1 2 . 0  0 . 060 
0. 24 0 . 063 

< 1 2 . 0  0 . 080 

0 . 31 0. 052 

' 1 2 . 0  0 . 080 

1 . 9  0. 1 6  

' 1 2 . 0  0 . 090 

0. 200 0 . 1 4 0  

< 1 2 . 0  0 . 030 

< 1 2 . 0  0. 1 1 0  

0 . 1 94 

· 1 2 . 0  0 . 040 

3 . 466 51 . 0  

< 1 2 . 0  0 . 1 50 
1 0 . 269 0 . 1 03 

< 1 2 . 0  0 . 060 

0. 0311 

1 . 400 

1 .  700 

0 . 07 3  

I . 400 

1 .  200 

I . 200 

I . 4 00 

1 . 000 

2 . 9  

I . 100 

0 . 900 

Cu Cd 

!J•UL�l 1!•9! tJ 

O . tl60 0 . 0�0 
0 . 3 3  0 . 0 1 �6 

0 . !150 0 . 030 

0 . 06 1 1 0 . 0076 

l . fiOO 0 . 050 

O . l ll l  0 . 0062 

0 . 9 .10 

I . 60 

1 . 7  

1 .  500 

0 . 62 3  

0 . 050 

0 . 050 

0 . 050 

0 . 050 

0 . 01 7 9 

1 . 600 0 . 060 

0 . 07 1 7  0 . 0056 

I . 200 0 . 070 
3. 1 1 .  7 

1 . 1 00 0 . 030 
0 . 2 7  0. 009 

0 . 600 0 . 030 
1 . 2 0 . 05 7  

1 . 600 

1 . 6 
0 . 030 

0. 04!l7 

0 . 1 1 0 0. 020 

0 . 0 1 60 

0 . 620 0 . 020 

0. 0062 0 . 0029 

0. 7 7 0  

0 . 035 

0 . 6 1 0  

0 . 097 

0 . 030 

0 . 0036 

0 . 020 

0 . 0077 

0 . 660 0 . 020 

0 . 0215 0 . 004 

0 . 650 0 . 020 

0. 7 40 0 . 020 

0 . 06311 

0 . 570 0 . 020 

0 . 001 0 . 0186 

0 . 920 0 . 050 
0 . 1 29 0 . 004 

0. 660 

0 . 045 

0 . 020 

o. oo:n 



TABLE  G .  5- 9 

.till 
S t a t ion Deet h{m ) 

Weeks Island 
W2 1 

7-8 

ws 

7-8 

w8 3 (A) 

3 (B )  

7-8 

WlO 

6 

7-8 

WlS 

7-8 

2 

4-6 

Data for heavy meta l content of s u s pended part i c u l a tes and 
bottom sed i ments - proposed Weeks I s l and and Chacahou l a  
bri ne d i ffuser s i tes , September , 1 977 . 

P•Particulate 
S•Sediment � � � � .!:!.ili.2!l � � 

P-WAS t 2 1 7 0  5 8 5  4 3  6 . 5  4 . 8  3 .  2 . 4 9  
P-To tal 4 7820 984 221 32 . 9  66 . 7  2 0 . 8  . 9 3 
P-% Leach 4 . 5  5 9 . 5  1 9 . 5  1 9 . 8  7 . 2  1 5 . 3  52 . 7  

P-WAS 1 8 9 0  5 1 2  2 6  3 . 7  3 . 8  1 . 8  . 3 5 
P-To tal 6 7 93 556 35 . 3  6 . 2  8 . 9  3 . 3  . 4 1  
P-% Leach 2 7 . 8  92 . 1  7 3 . 7  59 . 7  4 2 . 7  54 . 8  8 5 . 4 

S-WAS t 
6300 529 31 21 7 .  2 12 . 2 

P-WAS 2 1 6 0  5 6 9  1 9 8  13 . o  10 . 9  3 . 5  . 2 2 
P-To t a l  4 3 2 1 0  906 4 3 5  3 0 . 8  6 0 . 5 21 . �  . 7 3 
P-% Leach 4 . 9  6 2 . 8  4 5 . 5  4 2 . 2  18 . 0  1 6 . 4  30 . 1  

P-WAS 2110 601 8 5 0  5 . 5  4 . 3  2 . 8  1 . 4 5  
P-To tal 
P-� Leach 

S-WAS 6 2 00 6 2 7  3 0  1 9  7 . 3 1 2  . 3  

P-WAS 1 9 2 0  593 94 6 . 5  4 . 1  3 . 6  . 3 0  
P-Total 6 2 5 00 1 1 91 234 3 9 . 6 7 5 . 3  32 . 3  . 9 6 
P-% Leach 3 . 1  5 0 . 0  4 0 . 2 16 . 4  5 . 4  11 . 1  31 . 2  

P-WAS 1 7 1 0  5 5 2  43 4 . 3  4 . 8  3 . 0  . 08 
P-Total 4 6000 943 143 16 . 0  56 . 6  20 . 5  . 59 
P-r. Leach 3 . 7  58 . 5  3 0 . 1  2 6 . 9  8 . 5  14 . 6  1 3 . 6  

S-WAS 5 9 00 507 2 8  18 6 . 9  11 . 2  

P-WAS 2590 5 3 0  4 7 7  4 9  <4 5 . 3  . 67 
P-Total 31840 7 3 1  1390 85 . 8  <42 23 . 9  1 . 85 
P-% Leach 8 . 1  7 2 . 5  3 4 . 3  5 7 . 1  2 2 . 1  36 . 2  

P-WAS 1350 464 227 1 . 6  2 . 1  1 . 1  . 09 
P-To tal 4 7 2 7 0  1096 3 7 6  2 9 . 4  48 . 6  18 . 6  10 . 5  
P-% Leach 2 . 8  42 . 3  81 . 4  5 . 4  4 . 3  5 . 5  0 . 8 6 

S-WAS 5 700 562 2 6  18 5 . 8  1 0  . 2  

P-WAS 2160 527 7 2  7 . 4  4 . 6  2 . 7  . 1 0  
P-Total 3 9 3 2 0  880 232 20 . 5  44 . 0  1 9 . 5  . 66 
P-% Leach 5 . 4  60 . 0  31 . 0  3 6 . 2  10 . 5  13 . 8  1 5 . 0  

P-WAS 1050 5 6 0  3 2  3 . 6  3 . 1  1 . 8  . 2 9 
P-Total 103400 1 2 9 6 7 5 9  24 . 9  8 0 . 9  28 . 4  1 . 4 0 
P-% Leach 1 . 0  4 3 . 2  4 . 2 14 . 5  3 . 8  6 . 3  20 . 7  

S -WAS 5 7 0 0  5 9 4  25 1 7  6 . 0  8 . 2  

P-WAS 1 2 50 468 24 2 . 5  3 . 9  1 . 6  . 2 9  
P-To t al 69650 621 189 3 9 . 8  95 . 0  3 5 . 6  1 . 08 
P-% Leach, 1 . 7  7 5 . 4  1 2 , 7  . .  6 . 3  4 . 1 4 . 4 2� . 6  

S-WAS 6300 5 1 1  2 8  1 9  7 . 7  13 . 2  

G . s-ro 



TABLE G .  5-9 conti n ued . 

llll P•Particulate 
� DeEth(m) S•Sediment � � � lliE.El � Cu (Eom) � 

Chacahoula 
C2 P-IJAS 1840 2 7 9  104 5 . 4  < 7  1 9 . 7  4 . 02 

P-Total 13960 408 300 7 . 9  < 1 3 0  39 . 1  5 .  
P-% Leach 1 3 . 1  68 . 4  6 8 . 3  5 0 . 3  

1 1  P-IJAS 2360 534 63 9 . 3  < 2 7  1 . 6  1 . 06 
P-Total 29860 7 1 7  108 28 . 8  <48 2 . 9  1 . 34 
P-% Leach 7 . 9  7 4 . 5  58 . 2  3 2 . 3  5 3 . 6  7 8 . 9  

12- 1 3  S-IJAS 5000 384 21 14 4 . 6  . 04 

C5 P-IJAS 3 2 6 0  408 9 7  13 . 0  <8 10 . 0  2 . 08 
P-Total 3 6 1 1 0  5 0 8  242 4 0 . 0  < 5 6  27 . 1  2 . 7 8 
P-� Leach 9 . 0  80 . 3  24 . 7  3 2 . 5  3 6 . 8  7 4 . 8  

P-IJAS 1830 555 152 8 . 9  < 1 . 5  3 .  7 . 6 5 
P-Total 1 8 6 8 0  6 6 7  2 2 4  2 1 . 2  <20 1 1 . 4  . 90 
P-% Leach 9. 7 8 3 . 2  6 7 . 8  4 2 . 0  3 2 . 4  7 2 . 2  

lQ-11 S-IJAS 3600 242 18 10 4 . 0  3 . 06 

C8 1 P-IJAS 2980 8 9 4  9 3  1 5 . 0  < 1 1  3 . 3  2 . 2 1 
P-To tal 3 7 160 1 1 0 9  140 9 7 . 1  < 40 1 6 . 8  2 . 86 
P-% Leach 8 . 0  8 0 . 6  6 6 . 3  1 5 . 4  1 9 . 6  7 7 . 1  

8 P-IJAS 1 8 2 0  5 2 6  6 1  7 . 5  < 6  1 . 3  1 . 22 
P-Total 22494 6 4 1  9 4  58 . 5  < 4 7  8 1 . 34 

P-% Leach 8 . 0  8 2 . 1  64 . 9  1 2 . 8  90 . 8  

9-10 S-IJAS 2400 1 5 5  1 3  6 2 . 9  . 03 

ClO 1 P-IJAS 2910 562 9 6  2 3 . 1  <10 10 . 5  l .  5 0  
P-To tal 3 7 0 4 0  7 8 0  140 . 0  1 1 4 . 2  < 2 6  28 . 2  2 

P-% Leach 7 . 8  7 2 . 1  2 0 . 2  3 7 . 1  

8 P-IJAS 1890 5 3 4  43 3 . 8  3 . 1  2 . 7  . 1 4 
P-Total 6 8 7 0 7  7 5 2  106 3 9 . 6  7 8 . 5  31 . 6  1 . 1 8 
P-% Leach 2 . 7  7 1 . 0  4 0 . 5  9 . 6  4 . 0  8 . 5  1 1 . 8  

9-10 S-IJAS 

CR3 1 P-IJAS 1 3 7 0  7 6 8  7 0  1 3 . 4  < 5  11 . 6  . 8 5  

P-Total 28500 1098 302 3 0 . 3  < 3 2  3 7 . 9 7  1 . 1 7 

P-% Lead 5 . 3  69 . 9  23 . 2  44 . 0  3 0 . 5  7 2 . 1  

6 P-IJAS 2 35 0  1 0 1 9  5 1  1 0 . 1  < 7  3 . 6  1 . 24 
P-Total 36800 1 3 5 3  1 0 0  1 7 . 2  < 4 1  20 . 4  1 .  52 
P-% Leach 63 7 5 . 3  5 8 . 7  1 7 . 6  8 1 . 4  

7-8 S-IJAS 2800 154 14 7 2 . 9  . 02 

Mississippi Delta 
Suspended Particulate; 46400 1 2 3 0  2 4 4  • .  58 56 56 1 . 5  

t WAS (weak acid soluble) refers to a leach w i th 25% V/V a c e t i c  a c i d  in t h e  c ase o f  the suspended particul a t e  ( P) 
and to 1 N HNo

3 
in the c a se o f  t he bot tom sediments ( S ) . 

; From Trefry , 1 97 7 ;  mean of 34 samp l es . 

G . 5- l l 



TABLE G .  5- 1 0  

illi 
Station filll_ 

Weeks Is land 
W2 . 6J 
ws• . 62 
W8 . 59 
W l O  . 57 
W 1 5  . 5 7  
WRJb . 6J 

Chacahoula 
C2 . 50 
cs• . J6 
C8 . 24 
CRJb . 28 

G) . Mean ( a l l  :;tations) . 50! . 1 5  
<.11 Hun ( Weeks onl y )  . 60>. OJ I 
_. Me"n ( Chacahoula only) . J5t. 1 1  
N Metal Content Associa ted 

'lfith Organfc Matter Ho 
Tohl 14etal Content (� leach) Average 
Mfsshs1p1Ji De l ta 
Sedin�entC J.  99( 1 5 )  

1ProptJsed d t Huser s t ti!S 
bReference '§tations 

clrefry, 1 977 

Data for s urface sedi �ent (0-5 em) metal contents and metal / i ron rat i os - oroposed 

Weeks I s l an d  and Ch acahoul a bri ne di ffuser s i tes , Seotember 1 9 77 .  

� Mn/Fe{xlo"2
! Zn/Fe{x10"4

! �b/Fe{ x1 0"
4

! Ni/Fe{xlo"4! � Cr/Fe(xlo"4j � Cu{Fe(xlo"4j � � � � Cd{Fe(xlO"'l llill Fe/ AI  

529 . 8 . 4  JO. l 49. 1 20 . 9  J J  . 2  7 . 2  1 1 .4 J. J 5 . 2  · � · · 1 9 . 2  . 2 0  J . 2  . 22 2. 9 

627. 10. 1 29. 7 47 . 9  1 9 . 4  Jl . J 7 . J  1 1 . 8 2 . 8  4 . 5  1 1 . 9  1 9 . 2  . 2 7  4 . 4  . 20 J . l  

507 . 8 . 6  27. 1 47.  J 1 8 . J  Jl  . o  6 . 9  1 1 . 7  J . O  5 . 1  1 1 . 2 1 9 . 0  .22 J .  7 . 1 9 J. l 

562. 9. 9 26. 1 46 . 0  1 7 . 7  J l  . 1  5 . 8  1 0 . 2  2 . 6  4 . 6  9 . 7  1 7 . 0  . 22 J . 9  . 1 7  J . 4  

594. 1 0 . 4 24 . ;  4 J . 2  1 6 . 8  290. 5  6 . 0  1 0 . 5  2 . 5  4 . 4  7 . 8  1 J . 7  . 1 9  J . J  . 1 5 J . 8  

5 1 1 .  8. 1 2 7 . ' 44 . 0  1 9 . J  J0. 6  7 . 7  1 2 . 2  2 . 2  J . 5  1 3 . 2  2 1 . 0  . 20 J . 2  . 1 8  J . 5  

J84. 7 . 7  21 . � 42.4 lJ. 9 2 7 . 8  4 . 6  9.2 2.0 4.0 6 .  7 1 J . 4  . 04  0 . 8  . 1 1  4 .  5 
242. 6. 7 1 7  . I  4 9 . 2  1 0 . 0  27 . 8  4 . 0  1 1 . 1  1 . 5  4 . 2  2 . 8  7 . 8  . 06 1 . 7  .09 4 . 0  

1 55.  6.  5 lJ. : 54 . 6  6 . 4  26 . 7  2 . 9  1 2 . 1  1 . 4  5 . 8  1 . 0 4 . 2  . OJ l . J  .05 4 . 8  

1 54.  5 . 5  1 4 . • 51 .4 6.6 2J . 6  2 . 9  1 0 . 4  1 . 0 J . 6  1 . 0 J . 6  . 02 0. 7 . 05 5 . 6  

47 . 5t J . 8  14 .9<5 . 4  29. Jt2.8 5 . 5t 1 . 8  1 1 . 1 t l . O  2 . 2 t . 8  4 . 5t . 7 1 7±4. 7 1 J . 8i 6 . 5  . 1 5t . 1 0  2 . 6< 1 . 4  427t181 8 . 2> 1 . 6  23. lt·j, 4 . 14! . 06 J . 8 t . 8  

555t 48 9. Jtl . O  2 7 . 8:!:.? . 3  46. Jt2.  J 1 8 .  7t1 . 5 J1 . 1 t1 . 2 6 . 8t . 8  1 1 . Jt . 2  2 .  7 !: . 4  4 . 6t . 6  1 1 . 0> 1 . 9  1 9 . 2t 2 . 5  .22t . OJ 3 . 6± . 5  . 1 9 :!: . 02 J . J ± . J  

2J4t108 6 . 6t . 9 1 6. 6t l . 6  4 9 .  4t5 . 2  9 . 2tJ . 5  26. 5t2 . 0  J .  7 !  . 8  1 0. 7 t 1 . 2  1 .  5! . 4  4 . 4.t l . O  2.  9±2. 7 7 . Jt4 . 5  . 04t .02 l . l t  . 5 . 08 t . OJ 4. 7±.  7 

Only very H tt l o  �· Only very l t tt h  Ho No Yos Yes 

J4(55) 41 ( 1 7 )  84(J) 28(39) . 8 ( 2 7 )  74J( 75 )  1 . 9  1 25(2:!) J l . J  8 . 5  l O . J  21 . 1  7 . 0  2 . 0  8 . 1 1  ( 2 )  . 4 9  
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TABLE G . S- 1 1 Data for heavy meta l content of s el ected organi sm - proposed Weeks I s l and and Chacahou l a 
bri ne  d i ffuser s i tes , September , 1 97 7 .  

Samp l e  ()(,SC r J p t  i on � 
�,_l_nEl "  _ _!/ {.,<pec i � ill� !.�_:- S t a t ion f_o:_� 

2 

'l 

,, 

Croaker ( f i sh )  f l esh 
(H. und u l a t us )  Weeks I s .  -

I�T) - - - - --

l�h l t e Shr imp f l es h  
( 1' .  set H e r  u s )  l�e<'ks I s .  -
lii'J -- -----

Zno p l ;mkton 
( c ha e togna t h s )  Weeks I s .  -
WT) 

Wh i t e S h r i mp f l esh 

( P .  sct l fer us ) Chacaho u l a  -
ct2 

-------

NW G u l f  of Me x i c o  Zoo p l ankton 
D 1  
1 2  

O J  

NW Gu l f  o f  H<' x ico tlac rob lota 
Shrll"'p 
Fish Fl esh 
Red S�apper 
Wlnchman 

f Sanop i P  I - 4 f i sh poo l ; f l e flh o n l y  
Sanop I c 2 - 5 shr Imp poo l ; flesh on) y 

§ 

IJ . ) 

6 . lo 

6 9 2 . 

1 . 5  
* 

7 9 9 . 

2 88 .  
2 1 00 . 

4 .  

5 . 4  

) . 8  

:;aonp l.e ) - Who l e  sampl e ;  mos t l y  c ha e t ogna t hs 
S:�mp l e 4 - 1 shrimp ; flesh only 

Hn (pp�n) 

3 . 8  

2 . 2  

2 1 . 9  

l . l  

1 2 . 6  

9 . 8  
-

-

-
-

�-(epm) !�U'.l�!�!� �N'_nll �tJ£F.!!'.l ��!Jl'J'm.) 

1 8 . 7  . 05 . O l  1 . 4 . 00 1  

56 . 1 . 00 1 . 2 /o 2 7 . 1  . Olo 

1 62 .  . 55 6 . 0  1 5 . 6  I .  5 6  

n . f>  : oo 5  . 09 39 . 5  . 02 

1 5 5 . 1 5 . 3  2 . 0  71 • •  0 2 . 4  

5 8 .  4 . )  1 . 9 6 . )  } . )  
120 . 20 .  (-, , 6  20 . 2 . 9  

6 3 .  . 08 . 2 1 . 2 4 . 09 

12 . . OJ . 06 . 80 . 0) 
8 . 2  . 04 . 08 1 . )  . 02 

'' S l on s ,  1 9 7 5 .  O J  - Sample f rom near-sho re o f f  Corpu!l Chri s t i ,  Tl'x :� s .  
6 2 - Samp l e  f rom d i rec t l y  o f fshore o f  t he 1\ t c ha f a l a ya , s t p,n i f i ca n t l y  f u r t h e r  f n•on l and than t he s i t e s  o f  th i s  s l tllly . 

G lloo l he and Pres l ey , 1 9 7 7 .  

A I ( ppm) 

2 . � 7 

0 .  I I 

1 02 0 .  

0 . 1 1  

l l ') l .  
2 8 ) .  

l l  00 . 
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TABLE  G .5 -- 1 2  Data for gas chromagraph i c  hydrocarbon concentrati ons and d i s tri buti ons i n  sediment 
samp l es from the proposed Weeks I s l and and Chacahou l a  bri ne d i ffuser s i tes , 
September ,  1 977 .  

---

S ta t  lon Type 

,...--------1-------
W-5 Sed imen t  
W- 5 Se d imen t 

W- 1 5  Sediment 

W-2 Sediment 

W-2 Sed iment 

W- 10 Se di ...,n t 
W-10 Sed imen t 

WR3 Sed i men t 

WR) s�d iment 

W-8 Sed inoen t 
C-8 Se d imen t 
C-8 Se d imen t 

C-5 Sediment 

C-5 S e d i me n t  

C-2 Sed imen t 
C-2 Sediment 

CR3 Sed imen t 

Il l  : Sh r i mp 

Tai l s  
W 1  llho1c 

S h r i mp 
W 1  Croaker 

W/ollt Cut 
ChacahouL.l Croak�r 

W/out Gut 
Chacahoul a Whol e  

Shr imp 

----- --------------- -�- - ----- - - - - . . 
tlcxan� t-' rac:t lou 

---------- --- --- - ----

Hcso ) vcd Unccsu l vcJ 

4 

- -- - - - - ---

Ratio R/U 
- - ---- - - -------- - - - ---

0 . 88 1  1 2 . 8 7 9  0 . 068 

1 . 100 10. 242 0 .  108 

1 .  364 1 0 . 656 0 . 069 

0 . 9 70 5 . 666 0 .  1 7 2 

l .  292 1 4 . 2 7 0  0 . 090 

1 . 0 1 2  1 4 .  32 7 0 . 0 7 1  

0 .  9 7 2  1 3 . 62 5  0 . 0 7 1  

0 .  2 4  7 1 . 640 0 . 1 5 2 

0. 7 3 7  2 . 629 0 .  280 

0 . 920 1 0 . 3 1 3  0 . 089 

0. i 1 1  0 .  720 0 . 1 54 

0 . 098 1 . 5 5 5  O . Ob )  

0 . 5 1 4  ) . 1 8 7  0 . 1 6 1  

0 . 8 3 5  1 3 . 54 0 . 062 

0 . 549 8 .  880 0 . 06 2  

0 . 4 7 7  5 . 02 0 . 094 

0. 1 7 2 0. 7 1 4  0 .  2 4 2  

0 . 02 3  0 . 649 

0 . 2 7 6  i 2 . 62 8  

0 .  509 8 . 1 6  

0 . 246 4 . 9 30 

0 . 04 6  I . 5 2 8  
- ---- -

1
0EP = Odd/even pre f e rence f o r the u - a l k anes 

l 
N/8 = Norma l /b ranched r a t io for hexane f rac t ion 

Benzene Frac t lun
4 

--- ------y--------- - -

Res o l ved 

1 . 4 1 5  

1 . 6 1 2  

0 . 6)2 

o .  344 

0 . 289 

0 . 8 7 1  

0 . 1 6 7  

0 . 1 1 2 

0. 2 2 7  

0 .  208 

0 . 06 1  

0 . 052 

0 . 164 

0 . 356 

0. 2 74 

0 . 1 2 2  

0 . 1 80 

0 . 1 05 

0 .  2 4 5  

Unccso) ved 
-- - -

6 . 389 

2 . 56 )  

) . 1!)6 

) . 9 7 )  

3 . 62 9  

3 . 8  7 8  

2 .  2 2 l  

0 . 6 1 2  

0 . 86 5  

2 . 54 6  

0 .  ) ) ) 

o . 5 n  

I .  354 

4 . 1 80 

2 . 68 2  

1 . 0 1 1  

0 . ) 6 1  

0 . 4 0 7  

2 . 8'J2 

FAME con c a m l n a c iun
5 

I 
FAKE Con t aminat ion 

- - - ---

H.u t lo 
- - - - - ----

0 .  204 

0 .  ) 39 

0 .  1 6 4  

0 .  1 7 S  

O . OI H  

0 .  2 2 7  

0 . 0 7 5  

0 . 1 8 5  

0 . 2 6 3  

0 . 01!2 

0 . 1 8 5  

0 . 09 1  

0 . 1 2 2  

0 . 08 5  

0 . 102 

0 . 1 1 8 

0 .  500 

OEP
1 ����r�, 

------ -

3 . > 2 0 . 64 0 . 08 5  

4 .  ) 9  0 . 6 7  0 . 0 7 9  

) . 7 2  0 . 59 0 . 1 0 7  

) . 90 0 . 6 5 0 . 08 3  

4 . 08 0 . 6 7 0 . 105  

3 . ] ) 0 . 64 0 . 1 32 

4 . 1 8 0 . 68 0 . 1 1 1  

4 . 1 9 0 . 8 1  0 . 02 3 

3 . 1 l 0 .  7 7  0 . 020 

2 . 44 0 .  7 1  0 . 02 7  

2 . 1 8 0 . 6 5  0 . 2 1 9  

3 .  9 1  0 .  5 1  0 . 2 39 

3 . 4 6  0 . 5 ) 0 . 1 34 

:1 . 58 0 . 5 1 0 . 1 2 5  

) .  7 0  0 .  5 5  0 . 2 6 5  

3 . l 6 0 . 56 0 . 1 4 7  

2 . 86 0 . 4 7  0 . 403 

o. 094 1 I . 
03

_
7 

_ _,__ __ _._ ____ ..._ __ __J..._ __ _, 

3
HJ'O/Il() a The re l a t i ve domlnan<:e of t h e  ma r ine po l y o l e f i ns (HI'O) be tween KOVAl' 20)0 and 2 1 60 ,  In t he hexane f ra c t ion . 

4
ucxdnc anJ benzene concen t r a t ions iJ Cc in pa c t s  p e e  mi l l ion .  

') FiJ L t y a t; i d  me t h y l  e s t t..: c s .  
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TABLE  G . 5- 1 3  Gas chromatograph i c  hydrocarbon concentrati ons i n  water sampl es from the proposed 
Weeks I s l an d  and Chacaho u l a  bri ne di ffuser s i tes . 

Hexane Fract i.on 

S t a t ion Typ e  Re solved 

WfO .... s Wa t e r  89 . 81 

\HO-D \�a ter 8 1 . 7 1 

W2-S Wa ter 2 8 . 7 7  

W 2-D Wa ter 2 2 . 00 

ws-s Wa t er 1 0 2 7 . 34 

WS-D Wa t e r  2 5 3 . 9 8 

WlS-S Wa ter 4 2 . 6 6 

WlS-D Wa ter 5 1 . 4 2 

w8-s Wa ter 2 . 6 7 

W8-D Wa t er 4 8 9 . 0 1 

WR- 3M Water 3 2 . 3 5 

C 2 - S  Wat e r  1 9 . 3 6 

C2-D Wa ter 1 6 . 8 3  

C S- S  Wa ter 8 7 . 4 5 

C S-D Water 4 8 . 3 0  

CR3-i1 Wa ter 4 3 . 1 9 

1
P a r t s  per t r i l l ion (ng / l i t e r )  

2
Par ts p e r  b i l l ion (�g/ li ter) 

Unreso lved 

3 , 8 3 3 . 60 

7 , 1 1 8 . 3 0  

3 , 5 10 . 60 

1 , 5 90 . 5 0 

34 , 3 61 . 1 5 

8 , 9 7 3 . 7 0 

1 , 34 8 . 05 

3 ,  7 7 7 . 08 

2 , 2 2 2 . 8 7 

2 0 , 084 . 7 9 

2 , 1 5 7 . 7 3 

1 ,  081 . so 
7 3 6 . 12 

2 , 3 4 6 . 9  

6 6 1 . 08 

6 7 2 . 60 

1 

Ra t io 

0 . 0 2 3  

0 . 0 1 1  

0 . 008 

0 . 014 

0 . 030 

0 . 028 

0 . 034 

0 . 014 

0 . 001 

0 . 024 

0 . 01 5  

0 . 1 4 7  

0 . 0 2 3  

0 . 0 3 7  

0 . 0 7 3  

0 . 064 

Benzen e  Fr a c t i on 
1 I 

2 I ppb 
Res o lved Unr eso lved Ra t io Total 1 

4 . 2 5 1 9 3 . 4 1 0 . 02 2  4 . 1 2 I 

1 6 . 9 9 9 6 5 . 0 6 0 . 018 8 . 1 8 

9 06 . 5 2 1 , 0 6 2 . 80 o .  9 4 3 5 . 5 1 

34 7 .  3 7  4 3 1 . 6 3 0 . 8 0 6  2 . 3 9 

7 3 . 6 9 1 0 , 44 7 . 30 0 . 007 4 5 . 9 1  

2 2 . 1 0 1 , 5 6 5 . 2 8  0 . 0 1 4  1 0 . 8 1  

1 2 . 6 3 4 2 8 . 2 8 0 . 0 2 9  3 . 0 1 

1 6 . 5 9  98 6 . 4 7 0 . 01 7  4 . 8 3 

--- 580 . 4 5  0 . 1 3 9  2 . 8 1 

3 3 . 4 4  5 , 6 5 9 . 8 7 0 . 0 1 7  2 6 . 3 3 

4 . 1 9 8 1 3 . 38 0 . 0 0 5  3 . 0 1 

3 2 . 5 4 3 3 8 . 2 4 0 . 0 9 6  1 . 4 8 

2 . 9 4 1 2 6 . 8 5 0 . 02 3  0 . 88 

7 4 . 6 2 7 9 . 4 4 0 . 9 4 3  2 . 5 9 

3 . 2 1 No Un r eso lved 1 .  4 2  

2 09 . 6 2 3 9 2 . 1 5 0 . 5 3 5 1 .  3 2  
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FI GURE G . S - 1 . Recon structed gas ch romatogram for GCMS analys i s  of sediment 

sampl e 81 6 ,  hexane fract ion , s ta tinn CR- 3 .  
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TABLE G . S- 1 4  GCMS data for #81 6/stati on CR3 , hexane fracti on ( sedi ment ) .  

Charac t e r i s t ic 
B a s e P e ak M+ Ions Compounds 

1 nC 1 7 

2 57 268 C 1 9 H 4 o p r i s tane 

3 nC 1 a 

4 phy tane 

5 sulfur 

6 57 282 C 2 o H4 2 nC 2 o  

7 83 346 234 , 2 6 2 , 2 9 2  C 2 5 H4 5 

8 5 7  346 2 2 3 , 2 35 , 2 6 4  C 2 5H4 5 

9 6 9  348 2 3 5 , 2 5 1 , 2 6 7  C 2 5H 4 a 

10 5 5  3 4 4  _2 32 , 2 48 , 25 9  C 2 5H4 4  

1 1  5 7  2 9 6  1 5 6 , 169 , 18 3  C 2 1 H4 4  

12 nC 2 2  

13 5 7  2 3 9  169 , 184 , 19 8  C 1 aH 2 3  

14 5 7  320 2 5 5 , 270 , 29 6  C 2 4H 3 2  

15 19 1 318 2 6 3 , 2 8 7 , 3 04 C 2 3H4 2 tr i cy c l i c  d i t e r p ane 

16 nC 2 3  

17 191 3 3 2  2 6 2 , 30 9 , 318 c 2 4H4 4  tr icycl i c  d i terp ane 

18 55 334  209 , 2 23 , 2 3 6  C 2 4H4 5 

19 nC 2 4 

20 nC 2 s  

21 nC 2 6 

22 217 3 7 2  2 88 , 315 , 3 5 7  C 2 eH 3 5  cho les tane 

23  5 7  3 7 2  189 , 218 , 2 5 9  C 2 a H 3 5 s t e r an e / alkane mixture 

24 nC 2 7 

25 9 5  386  3 2 9 , 3 5 4 , 3 7 3  c 2  g H 3 a  e r go s t ane /me thyl cho l e s t an 

26 8 1  400 288 , 3 5 8 , 3 7 1  s t igma t ane /me thy l 
engo s t an e  

27  nC 2 8  

28 55 3 70 302 , 3 17 , 3 55 C 2 7H4 5  s t e r ane 

29 57 400 288 , 3 3 5 , 3 7 1  C 2 g H s 2  s terane 

G . 5- 1 7 



TABLE G . S- 1 4  cont i nued . 

Charac ter i s t i c  
P e ak No . Base P e ak M+ Ions C omp ound s 

30 191 368  2 5 6 , 28 4 , 2 3 2  C z 7 H 4 4  

31 nc 2 9 
3 2  19 1 M+? 2 4 9 , 2 5 9 , 282  
3 3  nC 3 o 
34 19 1 4 1 2  207 , 218 , 2 4 7  C 3 oH s z 
35 nC 3 1 

G . S- 1 8  



M/E. PEF. TOl 

llGC 

SCAN TIME 

SCAN TIME 

1188 
46:48 

1 2 
, I 

1688 

j 

53: :!8  

! O  

IJ 

1888 
68: 08 

1 4  

1 7  1 8  

20110 ;rnlll 
66:48 13: 29  

29 29 

3298 
186: 48 

3488 1 13 : 29  

1 9  

10 

J 
24tle 
88 : 8  

36ee 128 :8  

FIGURE G . 5- 2 .  Recons tructed gas ch romatogram for CiSMS analys i s  of sedi men t 
sampl e  81 6 ,  ben zene fracti on , s tati on CR- 3 .  

G . 5- 1 9  



TABLE G .  5- 15 G CMS data for #81 6/stat ion CR3 , benzene fract ion ( s ed imen t ) . 

Charac t er i s t i c  
P eak No . Base P eak H+ Ions C omEounds 

4F 

1 8 0  2 8 8  1 5 0 , 1 9 0 , 2 3 4 c
2 1

H
3 6  

unknown unknown o l e f in 
2 9 1  2 8 4  1 9 9 , 2 1 3 , 2 5 5  c

2 1
H

3 2  
I I  " 

3 7 0  344 2 3 4 , 1 7 7 , 2 8 9  c
2 5

H
44 

" " 

4 5 5  3 4 4  2 3 2 , 2 4 7 , 2 5 9  c
2 5

H
44 

I I  " 

5 6 9  2 7 4  1 9 3 , 204 , 2 1 8  c
2 0

H
3 4  

I I  I I  

6 6 9  2 8 9 ?  2 0 6 , 2 1 6 , 2 3 2  c
2 1

H
3 6  

" " 

7 5 6  3 1 2  2 1 4 , 2 3 8 , 2 5 7  c
2 2

H
3 6  

" ! I  

8 5 5  3 18 ? 2 2 2 , 160 , 2 7 9  c
2 3

H
4 2  

I I  " 

9 5 7  3 4 0  2 4 2 , 2 6 7 , 2 8 5  c
2 5

H
4 o  

1 0  5 7  2 5 9  2 4 1 , 2 1 3 , 1 9 9  c
l 9

H
3 1  

d i o c tyl a d ip a t e  
1 1  5 7  3 2 4  2 9 3 , 2 6 5 , 2 4 6  c

24
H

3 6  
1 2  149 2 6 6  1 7 2 , 2 4 7  c

2 0
H

3 6  
1 3  1 4 9  ? 2 7 9 , 1 6 7  d i o c t y l  p h t hala t e  
1 4  5 5  4 1 2  149 c

3 0
H

5 2  
cyc l i c  alb en e ?  

1 5  6 9  4 1 0  2 6 5 , 2 7 4 , 314 c
3 0

Hj8 
16 149 2 9 4  2 0 9 , 2 4 7 , 2 6 5  c

2 2
H ph thal a t e  

1 7  1 4 9  3 9 0  2 6 5 , 2 9 4 , 3 5 3  c
2 8

H
5 4  

1 8  6 9  414 2 3 3 , 1 9 1 , 1 7 3  c
3 n�5 4  

unkn . t r i t erpane 
1 9" 69 3 4 2  1 7 5 , 1 9 2 , 2 04 c

2 s ··42 
s qualene 

2 0 ?  6 9  4 1 0  C
3 0

H
5 0  

t r i t erpan e ?  
2 1  5 7  4 2 4  2 2 9 , 2 0 2 , 2 1 5  c

3 1
H

5 2  
t r i t e rpane ? 

2 2  6 7  3 9 4  2 1 4 , 2 4 7 , 2 5 5  c
2 0

H
46 

t r i t e r p an e ?  
2 3  5 7  4 3 8  2 1 6 , 2 2 9 , 2 4 4  c

3 2
H

5 4  
24 149 4 5 2  244 , 2 9 4 , 3 2 2  c

3 3
H

5 6  
2 5  5 7  4 5 2  2 5 7 , 2 4 3 , 2 2 9  c

3 3
H

5 6  
cyclic a lkene 

2 6  5 7  4 5 2  2 5 7 , 2 44 , 2 2 9  c
3 3

H
5 6  

cyclic al kene 
2 7  204 440 3 9 3 , 2 6 9 , 2 4 6  c

3 2
H

5 6  
t r i t e r pane 

28 5 7  4 6 6  2 5 8 , 2 4 3 , 2 2 9  c
3 4

H
5 8  

cy c l ic a lkane 
2 9  5 7  4 6 6  2 2 9 , 2 4 3 , 2 5 7  c

34
H

5 8  
cy c l i c  alkane 

3 0  5 7  M+? 2 5 3 , 2 6 7 , 2 8 1  

G . S-20 



lifE. DEF. TOL 

SCAH TillE 141!0 
46:48 

tsee 53: :le 

1 6  

1 5  

1 3  

1 7  

t 9  

2888 
66: 48 

22 

2291! 73:28 241!0 
88 : 8  

FI GURE G . 5- 3 .  Recons tructed 9as ch romatogram for GCMS ana lys i s  of sedi ment 
sampl e 81 8 ,  h exane fract ion , s tati on WR- 3 .  

G .  5- 2i 



t11E .  DEF . TOL 

RGC 

SCAH TitlE 

l 

26 

28 

29 

SCAH TIME 

2681J 86: 48 

33  

44 

38011 126:48 

FI GURE G . S- 3 . conti n ued . 

2886 
93: 28  

1888 
!33:28 

38 

G . S-22 

1288 
148 : 88  

40 

3200 196:48 

1188 
1 16 : 48 

34A8 
1 13: 28 

368e 
1 28 : 8  



TABLE G . 5- 16 GCMS data for #81 8/WR3 , hexane fracti on ( sediment ) .  

Ch a r a c t e r i s t i c 
P eak No . B a s e  Pe ak M+ Ions Compo unds 

1 5 7  240 1 2 7 , 1 42 , 1 5 1  C 1 7H 3 6  nC 1 7  
2 5 7  2 6 8  1 2 7 , 1 5 5 , 1 8 3 C 1 9H4 o  p r u t ane 
3 5 7  2 5 4  1 2 7 , 1 42 , 1 5 6  c 1 8 H3 8  nC 1 � 
4 5 7  2 8 2  1 6 9 , 1 8 4 , 1 9 7  C 2 oH4 2  phy ane 
5 No Da t a  nc

� 9 
6 5 5  2 92 1 8 0 , 2 3 3 , 2 5 9  c 2 1 H4 o a 1  ane 
7 5 5  2 9 2  1 9 1 , 2 1 9 , 24 2  c 2 1 H4o a l kane ? 
8 5 5  2 7 6  2 6 1 , 24 7 , 1 9 2  c 2 oH3 6  
9 No Da t a  nC 2 0  

1 0  5 5  2 7 4  1 9 1 , 2 3 1 , 2 5 9  c 2 oH3 4  d i t e rpane 

1 1  5 7  3 4 8  2 3 5 , 2 6 6 , 3 1 9  c 2 5 H4 8  
1 2  nC 2 1  
1 3  n C 2 2  
1 4  5 7  3 3 2  2 8 8 , 3 0 3 , 3 1 8  C 2 4H44 
1 5  nC 2 3  
1 6  nC 2 4  
1 7  n C 2 5  
1 8  5 5  3 2 6  2 0 6 , 2 1 9 , 3 1 1  C 2 4H3 8  
1 9  7 1  3 6 6  2 5 3 , 2 68 , 2 8 1  c 2 6H 54 nC �6 
2 0  5 7  3 7 2  1 8 9 , 2 1 7 , 2 5 9  C 2 7 H4 8  C o l e s t an e  

2 1  5 7  3 7 2  2 1 8 , 24 7 , 2 5 9  c 2 7 H4 8  unknown 
s t e r ane 

2 2  nC 2 7  
2 3  5 7  .40 0 1 9 1 , 2 1 7 , 25 9  c 2 9 H5 2  S t e r ane 
24 1 9 1  3 68 2 3 1 , 2 7 3 , 3 5 3  C 2 7H44 Tr i t e rpan e /  

s t e r ane 

2 5  9 5  4 1 4  ? 2 0 6 , 24 5 , 3 8 2  c3 oH5 4  unknown 
m i x ture 

2 6  5 7  4 0 0  2 5 9 , 3 5 4 , 3 7 1  C 2 9H5 2  unknown 
s t e r ane 

2 7  1 49 4 1 4  ? 1 9 1 , 3 5 5 , 3 7 0  C 3 oH5 4  s t e rane + 
t r i t e rpane 

2 8  5 7  4 0 8  1 9 7 , 2 1 1 , 22 6  c 2 9 H6 o nc 2 9  
2 9  6 9  4 1 0  2 9 9 , 3 6 9 , 3 9 5  c 3 oH 5 o t � i t e rpene ? 

3 0  5 5  4 2 8  3 5 5 , 3 8 6 , 40 0  C 3 1 Hs 6  m�xture 
w / s t e r ane 

3 1  5 7  4 1 4  ? 3 8 3 , 3 8 6 , 40 0  c 3 oH 5 4  unknown 
m ix tu r e  

3 2 5 7  3 9 8 2 3  2 '  2 5  7 '  344 c 2 9H5 o t r i t e rpane 
3 3  nC 3 0  
3 4  6 9  4 1 0  3 6 8 , 23 1 , 3 9 5  c3 o H5 o t r � t erpene 
35 1 7 7 3 9 8  3 8 3 , 1 9 1 , 20 5  c 2 9 H 5 o a d i an t ane 
3 6  1 9 1 4 1 2  2 5 5 , 3 9 8 , 40 8  c 3 oH5 2  h o p ane ? 
3 7  1 7 7 4 1 0  2 04 , 3 84 , 3 9 8  c 3 oH5 o t r i t e rpane + 

t r i t e r p e n e  
38 nC 3 0  
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1VE. DEF. TOL 

ROC 

SCAH TillE 

SCAH TillE 2688 86:48 

1688 
53: 28  

2881 
93: 28  

1 3  

1881 
68 : 88  

J888 
188:88 

2888 
66 : 48 

3288 186:48 

221!8 
73 : 28  

3488 
1 13 : 28  

3688 
128:8 

FI GURE G . S-4 .  Reconstructed gas ch romatogram for GCMS analys i s  of sediment 
s ampl e 82 3 ,  benzene fract i on , s tati on C-2 .  

G . S-24 



TABL E  G . 5- 1 7  GCMS data for #823/ s ta t i o n  C-2 , benzene fra c t i o n  ( se d i ment ) .  

Charac te r i s t i c  
Peak No . Base P eak M+ I ons Comp ounds 

1 7 0  12 6 ( 1 3 4 :  8 4 , 9 7 , 1 0 7  C 9Hl8 ( Cl 0Hl 4 ) mono o l e f in ( a l �y l  
benz ene ) 

2 1 7 7  19 2 1 3 5 , 1 4 9 , 1 5 9  cl 4 H2 4  
unknown aroma : ic 

3 1 1 1  1 8 0  1 2 4 , 1 3 7 , 1 5 2  C1 3H2 4  
d i  o le f in ( is c :> rene 

4 1 7 8  1 7 8  7 6 , 8 9 , 1 5 3  C 1 3H 2 2 
phenan threne / 

an thracene 
5 5 7  2 4 2  1 0 1 , 1 4 1 , 2 2 7  cl8 H26 

p o l yo l e f in 
( i sopreno i c ) 

6 1 9 2  1 9 2  1 9 2 , 1 6 5 , 9 5 cl 4H2 4  
methy phenan t � r ene? 

7 s u l fur ( o c tahe:i r a l )  
8 5 7  ? 1 6 9 , 2 3 9 , 2 5 5  unknown 
9 5 7  ? 1 9 2 , 2 1 3 , 2 2 7  cl 9H4 o unknown 

1 0  2 0 6  2 7 2 ?  1 6 5 , 1 7 8 , 1 8 9  c 2 0H3 2  
t r icyc l i c  d i t erpene 

1 1  2 0 2  2 7 0  1 7 4 , 1 8 5 , 2 5 5  c2 0H 30 
unknown aroma t ic 

12 6 9  2 6 8 1 9 7 , 2 38 , 2 5 4  cl 9H4 o unknown 
1 3  5 5  3 4 4  2 3 1 , 2 4 7 , 2 5 9  c 25 H4 4  

p o lyo l e f in ( unk�own ) 
14 216 2 9 4  2 5 2 , 2 6 7 , 2 7 7  c 2 2H 30 

b enz o f luo r en e /  
me tylpyrene? 

1 5  2 1 9  2 9 4  2 3 4 , 2 5 0 , 2 8 4  c 2 2 H 30 
t e t rame thyl 

p henan t hrer.e 
16 2 1 6  3 5 8 ?  2 4 0 , 2 5 3 , 2 8 3  c 2 6H4 6  

mixture aroma t i c  
& alkane 

1 7  8 1  3 6 2  2 7 9 , 2 9 2 , 3 0 6  c2 6H5 0  
unknown mixture 

18 2 1 6  3 6 4 ?  2 3 2 , 2 7 9 , 2 9 7  c2 7H4 o unknown aroma t i c  
1 9  2 3 0  . 3 3 2  2 6 4 , 2 80 , 2 9 8  c 2 5H 32 

unkonwn a roma t ic 
20 1 9 1  3 3 6  2 3 0 , 2 4 6 0 2 6 2  c 25 H 36 

d e t e rp en e ?  
2 1  2 3 5  ? 2 4 8 , 2 6 7 , 3 2 2  chlorina t ed HC 
2 2  2 9 2  3 2 6 ?  1 9 4 , 2 2 1 , 2 7 7  c 2 4H 38 

unkonwn aromatic 
2 3  2 2 8  3 2 0  2 4 4 , 2 6 1 , 2 9 3  c 2 3H4 4  

trip h enyl b enzene? 
24 5 7  3 5 2  2 9 6 , 3 0 9 , 3 2 4  c 2 6H5 0  

nC2 5 ? 
2 5  2 3 1  3 52 2 4 8 , 2 5 5 , 2 7 5  c 2 6H5 0  

4 -methyl s t era� e 
2 6  2 4 2  340 3 0 9 , 3 1 6 , 3 2 5  c 2 5 H4 o unknown aromatic 
2 7  5 7  3 6 6  2 0 2 , 2 1 8 , 2 7 4 c2 6 H5 4  

cyclic o l e f in? 
28 5 7  380 2 6 7 , 2 8 1 , 2 9 5  c 2 7 H5 6  

nC 2f 2 9  8 1  4 0 8  3 3 5 , 3 5 4 , 3 6 6  c2 9H 60 
mix ure o f  s t e:-enes 

30 5 7  408 3 1 0 , 3 2 4 , 3 3 8  c 2 9H60 
nc

�9 
31 145 4 0 4  1 8 8 , 3 6 3 , 3 7 9  c 2 9H 56 

un nown 
3 2  2 0 6  4 4 0  3 4 0 , 3 9 3 , 4 2 5  c 3 2H5 6 

t r i t erpane 
33 5 7  4 2 2  2 9 5 , 3 1 0 , 3 6 5  c 3 0H 6 2  

nC3 0 ? 
3 4  5 7  4 3 6  3 4 2 , 3 5 2 , 3 6 5  c 3 1H64 

nC 3t 3 5  2 0 4  4 4 0  2 6 9 , 3 0 1 , 3 1 6  c 3 2H5 6  
t r �  erpane unk::own 

36 1 8 9  4 4 0  1 7 7 , 1 8 9 , 2 0 4  ,� H t r i t e rpane unk:-.own 
' 3 2  5 6  
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TABL E  G . S- 1 7 conti nued . 

+ Charac t e r i s t i c  

P e ak N o .  B a s e  P e ak M Ions Compounds 

3 9  1 9 1  4 2 6  4 1 1 '  3 6 9 ' 2 0 6  c 3 1 H54 t r i terpane 
40 1 9 1 4 2 6  4 1 1 , 3 6 9 , 20 6  C 3 1H 54 t r i t erpane 
4 1  1 9 1  4 1 2  2 0 8 , 3 9 7 , 3 6 9  c 3 oH5 2 t r i t erpane 
4 2  5 7  4 5 0  2 5 4 , 2 6 6 , 28 1  c 3 2H6 6  nC 3 2  43 2 0 5  4 2 6  4 1 1 , 3 6 9 , 2 1 9  c 3 1H 54 t r i t e rpane 
44 5 7  4 64 3 5 2 , 3 6 5 , 3 7 9  C 3 3H6 8  nC3 3  
4 5  5 7  454 2 3 3 , 1 9 1 , 208 c 3 3H 5 s  t r t t erpane 
4 6  1 9 1  4 5 4  2 3 3 , 2 6 6 , 28 3  c 3 3H 5 8 t r � t erpane 
4 7  2 1 9  440 1 7 9 , 1 9 2 , 3 70 c 3 2H 5 6 t r i t e rpane 
48 5 7  4 6 8  2 2 0 , 248 , 2 6 2  C3 4H6 0  t r i terp ane ? 
49 nC 2 8  
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M/E. PFF . TOL 

1 2  

·� 

SC4H !186 1698 
TitlE 46:48 53.28 

4) 

�V�;;�,\z_ 48 1\, 5 1 
c{l� 

SCAM 2680 2SOO 
TitlE 86 : 48 93: 26 

I �  

I S  

1 7  

1 4  

jp 

52 
53 

1J 2 5  

·· I 

n 
ZP 

1 9  
I 2 0  1 4  2 7  

29 

22 

ISI!e 261'8 2200 2188 68. 4!!! 66 : 40 73 : 28 8e : 8  

5 &  5 1  
5 8  5 9  

3009 3208 3408 3689 
!08dl8 196·48 1 13 : 28  128:8 

FI GU RE G . 5-5 . Re cons tructe d 9as ch roma togram fo r GCMS an a1ys i s  o f  s urface 
water h exane fra cti on , s ta ti on C-5 . 
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TABLE  G . S- 1 8  GCMS data fo r #2002/ s u rface water s tati on C-5 , hexane fracti on . 

P eak Charac t eris tic 
Number Bas e  P eak M+ I ons Compounds 

1 5 7  2 1 2  nelS 
2 5 7  2 2 6  nC1 6  
3 5 7  2 5 4 ?  2 1 1 , 2 2 4 , 1 9 6  branched alkane ( 4  methyl-

hep t adicane) 

4 5 7  240 nC1 7  
5 5 7  p r is tane 

6 5 7  2 5 4  nC1 8  
7 5 7  phy tane 
8 5 7  2 5 2 ?  1 5 5 , 2 3 9  b ranched alkane/ alkene 

9 5 7  268 nC19 
1 0  5 7  2 9 6 ?  2 6 7 , 2 2 4 , 1 9 7  b ranched alkane 

1 1  5 7  2 9 6 ?  2 5 3 , 2 2 5  b ranched alkane 

1 2  5 7  2 8 2  nC 20 
1 2a 5 7  ? 249 ' 26 7 unknown 

1 3  5 7  ? 2 5 2 , 26 7 , 2 80 b ranched alkane 

14 5 7  ? 1 5 5 , 1 6 9 , 183 , 281 
1 5  5 7  29 6 nC2 1  
1 6  5 7  3 2 4 ?  2 81 , 29 4 , 2 1 1  

17 5 7  3 6 0  2 4 9 , 29 6 , 26 7  

1 8  5 7  310 nC 2 2  
1 9  5 7  ? 2 6 7 , 29 5 , 3 08 
2 1  5 7  308 29 5 unknown 

2 2  9 1  318 2 49 , 2 9 1 , 3 0 3  d i t erpane 

2 3  5 7  3 2 4  nC 23 
24 5 7  3 1 6 ?  2 9 5  unknown 

2 5  5 7  3 3 8  nC 24 
26 5 7  ? 1 2 7 , 2 9 5 , 3 23 unknown 

2 7  6 8  3 3 6  3 0 8  unknown 

2 8  5 7  3 5 2  nC 25 
29 5 7  ? 3 2 3 , 3 3 7 , 2 5 3  

30 57 3 6 6  nC 26 
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TABL E  G . S- 1 8 cont i nued . 

P eak 
Number 

31 

3 2  

3 3  

3 4  

3 5  

3 6  

3 7  

3 8  

3 9  

4 0  

4 1  

4 2  

4 3  

4 4  

4 5  

4 6  

4 7  

4 8  

4 9  

5 0  

5 1  

5 2  

5 3  

5 4  

5 5  

5 6  

5 7  

5 8  

5 9  

Base P eak 

5 7  

5 7  

5 7  

5 7  

5 7  

5 7  

6 9  

1 9 1  

1 9 1  

5 7  

82 

5 7  

5 7  

5 7  

5 7  

1 9 1  

5 7  

1 9 1  

1 9 1  

5 7  

1 9 1  

1 9 1  

1 9 1  

5 7  

1 9 1  

1 9 1  

M+ 

3 7 2  

? 

3 7 2  

380 

394 

? 

3 7 0  

3 70 

3 86 ?  

4 0 8  

4 00 

400 

3 9 8 / 4 0 0  

400 

4 00 

3 9 8  

4 12 

4 36 

4 12 

4 2 6  

4 2 6  

? 

4 4 0  

4 4 0  

Charac t e r t i s tic 
I ons 

14 9 , 189 ' 2 1 7 ' 25 9 

189 , 2 1 7 , 2 7 5  

1 9 1  

M-1 5  

218 , 2 04 , 14 9  

2 1 7  

218 

218 

1 9 1 , 1 7 7 , 2 3 1  

2 1 8  

1 7 7  

M-15 

2 0 5 , 14 9  

4 11 , 2 05 , 310 

4 11 ' 20 5  ' 3 10 

1 9 1 , 2 6 3  
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Compo unds 

unknown (s terane ? )  

unknown 

unknown ( s t erane ? )  

s t erane- terp ane mixture 

nC 2 8  
weak tri terpane spec tra 

s t erane /a lkane mix ture 

tri terpane 

s t erane ( ergos tane ? )  

nC 29 
s t erane ( s t igma s tane ? )  

s t erane 

mixture s teranes 

tr i t erpane (norho pane ) 

s t e rane 

t r i t erpane ( adiantane o r  
mo re tane) 

trit erpane ( hopane) 

nC 31 
tri terpane 

c3 1H5 4  trit erpane j'R&S 
c 3 1H5 4  trit erpane 1 isomer s  
t r i t erpane 

c 3 2H5 6  t r i t erpane (R&S 
c 3 2H 5 6  triterpane l i somers 



SCAN 
TillE 

SCAN 
IItlE 

12 

\6 

FI GURE G . 5-6 . Re constructe d gas ch romato9ram for GCMS analys i s  of deeo 
wate r ,  benzene fracti on , s tati on W- 2 .  
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SCAli 
TillE 

FI �URE � . 5-6 . conti n ued . 

2 7  

5880 
166.48 

12911 
110·110 

5288 
tn.28 

G . S-31 

4488 
116.48 

1608 
153 . 28  

5680 
t86:1e 

1888 
tse.e 



T�BLE G . S- 1 9  GCMS data for #2025/deeo water s tati on W-2 , benzene 
fracti on . 

Peak Charac t eristic 

� Base Peak .J:tt._ Ions Compo unds 

1 221 236 91 , 14 3  1 , 1 , 3-Trimethy1-3-pheny11ndan 

2 143 236 221 , 9 1  Trimethy1 pheny1indan ( ? ) 

( isomer of Compound ( 1 ) ) 

3 57 2 2 8 ?  102 , 211 Unknown 

4 57 2 5 2 ( ? ) 202 , 220 , 237 

5 5 7  310 nC
22 

6 57 324 nC
2 3  

7 129 , 5 7 340 Adipate contaminant 

8 57 338 nC
24 

9 149 390 c
24

H
38

°
4 

Diocty1 phthalat e  

1 0  57 368 20 , 1 7 3 , 19 6 , 168 Beg inning of Co p epod wax series 

11 55 181 , 13 8 , 19 9  Unknown 

12 5 7  396 201 , 229 , 168 , 196 

13 69 410 Squalene c
30

H
50 

14 365 394 , 410 Unknown mixture 

15 5 7  408 nC
29 

16 55 4 2 2  365 , 3 51 , 208 , 236 , 
222 , 250 

17 5 7  4 2 4  201 , 229 , 25 7 , 19 6 ,  
224 

18 5 7  4Z2 nc
3 0  

1 9  55 4 2 2  199 , 22 7  

2 0  5 7  4 3 6  nC
3l

? 

21 55 450 173 , 201 , 222 , 25 0  

22 57 450 208 , 2 3 6 , 227 , 2 5 5 ,  
323 , 3 5 1  

2 3  5 7  4 5 2  229 , 25 7 , 19 6 , 224 

24 55 ( 5 7 ) 4 50 

2 5  55 4 7 8 ( ? ) 251 , 2 2 3 , 23 6 , 264 

26 57 478 2 3 6 , 2 5 5 , 15 2 , 351 

27 57 480 2 5 7 , 229 , 2 8 5 , 22 4 ,  
196 

28 55 504 237 , 250 , 2 5 5  

29 55 504 2 3 7 , 250 , 255 

30 5 5  506 250 , 22 2 , 2 5 7 , 2 64 , 
2 3 6 , 28 3 , 35 2  

3 1  5 7  506 2 3 6 , 2 64 , 25 5 , 2 8 3 ,  

354 , 48 9  

3 2  5 7  508 2 5 7 , 28 5 , 25 2 , 2 24 , 
3 5 6  
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N/£, DF.F. TOL 

SCAli TINE 

SCAli TINE 

1188 
16 : 441  

2688 86:441 

1688 
53: 29 

39 

1 2  

2808 
93: 29  

1 3  

1808 
68 : 88  

40  

3 

4 1  42 

22i'l! 73 : 29  

� 
3� 1116:48 

FI GURE G . S- 7 .  Recons tructed �as chromatogram for GCMS analys i s  o f  whi te 
s hri mp ,  hexane fracti on , proposed Weeks I s l an d  s i te .  
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TABLE G . S-20 GCMS data for Weeks I s l and s h ri mp ,  hAxane fracti on . 

Charac teris t i c  
P e ak No . Bas e  P e ak M+ Ions Compounds 

1 5 7  240 1 5 5 , 169 , 183 cl 7
H

3 6 
ncF 2 5 7  268 142 , 15 5 , 184 cl 9

H
4 o 

P-c stan e  

3 5 7  2 5 4  1 5 5 , 16 9 , 18 3  cl 8
H

3 8  
nC 18 

4 5 7  280 208 , 2 28 , 2 5 3  c 21
H

2 8  
phytane 

5 5 7  266 183 , 209 , 2 3 9  c2 0
H

3 6  
6 5 7  268 183 , 19 2 , 211 c l 9

H
4o 

nC 19 
7 5 7  282 21 2 '  2 25 . 2 3 9  c2 0

H
4 2  

nC20 
8 5 7  3 4 6  2 3 3 , 2 61 , 2 9 2  c21

H
34 

9 6 9  2 6 6  208 , 2 3 5 , 2 5 0  c2 o
H

2 6  
10 57 2 9 6  212 , 2 2 5 , 2 3 9  c2 1  

H
44 

11 6 9  290 205 , 2 3 4 , 2 6 1  c2 2
H

2 6  
12 81 346 2 3 3 , 2 4 7 , 2 6 1  c2 5

H
46 

1 3  71 268 240 , 1 9 6 , 1 8 3  c 2 0
H

4o 
cycl ic alkane 

14 7 1  308 210 , 240 , 2 8 1  c 2 3
H

3 2  
1 5  1 9 1  3 1 8  249 , 2 7 2 , 3 04 c2 3

H
4 2  

tricyclic d i t erpane 

16 71 3 2 4  1 9 2 , 2 11 , 2 2 5  c2 3
H

4 8  
nC 23 

1 7  5 7  3 3 2  15 2 , 16 5 , 19 1  c2 5
H

3 2  
1 8  7 1  3 3 8  211 , 2 2 5 . 2 3 9  C2 4

H
5 0  

20 71 3 3 8  2 3 9 , 2 5 4 , 309 C2 4
H

5 0  
2 1  nC 24 
22 7 1  3 3 8  1 6 5 , 1 7 9 , 19 1  C24

H
5 0  

2 3  71 3 5 2  268 , 28 1 , 2 9 5  c 25
H

5 2  
24 9 7  3 9 4  246 , 3 16 , 3 2 7  c 2 8

H
5 8  

25 7 1  3 6 6  2 5 3 , 2 68 , 281 c2 6
H

5 4  
2 6  1 2 3  3 2 2  288 , 3 5 2 , 3 5 7  c24

H
34 

s t e rane o-c trit enpet 

2 7  7 1  3 7 8  3 3 7 , 28 1 , 29 6  

2 8  7 1  380 296 , 30 9 , 3 2 4  c2 7
H

5 6  
nC 2 7  

29 57 3 6 6  15 5 , 16 9 , 1 83 c2 7
H

4 2  
3 0  5 7  4 0 0  218 , 2 60 , 2 88 c3 0

H
4o 

s t e-cane/ alkane mixtl 

31 5 7  3 9 4  309 , 3 2 3 , 3 3 8  c2 BH
5 8 

nC2 8  
3 2  5 7  394 3 5 1 , 3 7 1 , 3 7 9  c2 BH

5 B 
3 3  5 7  400 356 , 28 7 , 25 9  c 3 0

H
4 o 

alkane/ t r i t erpane 
mixture 

34 1 9 1  414 344 , 3 54 , 3 6 9  c3 1
H

4 2  
trit e-cpane 

3 5  1 2 3  4 14 3 5 5 , 3 7 1 , 3 9 9  c3 1
H

4 2  
trit erpane 

3 6  5 7  408 3 2 3 , 3 3 8 , 3 5 1  c2 9c 6o 
nC 29 

3 7  no data 
38 57 4 2 2 2 9 5 , 3 09 , 3 2 3  c 3 0 c 6 2  

nc3
� 

3 9  1 9 1  4 1 2  218 , 2 3 2 , 39 R  C3 0
H

5 2  
t r l.  erpane 

40 5 7  4 3 6  3 2 3 , 3 3 7 , 3 5 1  c 3 1
H

fi 4 
nC 31 

4 1  5 7  12 7 , 141 , 1 5 5  

4 2  5 7  410 218 , 2 3 2 , 2 9 9 C 3 0
H

5 0  
trit erpane 
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IVE. DEF • TOL 

SCAN TIME 

SCAN TIME 

26 

18  
25  

23 

5 5  
../"'-. ; I 3888 

126:41l 

I 
488e 

133: 211 

3298 196:48 
I 

3-tee 
1 13: 211 

46 

FI GURE G . 5- 8 .  Re constructe d gas chro�atogram for �CMS analys i s  of whi te 
shrimp ,  benzene fracti on , prooosed Weeks I s l and s i te .  

G . 5-35 
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TABLE G . S- 2 1  GCMS data for Weeks I s l an d  s h ri mo ,  benzene fracti on . 

.•. 

P eak No . Base P eak � 

1 6 8  1 3 6  
2 1 5 9  1 7 4  

3 2 2 1 2 3 6  

4 5 7  2 4 0  
5 5 7  2 6 8  
6 1 7 8  1 7 8  
7 1 0 5  2 4 6  
8 5 7  2 5 4  

9 5 7  2 2 8  
1 0  6 9  2 7 4  
1 1  6 9  2 7 2  
1 2  6 9  2 7 4  
1 3  6 9  2 7 2  
1 4  5 7  2 8 2  
1 5  2 0 2  
1 6  5 5  3 0 4  
1 7  6 9  3 4 4  
1 8  5 5  3 4 4  
1 9  1 0 9  3 4 6  
2 0  5 6  3 1 2  
2 1  6 9  3 1 6  
2 2  6 9  3 1 6  
2 3 5 5  3 4 6  
2 4  2 1 6  3 4 0  
2 5  5 5  3 4 4  
2 6  5 5  3 4 4  
2 7  5 5  3 5 8  
2 8  5 5  3 6  0 
2 9  5 7  3 5 8  
3 0  6 9  3 6 0  

3 1  5 7  3 4 0  
3 2  6 9  3 9 4  
3 3  5 7  3 5 8  
3 4  2 5 1  3 6  2 

3 5  5 7  3 3  8 
3 6  1 7 5  3 9  8 
3 7  1 4 9  3 9 0  
3 8  5 5  4 1 2 
3 9  6 9  4 1 0 
4 0  6 9  4 1 0  

Characteristic 
Ions 

9 3 , 1 0 7 , 1 2 2  
1 2 8 , 1 4 4 , 1 5 9  

1 6 5 , 1 7 8 , 1 9 2  

1 1 3 , 1 2 7 , 1 4 2  
1 2 7 , 1 5 5 , 1 8 3  
1 5 3 , 1 1 9  
1 4 1 , 1 7 8 , 2 2 8  
1 9 3 , 2 2 2 , 2 3 7  

1 7 2 , 1 8 5 , 2 1 1  
1 6 3 , 2 0 5 , 2 3 2  
1 6 2 , 2 0 3 , 2 2 9  
1 3 6  ' 1 4 9 , 2 0 5  
1 4 8 , 1 5 9 , 1 9 1  
1 9 8 , 2 1 2 , 2 2 5 

1 5 2 , 1 8 3 , 2 1 2  
2 8 9 , 2 3 3 , 2 1 9  
2 3 1 , 2 4 7 , 2 5 9  
2 0 5 , 2 1 5 , 2 3 5  
2 3 9 , 2 5 3 , 2 1 6  
2 1 0 , 2 3 3 , 2 4 6 
1 4 7 , 2 1 6 , 2 7 1  
2 1 9 , 2 3 4 , 2 4 8  
2 5 6 , 2 7 2 , 2 9 2  
1 7 5 , 1 8 9 , 2 1 7  
1 7 5 , 2 1 0 , 2 6 4  
3 0 1 , 3 2 6 , 3 4 4  
2 3 4 , 2 6 1 , 2 7 6  
2 9 9 , 3 1 4 , 3 2 4  
2 1 8 , 2 8 8 , 3 4 6  

2 4 2 , 2 6 8 , 2 8 5  
2 5 3 , 3 2 4 , 3 5 8  
2 6 8 , 2 8 5 , 3 4 0  
1 5 2 , 1 5 9 , 1 7 0  

2 1 1 , 2 2 6 , 2 5 2  
3 2 8 , 2 9 2 , 2 7 8  
1 1 3 , 1 6 8 , 2 7 9 
2 5 9 , 2 7 4 , 3 1 5  
2 5 9 , 2 6 6 , 3 1 3 
1 9 1 , 2 1 8 , 2 7 4  
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2 3

H
3 6  

c
1 4

H
8 c

2 3
li

4 o 
c

2 5
H

4 6  
C

2 5
H

4 0  
c

2 5
H

4 4  
c

2 5
H

4 4  
c

2 6
H

4 6  
c

2 6
H

4 6  
c

2 6
H

4 6  

c
?. 6

H
4 o 

C
2 6

H
4 6  

C
2 6

H
5 0  

C
2 4

H
5 0  

C
2 9

H
5 0  

C 
3 0

H 'i ? � 3 0�5 0  
3 a ·  s o 

Compounds 

D - L i mo n e n e  

1 , 6 , 8 - ! r i me c h y l -
1 , 2 , 3 , 4 - ! e t :- o -
h y d r o  N a p h t i a l e n e  
1 , 1 , 3 - ! r i m e : h y l  
3 p h e n y l i n d a n  
n C

1 7  
p r � s t a n e  
p h e n a n t h a en e 

c 
1 8  

p h y t a n e 

c
2 o

_ p y r e ne 

D .  D .  E .  

m i x t u r e  o f  a l k e n e  
+ c h l o r i n a t e d H C  

c h l o r i n a t e d  
c o mp o un d  

c h l o r i n a·t e d  ;t C 

a c1 � p a c e  p l a s :: i c z e 
p e s t i c i d e  s i:� i l a r  
K e l t h a n e  
n C

2 4  
? ? ? 

D i o c l y 1  p h t a l a t e  



TABLE G . S- 21 con ti n ued .  

Characteris t ic 
Peak No . Base Peak ....tlt... Ions Comoounds 

4 1 6 9  4 1 4 no d a t a  c 3 0 H 5 4 4 2  8 3  4 1 4  2 4 7 , 3 0 1 , 3 6 8  c 3 0 H 5 4 4 3  6 9 4 1 4  2 6 1 , 3 5 3 , 3 6 8  c 3 0 !i 5 4  4 4  6 9  4 1 2  2 9 9 , 3 3 0 , 3 4 7  c 3 0 H 5 2  4 5  2 5 3  3 6 6  1 9 9 , 3 5 1 , 2 1 1  c 2 5 � 4 2  s t e r e n e 
4 6  6 9  4 1 0  3 4 1 , 3 6 8 , 2 9 9  c 3 0 H 5 o s q ua J. e n e  
4 7  1 4 9  4 1 4  2 3 2 , f 5 5 , 3 6 6  c 3 0 H 5 4  p h t h a l a t e  

4 8  8 1  3 6 8  2 1 3 , 2 4 7 , 2 6 1  c 2 7 H 4 4  c h o l e s t e n e  t y p e  
4 9  6 9  3 6 6  n o  d a t a  c 2 6 H 5 4  5 0  8 1  3 8  2 2 5 5 , 2 6 1 , 2 7 4  c 2 8 H 4 6  c h o l e s t e n e  t y p e  

5 1  1 7 9  4 4 4  3 6 5 , 2 1 9 , 2 3 1  c 3 3 H s 2 5 2  8 1  3 9 6  2 1 3 , 2 5 5 , 2 7 5  c 2 9 H 4 8  5 3 1 6 5  4 3 0  1 7 8 , 1 8 9 , 2 0 6  c 3 1 H 5 8  t o l o p h e n o l a c e  t a t  

5 4  1 8 9  4 5 4 2 6 9 , 3 0 1 , 3 1 6  c 3 3 !i 5 8  t r i t e r p e n e  
5 5  5 7  4 6 4  2 5 3 , 2 6 7 , 2 8 2  c 3 3 H 6 8  n C 3 3  

G . S-37 
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TABLE G . 5- 22 Benth i c  macroi nvertebrates col l ected at the '•leeks I s l and s i te ,  Sel)tember 1 977a . 

ANTHOZOA ( SEA ANEMONES ) 

RHYNCHOCELA ( NEMERTEANS ) 

CHAETOGNATHA (ARROW WORMS) 

Sagi tta sp .  

GASTROPODA ( SNAILS)  

Anach1 s obesa 

Anach1 s s p .  

Nassar1us acutus 

Tectonat 1ca puss i 1 1 a  

Po1 i n 1ces dup1 i catus 

Epi ton1um rub1 co1 a 

Epi ton1um s p .  

Prunum api ci num 

Prunum s p .  

Terebra protexa 

Terebra s p .  

Ner i t i na sp .  

01 1ve1 1 a  dea1 bata 

Turbon1 1 1 a  sp .  

Cantharus cance1ar1us 

� 
2 

3 

W2 W3 W4 W5 W6 

3 1 0  5 1 3  

3 2 

STATION 

W7 WB W9 W 10  Wl l W1 2 W1 3 W14  W15  WR1 WR2 

4 9 1 5  1 1  1 0  1 4  1 0  

4 1 2  6 

WR3 WR4 

6 

2 

2 

1 
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TABLE G . 5- 22 conti n ued .  

SCAPHOPODA (TUSK SHELLS) 

Dental 1um texasi anum 

PELECYPODA (CLAMS ) 

Mul 1 ni a  l atera l 1 s  

Nuculana concentr1ca 

Anadara oval 1 s  

Chi one sp .  

Noet1dae 

Semel e  prof1 cua 

Semele belastr1 tta 

Pandora tr1 1 1 neata 

Luc i na mul t1 1 1 neata 

Luc1 na am1 antus 

Tel 1 1 na sp .  

Abra aequal 1 s  

Gemma sp .  

Mactra sp .  

Solen v 1 r id i s 

Macoma fQ!�Str1 cta 

Macoma sp .  

Wl W2 W3 W4 

1 3 

2 4 

2 

STATION 

W5 W6 W7 W8 W9 WlO lli Wl2 Wl3  Wl4 Wl5  WRl WR2 WR3 WR4 

4 

1 1 0  49 

9 3 8 4 8 1 1  1 1 3  

3 



G) 
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TABLE G . 5- 22 conti n ued . 

POLYCHAETA (BRISTLE WORMS ) 

Spiophanes bombyx 

Streb1 ospio benedi cti 

Cossura 1 ongoci rrata 

Sigambra sp .  

Lumbri neri s  sp .  

Lepidasthenia  vari a 

Pseudeurythoe ambigua 

Ma1mgreni a  cf . �nu1 ata 

G1ycera sp .  

Lepidonotus s p .  

� brevipa1pa 

C1ymene1 1 a  torquata 

Chaetopterus variopedatus 

Onuph i s  opa1 i na 

Onuph i s  sp .  

Di opatra cuprea 

Mege1 ona rosea 

Ci rratu 1us s p .  

Amphictes gunneri 

� 

42 

2 

2 

1 

3 

1 

W2 W3 W4 W5 W6 W7 

1 3  1 4  5 1 8  1 5  1 7  

7 8 6 1 21 5 

9 26 5 28 25 8 

4 4 1 1 1 0  

8 

1 

1 1 1 

STATION 

W8 W9 W 10  lli W12  W1 3 W1 4 W1 5 WR1 WR2 WR3 WR4 

1 2  6 69 34 23 1 6  43 4 59 6 23 

5 1 1  39 7 23 7 4 5 1 5  

49 28 54 24 26 8 29 35 23 

6 3 3 7 2 2 4 2 3 5 

2 

25 5 4 

1 

7 2 5 

23 1 1 3 

2 2 1 2 
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TABLE G . 5- 22  conti n ued .  

Chone i nfundi bul i fonni s 

Glyc inde sol i tari a 

Paraon is  fulgens 

Neanthes succi nea 

Agl aophamus verri l l i  

Syl l i dae 

Stenolepi s s p .  

Scol upus cf . el ongatus 

Anci s trosyl l i s spp . 

OL IGOCHAETA (AQUATIC EARTHWORMS ) 

CRUSTACEA ( CRABS , ISOPODS , ETC . ) 

Monocul odes i ntermedius  

Corophi um s p .  

Ogyri des l imi col a 

Campyl aspi s rubi cunda 

Oxyurostyl i s  smi thi 

Edotea montosa 

Paracaprel l a  pus i l l a  

Wl W2 W3 W4 W5 W6 

5 

3 1 

5 

1 1 2 

1 6  

4 

2 

2 

STATION 

W7 W8 W9 WlO Wl l W l 2  Wl 3 Wl4  Wl 5 WRl WR2 WR3 WR4 

4 1 3 4 2 2 

1 

1 2 2 

7 

2 

4 51 1 7 

1 1 4 
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TABLE G . 5- 22 conti n ued . 

Cal i dus sp .  

MYsi dops i s  �el owi 

Luci fer faxoni 

Acetes ameri canus sardi nea 

Hargeri a  rapax 

X i phipeneus kroyeri 

Penaeus seti ferus 

Upobegia affi ni s 

Cal l ianassa l ati spi na 

Polyonyx gi bbesi 

Euceramus prael ongus 

Pagurus bu 1 1  i s  i 

Hepatus pudi bundus 

Panopeus turgi dus 

Panopeus herbsti i 

Portunus � 

Pi nnixa chaetopterana 

ECHINODERMATA ( SEA STARS )  

Amphi phol is sp .  

Wl  W2 W3 W4 W5 W6 

2 

1 

2 1 

STATION 

W7 WS W9 WlO Wl l Wl2  Wl 3 Wl 4 Wl 5 WRl WR2 WR3 WR4 

2 

3 

1 

1 5 1 1 1 2 1 3 

5 4 1 1 3 



TABLE G . 5- 22 conti n ued . 

STATION 

Wl W2 W3 W4 W5 W6 W7 W8 W9 Wl O W1 1 Wl 2 Wl3  Wl 4 Wl 5 WRl WR2 WR3 WR4 

HEMICHORDATA (ACORN WORMS ) 

Ptychodera bahamens i s  1 8  1 1  7 38 1 7  

CEPHALOCHORDATA ( LANCELETS ) 

Branchi s toma sp .  1 1 3  

Total Number 82 43 62 34 61 1 1 4  49 83 44 204 1 81 1 00 93 1 1 3 95 139  87 55 90 

(i") 
Densi ty ( m2 ) . 4 10  430 620 1 70 61 0 570 245 830 440 1 020 905 500 465 565 475 695 435 550 450 

01 I � Total Taxa 22 1 0  9 9 8 1 3  8 7 6 1 4  1 5  1 6  1 1  1 5  1 0  22 8 5 1 2  
w 

aCol l ections at each s tation are based upon two Peterson grabs ( 0 . 1  m2 each ) , except at Stations W2 , W3 , W5,  W8 , W9 , and WR3 
where only one grab was col l ected . 
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TABLE G . 5- 23 Benth i c  macroi n vertehratP.s col l ected at the l·IP.eks I s l and s i te ,  Octohe r  l 9 77a . 

ANTHOZOA ( SEA ANEMONES) 

RHYNCHOCELA (NEMERTEANS ) 

CHAETOGNATHA (ARROW WORMS ) 

Sagi tta sp .  

GASTROPODA ( SNAILS)  

Anachi s obesa 

Anachi s  sp • 

Nassarius  acutus 

Tectonatica pussi 1 l a 

Po1 i ni ces dup1 i catus 

Epi toni um rubico1 a 

Epi toni um sp .  

Prunum apici num 

Prunum sp .  

Terebra protexa 

Terebra sp .  

Neri ti na sp .  

01 i ve1 1 a  dea l bata 

Turboni 1 1  a sp .  

Cantharus cance1ar i us 

W1 W2 W3 W4 W5 

1 

3 4 2 21 

1 0  I l 

1 5  1 1 

1 1 

3 

4 

STATION 

W6 W7 W8 W9 W1 0 W1 1 W1 2 W1 3 W1 4 W1 5 WR1 

3 

1 1  3 3 7 1 3  3 1 3  1 0  1 5  

5 6 

4 

1 1 2 1 2 1 9  

1 1 2 

2 

WR2 WR3 WR4 

10  1 2  
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TABLE G .  5- 22  conti n ued .  

SCAPHOPODA (TUSK SHELLS ) 

Dental ium texasianum 

PELECYPOOA (CLAMS ) 

Mul i ni a  l atera l i s  

Nucul ana concentrica 

Anadara oval i s  

Chione sp .  

Noetidae 

Semel e  profi cua 

Semel e  bel astri tta 

Pandora tri l i neata 

Luci na mul ti l i neata 

Luci na ami antus 

Tel l i na sp .  

Abra aequal i s  

Gemma s p .  

Mactra sp .  

Solen v i rid i s  

Macoma constri cta 

Macoma sp .  

Wl W2 W3 W4 

1 9  2 l 

1 3 3 

1 

3 

3 1 

STAT ION 

W5 W6 W7 W8 W9 WlO Wl l W l2  Wl 3 Wl 4 Wl 5 WRl WR2 WR3 WR4 

1 1 8 3 
5 3 2 5 2 6 2 1 2 5 

1 

2 

1 8 

2 1 0  
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TABLE  G . 5- 22 con ti n ued .  

POLYCHAETA ( BRISTLE WORMS ) 

Spiophanes bombyx 

Streb1 ospi o benedi cti 

Cossura 1 ongoci rrata 

S igambra sp . 

Lumbr ineri s sp .  

Lepidasthenia  vari a 

Pseudeurythoe ambigu� 

Ma1mgrenia cf . !unu1ata 

G1ycera sp .  

Lepidonotus sp . 

� brevipa1pa 

C1ymenel 1 a  torquata 

Chaetopterus variopedatus 

Onuphis  .Q.P_al i na 

Onuphis  sp .  

Di opatra cuprea 

Mege1 ona rosea 

Ci rratu 1 us sp .  

Amphictes gunneri 

Chone i nfund i bu1 i formi s 

W1 

53 

5 

3 

4 

6 

1 

W2 W3 W4 W5 W6 

22 1 8  1 0  34 5 

20 2 22 9 1 0  

1 4 l 3  7 

1 1 2 2 

2 1 

1 

1 

1 

STATION 

W7 W8 � W10 Wl l W12  W1 3 W14 W1 5 WR1 WR2 WR3 WR4 

24 32 5 48 37 45 1 0  43 28 1 12 6 7 53 

55 23 7 1 7  1 6  6 5 26 1 2  1 4  1 6  33 1 7  

41 28 9 30 58 42 8 24 26 1 48 8 20 

3 2 2 3 1 9 4 

3 4 

4 9 

2 

2 2 

1 

5 



TABLE G . 5-22  con ti n ued .  
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TABLE G . S- 22  conti n ued . 

Acetes ameri canus sardi nea 

Hargeria  rapax 

Xiphipeneus kroyeri  

Penaeus set i ferus 

Upobegia affi ni s 

Cal l ianassa l at i spi na 

Polyonyx gi bbesi  

Euceramus prael ongus 

Pagurus bul l i s i  

Hepatus pudi bundus 

Panopeus turgidus 

Panopeus herbs ti i 

Portunus .§l!_ 

Pi nnixa chaetopterana 

ECHINODERMATA ( SEA STARS ) 

Amphiphol i s  sp .  

HEMICHORDATA (ACORN WORMS ) 

Ptychodera bahamensi s  

Wl W2 W3 W4 W5 W6 

2 1 

1 0  1 6  1 9  

2 

1 3 3 

5 1 

1 0  3 

STATION 

W7 W8 W9 Wl O lli Wl2 Wl 3 Wl 4 Wl 5 WRl WR2 WR3 WR4 

2 

1 0  5 55 1 1 8  1 7  3 6 1 30 

9 2 

1 4 1 0  4 3 1 0  

2 4 1 7 4 

1 6 2 3 1 1  



TABLE  G . 5-22 conti n ued .  

STATION 

� W2 W3 W4 .. � .. o W7 W8 W9 WlO !ill_ Wl 2 Wl 3 Wl 4 Wl 5 WRl WR2 WR3 WR4 

CEPHALOCHORDATA ( LANCELETS) 

Branchi s toma sp .  

Total Number 1 59 61 58 59 1 20 62 1 73 1 07 84 1 1 6 180 1 61 37 1 1 6  92 282 1 28 1 82 1 21 

Densi ty (rrf)  795 305 290 295 600 3 10  865 535 420 580 900 805 185 580 460 1 41 0  640 910 605 

Total Taxa 28 1 2  1 5  9 1 7  9 20 1 2  8 1 3  1 4  1 3  1 2  1 0  1 2  29 1 1  6 1 2  

(j) 
. 

<.J1 I aCol l ections at each station are based upon two Peterson grabs ( 0 . 1  mf each ) � 1.0 
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TABLE G . 5-24 Ben th i c macro i n vertebrates col l ected at the 14/eeks I s l and s i te ,  November 1 9 77a . 

ANTHOZOA ( SEA ANEMONES)  

RHYNCHOCELA (NEMERTEANS ) 

CHAETOGNATHA (ARROW WORMS) 

Sagitta s p .  

GASTROPODA ( SNAILS)  

Anach i s  obesa 

Anach i s  sp .  

Nassarius acutus 

Tectonatica puss i 1 1 a  

Po1 in ices dup1 i catus 

Epi tonium rubico1a 

Epi ton ium sp .  

Prunum api c inum 

Prunum sp .  

Terebra protexa 

Terebra s p .  

Ner i t i na s p .  

01 i ve1 1 a  dea1 bata 

Turboni l la sp .  

Cantharus cance1arius 

W1 W2 W3 W4 W5 W6 

5 3 2 3 

3 1 7 

2 

7 1 1 

STATION 

W7 W8 W9 W10 W1 1 W1 2 W1 3 W1 4 W1 5 WR1 

2 1 0  2 6 1 3  1 8  9 5 1 0  

6 1 1 1 1 3  28 

1 2 5 1 1 

WR2 WR3 WR4 

1 0  1 5 

3 6 

1 2 
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TABLE G . 5- 24 conti n ued .  

SCAPHOPODA ( TUSK SHELLS) 

Dental ium texasi anum 

PELECYPODA ( CLAMS ) 

Mu l i n ia  lateral i s  

Nucul ana concentri ca 

Anadara oval i s  

Chione sp .  

Noetidae 

Semel e  proficua 

Semel e bel astri tta 

Pandora tri l i neata 

Luc i na mul t i l i neata 

Luci na amiantus 

Tel l ina sp. 

Abra aequal i s  

Gemma sp.  

Mactra sp .  

Sol en v i rid is  

Macoma constricta 

Macoma sp .  

Wl W2 W3 

1 9  23 2 

2 1 4  4 

1 1 

2 

6 4 

STATION 

W4 W5 W6 W7 W8 W9 Wl O !ill_ Wl 2 Wl 3 Wl 4 Wl 5 WRl WR2 WR3 WR4 

2 1 20 3 

3 2 5 2 2 2 1 2 2 1 4 

1 

4 9 
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TABLE G . S-24  con ti n ued .  

POLYCHAETA (BRISTLE WORMS ) 

Sp1 ophanes bombyx 

Streb1 ospio benedi ct1  

Cossura 1 ongoc1rrata 

S1gambra sp .  

Lumbriner1 s  sp .  

lep1 dasthen1 a var ia  

Pseudeurythoe amb1gua 

Ma1mgren1a cf .  �nu1 ata 

G1ycera sp .  

Lep1donotus sp . 

� brevipa1pa 

C1ymene1 1 a  torguata 

Chaetopterus var1opedatus 

Onuph i s  QP_al 1 na 

Onuph 1s  sp .  

D1 opatra cuprea 

Mege1 ona .!:.Qg!_ 

C 1 rratu 1 us sp .  

Amph1ctes gunner1 

Chone 1 nfund 1 bu1 1 formts 

G1yc 1 nde so1 1 tar1a  

W1 

1 6  

2 

4 

W2 W3 W4 W5 W6 W7 

1 6  20 57 l 7  47 52 

8 6 28 8 35 45 

27 20 l l  18  50 

1 4 

2 1 1 

3 

2 

1 1 2 

1 1 

STATION 

W8 W9 W1 0 !ill.. W1 2 W1 3 W1 4 W1 5 WR1 WR2 WR3 WR4 

54 44 23 34 42 1 1  37 68 6 34 

31 43 4 4 l 7  29 9 1 2  30 29 1 9  

59 1 0  28 55 20 4 8 1 4  79 1 8 

1 2 9 3 1 1 1 9 

2 5 3 

1 4 

3 

1 1 1 2 2 
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TABLE G . 5-24  conti n ued .  

Paraoni s  ful gens 

Neanthes succi nea 

Agl aophamus verri l l i  

Syl l idae 

Stenol epi s sp .  

Scol upus cf . el ongatus 

Anci strosyl l i s  spp. 

OL I GOCHAETA (AQUATI C  EARTHWORMS ) 

CRUSTACEA ( CRABS , I SOPODS , ETC . ) 

Monocul odes i ntermed ius 

Corophi um sp .  

Ogyrides l imicola 

Campyl aspi s rubi cunda 

Oxyurostyl i s  smi thi 

Edotea montosa 

Paracaprel l a  pus i l l a  

Cal i dus sp .  

Mys i dops i s  bigelowi 

Luc i fer faxoni 

Acetes ameri canus cardi nea 

!il W2 W3 W4 

2 4 1 
1 

3 3 

STATION 

W5 W6 W7 wa W9 Wl O Wl l Wl 2 Wl3  W1 4 Wl 5 WRl WR2 WR3 WR4 

5 6 3 4 

5 

1 1 2 

26 3 2 24 1 0  9 9 8 9 
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TABLE G . 5- 2 4  conti n ued .  

Harger1a  rapax 

Xiphipeneus kroyer1 

Penaeus setiferus 

Upobegi a  aff1n 1s  

Cal l ianassa lat isp1 na 

Polyonyx g1bbesi 

Euceramus prael ongus 

Pagurus bul l i s i  

Hepatus pud 1bundus 

Panopeus turg1 dus 

Panopeus herbst1 1 

Portunus _gd_ 

P1 nn1xa chaetopterana 

ECHINODERMATA ( SEA STARS ) 

Amphipho1 1 s  sp .  

HEMICHORDATA (ACORN WORMS) 

Ptychodera bahamens 1 s  

CEPHALOCHORDATA ( LANCELETS) 

Branch1 stoma sp .  

!i!.. 

1 1  

1 

23 

5 

STATION 

W2 W3 W4 ws W6 W7 W8 W9 Wl O ill W12 W1 3 W1 4 W1 5 WRl WR2 WR3 WR4 

2 

5 

2 

1 2 1 2 1 0  

1 4 2 8 



TABLE G . 5- 24 con ti n ued .  

STATION 

Wl W2 W3 W4 W5 W6 W7 W8 W9 Wl O lli Wl 2 W1 3 Wl 4 Wl 5 WRl WR2 WR3 WR4 

Total Number 1 1 0  7 1  8 1  1 1 5  77 1 34 1 69 1 98 83 1 00 1 36 1 06 94 73 78 1 1 2 14 1  58 91 

Dens1 ty (J)  550 355 405 575 385 670 845 990 41 5 500 680 530 470 365 390 560 705 290 455 

Total Taxa 1 9  1 0  1 5  9 1 1  1 9  1 2  1 7  1 2  9 1 3  1 0  7 1 1  1 0  1 5  1 0  6 1 3  

aCol l ect1ons a t  each stati on are based upon two Peterson grabs (0 . 1  � each)  
G> 
. 

01 I 01 01 
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TABLE G . 5- 2 5  Ben th i c macro i nve rteb rates col l ected at the l�eeks I s l and  s i te ,  December  1 9 77a . 

ANTHOZOA ( SEA ANEMONES) 

RHYNCHOCELA (NEMERTEANS) 

CHAETOGNATHA (ARROW WORMS) 

Sagitta sp .  

GASTROPODA ( SNAI LS ) 

Anach is  obesa 

Anachl s  sp • 

Nassarius acutus 

Tectonat lca puss 1 1 1 a 

Po1 i n l ces dup1 1catus 

Epi tonium rubico1 a 

Epi ton lum sp .  

Prunum api ci num 

Prunum sp .  

Terebra protexa 

Terebra sp .  

Neri t l na sp.  

01 1 ve1 1 a  dea1 bata 

Turboni l l a sp .  

Cantharus cance1 arius 

W1 

2 

9 

9 

2 

7 

I 

W2 W3 W4 ws W6 

3 3 8 3 1 7  

2 4 26 1 

1 

4 1 3 1 

1 1 

l 

STATION 

W7 W8 W9 W1 0 Wl l W1 2 W1 3 W1 4 W1 5 WR1 WR2 

2 

7 18  4 4 8 3 5 2 26 

3 24 8 2 

3 

3 1 1  1 2 2 2 

1 1 

l 1 

WR3 WR4 

2 

21 

2 

2 

2 
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TABLE G . 5-25  con ti n ued . 

SCAPHOPODA (TUSK SHELLS ) 

Dental i um texas ianum 

PELECYPODA ( CLAMS) 

Mul i n ia  l atera l i s  

Nuculana �trica 

Anadara oval i s  

Ch i one sp . 

Noetidae 

Semele  proficua 

Semele  bel astri tta 

Pandora tri l i neata 

Luc i na mul ti l i neata 

Luc ina ami antus 

Tel l i na sp .  

Abra aequal i s  

Genma sp .  

Mactra sp .  

Sol en v i r i d i s  

Macoma constr1cta 

Macoma sp.  

!'!! W2 W3 W4 W5 

1 4 

8 1 3 

1 

1 

STATION 

W6 W7 W8 W9 Wl O ill Wl2 Wl 3 Wl 4 Wl 5 WRl WR2 WR3 WR4 

3 1 1 2  
4 1 2 3 1 1 5 5 

1 2 

1 5 

1 2 

5 
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TABLE G . 5- 2  5 conti nued .  

POLYCHAETA (BRISTLE WORMS ) 

Spiophanes bombyx 

Streb1 ospio benedi cti  

Cossura 1 ongoci rrata 

Sigambra sp .  

Lumbr ineri s  sp .  

Lepidasthenia  varia 

Pseudeurythoe ambigua 

Ma 1mgrenia  cf .  lunu1 ata 

G1ycera sp .  

Lepidonotus sp .  

� brev ipa1pa 

C1ymene1 1 a  torquata 

Chaetopterus variopedatus 

Onuph i s  opa1 i na 

Onuph i s  sp .  

Diopatra cuprea 

Mege1 ona rosea 

Ci rratu1 us sp .  

Amphi ctes gunneri 

Chone i nfund i bu1 i formi s 

G1yc i nde so1 i taria 

W1 

49 

3 

1 

2 

W2 W3 W4 W5 W6 W7 

26 30 45 37 40 42 

3 l l  1 5  35 36 2 1  

4 1 4  1 5  28 l l  

2 1 8 2 3 2 

1 1 

2 

1 

STATION 

W8 W9 W1 0 Wl l W1 2 W1 3 W14  W1 5 WR1 WR2 WR3 WR4 

1 8  2 25 20 36 20 34 28 97 28 2 68 

1 8  3 5  5 1 2  33 1 4  22 33 8 6 53 

55 4 30 3 25 1 2  1 6  4 1 47 26 

4 1 3 1 3 3 4 1 3 

1 1 1 2 

1 2 

2 

4 

2 2 

1 

3 2 



Ci) 
. 

<..T1 I 
<..T1 
\.0 

TABLE G . 5- 2  5 conti n ued .  

Paraoni s  fu 1gens 

Neanthes succi nea 

Ag1 aophamus verri 1 1 i  

Syl l idae 

Steno1epi s sp .  

Sco1 upus cf.  e 1 ongatus 

Anci strosy1 1 i s  spp. 

OLIGOCHAETA (AQUATI C  EARTHWORMS} 

CRUSTACEA ( CRABS , I SOPODS , ETC . } 

Monocu1 odes i ntermedi us 

Corophi um sp .  

Ogyrides 1 imico 1a  

Campy1 aspi s rubi cunda 

Oxyurosty1 i s  smi thi 

Edotea montosa 

Paracapre1 1 a  pus i 1 1 a  

Ca1 idus sp .  

Mys idops i s  b ige1owi 

Luc i fer faxoni 

Acetes ameri canus �ardinea 

Hargeria rapax 

Xiphipeneus kroyeri 

W1  W2 W3 W4 W5 

2 2 

6 

1 

1 1 

5 9 

STATI ON 

W6 W7 W8 W9 W10 Wl l W1 2 W13  W1 4 W1 5 WR1 WR2 WR3 WR4 

2 1 4 1 2 1 1 2 1 1 2 

9 

3 

1 5  8 28 4 1 2  33 7 l l  1 0  2 20 

2 
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TABLE G . 5- 2  5 conti n ued .  

Peneus set1 ferus 

Upobeg1a a ff1 n i s  

Ca l l ianassa l at i spi na 

Polyonyx gibbesi 

Euceramus praelongus 

Pagurus bul l i si  

Hepatus pudi bundus 

Panopeus turgidu� 

Panopeus herbsti i 

Portunus � 

Pi nni xa chaetopterana 

ECHINODERMATA ( SEA STARS) 

Amphipho l i s  sp.  

HEMICHORDATA (ACbRN WORMS) 

Ptychodera �ahamens1 s  

CEPHALOCHORDATA ( LANCELETS ) 

Branchistoma sp .  

Wl W2 W3 

2 

7 

STATION 

W4 W5 W6 W7 wa W9 WlO Wl l Wl 2 Wl 3 Wl4 Wl 5 WRl WR2 WR3 WR4 

4 

3 

1 1 1 8 

7 3 

1 4  



TABLE G . 5-25 conti n ued .  

STATION 

� W2 W3 W4 W5 W6 W7 W8 W9 WlO lli Wl 2 W l 3  W l 4  Wl 5 WRl WR2 WR3 WR4 

Total Number 1 04 59 60 93 1 37 1 54 97 1 65 69 83 55 1 03 1 1 2  107  93  207 96 33 1 89 

Densi ty (m2 ) 520 295 300 465 685 770 485 825 345 41 5 275 51 5 560 535 465 1 035 480 165  945 

Total Taxa 1 8  1 3  9 8 1 2  1 6  1 0  1 4  1 1  9 1 0  _1 0 1 0  1 3 1 4  22 1 1  6 1 5  

aCol l ections a t  each station are based upon two Peterson grabs ( 0 . 1  m2 each) 
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TABLE G . 5-26  Benth i c macro i n vertebrates col l ected at the Chacahou l a s i te ,  Seotember  l 9 77a . 

ANTHOZOA (SEA ANEMONES ) 

TURBELLARIA ( FLATWORMS ) 

RHYNCHOCOELA (NEMERTEANS ) 

CHAETOGNATHA (ARROW WORMS ) 

Sagitta sp .  

GASTROPODA (SNA ILS )  

Anachis  obesa 

Anachi s sp.  

Nassarf us acutus 

Tectonatica pussil l a  

Epi ton i um rubicola 

Ol i va sayana 

Cycl otremi scus sp .  

S f num maculatus 

Si num perspecti vum 

Turbon i l l a  sp .  

Cantharus cancelarius 

PELECYPODA ( CLAMS ) 

Mul in ia  l ateral i s  

Nucul ana concentri ca 

Cl C2 C3 C4 C5 

2 3 7 1 5  1 0  

1 7  1 6 1 

I 

1 2 7 

7 4 5 

STATION 

C6 C7 C8 C9 ClO Cl l C l2  ill QU_ 

6 1 7 1 7  6 

1 3  9 3 l 21 

l 6 5 4 

2 

1 5  1 5  2 1 8 2 

3 2 2 6 

CR2 CR3 CR4 

4 4 

1 1 4  

8 
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TABLE G . 5-26 conti n ued .  

Nucl ana macul atus 

Chione sp .  

Semel e profi cua 

Semele bel lastri tta 

Luc ina mul ti l i neata 

Tel l i na sp .  

Abra aequal i s  

Eucrassatel l a  speciosa 

Sol en v i r id i s  --

Macoma sp .  

POLYCHAETA (BRI STLE WORMS) 

Spiophanes bombyx 

Streblospio benedi cti 

Cossura longoci rrata 

Sigambra sp.  

Lumbrineris sp .  

Lepi dasthenia  varia  

Pseudeurythoe ambigua 

Malmgreni a  cf.  �nul ata 

Glycera sp .  

Gypti s  brevipalpa 

Clymenel l a  torquata 

fL 

3 

1 

4 

4 

1 

C2 C3 C4 C5 

1 1 7  

2 4 

4 1 2  43 1 7  

3 6 37 27 

1 1 1 0  

4 1 9 2 

2 18  7 

1 

4 4 1 0  4 

STATION 

C6 C7 ca C9 ClO ill Cl2 ill CRl CR2 CR3 CR4 

2 

2 

8 1 1  1 1  2 4 4 

6 2 2 1 1 2 

43 95 81 6 58 1 2  4 73 3 1 3  

39 4 5 1 6  1 7 6 5 

5 2 2 2 8 

9 7 8 9 1 5  3 3 6 

2 2 3 
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TABLE G . 5- 2  6 conti n ued .  

Chaetopterus variopedatus 

Onuphi s  opa1 i na 

Onuphi s  sp.  

Oiopatra cuprea 

Mege1 ona rosea 

C i rratu1 us grand i s  

Amphictes gunneri 

Chone i nfund i bu 1 i formis 

G1yci nde so1 i taria 

Neanthes succi nea 

Ag1 aophamus verri 1 1 i  

Syl l idae 

Armandi a  macu1ata 

Steno1epis sp .  

Sco1 upus cf.  e1 ongatus 

Anci stros� spp. 

OL IGOCHAETA (AQUATIC EARTHWORMS ) 

CRUSTACEA ( CRABS,  I SOPODS , ETC. ) 

Monocu1 odes i ntermedius 

Monocu1 odes sp. 

Ampe1 i sca abd i ta 

Po1yonyx gi bbes i 

Q C2 C3 C4 cs C6 

1 

I 1 

1 

3 2 

3 4 21 5 30 

4 3 2 25 7 4 

2 1 5  2 2 

1 1 1 

65 28 

STATION 

C7 C8 C9 C10 Cl l C1 2 ill CR1 CR2 CR3 CR4 

3 2 

2 

4 

42 3 

1 1 5 1 1 7 

1 0  1 6 5 8 3 

40 1 8  9 4 8 7 4 

1 2 

2 1 1 6 6 1 1 4 

20 5 

1 2 

1 0  50 1 2  1 2  20 66 87 
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TABLE G . 5-2 6 conti n ued .  

Corophi um l oui s ianaum 

Pri sci 1 1  i na sp .  

Ogyri des l imi col a 

Campyl aspi s rubicunda 

L i striel l a  barnardi 

Speocarci nus l obatus 

Leptochel a serratorbi ta 

Oxyurostyl i s  smi thi 

Mys idops i s  bigel owi 

Luci fer faxon i 

Acetes ameri canus cardinea 

Alpheus heterochael i s  

Automate k ingsleyi 

Hippolyte pl eracantha 

Xiphipeneus kroyeri 

Peneus seti ferus 

Upobegia  affin i s  

Cal l i anassa l ati spina 

Cal l ianassa jami cense 

Argi ssa bamatipes 

Euceramus prael ongus 

Pagurus bul l  i sf 

Haustori i dae 

Cal l i nectes simi l i s 

9. C2 C3 C4 

, 

1 2 

2 4 

1 

1 2 

1 1 

STATION 

C5 C6 Cl C8 C9 ClO ill Cl2  ill CRl CR2 CR3 CR4 

l 2 2 3 l 1 2  

2 l 3 1 6  2 5 1 1 2 

l 3 

l 6 1 2 

3 , 1 6 
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TABLE G .  5- 2 6 conti n ued .  

Al bunea paretti 

Chasmocarci nus mi ss iss ippiensi s  

Squ i l l  a empusa 

Osach f l a  sp. 

Persephona agu i l onaris 

Panopeus herbsti i 

Portunus sp .  

Pinnixa chaetopterana 

Pfnnixa retf nens 

P innotheres ostreum 

ECHI NODERMATA ( SEA STARS ) 

Holothuro idea 

Amphiphol i s  sp .  

HEMICHORDATA (ACORN WORMS ) 

Ptychodera bahamens i s  

CEPHALOCHORDATA (LANCELETS ) 

Branchi stoma sp.  

Total Number 

Dens ity (m2 ) 

Tota 1 Taxa 

Cl C2 C3 C4 C5 

6 

2 

4 

6 

64 30 66 3 17  1 01 

320 1 50 660 1 585 505 

23 1 3  23 26 1 9  

STATION 

C6 C7 C8 C9 ClO C1 1 Cl 2 ill CRl CR2 

3 2 1 2 

3 9 2 3 5 

2 

231 226 227 96 1 9  1 81 1 04 36 185 

1 1 55 1 1 30 1 1 35 480 95 905 520 1 80 925 

28 27 2 1  1 2  7 23 23 1 0  1 4  

aCo l l ections at each station are based upon two Peterson grabs (0 .  1m2 each ) except at Stations C 3  and CR3 where on ly one grab was made. 
were col l ected at Station C l 3 .  

CR3 CR4 

1 35 79 

1 350 395 

1 4  20 

No sampl es 
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TABLE G . 5- 2  7 Benth i c  macro i n verteb rates col l ected at the Chacahou l a s i te ,  October 1 9 77a . 

ANTHOZOA ( SEA ANEMONES ) 

TURBELLARIA ( FLATWORMS ) 

RHYNCHOCELA ( NEMERTEANS ) 

CHAETOGNATHA (ARROW WORMS ) 

Sagitta sp .  

GASTROPODA (SNAI LS)  

Anachi s obesa 

Anachi s  sp .  

Nassari us acutus 

Tectonat ica puss i l l a 

Epi tonium rubi col a  

Ol iva  sayana 

Cyclotremi scus sp .  

Si num macul atus 

Sinum perspecti vum 

Turbon i l l a  sp .  

Cantharus cancelarius 

Q C2 

5 

9 

l 

C3 C4 C5 C6 

l 8 3 2 

8 5 6 

2 l 

l 5 8 

l 

l 

STATION 

C7 C8 C9 ClO Cl l C l2  C l 3  

2 

2 6 5 1 4  5 

1 0  2 3 3 6 l 

l 7 

1 1  1 6  7 2 3 l l 

l 4 l 4 l 

2 

CRl CR2 CR3 CR4 

7 4 

4 3 3 

6 

2 7 
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TABLE G . S-27  conti n ued . 

PELECYPODA ( CLAMS ) 

Mul i n ia  lateral i s  

Nucul ana concentrica 

Nucul ana macul atus 

Chi one sp .  

Semel e  proficua 

Semele  bel l astri tta 

Luc ina mul ti l i neata 

Tel l i na sp.  

Abra aequal i s  

Sol en v i r id i s  

Eucrassatel l a  �eci osa 

Macoma sp.  

POLYCHAETA (BRISTLE WORMS ) 

Spiophanes bombyx 

Strebl ospio benedicti  

Cossura l ongoci rrata 

S igambra sp .  

Lumbri ner i s  sp .  

Lepi dasthenia  varia 

Pseudeurythoe ambigua 

Malmgrenia  cf .  l unulata 

ll C2 

l 4 

2 3 

6 20 

4 9 

l l 

3 7 

C3 C4 C5 C6 C7 

l l  6 

2 l 

5 5 l 1 0  9 

l l 2 

2 

l 7  59 46 35 44 

27 44 31 30 

5 

3 l 

1 2  l 7  18  l l  7 

STATION 

C8 C9 ClO f.!! ill ill � CR2 CR3 CR4 

3 l l l l 54 

l 3 4 4 

4 l 1 5  5 8 1 3  4 

2 2 2 2 2 

79 l l  l l l  1 3  49 39 31 1 3  20 25 

1 8  2 7 37 62 1 2  1 0  2 6 5 

l 5 

l l 4 3 

l 1 6  1 7  1 6  1 3  4 6 

l 
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TABLE G . 5- 27 conti n ued . 

G1ycera sp .  

� brevipa 1pa 

C1ymene1 1a torquata 

Onuphi s  opa1 i na 

Onuph i s  sp .  

Di opatra cuprea 

Mege1 ona � 
Ci rratu1us grandi s  

Amphi ctes gunneri 

Chone i nfundi bu1 i fonni s 

G1yci nde so1 i taria 

Neanthes succ inea 

Ag1 aophamus verri 1 1 i  

Syl l i dae 

Annandi a  macu1 ata 

Steno 1epi s sp . 

Sco1 upus cf. e1 ongatus 

Anci strosy1 1 i s spp. 

OLIGOCHAETA (AQUATIC  EARTHWORMS) 

CRUSTACEA ( CRABS,  I SOPODS , ETC . ) 

Monocu1odes i ntennedi us 

Monocu1 odes sp.  

C1 C2 C3 

2 

1 

1 

5 

C4 C5 C6 C7 C8 

2 

2 

1 

1 2 4 

3 

2 

1 2  2 1 2  1 3  3 

8 8 1 5  37 

6 5 1 1  2 8 

2 1 

9 2 

1 

STATION 

C9 C 10  C1 1 ill. C1 3 CR1 CR2 CR3 CR4 

4 3 4 3 1 3 

2 

4 

2 

1 1 2 

4 47 

3 1 1 1 2 

5 2 1 9  3 

6 1 6  2 4 5 2 46 6 6 

1 1 1 1 0  

1 1 2  8 7 2 7 

1 4  1 7  

1 3 

25 7 71 

2 
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TABLE  G . 5- 2 7 conti n ued .  

Ampel i sca abd i ta 

Polyonyx g i bbes i 

Corophi um l ou i s i anaum 

Pri sc f l l i na sp .  

Ogyri des l imi co l a  

Campyl aspi s rubicunda 

Li striel l a  barnardi 

Speocarci nus lobatus 

Leptochel a serratorbi ta 

Oxyurostyl i s  smi th i  

Mysi dops i s  bigel owi 

Luc i fer faxoni 

Acetes americanus cardinea 

Alpheus heterochael i s  

Automate k i ngsleyi  

Hippolyte pl eracantha 

X iphipeneus 1royeri 

Peneus seti ferus 

Upobegi a  affi n i s  

Cal l i anassa l at ispi na 

Cal l ianassa jamicense 

.9_ C2 C3 C4 cs 

1 

I I 

2 9 1 1 

5 1 

1 4 8 

3 

STATION 

C6 Cl ca C9 ill Cl l  C 12  ill CRl CR2 CR3 CR4 

2 1 3 1 2 2 

2 2 

1 1 

4 1 6 1 2 2 

1 1  

4 1 3 

3 1 2 

1 2 

1 1 2 3 
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TABLE G . 5-27 con ti n ued . 

Argi ssa bamatipes 

Euceramus prae1ongus 

Pagurus bu l l  i s  i 

Haustori i dae 

Ca1 1 i nectes s imi 1 i s  

A1 bunea paretti 

Chasmocarci nus mi ss i ss ippi en s i s  

Squ i 1 1 a  empusa 

Osachi l a  sp.  

Persephona aqu i 1 onar i s  

Panopeus herbsti i 

Portunus sp.  

P inn ixa chaetopterana 

P inn i xa reti nens 

Pi nnotheres ostreum 

ECHINODERMATA (SEA STARS ) 

Ho1othuroi dea 

Amphi pho1 i s  sp .  

C 1  C2  C3 C4 C5 

1 

1 1 1 3 

1 1 1 1 

STATION 

C6 Cl ca C9 C1 0 ill C1 2 C1 3 CR1 CR2 CR3 CR4 

4 2 1 2 2 

2 

1 2 

5 

4 6 1 4  1 1 29 

5 3 3 1 2 



TABLE G . S-27 conti n ued .  

STATION 

fl C2 C3 C4 C5 C6 C7 c8 C9 C 10  ill C12  C1 3 CR1 CR2 CR3 CR4 

HEMICHORDATA (ACORN WORMS) 

Ptychodera bahamens i s  I 4 1 2  

CEPHALOCHORDATA ( LANCELETS) 

Branchistoma sp .  

Tota 1 Number 26 65 72 1 74 1 65 1 72 1 56 200 69 231 1 46 233 1 38 75 1 68 1 24 1 65 
Ci.l 

Dens i ty (m2 ) . 1 25 325 360 870 825 860 780 1 000 345 1 1 55 730 1 1 65 690 375 840 620 825 01 I 
"'-.1 Tota 1 Taxa 1 3  1 4  1 3  24 20 25 1 9  21  20 30 27 29 25 1 6  1 9  1 9  20 N 

aCo1 1 ectfons at each station are based upon two Peterson grabs (0 .  1 m2 each ) .  



TABLE G . S- 2 8 Benth i c macro i n vertebrates col l ected at t�e Chaca�oul a s i te ,  December 1 9 77a . 

STATION 

9_ C2 C3 C4 CS C6 C7 CB C9 f!.Q. ill ill Cl 3 CRl CR2 CR3 CR4 

ANTHOZOA ( SEA ANEMONES )  

TURBELLARIA  ( FLATWORMS ) 

RHYNCHOCELA ( NEMERTEANS ) 1 1  9 28 1 5  1 2  

CHAETOGNATHA (ARROW WORMS ) 2 2 

Sagi tta sp .  

G) GASTROPODA ( SNAI LS ) 
. 

01 
I Anach i s  obesa 

""-J --

w Anachi s sp .  

Nassari us acutus 

Tectonatica puss i l l a  

Epi ton i um  rubicola  

Ol i va sayana 

Cycl otremi scus sp .  

Si num maculatus 

Si num perspectivum 

Turbon i l l a  sp .  

Cantharus cancelarius 

PELECYPOOA ( CLAMS ) 

Mul i n ia  l ateral i s  

Nucul ana concentrica 

Nuculana maculatus 
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TABLE G . 5-2 8 conti n ued .  

Chione sp .  

Semele profi cua 

Semele bel l astri tta 

Luci na mul t i l i neata 

Te1 1 i na sp .  

Abra aequal i s  

Eucrassatel l a  �eciosa 

Sol en v i r i d i s  

Macoma sp . 

POLYCHAETA (BRISTLE WORMS ) 

Spiophanes bombyx 

Streblospio benedi cti 

Cossura l ongoci rrata 

Sigambra sp.  

Lumbrineri s  sp.  

Lepi dastheni a  varia  

Pseudeurythoe ambigua 

Malmgreni a  c f .  �nulata 

Glycera sp .  

Gypti s  brevipalpa 

Clymenel l a torquata 

Onuph i s  opa l i na 

Cl C2 C3 C4 C5 

1 

4 

30 

1 5  

1 

1 5  

7 

STATION 

C6 C7 CB C9 f!Q. ill Cl 2 ill � CR2 CR3 CR4 

1 5  

7 

1 6  20 1 1  3 

1 5  1 3  2 1 1  

4 

2 

1 4  1 2  3 1 3  

3 24 2 1 2  
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TABLE  G .  5-2 8 conti n ued .  

Chaetopterus vari opedatus 

Onuphi s  sp .  

Di opatra cuprea 

Mege1ona rosea 

Ci rratu1 us grandi s  

Amphi ctes gunneri 

Chone i nfundi bu1 i formi s 

G1yci nde so1 i taria 

Neanthes succi nea 

Ag1 aophamus verr 1 1 1 i  

Sy1 1 1dae 

Armandi a  macu1 ata 

Steno1epi s sp.  

Sco1 upus cf.  e1 ongatus 

Anc i stros� spp. 

OL IGOCHAETA (AQUATIC EARTHWORMS ) 

CRUSTACEA ( CRABS , I SOPODS , ETC . ) 

Monocu1 odes i ntermedi us 

Monocu1 odes sp .  

Ampe1 i sca abd i ta 

Po1yonyx gi bbesi 

Corophi um 1 ou i s ianaum 

Pri sc i l l i na sp .  

Ogyri des 1 1mi co1a  

C1 C2 C3 

STATION 

C4 C5 C6 Cl CB C9 ill Cl l C12 ill CR1 CR2 CR3 CR4 

2 

3 

1 6 2 3 

1 4  4 B 

B 5 2 

20 1 0  

2 
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TABLE G . 5-2 8 conti n ued .  

Campylasp1 s rub1 cunda 

L 1 striel l a  barnardi 

Speocarc1nus l obatus 

Leptochel a serratorb i ta 

Oxyurostyl i s  smi thi 

Mysi dops 1 s  b1gel owi 

luci fer faxon1 

Acetes ameri canus card1nea 

Alpheus heterochael 1 s  

Automate k ings l eyi 

H1ppolyte pl eracantha 

X1ph1peneus kroyer1 

Peneus seti ferus 

Upobeg1a affi n i s  

Ca l l i anassa l at1 spina 

Cal l i anassa jam1cense 

Argi ssa bamat1pes 

Euceramus prael ongus 

Pagurus bul l 1 s 1  

Haustor1 1 dae 

Cal l 1 nectes s 1m1 1 1 s 

Al bunea parett1 

Chasmocarc1 nus m1 ss iss 1ppi ens 1 s  

fl. C2 C 3  C4 CS 

STATION 

C6 Cl CB C9 ClO ill ill ill ill CR2 CR3 CR4 

2 

4 
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TABLE G . 5- 2 8  conti n ued .  

Squi l l a empusa 

Osachi l a  sp .  

Persephona aqui lonaris  

Panopeus aqui lonaris  

Panopeus herbsti i 

Portunus sp . 

P inn ixa chaetopterana 

P innixa retinens 

Pi nnotheres ostreum 

ECH INODERMATA (SEA STARS ) 

Holothuroidea 

Amphiphol i s  sp .  

HEMICHORDATA (ACORN WORMS ) 

Ptychodera bahamens i s  

CEPHALOCHORDATA (LANCELETS ) 

Branch istoma sp .  

Total Number 

Dens i ty (m2 ) 

Total taxa 

Cl C2 C3 C4 C5 

2 

6 

1 30 

650 

23 

STATION 

C6 Cl c8 cg ClO ill Cl 2 Cl 3 CRl 

l 6 l 

2 

81 l ]g 48 

81 0 8g5 240 

1 5  28 l l  

aCol lections at Stations C5, Cl 3 ,  CRl and CR4 based upon two Peterson grabs (0 .  l m2 each ) and one grab at Station Cl 2 .  
col lected at other stations . 

CR2 CR3 CR4 

3 

66 

330 

l 3  

Sampl es were not 



TABLE  G . S-2 9 S ummary o f  trawl catches o f  i n vertebrates ang fi s h  co l l ected at  the 
Weeks  I s l and s urvey s i te ,  September 1 7 ,  1 977 . 

Rel at i ve Number r�ean 
Common Name Abundance ( % )  Col l ected Length (mm ) 

I NVERTEBRATES 

Sea n ettl e 1 . 0 6 
Ca bbagehead 4 . 0  24 

Sea anemone 0 . 3 2 
r�oon  sna i 1 1 . 5 9 
Arc s he l l 0 . 3 2 
Br i e f  squ i d  4 . 7 28 
Mant i s s hr imp 4 . 4  26 
Wh i te s hr imp 1 4 . 6  87 

Brown s hr imp 4 . 4 26  
Pena e i d  s hr imp ( j  uven i 1 e )  4 . 2 25 
Sea bob 44 . 4  264 
Roc k  s hr imp 1 . 3 8 
Herm i t  crab 0 . 3 2 
P urs e  cra b  0 . 7 4 
B l u e  crab 2 . 3 1 4  
Swimmi ng crabs ( j uven i l e )  1 1 . 6  69 

Tota l I n vertebrates 596 

F I SH  

Gu l f  menhaden 0 . 05 1 60 
Bay anchovyb 57 . 9  1 439 50 
Str i ped anchovy 0 . 05 88 
Sea catfi s hb 7 . 7  1 92 98 
Ga fftopsa i l  catfi s hb 1 . 1 27  1 2 1 
At l a n t i c  m i d s h i pmanb 0 . 8 2 1 64 
Crested c u s k- eel b 0 . 3 7 1 26 
Cha i n  p i pef i s h  0 . 05 1 30 
At l an t i c  bumper 0 . 3 8 86  
Bl u ntno se  j a c kb 0 . 8  1 9  43 
At l a n t i c  croa ker b 7 . 7  1 91 1 33 
Sand sea tro utb 1 5 . 4  383 45 

G . S - 78 



TABL E  G .  5-2 9 conti nued . 

Re l ati ve Number Mean 
Common Name Abundance ( % )  Col l ected Length (mm ) 

Spot 0 . 05 1 25 

Star drum b 2 . 1 53 55 

Spadefi s h  0 . 1 5  3 55  

At l a nti c threadfin  0 . 4 9 1 65 

Fa t s 1 eeperb 0 . 05 1 59 

Atl a nti c cutl a s sfi s h  0 .  1 2 300 

Gu l f  butterfi s h  0 . 4  9 99 

B l ac kfi n scarobi nb 0 . 05 1 68 

Fri nged fl ounderb 0 . 20 4 81  

Bay wh i ffb 0 . 2 5 75 

Hogcho ker b 0 . 1 5  3 95 

B l ackc heek toungfi s hb 0 . 7 1 8  91 

Least  pufferb 3 . 3 83 44 

Tota l Fi s h  2482 

aDa ta ba sed on compos i t  samp l e of three trawl s of about 45 mi nutes each 

bMean l ength estimated 

G . 5-79 



TABLE G . 5- 30 S ummary of  trawl catches of i nvertebrates �nd  f i s h  col l ected at  the 
Wee ks I s l and s u rvey s i te ,  Octo ber 1 4 ,  1 97 7  . 

Common Name 

I NVERTEBRATES 

Hydro i d  col ony 

ARC s he l l 

Br ief  sq u i d  

Manti s s hr imp 

Wh i te s hr imp 

Brown s hr imp 

Str i ped hermi t crab 

P urse  crab 

B l ue  crab 

Sw immi ng c rabs  ( j uven i l e )  

Bryozoan 

Total  I n vertebrates 

F I SH 

Bay anchovyc 

Stri ped anchovy 

Sea catfi s hc 

At l a nt i c m i d s h i pman 

At l an t i c  moonfi s h  

Lookdown 

At l a n t i c  bumper 

Creva l l e  j a c k  

At l a n t i c  croa kerc 

Sand sea troutc 

Star d rumc 

Spadefi s h  

Southern s targazer 

At l a n t i c  cut l a s sf i s hc 

Gu l f  butterfi s h  

Rel a t i ve 
Abundance ( % )  

0 . 3 

38 . 8  

1 . 7 

53 . 8  

1 . 4 

0 . 3 

0 . 3 

0 . 7 

2 . 7 

96 . 4  

0 . 05 

0 . 42 

0 .  01 

0 .  01 

0. 01 

0 . 20 

0 .  01 

0 . 28 

0 .  61 

0 . 89 

0 . 06 

0 .  01 

0 . 70 

0 .  03 

G . S-80 

Number b Col l ected 

p 
1 

1 1 3  

5 

1 56 

4 

2 

8 

p 
291  

1 01 1 6  

5 

44 

2 1  

29  

64 

92 

6 

73  

3 

Mean 
Length (mm ) 

5 1  

1 08 

1 32 

41 

90 

69  

66  

1 30 

1 21 

1 1 3  

64 

74  

2 7  

31 7 

1 5 5 



TABLE G . 5-30 conti nued . 

Re l at i ve Number b �1ean 
Common Name Abundance ( % )  Ca l l ected Length ( mm )  

Fr i nged fl ounder 0 . 02 2 77 

Bay wh i ff 0 .  02 2 94 

L i ned sol e 0 .  01 1 60 

B l ackcheek toungf i s h  0 . 20 20 1 02 

Lea st  puffer 0 .  06 6 48 

Tota l F i s h  1 0489 

aData ba sed on compos i t  samp l e of three trawl s of about 38 mi nutes each 

bp - Present i n  trawl 

cMean l ength estimated 

G . 5-81 



TABLE G . 5-3 1  Summary of trawl catches of i nvertebrates and fjs h  col l ected at 
the Weeks I s l and survey s i te ,  November 1 2 ,  1 977 . 

Re l ati ve Number b �·1ean 
Common Name Abundance ( % )  Col l ected Length (mm )  

I NVERTEBRATES 

Hydro i d  Co l ony p 
Sea anemone ( u n i dent i fi ed )  2 . 4  1 6  

Moon sna i l  0 . 45 3 

Bri ef sq u i d  5 . 5 37  

Ma nti s s hr imp 4 . 8  32 

Wh i te s hr imp 2 2 . 8 1 52 

Brown s hr imp 2 . 3  1 5  

Penae i d  s hr imp ( j uven i l e ) 1 9 . 0  1 27 

Sea bo b 32 . 8  2 1 9 

Sp i der crab 0 . 1 5  1 

Bl ue crab  9. 5 63 

Swi mmi ng crab ( j uven i l e ) 0 . 3 2 

Bryozoan p 
To ta l I nvertebrates 667 

F I SH 

Shr imp eel 0. 3 3 340 

Gu l f  menhaden 0 . 2 2 1 74 

Bay anchovyc 44 . 0  499 68 
Sea ca tfi s he 7 . 8 88 86 

Cres ted cus k- eel  0 . 2 2 1 66 

Cha i n  p i pefi s h  0 . 3 3 1 03 

Southern k i ngfi s h  0 . 2 2 1 01 

Atl ant ic  croa ker 0. 7 8 1 34 
Sand seatroutc 6 . 0  67  1 07 

Star drumc 36 . 9 4 1 6 61  
Banded drum 0 . 2 2 56 

Spadefi s h  0 . 4 2 56 
Southern stargazer 0.  1 1 57  
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TABLE G . 5 - 3 l  conti nued . 

Rel ati ve Number b Mean 
Common Name Abundance ( % )  Col l ected Length (mm)  

F I SH 

B i g head sea rob i n 0 .  l 1 20 

Fri nged fl ounder 0. l 59 

Bay whi ff 0.  l 60 

L i ned so l e 0 . 2 2 5 1  

Hogcho ker 0. 9 1 0  87 

Bl ackcheek toungfi s hc l . O  l l  l 03 

Least puffer 0 . 3 3 48 

To ta l Fi s h  1 1 26 

aData based on compos i te samp l e of three trawl s of about 38 m i nutes each 

bp - Present i n  trawl 

cMean  l ength estimated 

G . 5-83 



TABLE G . 5-32  Summa ry of trawl catches of i nvertebrates and  f!s h  col l ected at 
the Weeks I s l and s urvey s i te ,  December 1 5 ,  1 977 . 

Corrunon Name 

I NVERTEBRATES 

Br i ef squ i d  

Ma nti s s hr imp 

Wh i te s hrimp 

Sea bob 

Bl ue crab  

Sw imm i ng crab ( Juven i l e ) 
Tota l I n vertebrates 

F I SH  

Bay An chovyb 

Sea catfi s h  

S k i  1 1  etf i s h  

Cha i n  p i pefi s h  

Atl a nt i c  croa ker 

Sa nd s eatrout 

Spot 

Star drumb 

S i l ver perch 

Spadef i s h  

Atl a nti c cutl assf i s h  

Gu l f  b u  tterfi s h 

B i g head sea rob i n  

L i ne sol eb 

Hogcho ker 

Bl ackcheek toungfi s h  

Least puffer 

Tota 1 F i s h  

Re l ati ve Number 
Abundance ( % )  Col l ected 

3 . 4  

0 . 1 5  

9 . 0 

8 5 . 1 5  

1 . 3 

1 . 0  

45 . 5  

0 . 9 

1 . 2 

0 . 6 

0 . 6 

1 6 . 0 

3 . 0  

1 8 . 4  

1 . 2 

0 . 3 

1 . 2 

2 . 7 

0 . 3 

0 . 3 

3 . 3 

4 . 2 

0 . 3 

40 

2 

1 06 

1 003 

1 5  

1 2  

1 1 78 

1 5 0 

3 

4 

2 

2 

53 

1 0 

61 

4 

1 

4 

9 

1 

1 1  

1 4  

331 

Mean 
Length (mm ) 

68 

82 

55 

1 33 

1 63 

88 

1 39 

81 

1 1 6  

57 

293 

47 

46 

30 

83 

98 

78 

aDa ta ba sed on compo s i t  sampl e of three trawl s of about  32 mi nutes each . 

bMean l ength estimated . 
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TABLE G . 5-3.3 Summc1ry of trawl catches of i nvertebrates and h' i s h  cal l ect a t  
the Chacahou l a survey s i te ,  September 1 9 , 1 97 7  . 

Rel at i ve Number Mean 
Common Name Abundance ( % )  Col l ected Length (mm )  

I NVERTEBRATES 

Sea anemone 2 1 . 7  5 

Br i ef s q u i d  56 . 9 1 3  

Wh i te s hr imp 8 . 7 2 

Herm i t  crab 8 . 7  2 

Swimmi ng crabs ( j uven i l e )  4 . 0 1 

To ta l I n vertebrates 23 

F I SH 

Bay anchovyb 40 . 0  76 45 

Stri ped anchovy 3 . 0 6 1 1 8  

Sea catfi s h  6 . 5 1 3  255 
At l a nt ic  bumper 4 . 5 9 1 64 

Lane snapper 0 . 5 1 85 

Atl ant i c  croa kerb 23 . 0  44 1 52 

Sand seatrou t 1 6 . 0  31  1 54 

Spot 0 . 5  1 1 50 

Star drum 0 . 5 1 27 

Spadefi s h  0 . 5 1 20 

Atl ant ic  cutl assfi s h  2 . 5 5 1 83 

Gu l f  bu tterfi s h  0 . 5  1 1 50 

B l ackfi n sea robi n 0 . 5 1 30 

Fri nged fl ounder 0 . 5 1 03 

Lea st puffer 0 . 5 48 

Stri ped burrfi s h  0 . 5 1 33 

Tota 1 F i s h  1 93 

aData based on compos i te sampl e of two trawl s of  about 66 mi nutes eac h 

bMean l ength est imated 
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TABLE G . 5-34 Summary of trawl catches of i nvertebrates and fjs h  col l ected 
at the Chacahoul a survey s i te ,  October 1 5 ,  1 977 . 

Rel ati ve Number Nean 
Common Name Abundance ( % )  Co 1 1  ectedb Length (mm ) 

I NV ERTEBRATES 

Hydro i d  col ony p 
�1oon je l lyfi s h  28 . 0  62 

Sea anemone 3 . 0 7 

Channe l ed whel k 0 . 5  1 

Bri ef s q u i d  60 . 5 1 35 

Mant i s  s hr imp 1 . 0 2 

Wh i te s hr imp 2 . 0  4 

Brown s hr imp 1 . 5 3 

Herm i t  crab  2 . 5 6 

Swimm ing  crabs ( Ju veni l e )  0 . 5 

Starfi s h  0 . 5 

To tal  I n vertebrates 2 22 

F I SH 

Scal ed sard i ne 0 .  1 83 

Gu l f  menhaden 0. 1 1 76 

Bay anchovyc 48 . 7  4 1 4  50 

Stri ped anchovyc 20 . 0  1 72 1 1 5 

Offs hore l i zardfi s h  0 .  1 1 278 

Sea catfi s hc 5 . 0  43 271  

At l ant ic  m i d s h i pman 0. 1 1 04 

At l anti c moonfi s h  0 . 3 3 1 2 1 

Atl ant ic  bumperc 7 . 3 63 1 24 

B l untnose j ack  0 .  1 38 

Longsp i ne  porgy 0 .  1 85 

P i nfi s h  0 . 2 2 1 42 

Southern ki ngfi s h  0 . 6 5 1 72 

At l ant ic  croaker 8 . 6 74 1 6 1 

Sand seatrout 0 . 9  8 1 6 1 

Spotc 4 . 9 42 1 59 

G . 5-86 



TABL E  G . 5- 3 4  conti nued . 

Rel at i ve Number b r�ean 
Common Name Abundance ( % )  Co l l ected Length (mm ) 
At l ant ic  cutl assfi s h  1 . 5 1 3  1 33 
Gu l f  butterfi s h  0 . 3 3 1 59 
Bl ackfi n sea rob i n  0 . 3  3 1 2 1 
Fri nged fl ounder 0 . 3 3 1 1 2  
Bl ackcheek toungfi s h  0 .  1 1 57 
Least puffer 0 . 4  4 44 

Total F i s h  859 

aDa ta based on compo s i t samp l e of three trawl s of about 60 mi nute s  each .  

bp - Present i n  trawl . 

cMean l ength estimated . 

G . 5-87 



TABLE G . 5-35 Summary of trawl catches of i nvertebrates and f�s h  col l ected 
at the Chacahou l a  survey s i te ,  December 4 ,  1 97 7  . 

Common Name 

I NVERTEBRATES 

Moon j el lyf i s h  

Sea anemone 

Southern oyster dri l l 

Bri ef squ i d  

t�anti  s s hr imp 

Wh i te s hr imp 

Brown shr imp 

Penae id  shr imp (j uveni l e )  

Hermi t crab 

Sp i der crab 

B l ue crab 

Swimmi ng crab 

Starfi s h  

Tota l I nvertebrates 

F I SH  

Bay anchovyb 

Sea catfi sh  

Atl anti c mi ds h i pmen 

Crested cus k-eel b 

Southern k i ngfi s h  

Atl anti c croa kerb 

Sand seatrout 

S i l ver s ea troutb 

Star drumb 

Banded drumb 

Spadefi s h  

Atl anti c cutl assfi s h  

Rel ati ve 
Abundance ( % )  

0. 5 

4 . 0 

0 . 5 

23 . 0  

1 . 0  

25 . 5 

2 . 5 

37 . 5  

1 . 5  

0 . 5 

1 . 0  

2 . 0  

0 . 5 

0 . 9 

0 . 4 

0 . 1 

0 . 3 

1 . 7 

26 . 8 

0 .  1 

50 . 8  

1 . 7  

1 5 . 0  

0 .  1 

0 .  1 

G . 5-88 

Number Mean 
Col l ected Length (mm) 

8 

48 

2 

54 

5 

80 

3 

1 

2 

4 

21 0 

8 

4 

3 

1 6  

246 

463 

1 6  

1 38 

1 

1 

43 

251  

73 
1 67 
1 90 

1 62 

1 40 

55 

89 

61 

45 

1 90 



TABL E  G . 5-35  conti nued . 

Rel ati ve Number 
Common Name Abundance ( % )  Col l ected 

F I SH 

Gu l f  butterfi s h  0 . 2 2 

B i ghead sea rob i n  0 .  1 1 
B l ackfi n sea rob i n 0 .  1 

Fri nged f l ounder 0 . 2 2 

B l ackcheek toungfi s h  0 . 3 3 
Least  pufferb 1 . 1 1 0  

Tota l F i s h  91 7 

aData based on three trawl s of about 30 mi nutes  each 

bMean l ength est imated 

G . 5-89 

Mean 
Length (mm)  

1 3  

34 

2 5  
1 05 

1 02 

48 



TABLE G . 5- 3 6  I nvertebrates characteri st i c of the offshore Lou i s i ana 
coastal reg ion  based upon trawl samp l es .  

Scyphozoa : medusae ( j e l lyfi sh ) 

An thozo a :  sea anemones 

Ctenophora : comb j e l l i es 

Pl eurobranch i a  s p .  

Gastropoda : sna i l s  

Po l i n i ces dupl i catus 

Mu rex s p .  

Tha i s  haemostoma 

Bu syon sp . 

O l i va sayana 

Cance l l ar ia  reti cu l ata 

other gastropods 

Pe l ecypoda : c l ams 

Rang i a  cuneata 

Nucu l ana acu ta 

D i nocard i um robustrum 

Do s i n i s  d i scus 

other pel ecypods 

Cephal opoda : s q u i d  

Lo l l i guncu l a  brev i s  

Crustacea : s hr imp and crabs 

Acetes ameri canus 

Sgu i l l a s p .  

Penaeus seti ferus 

Penaeus d uorarum 

Penaeus aztecus  

Xi phopeneus s p .  

Trachypenaeus s p .  

Un i denti f ied s hrimp 

Pa l aemonetes vu l gar i s  

Crangon s p .  

G . 5-90 



TABLE G . S- 3 6 conti nued . 

S i cyon i a  s p .  

C 1 i b i n ar i us v i tatus 

Un i dent i fi ed hermi t crab 

Hepatus ephe1 i t i cu s  

Le i o 1 ambrus n i ti dus 

Persephona cri nata 

Li bi n i a emargi nata 

Portunus spi hocarpus 

Portunus gi bbes i i  

Ca1 l i nectes sapi dus 

Ca1 l i nectes s im i 1 i s  

Cal appa s u l cata 

Ova l i pes s p .  

Panopeus s p . 

As teriodea : s tarfi s h  

Ophi uro i dea : bri ttl e  s tar 

Perret , 1 97 1 ; Ragan and Harri s ,  1 97 5  

G . 5-91  



TABLE G . 5- 3 7  Fi sh  character i st i c  of the Lou i s i ana coastal reg i on based 
upon trawl samp l es .  

Common Name Sc i enti fi c Name 

CLASS CHONDRI CTHYS ( s harks and rays ) 

Smooth dogf i s h  

At l ant i c  sharpnose shark 

Bonnethead 

Lesser e l ectr i c  ray 

Roundel skate 

At l a nt i c  sti ngray 

Smooth butterfly ray 

Cownose ray 

Mustel us  can i s  

Rh i zopri onodon terraenovae 

Sphyrna ti buro 

Narc i ne bras i l i ens i s  

Raja texana 

Dasyati s sab i na 

Gymnura m i crura 

Rh i noptera bonasus 

CLASS OSTE I CHTHYS ( bonyfi s h )  

S k i pjack herri ng 

Gu l f  menhaden 

Atl anti c herr i ng 

Gi zzard shad 

Threadfi n s had 

Scal ed sard i ne 

Atl ant i c  thread herr i ng 

Striped anchovy 

Bay anchovy 

I n s hore l i zardfi s h  

B l ue catfi s h  

Sea catfi s h  

Ga fftopsa i l  catfi s h  

Oyster toadfi sh  

Atl anti c m i d s h i pman 

S i ngl espot frogfi s h  

Sargass umfi sh  

Pa ncake ba tfi sh  

Batfi sh  

Bearded brotu l a  

G . 5-92 

Al osa chrysochl ori s 

Brevoort ia  patronus 

Cl upea harengus 

Dorosoma ceped i anum 

Dorsoma petenense 

Harengu l a  pensacol ae 

Opi sthonema ogl i n um 

Anchoa hepsetus 

Anchoa mi tch i l l i  

Synodus foetens 

Icta l urus furcatu s 

Ari us fe l i s  

Bagre mari nus  

Opsanus ta u 

Por i c hthys poros i s s i mus 

Antennari us rad i osus  

H i str io  h i strio  

Ha l i euti chthys acul eatus 

Ogcocepha l us sp . 

Brotul a barbata 



TABLE G .  5- 37 conti nued . 

Crested c u s k  eel 

Un i denti fi ed c u sk  eel 

Longnose ki l l i fi s h  

Ro ugh s i l vers i de 

T i dewater s i l vers ide  

Pi pefi sh 

Snoo k 

Roc k  sea ba ss  

Sand perch 

B l uefi sh  

S harks uc ker 

Creva l l e  j ac k  

Jack  

At l anti c bumper 

Leather jacket 

Greater Amberj ac k 

Look  down 

Fl or ida pompano 

Rough scad 

At l ant ic  moonf i s h  

Red snapper 

Gray snapper 

Lane snapper 

Tr i p l eta i l  

S i l ver j enny 

P i gfi s h  

Sheeps head 

P i nf i s h  

Longsp i ne porgy 

S i l ver perch 

Sand seatrout 

Spotted seatrout 

Si l ver seatrout 

G . S-93 

Oph i d i on wel s h i  

Fundu l u s  s imi l i s  

Membras mart i n i ca 

Men i d i a  beryl l i a  

Syngnathus sp . 

Centropomus undec imal i s  

Centropr i st i s phi l adel phica 

D ipl ectrum formosum 

Pomatomus sa l tatr i x  

Echenei s naucrates 

Caranx h ippos 

Caranx sp . 

Ch l oroscombrus chrysurus 

O l i gopl i tes saurus 

Ser i o l a dumeri l i  

Sel ene vomer 

Trach i notus carol i nus  

Trachurus  l athami 

Vomer setapi nn i s  

Lutj anus  campechanus 

Lutjanus  gri seus  

Lutjanus  synagri s 

Lobotes suri namen s i s  

Euc i nostomus � 
Orthopri st i s  chrysoptera 

Archosargus probatocephal us  

Lagodon rhombo i des 

Stenotomus capri nus 

Ba i rd i el l a  chrysura 

Cynosc ion  arenari us 

Cynosc ion nebul osus  

Cynosc ion nothus 



TABLE  G .  5- 3 7 conti nued . 

H i g h  hat Eguetus acumi natus 
Ba nded drum Larimus fa sci atus 

Spot Le iostomus xanthurus 
Southern k i ngfi s h  

Gu l f  k i  ngfi s h  

At l a nti c croa ker 

B l ac k  drum 

Red drum 

Star d rum 

Atl anti c spadefi sh  

Stri ped mu l l et 

Great barracuda 

At l ant ic  threadfi n 

Southern stargazer 

Go b i  es 

Atl anti c cut l assfi sh  

Ki ng mackerel 

Span i s h mackerel 

Ha rvestfi sh 

Gu l f  butterfi s h  

Ba rbfi s h  

Horned searob i n  

B l uespotted searobi n 

B l ackf i n  searobi n 

B i g head searob i n  

Sea rob i n s  

Oce l l ated fl o under 

Spotted whi ff 

Bay whi ff 

Mex i can fl o under 

Spotfin  fl ounder 

Fri nged fl ounder 

G . 5-94 

Menti c i rrhu s ameri canus  

Menti c i rrhus l i ttora l i s  

M icropogon undul atus 

PJ)gon i a s  crom i s  

Sc i aenops oce l l ata 

Stel l i fer l anceol atus 

Chaetod ipterus faber 

Mugi l cepha l us 

Sphyraena ba rracuda 

Po l ydactyl u s  octonemus 

Astroscopus y-graecum 

Tri ch i urus l epturus 

Scomberomorus cava l l a  

Scomberomorus macu l atus 

Pepri l u s a l epi dotus 

Pepri l u s burti 

Scorpaena bras i l i ens i s  

Bel l ator mi l i tari s 

Pr i onotus roseus 

Pri onotus rub i o  

Pri onotus tri bul u s  

Pr i onotus sp . 

Ancyl opsetta guadrocel l ata 

Ci thari chthys macrops 

Ci thari chthys spi l opterus 

Cycl opsetta c h i ttenden i 

Cyc l opsetta fimbri ata 

Etropus crossotus 



TABLE G . 5- 3 7 cont i nued . 

Gu l f  fl ounder 

Souther fl ounder 

S hoa l f lounder 

L i ned sol e 

Hogchoc ker 

Bl ackcheek tonguefi s h  

Gray tri ggerfi s h  

P l anehead fi l efi s h  

Northern puffer 

Southern puffer 

Lea st puffer 

Stri ped burrfi s h  

( Perret , 1 971 ; Ra gan and Harri s ,  1 975 ) 
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Para l i chthys al b igutta 

Para l i c hthys l ethostigma 

Syac i um gunteri 

Ach i rus  l i neatus 

Tri nectes macul atus 

Symphurus pl agi u sa 

Ba l i s tes capri scus 

Monocanthus h i spi dus 

Sphoero i des macu l atus 

Sphoero i des nephe l u s 

Sphoero ides  parvus 

Ch i l omycterus schoepfi 
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APPEND I X  H 

DEEP WELL INJ ECT I ON OF BRI N E  

A n  a l ternate method o f  di spo s i ng o f  bri nes  d i sp l aced from the 

Strateg i c  Petro l eum Reserve ( SPR )  caverns duri ng  o i l fi l l  and cavern 

l eachi ng i s  by deep we l l  i njecti on . Di sposal  i s  accomp l i s hed by i njecti ng  

bri nes under press ure i nto wel l s  compl eted in  deep sand reservo i rs .  

Certa i n  p hys i ca l  cond i t ions  are prerequ i s i te to succes sfu l  subsurface 

di sposal operat i ons . A reservo i r  hav i ng suffi c i ent  vol ume and three

d imen s i o na l  cont i n un i ty to accommodate i nj ected bri ne must exi s t .  

Further , the hydrau l i c  characteri st i c s  of the reservo i r  must  be s uch 

that i t  wi l l  read i ly  transm i t  i nj ected bri nes .  F i na l l y ,  the reservoi r  

mus t  be i so l ated hydraul i ca l ly  to precl ude contami nat i on of fresh  water 

aqu i fers . 

The potenti al i mpacts assoc i ated wi th subs urface i njection  of 

bri nes are : 

o contami nati on of ground water aqu i fers 

o aq u i fer fracture 

o chemi cal and p hys i cal  probl ems of fl u i d  i ncompat i b i l i ty 

o i nterference wi th o i l  and gas reservo i rs 

o earthq uake i nducement 

Contami nati on of Ground Water Aqu i fers 

Contami nat i on of overl y i ng fresh  water aq u i fers can occur by di rect 

i nfl ux of deep- i nj ected bri nes i nto s ha l l ower hor i zon s ,  aqu i c l ude fracture , 

l ea kage thro ug h  permeabl e beds separati ng the deeper zones from sha l l ower 

zone s ,  l ea kage through i mproperly cased wel l s , abandoned wel l s ,  or wel l s  

wh i ch are open to both the i njecti on zone , and to the fresh  water aqu i fers . 

The geo l og i c  sect i o n  wh i ch was con s i dered for d i sposal  i s  character

i zed by poorly consol i dated sedi ments , con s i st i ng primar i l y  of sands , 

s i l ts ,  c l ays and parti a l ly  i ndurated sha l e s .  Sand un i ts compr i se an 

est imated 40% of the total secti on , whi l e  the rema i n i ng port i on of the 

sect i on con s i sts  of rel at i ve ly  impermeabl e s i l ts ,  c l ays , and s ha l es , 

wh i ch have characteri s t i ca l l y  poor transmi tti ng propert i e s , and may 
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serve to precl ude the vert i ca l  movement of the i nj ected bri ne s .  Bri nes 

wi l l  be i nj ected i n to deep ( greater than 3 , 000 feet ) sal i ne reservo i rs ,  

wel l be l ow the l owermost  usabl e fresh  water aqu i fer.  

Ass urances that no contami nati on wi l l  res u l t from l ea kage through 

we l l s  req u i res that a l l we l l s  wi thi n  the area of i nfl uence of the i nj ec

t ion  f ie l d be i denti f i ed , and properly sea l ed where necessary. Because 

the bri ne d i sposa l reservo i rs may be upl i fted in  the v i c i n i ty of the 

dome , i t  i s  essenti a l  that abandoned we l l s  comp l eted at depths sha l l ower 

than the d i s posa l  reservo i r  a l so be checked . I f  any we l l s  are found to 

be i mproperly p l ugged , they wou l d be rep l ugged i n  accordance wi th accepted 

procedures . I f  a substant ia l  number of the wel l s  appear to need rep l ugg

i ng , i t  may be necessary to move the i nj ection  s i te .  

Aqu i fer Fracture 

A �ati sfactory reservo i r  for subsurface waste d i sposa l  must posse$ 

adequate vo l ume and have i mpermeabl e strata such as  s ha l e aq u i c l udes 

above and bel ow the s torage l ayer .  Exces s i ve pres s ure bu i l dup cou l d 

l ead to aqu i c l ude fracture and l os s  of conta i nment .  Press ure bu i l dup 

depends upon : 

o aqu i fer s i ze 

o i nj ecti on rate 

o quanti ty of waste fl u i d  

o aq u i fer poros i ty 

o aq u i fer permeabi l i ty 

o cl ogg i ng agents i n  the waste such as co l l o i ds or materi a l s 

wh i ch s upport bacteri a l  growth 

The potent ia l  for aqu i fer fracture ex i sts whenever the pressure 

cond i t ions  wi thi n a reservo i r  exceed the preva i l i ng stress  f i e l d .  The 

preva i l i ng s tres s  f ie l d i n  the reservo i r  i s  the resu l t  of the l i thostati c 

we i g ht of overburden materi a l s and the hydrostat i c  we i ght of the fl u i d  

co l umn exi s t i ng wi th i n  and above the reservo i r .  Experi ence i n  the Gul f 

Coast  sed iments s uggests grad i ents of 1 . 0  and 0 . 5 pounds per sq uare i nch 

per foot of depth ( p s i /ft )  for the l i tho stati c and hydrostati c grad ients , 

respecti ve ly .  Fracture gradi ents i n  the Gul f Coa st sed iments have been 
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observed i n  the range of 0 . 54 to 0 . 8 ps i/ft .  Careful mon i tori ng  of 

wel l - head and bottom ho l e  pressures dur i ng  i nj ection wi l l  be requ i red to 

i ns ure that fracture press ures are not exceeded .  

Chemi cal  and Phys i ca l  Probl ems o f  Fl u i d  I ncompati bi l i ty 

Impacts associ ated wi th chemi cal  and phys i ca l  i ncompati bi l i ty of 
i nj ected bri nes wi th respect to nati ve formati on fl u i ds wi l l  be confi ned 

to the v i ci n i ty of  the i nj ecti on wel l bore where i t  penetrates the 

recei v i ng di sposal  reservo i r .  Ana lyses of bri nes i nj ected at other SPR 

s i tes have i ndi cated no s i gn i f i cant compati bi l i ty probl ems . The reservo i rs 

cons i dered for i nj ecti on conta i n  moderatel y to h i g h ly  sal i ne waters ( on 

the order of 30 , 000 to 1 00 , 000 ppm tota l d i sso l ved so l i ds )  and shou l d 

therefore pose no prob l ems wi th respect to recei v i ng SPR bri nes , wh i ch 

wi l l  range i n  concentration  from 90 , 000 ppm to an effective ly  saturated 

bri ne ( 264 , 000 ppm ) . 

I nterference wi th O i l  and Gas Reservoi rs 

Impacts on o i l and gas reservo i rs and production can res u l t d i rectly 

from the i nfl ux and fl us h i ng of these reservo i rs by i nj ected bri nes . 

The o i l  and gas reservo i rs can a l so be impacted i nd i rectl y ,  by the 

effects of reservo i r  pres suri zati on attendant to the i njection  operati ons . 

I n  order that these impacts are mi n i mi zed or avo i ded , i nj ection  wel l s  

mu st  be l ocated such that the area of i nfl uence of the di sposal  operation  

does not  i mp i nge on the  o i l and gas  reservo i rs .  Verti cal  and s trati graph i c 

separati ons between i nj ection  depths and the o i l and gas reservo i rs wi l l  

further i n s ure that no impacts res u l t from the di sposal  operati on . 

However , i t  i s  pos s i bl e that pressure bu i l dup i n  the d i sposal sands 

wou l d be accompani ed by s l i g ht pres sure i ncreases i n  o i l and gas strata . 

Thi s cou l d benefi t overa l l hydrocarbon producti on by reduc i ng the effect 

of press ure l o s s  due to o i l and gas dep l et ion . 

Earthqua ke I nducement 

Earthquakes may be i nduced when fau l ts are l u bri cated by i njected 

f l u i ds .  There i s  documented ev i dence of earthquakes be i ng tri g gered as 

a res u l t of s ubs urface i nj ection of fl u i d  accompan i ed by an i ncrease i n  

i nj ection  reservo i r pres s ure.  The two known ca ses of th i s  phenomenon 
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have occurred i n  Col orado i n  an area of h i gh natural rock stresses . One 

occurred near Denver and was associ ated wi th a d i sposal we l l conta i n i ng 

l i q u i d  wa ste from the Rocky Mounta i n  Arsenal . The other occurred near 

Rangely ,  Col orado and was associ ated wi th water i nj ect ion  i nto wel l s  of 

the Rangely o i l  f i el d .  The mechan i sms cau s i ng the earthquake are not 

wel l understood ; however , one poss i bl e  expl anat ion is that stre� >es on 

oppos i te s i des of exi sti ng faul t pl anes were not suffi c i entl y l a  'ge to 

overcome fri ct i onal forces a l ong the p l ane and cause movement unti l the 

waste fl u i ds were i nj ected and acted as  a l ubr i cant .  Stresses  are 

rel i eved by p l as t i c  deformati on or rupture of rocks . I f  the p l asti c i ty 

of a rock  i s  rel at i vel y l ow ,  the stress  conti n ues  to i ncrease  unti l 

rupture ( fau l ti ng )  occurs . I n  the Gul f Coast area , the unconsol i dated 

sedi ments , as opposed to the consol i dated rock  i n  Col orado , are very 

p l ast i c and stress  rel i ef comes i n  the form of p l a s t i c  deformati on . 

Al though fau l ts  do exi st  i n  the Gul f  Coast , movement a l ong these p l anes 

due to l ubr i cati on by i njected bri ne seems unl i kely .  Numerous  fl ood 

water and l i q u i d wa ste i nj ect ion  s i tes  have been i n  operati on a l ong the 

Lou i s i ana-Texas Gu l f  Coast  for many years wi thout reported occurrences 

of earthq uakes . I n  add i ti on ,  the Nat i ona l  Ocean i c  and Atmospher i c  

Adm i n i strati on h a s  c l a s s i f i ed th i s  area as  hav i ng n o  reasonab l e expectancy 

of s urface earthqua ke damage ( F i gure 8 . 2- 7 ) .  
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APPEND IX  
Part I 

ESTIMATES OF  EM I SS IONS FROM TANKER AND BARGE TRANSFERS AND 

MODEL USED TO CALCULATE DOWNW I ND  GROUND-LEVEL CONCENTRATIONS 

I . l  EM I SS IONS FROM BARGE AND TAN KER TRANSFERS 

Hydrocarbon emi s s i on factors for petrol eum l oadi ng/un l oadi ng were 

based upon Ameri can Petrol eum I ns ti tute (AP I ) publ i cat ion  251 4-A ( 1 976 ) 

a nd Append i x  I ,  Part I I .  A summary of average and maximum emi s s i on 

factors at  three crude o i l  temperatures are set forth bel ow : 

Emi s s i on Factors 
( l b/ 1 000 gal transferred} 

Average Maximum 

70°F 1 00°F 1 20°F 70°F 1 00°F 

Sh i p Load i ng : Cl eaned 0. 30 0 . 38 0 . 48 0 . 33 0 . 45 
Uncl eaned 0 . 79  0 . 88 0 . 97 0 . 83 0 . 94 
Average 0 . 55 0 . 63 0 . 73 0 . 58 0 . 70 

Cl eaned 0 . 48 0 . 57 0 . 68 0 . 52 0 . 65 
Uncl eaned 1 .  54 1 .  65 1 .  75 1 .  59 1 .  71 

Barge Load i ng : 

Average 1 . 01 1 . 1 1  1 .  22 1 .  06 1 . 1 8  

Cl eaned 0 . 1 7  0 . 1 7  0 . 1 7  0 . 1 7  0 . 1 7  
Uncl eaned 0 . 66 0 . 66 0 . 66 0 . 66 0 . 66 

Sh i p Ba l l ast i ng :  

Average 0 . 42 0 . 42 0 . 42 0 . 42 0 . 42 

Average emi s s i on factors were ba sed on a Rei d  vapor pressure ( RVP ) of 4 

p s i a ,  whi l e  maxi mum emi s s i o n  factors were based on a RVP of 5 ps i a .  The 

crude o i l  temperature was as sumed to be 70°F duri ng fi l l  and 1 20°F 

duri ng wi thdrawal operations  ( except l 00°F for crude o i l  stored at Weeks 

I s l and ) . The spec i f i c  emi ss i on  factors used for the transfer operations  

i n  Secti on C . 3 . 2 . 2 . 3  are as fo l l ows ( l b/ 1 000 gal ) :  

1 )  Transfer of o i l  between VLCC and 45 MDWT tan kers 1 2  m i l es 

offshore : 0 . 30 ( l oadi ng ) + 0 . 42 ( ba l l a sti ng ) = 0 . 72 

2 )  Transfer from 45 MDWT tankers to 20 , 000 barrel barges at 

Port Al l en :  1 . 54 ( l oad i ng ) + 0 . 42 ( ba l l asti ng ) = 1 . 96 

3 )  Offl oad i ng 4 5  MDWT tankers a t  the St .  James docks : 

( ba l l ast i ng ) = 0 . 42 

I - 1  

1 20°F 

0 . 56 
1 .  05 
0 . 81 

0 .  77  
1 . 84 
1 .  31 

0 . 1 7  
0 . 66 
0 . 42 



4 )  Loadi ng 20 , 000 barrel barges a t  B ul l Bay : 1 . 75 ( l oadi ng ) + 0 

= 1 . 75 

5 )  Load i ng 80 MDWT tankers a t  the St .  James docks : 0 . 73 ( l oadi ng ) 

+ 0 = 0 . 73 ( except 0 . 63 for Weeks  I s l and o i l ) 

An average va l ue of 0 . 42 l b/ 1 000 gal was used for a l l ba l l ast i ng emi s s i ons . 

Maximum emi s s i on factors used 

u pon uncl eaned tankers and barges . 

ga l ) :  

i n  Secti on C . 3 . 2 . 2 . 3  were based 

These factors are as  fo l l ows ( l b/ 1 000 

1 )  VLCC transfer to 45 MDWT tankers i n  the Gul f :  

+ 0 . 66 ( ba l l asti ng ) = 1 . 49 

0 . 83 ( l oadi ng ) 

2 )  Load i ng 80 MDWT tankers a t  the St .  James docks : 1 . 05 ( l oadi ng ) 

+ 0 = 1 . 05 

A descri ption of the phys i ca l  and chemical  bas i s  for these emi ss i on 

factors i s  provi ded i n  Append i x  I ,  Part I I . 

I . 2  LOSSES I N  TRANS I T  

Trans i t  l os ses  are estimated a t  0 . 01 percent per ps i a  true vapor 

press ure ( TV P )  per week in trans i t  ( EPA , 1 976e ) . Trans i t  emi s s i on factors 

were based on a RVP of 4 ps i a  and are 0 . 0067 l b/hr/ 1 000 gal at 700 F ,  0. . 0 1 1 8  

l b/hr/ 1 000 gal a t  1 00°F a nd 0 . 01 674 l b/hr/ 1 000 ga l at 1 20°F .  Trans i t  

times for the Capl i ne o i l d i s tri but ion are a s  fol l ows : 

45 MDWT Tan ker trans i t  from 1 2  mi l es offshore to Port Al l en 

Barge trans i t  from Port Al l en to Bul l Bay 

45 MDWT Tanker trans i t  from 1 2  mi l es  offshore to St .  James 

45 MDWT Tanker trans i t  from 1 2  mi l es offshore to Nord ix 

Barge trans i t  from Bul l Bay to Baton Rouge 

80 MDWT Tanker trans i t  from St. James to 1 2  mi l es offshore 

80 MDWT tanker trans i t  from Nord ix to 1 2  mi l es offshore 

I . 3  MODEL USED TO CALCULATE DOWNW I ND GROUND-LEVEL CONCENTRATI ONS 

44 hours 

2 hours 

32 hours 

41 hours 

3 hours 

33 hours 

42 hours 

Downwi nd concentrati ons of effl u ents were ca l cu l ated us i ng methods 

recommended by the U . S .  Envi ronmenta l Protection  Agency (Turner , 1 969 ) . 

The eq uat ion used for "worst case "  concentrations  ( averag i ng 

peri ods u p  to 24 hours ) i s :  
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6 
x = Q x 1 0  exp Ticrycrzu 

where : x = downwi nd concentrat ion ( �g/m3 ) 

Q = effl uen t  source term ( g/sec ) 

cry = hori zonta l d i spers i on  coeffi c i ent ( m )  

crz = verti cal  d i spers ion  coeffi c i ent  ( m )  

u = wi nd speed (m/sec ) 

H = s tack he i ght ( m )  

( 1 ) 

Except for storage tan k ,  bri ne pond and construction  veh i c l e emi s s i ons , 

cont i nuous po i nt source rel ease was assumed . Ground-l evel rel ease  ( H=O )  

was assumed except for storage tank and  power p l ant  emi ss i ons . I n  

add i t i on , t he  model i s  based upon the  fol l owi ng  assumpti ons : The effl uents 

are norma l l y  d i stri buted a l ong  the pl ume centerl i ne ;  there i s  no removel 

of  pol l u tants from the pl ume ; and there i s  compl ete refl ecti on at the 

g round . Worst-case assumpti ons were for stabi l i ty cl ass "D" and a wi nd 

s peed of one meter per second (m/sec ) except two m/sec offshore . These 

cond i ti ons occur very i nfrequently at the s i te ,  parti cul arly for durations  

l onger than  about  one hour .  

Va l ues ca l cu l a ted by Equation 1 are  peak concentrati ons assumed to 

be 1 0-mi nute average s .  Extrapol at ion o f  the peak concentrati ons to 

vari ous averag i ng peri ods up  to 24 hours are determi ned by a power l aw 

correction  (Turner , 1 96 9 ) . The equati on used i s :  

t -0 . 1 7  
x ( t )  = x ( l O-mi nute )  x (TO) ( 2 )  

where t i s  the averag i n g  i nterval i n  mi nutes . 

Equati on 2 i s  app l i cabl e on ly  when the average wind  d i recti on i s  

con stant .  Therefore ,  extrapol ati on confi dence i s  much l ess  for 24 hours 

t han for 1 hou r .  

The equation  used for annual average concentrations  i s :  

where : 

x =
l: 2 . 03 2  x Q f . x 1 06 exp . u . cr X 1 1 1 z 

x = annual a verage concentration  

Q = effl uent source term ( g/ s )  

I - 3  
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a = verti ca l  d i spers i on coeffi c i ent ( m )  z 
X = downwi nd d i s tance ( m )  

u .  = wi nd speed for speed cl ass  i (m/ sec ) 1 
f . 1 

= fract ion  of the time the wi nd i s  bl owi ng i n  
wi nd d i rection  sector i n  wi nd speed cl ass i 

the most  frequent 

H = s tack he i g ht ( meters ) 

Based upon the New Orl eans wi nd rose ( USDC , 1 97 1 ) ,  the va l ues of u i 
and f .  are as fol l ows : 1 

u .  1 (m/ sec ) f i ( % )  

0 . 83 2 . 1 0  

2 . 63 2 .  77 

4 . 33 3 . 84 
6 . 55 2 . 57 

9 . 28 0 .  21 

1 4 . 43 0 . 00 

The wi nd speed for a g i ven wi nd speed cl ass was taken to be the average 

speed for that c l ass  i ndependent of wi nd di recti on . Va l ues of f i above 

are for north wi nds , the most frequent wi nd di recti on at New Orl eans . 

S i nce the storage tanks and constructi on veh i c l es are mu l ti p l e 

po i n t  sources , an area source correct ion was appl i ed .  To a l l ow for an 

area source , a v i rtua l  di stance x1 i s  found that approximates the d i s tance 

req u i red for a poi nt source to di sperse i nto an area equ i va l ent to that 

of the area source . The total d i s tance ( X + x 1 ) i s  then used to determi ne 

rev i sed d i spers i on coeffi c i ents ( cry and crz ) .  To maximi ze storage tan k 

cal cu l ati ons , the wi nd was assumed to bl ow paral l e l to the l onger axi s  

o f  the tanks . 
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APPEND I X  I 
Part I I  

DESCR I PTION OF THE PHYS I CAL AND CHEM ICAL BAS IS  FOR 
EMISS IONS FROM MAR INE  VESSEL TRANSFER OF CRUDE O I L  

I . l  I NTRODUCTI ON 

Sh i ps and barges wi l l  be u sed to del i ver crude o i l  to and from the 
mari ne termi nal s for the Strateg i c  Petrol eum Reserve ( SPR )  fac i l i ty .  

Hydrocarbon emi s s ions  are generated at  mar i ne termi nal s when vol ati l e  

hydrocarbon l i q u ids  are e i ther l oaded onto or un l oaded from s h i ps and 

barges .  

The magn i tude of crude o i l  transfer emi s s i ons  are dependent on many 

factors . I ndustry testi ng programs have been conducted recentl y to 

eval uate the i nterrel ationsh i p of these and other important factors i n  

devel o p i ng up-to-date emi s s i on factors for s h i p and barge l oadi ng and 

ba l l asti ng emi s s i ons . Most  of those stud i es compl eted have devel oped 

emi s s i on factors for gaso l i ne .  Crude o i l  transferri ng operations  are 

under study by the Western O i l and Gas Assoc i ation  ( WOGA ) ( Chevron 

Research Co . ,  1 976 ) . 

Th i s  append i x  eval uates the exi st i ng emi s s i on data and proposes an  

ana lyt i cal  procedure for estimati ng the probabl e crude oi l emi s s i on 

factors for the SPR fac i l i ty . a 

Section  I . 2  presents the general nature and characteri st ics  of 

mari ne transfer emi s s i ons . Sources testi ng data compi l ed by many i ndustry 

sources concern i ng mari ne transfer emi s s i ons are presented i n  Secti on I . 3 .  

Descri ption o f  a proposed procedure and as sumption requ i red to estimate 

emi ss i on factors for crude oi l are presented i n  Secti on I . 4 .  The final  

section  concl udes the emi s s i on factor ana lys i s  and presents a summary of 

emi s s i on factors proposed to be used for the SPR fac i l i ty .  

aTh i s  append i x  derives emi s s i on factors for crude hand l i ng operations 
wh i c h  represent a reduction in  emi s s i on factors presented in  earl i er  
FEA envi ronmental reports . The resu l ts reported here represent the 
best approximations  pos s i bl e  wi th currentl y exi sti ng data . 
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I . 2  EMISS I ON SOURCES AND CHARACTERISTICS 

I . 2 . 1  Loadi ng Emi s s i ons  

Load i ng emi s s i ons  are attri butabl e to  the  d i sp l acement to  the 
atmosphere of hydrocarbon vapors res i d i ng i n  empty vessel tanks by vol a
ti l e  hydrocarbon l i qu ids  bei ng l oaded i nto the vessel tan ks . Loadi ng 
emi s s i o ns can be separated i nto (1) the arri val component a nd ( 2 )  the 
generated componen t .  The arri val component of l oad i ng emi s s i on s  
cons i sts of hydrocarbon vapors l eft i n  the empty vessel tan ks from 
previ ous cargos . The generated component of l oadi ng emi s s ions  cons i s ts 
of hydrocarbon vapors evaporated i n  the vessel tanks as  hydrocarbon 
l i qu i ds are bei ng l oaded . 

The arrival component of l oadi ng emi s s i on s  i s  d i rectly dependen t  
o n  the true vapor pressure o f  the previ ous  cargo , the un l oad i ng rate of 
the previ ous  cargo , and the cru i se h i s tory of the cargo tan k  on the return 
voyage .  The cru i se h i s tory of a cargo tan k  may i ncl ude heel was h i ng ,  
bal l asti ng , butterworthi ng , vapor free i ng ,  or  no  action  at  a l l .  

The generated component of l oadi ng emi s s i ons  i s  produced by the 
evaporati on . of hydrocarbon l i qu i d  bei ng l oaded i nto the vessel tan k .  The 
quanti ty of hydrocarbons evaporated i s  dependen t  on  both the true vapor 
pressure of the hydrocarbons and the l oadi ng and u n l oadi ng  practi ces . 
The l oadi ng practi ce whi ch has the greatest impact on  the generated 
component i s  the l oadi ng and un l oad i ng rate . 

A typi cal  profi l e  of gasol i ne concentrati on  i n  a s h i p tan k  duri ng 
l oadi ng i s  presented in Fi gure I-1 (American  Petrol eum I nsti tute , 1 97 6 ) . 

As i nd i cated i n  the fi gure , the hydrocarbons  present throughout most  of 
the vessel tan k  vapor space are contri buted to by the arri val vapor 
component and the concentrati on  i s  al most  u n i form .  There i s  a s harp 
r i se i n  hydrocarbon vapor concentrati on  j ust  above the l i qu i d  surface . 
Th i s  i s  the generated component .  The generated component , a l so cal l ed 
a 1 1 Vapor bl anket , 11 i s  attri butabl e to evaporati on of the hydrocarbon 
l i qu i d .  
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FI GURE I - 1  Typi ca l  s h i p  emi s s i on profi l es .  
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From Fi gure 1 - 1 i t  i s  apparent that for l arge vessel s wi th 55  foot 

u l l ages , a the average hydrocarbon concentration  of vapors vented duri ng 

l oad i ng operati ons i s  primar i ly  dependent on the arri val component . 

For smal l er vessel s such as  barges wi th 1 2  foot u l l ages , the average 

hydrocarbon concentrat ion  i n  the vented l oad i ng vapors i s  dependent on  

both the  generated component and  the  arri val component . 

1 . 2 . 2  Unl oadi ng Emi s s i ons 

Unl oadi ng emi ss i ons are hydrocarbon emi s s i ons d i spl aced duri ng 

bal l asti ng operat i ons  at the unl oad i ng doc k  subsequent to unl oad i ng a 

vol ati l e  hydrocarbon  l i q u i d  such as gasol i ne or crude o i l .  Dur i ng the 

un l oad i ng of a vo l at i l e  hydrocarbon l i qu i d , a i r  drawn i nto the emptyi ng 

tan k  absorbs hydrocarbons evaporati ng from the l i qu i d  surface . The 

greater part of the hydrocarbon vapors normal ly  l i es a l ong the l i qu i d  

surface i n  a vapor b l a n ket . However , throughout the unl oad i ng operat i on , 

hydrocarbon l i qu i d  cl i ng i ng to the vessel wal l s  wi l l  conti nue to evaporate 

and to contri bute to the hydrocarbon concentrati on i n  the upper l evel s of 

the empty i ng vessel tan k .  

Before sai l i ng , a n  empty mar i ne vessel must take o n  bal l ast water to 

ma i ntai n  trim and stabi l i ty .  Normal l y ,  o n  vessel s that are not fi tted 

wi th segregated bal l ast tanks , th i s  water i s  pumped i n to the empty vessel 

tan ks . As bal l ast water enters tanks , i t  d i spl aces the res i dual hydro

carbon  vapors to the atmosphere generati ng the so termed " u n l oad i ng 

emi ss i ons . "  

1 . 2 . 3  Parameters Affect i ng Emi ss i ons 

Emi s s i on  testi ng resul ts i nd i cate that many factors affect the 

magni tude of crude o i l  l oadi ng and unl oad i ng emi s s i ons . Due to the 

i nterrel ated nature of these parameters , it i s  d i ffi cu l t to quanti fy 

the emi s s i on impacts . Th i s  section  qual i tatively presents the effects 

of the fo l l owi ng parameters on mar i ne l oad i ng and unl oad i ng emi ss i ons : 

aThe term " u l l age " refers to the di stance between the cargo 1 i q u i d  
l evel and the r i m  of the u l l age cap .  
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o l oad i ng and un l oad i ng rate 
o true vapor pressure 
o cru i se h i s tory 
o prev i ou s  cargo 
o chemi cal  and phys i cal  properti es 

! . 2 . 3 . 1  Load i ng and Un l oad i ng Rate 

Dur i ng the l oad i ng operat i on , the i n i ti a l  l oadi ng and un l oad i ng 

rate has a s i gn i fi cant effect on hydrocarbon emi s s i ons  due to the sp l ash

i ng and  turbu l ence caused by h i gher i n i t i a l  l oad i ng or wi thdraw i ng rates . 

Th i s  sp l as h i ng and turbu l ence res u l ts i n  rap i d  hydrocarbon evaporati on 

and the formati on of a vapor b l anket . By reduc i ng the i n i t i a l vel oci ty 

of enteri ng or wi thdrawi ng rates , i t  i s  poss i bl e  to reduce the turbu l ence 

and consequent ly ,  to reduce the s i ze and concentrati on of the vapor 

bl an ket .  S l ow fi nal l oad i ng rate can a l so l ower the quanti ty of emi s s i ons . 

Th i s  i s  because when the hydrocarbon l evel i n  a mari ne ves se l  tan k  

approaches the tank  roof , the act i on o f  vapors fl owi ng towards the u l l age 

cap vent beg i ns to d i srupt the q u i escent vapor bl an ket . Di srupti on of 

the vapor b l an ket res u l ts i n  not i ceably h i g her hydrocarbon concentrati ons 

i n  the vented vapor ( Env i ronmental Protecti on Agency , 1 976 ) . 

! . 2 . 3 . 2  True Vapor Pressure 

The true vapor pres sure (TVP ) of a hydrocarbon l i qu i d  has a marked 

impact on the hydrocarbon content of i ts l oad i ng and un l oad i ng emi s s i ons . 

TVP i s  an i nd i cator of a l i qu i d • s  vo l at i l i ty and i s  a funct i on of the 

l i q u i d 1 S  Re i d  Vapor Pressure ( RVP ) and temperature . Compounds wi th h i g h  

TVP exh i b i t  h i g h  evaporati on rates and consequentl y ,  conta i n  h i gh hydro

carbon concentrati ons i n  the i r  l oad i ng and ba l l ast i ng vapors . The 

monographs presented i n  F i gures I -2 and I -3 corre l ate the TVP for crude 

o i l and gasol i ne .  The RVP of gasol i ne l oaded i n  the Houston-Gal veston 

area range from 9 . 5  to 1 3 . 6  ps i a  in the wi nter season , whi l e  the RVP of 

crude o i l s  u n l oaded norma l l y  range from 2 to 7 ps i a . For the purpose 

of asses s i ng a SPR fac i l i ty ,  the crude o i l i s  assumed to have a maxi mum 

RVP of 5 ps i a  and an average RVP of 4 p s i a  at a temperature of 70°F .  

! . 2 . 3 . 3  Cru i se H i story 

The cru i se h i story of a mari ne vessel  i nc l udes a l l of the acti v i t i es 
wh i ch a cargo tan k  experi ences duri ng the voyage pri or to a l oadi ng or 
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un l oadi ng  operat i on . Exampl es of s i gn i fi cant cru i se h i story acti v i t i es 

are bal l ast ing , hee l was h i n g , butterworth i n g , and gas free i ng . Cru i se 

Cru i se  hi story i mpacts mari ne transfer emi s s i ons by di rectl y affect ing  

the arri va l  vapor component . Barges normal ly  do not have s i g n i fi cant 
cru i se  h i stor ies  beca use they rare ly  ta ke on ba l l a st and do not usual ly  

have the manpower to  cl ean cargo tan ks . 

Ba l l asti ng  i s  t he act of parti a l l y  fi l l i ng empty cargo tan ks wi t h  
water to ma i nta i n  a s hi p ' s  stabi l i ty and tr im .  Recent testing  resu l ts 

i n d i cate that prior to bal l asti ng , empty cargo tan ks norma l ly  contai n an 

a l most  homogeneous  concentrati on of res i dua l  hydrocarbon vapors . When 

ba l l ast water i s  ta ken i nto the empty tank ,  hydrocarbon vapors are vented , 

but the rema i n i n g  vapors not di spl aced reta i n  the i r  ori g i na l  hydrocarbon 

concentrat i on . Upon a rri val at a l oadi ng doc k ,  a s h i p  d i scha rges i ts 

bal l a st water and draws fresh  a i r  i nto the tan k .  The fresh  ai r d i l utes 

the arri val vapor con centration and l owers the effecti ve arr i va l  vapor 
concentration by an amount proport i onal to the vol ume of ba l l ast used . 
Al though bal l a sti ng practi ces vary from vessel  to vessel , the average 

vessel  i s  bal l asted approximate ly  40  percent . 

The heel  of a tan k  i s  the res i dual puddl es of hydrocarbon l i q u i ds 

remai n i ng i n  tan ks after emptying . These res i dual  l i q u i ds wi l l  eventua l l y 

evaporate and contri bute to t he arr iva l  component of subsequent vessel 

f i l l i ng vapors . By washi ng  out  thi s hee l wi th water , AMOCO O i l  Company 

found tha t  they were abl e to reduce the hydrocarbon emi ss i ons from s ubse

quent fi l l i ng operati ons from 5 . 7  vo l ume percent to 2 . 7  vol ume percent 

hydrocarbons ( Envi ronmental Protect i on Agency , 1 976 ) .  Butterworth i ng  i s  

t he wa sh ing  down o f  tan k  wa l l s  i n  add i t ion  to was h i ng out tan k heel s .  

Butterworth i ng al so reduces l oadi ng emi s s i ons  by reduc i ng the arrival  
component concentrati on . The hydrocarbon l i q u i ds wa shed from the tan ks 

are stored in  a s l ops tan k for dosposal ons hore ( Envi ronmentl a Protection  
Agency , 1 976 ) .  

I n  add i t i on to heel wa shi ng and butterworth i n g , mari ne vessel s can 

purge the hydrocarbon vapors from empty and bal l asted tan ks duri ng the 

voyage by several gas freei ng techn i ques wh i ch i ncl ude ai r bl owi ng  and 
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emi s s i o n  factor ( l b/ 1 000 gal ) i s  deri ved from the average HC vo l ume concen

trati on . The hydrocarbon vo l ume concentration  i s  then converted i nto a tota l 

hydrocarbon  mas s  by mu l ti p lyi ng an average vapor mol ecu l ar wei g ht and a 

correction  factor accounti ng for vapor generation  facto r .  These are : 

and 

( 1 -XT ) Ui 
U i -Uf F = 

( 1 

l OO+F 
1 00 

- { 1 -X ) r 

- X ) v 

( 1 ) 

u .  1 
U i -Uf - 1  ( 2 )  

where : 

Hf = hydrocarbon emi s s i on factors , l b/ 1 000 gal  

Xv = vol umetri c  average of HC concentration  of vented vapor , percent 

K = con stant , 1 33 . 7  ft3/ l 000 ga l 

Wm = mo l ecu l ar we i g ht of HC vapor , l b/ l b-mo l e 

V k = mol ar vol ume of perfect gas , 379 . 44 ft3/ l b mol e  at  STP cond i t i ons  

F = vapor generat ion  facto r ,  see  Equat ion  ( 3 )  

XT = vo l umetr i c  average HC concentration  o f  arr i va l  vapo r ,  percent 

X = vo l umetr i c  average HC concentration  of rema i n i ng vapor , percent r 

u .  = total tan k  depth , ft 1 

uf = f i na l  u l l age , ft 

Accord i ng to AP I cal cu l ati on , a maximum vol ume i ncrease ( vapor generat ion 

factor F )  of 6 percent for both s h i ps  and barge was determ i ne d .  Thus , i f  we 

combi ne the constants K and Vk wi th  a conservati ve val ue of F equ i va l ent to 

6 percent , equat ion  ( 1 ) can be s imp l i fi ed to : 

( 3 )  
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removal of u 1 1 a ge dome covers . A combi nati on of tank wa s h i ng and gas 

free i ng wi 1 1  effecti vel y remove the arri val component of l oadi ng emi s s i on s  

( Env i ronmenta1 Protection  Agency , 1 976 ) .  

I . 2 . 3 . 4  Prev i o u s  Cargo 

The prev iou s  cargo conveyed by a tan ker a1 so has a d i rect i mpact on 

t he arr i val  component of l oad i ng emi s s i on s . Cargo s h i ps  wh i ch carri ed 

nonvol ati l e  l i q u i ds on  the prev i ous  voyage normal l y  return wi th l ow arr i val  
vapor concentrati on . EXXON O i l Company tests conducted i n  Baytown , Texas 

i nd i cated that the arri val component of empty unc1 eaned cargo tan ks wh i ch 

had prev i o u s ly  conveyed fuel o i l  ranged from 0 vo l ume percent to 1 vo l ume 

percent hydrocarbons . Cargo tanks  wi th the same cru i se h i story wh i ch had 

prev i ou s ly  conveyed gasol i ne ,  exh i bi ted hydrocarbon  concentrati ons i n  the 

arri val vapors wh i ch ranged from 4 percent ( by vo 1 ume bas i s ) to 30 percent 

a nd averaged 7 percent ( Envi ronmenta 1 Protection  Agency , 1 976 ) .  

I . 2 . 3 . 5  Chem ical and Phys i cal Properti es 

The chemi cal compo s i t i on and mol ecul ar wei g ht of crude o i l  vapors wi l l  
vary over a wide range . The typi cal vapor cons i s ts predomi nantl y of c4 and  

c5 compound s .  The  mo l ecu l ar we i ght ranges from 45 to  1 00 pounds per  pound 

mol e wi th an  average of approximate ly  70 .  

I . 3  I NDUSTRY EM I SS ION  TEST I NG RESULTS 

The petrol eum i ndustry ha s been i nvol ved i n  test  programs to quan t i fy 

the hydrocarbon  em i s s i ons from gaso l i ne and crude o i l  transfer operati ons 

at mari ne termi nal s .  Tabl e I-1 summari zes the test programs wh i ch have been 

conducted by the petro l eum i ndustry . The i ndustry programs have i nc 1 uded 

motor gasol i ne ,  av i at ion  gaso l i ne ,  and crude o i l l oadi ng onto tan kers , barges , 
and ocean barges . Wel l over 200 vessel  tan ks were samp l ed i n  these programs . 

The petrol eum i ndustry tests were primari ly  conducted between 1 974 and 1 975  
i n the Houston-Gal ve ston  area . Tests have al so been conducted on the 

Ca l i forn i a  Coast  and i n  the Great Lakes area (Envi ronmental Protecti on Agency , 

1 976 ) .  

I . 4  PROPOSED EM ISS ION  FACTOR CALCULAT I NG PROCEDURES 

The em i s s i on factor cal cu l ati on  procedure , suggested i n  AP I publ i cati on 
2 51 4A for l oad i ng operati ons  are used . I n  thi s method , the total mas s  
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TAR LE I - 1  Summa ry of  petrol euM i ndustry test i no _rroarams o n  mari ne l oad i n 9  emi s s i on s .  

Cooopany 

IIOCA 

ElXOH 

Typos at.. l!arino Tes ting 

tDnk�r lo.atling and 
bttllostin& OJ'lh!i iona 
(or crud� o l l  .o1nd 
nnturol gilsoline 

pri'":�rily gasoline 
land ing, but aloo 
ovcrt�zea and cruc!e 
load ing 

ABtericaft Mtot' saaollne 
Pe troleum loadin& 
l ne tituto 

Arco ""'t�r e�oollne 
loading of 
tank ere 

A�IUCO p ri���.:� rily 1!10tor 
gnaollne loading 
c:rudo borgo unloading 

Sh�ll &•llo l lna load ing on 
�anlccr 

B r l t iuh crude oil loading on 
P e t ro leuM tonkcr 

� 

Ventura County 
Union Oll 

tera�lnal 
Getty Oil 

Terminal 
Callfornla 

Exxon Terminal 
Day town 1'exae 
Karg l e land , 

Iran 

predo11inantly 
in Uouaton
Calvcaton area 

Jlouaton 
1\o( lnery 

lltt l t ing, lll 

Texas Ci ty , 
Tt!X4S 

Deer Park, 
TCXil:l 

tllddle !not 

� 

lloy 1 9 76 
(testa are 
ontolng) 

winter 
19 7�-
1 9 7 5  

8UftlnlQI' 
1975 

19 74-
1976 

lxt�nt �r r .. un• 

te&ta to tl3to 

100 obip teet• 
JO barge teato 

llov. 1974 , 1 1  tuta 
Feb. and 
April 1975 

2/26/74- 40-50 teota 
7/22/75 
5/29/7�- 9 teoto 
8/5/75 

Oct, 197� 5·10 tuta 

19 7) Unknown 

!mlli-ion Fectore 

prelitdnary tlata indicateD that em1 Dsiona fro11 
loading a nonvolat ile crude into balln•ted 
tanka which previoualy carrieU. mora voltttiln 
crude end not gasoline are 0.9 to 1 . 0  
lb/1000 a•llona 

Gasoline. Lond ina 

tanker - gaa (reo 
tanker - ballGa tad 
tanker - uncleaned 
average !x�r.on tanker 
Oce;:sn barge: -gal tree . 
ocean barge -ballas ted 
ocean b:t rge •unc:leaned 
avg. EXXON ocean bargo 
barge 

3 . 24 vol % 
6.96 vol % 

10. 26 vol % 
6 . U  vol" I 
5 , 69 vol % 
9 . 08 vol % 

1 4 . �0 vol % 
1 1 , 7 1 vol % 
18 .  J5 vol % 

Aviat ion Casollne Loed1nl\ 

tanker - an• froa 1 . 63 vol 1 

( 1 , 47 lb /10&a1 ) 

( 2 . 66 lb/lltd) 
(4 . 1 4 lb/.,aall 

tanker - unclean (av, a•• prev . ) 6. 65 vol J 
tanker • unclean (no aaa prev . )  1 0 , 64 vol % 
averaae EXXON tanker 5 . 35 vol % ( 1 , 4 7  lb/•ea l ) 
avornge a111tary tanker � . I J  vol I ( 1 . 13 lb/ooe ol)  
barae 18 , 35 vol % ( 4 . 25 lb/,.a•ll 

We lgh ted Average Dock I .  8 lb /meal 

Alao have a TVP dependant correlat ion (lee toxt) 

cloan tanker• 
cleaft ba rse• 
uncleon�d tanker• 
uncleAn�d b<lrgee 

l . J  lb/lftgal 
1 , 2  lb/mgal 

.2 . 5  lb/11gd 
J , 8  lb/11gal 

Caaol1ne Load ins on tonker 

!aut load, low TYP, clean 2 , 1  vol 1 (0.� lb /•anl ) 
!aat load , .. ed TYP, clean 2 . 6  vol % ( 0 , 5  lb /10gal ) 
olov load, high TVP, clean 4 , 2  vol % (0 . 9  lb/.,r.al ) 
olov load, hiah TYP, part claan 

part lcean 6,9 vol 1 ( 1 , 5  lb/mcn l )  
avg. JJlCO tanke� J,9 vol % (0, 84 lb/mtol) 

none developed 

none dovelope-tl 
IJ10CO did state that avarane eatia•ione (or 
AI-lOCO ship leoo than 1 0 . 2  vol % 

nona de:velopo.d 

nona dcvelor�d 



The total vol ume of HC concentrati on vented at l oad i ng cond i t ions  ( Xv ) 

i s  equa l to the sum of arr i va l  HC concentration  ( Xa ) and the generati on HC 

vapor concentration  ( Xg ) .  Thus , 

Xv = X + X a g ( 4 )  

Ba sed o n  the above re l at ion , EXXON has further deri ved the fo l l owi ng l oad i ng 

em i s s i on correl ation : 

where : 

E = C .;_p _·_(l7.Gc----=-U f._) _. A xv = -v- 1 oo + v 

E = tota l  vol ume of HC emi tted at the l oadi ng cond i t i on , CF  

C = arri val  HC  concentrat ion , percent 

V = HC l i q u i d  l oaded , ft3 

P = true vapor pres sure of the HC l i q u i d ,  p s i a  

A =  surface area of  the HC l i qu i d ,  ft2 

G = HC generation  coeffi c i ent  val ue of 0 . 36 ft3/ ( ft2 -ps i a )  

U = f i na l  true u l l age correcti on i n  ft3 ( ft2 -ps i a )  from F i g ure I -4 

As sum i ng V = A  ( U i - Uf ) ' Equat ion  ( 5 )  becomes 

( 5 )  

( 6 )  

The EXXON corre l at ion  of equation  ( 6 )  i s  based pri n c i pa l ly  upon gasol i ne 

l oad i ng data ( En v i ronmental Protecti on  Agency , 1 976 ) . For the l oadi ng of 

crude o i l , SA I has proposed to adj ust the fi rst and second terms by mul ti p lyi ng 

correcti on factors a1 and a2 , respect i ve ly .  Thus , for crude o i l sh i p l oad i ng  

o perati on : 

( 7 )  

I n  the a bove correl ation , a 1 i s  pri nc i pa l ly affected by the characteri sti cs 

of the prev ious  cargo , whereas the val ue of a2 i s  i ndependent to the condi t i on  

of  prev i ous cargo . For barge l oadi ng operati on , i t  i s  further assumed that no 
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FI GURE I -4 Hydrocarbon generat i on coeffi c i en t ,  f ina l  u l l aae correcti on 
to the EXXO� Corporati on . 
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correct ion factor a2 for vapor generation  terms i s  necessary .  That i s  

becau se barge l oad i ng s  are usual l y  operated i n  short durat ion  and the 

maj or i ty of hydrocarbon  vapor generated dur i ng th i s  per i od wou l d  be those 

vol at i l e  hydrocarbons  wi th very l i ght mo l ecu l ar we i g hts . 

Thu s ,  the bas i c  d i fference between vapor characteri st i cs for gasol i ne 

and crude o i l  woul d be s l i ght for a s ho rt barge l oad i ng durat ion . 

For the purpose of SPR fac i l i ty analys i s ,  i t  i s  further a s sumed that 

no correcti o n  factor on C i s  necessary when prev i o u s  cargo i s  a vol at i l e  

hydrocarbon such  as  gasol i ne .  Thu s , 

o a1 = 1 ,  when prev i ou s  cargo i s  gasol i ne 

o a1 = a2 , when previ ou s  cargo i s  crude o i l . 

The correct ion  factor a2 can be i nterpreted a s  the rat i o s  of evaporat i on 

mass transfer coeffi c i ents between crude o i l  and gasol i n e .  Mackay and 

Matsuger ( 1 973 ) have correl ated the mas s  transfer coeff i c i ent ( K) based on 

wind  tunnel stud i es of evaporati ve hydrocarbon  l i q u i ds . They found that the 

mas s  transfer coeffi c i ent i s  i nverse ly proporti onal  to the vapor phase 

Schm idt  number ( Sc ) as  fol l ows : 

K = f ( U  • A )  • ( S  ) -0 · 67 
c 

where U i s  wi nd speed , and A i s  the o i l s urface area . 

The a2 thu s  can 

Kc 

be determi ned by : 

a2 = Kg 
= 

S -0 . 67 crude o i l 
c 

S -0 · 67 gaso l i ne c 

S i nce the Schm i dt number ( Sc ) i s  defi ned by the mas s  tran sport properti es  

• lll ilJAB ( B i rd ,  et a l " '  1 960 ) .  

and 

a2 can then be cal cu l ated by the fo l l owi ng equati ons : 

( I ) -0 · 67  crude o i l  lJ Po AB 

VAB = 0 . 001 8583 

1 1 
T3 MA + MB 

PcrAB2 11V ,AB 
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jl = v i scos i ty of vapor 

p = den s i ty of vapor 

0AB 
= b i nary d i ffus i v i ty for system A ( ai r )  and 

MA , Ms 
= mol ecul ar wei ght of A ,  B ,  respect i ve ly  

p = fl u i d  pres sure , atmosphere 

crAB 
= co l l i s i on di ameter , A 

QV , AB = col l i s i on i ntegra l for mas s  d i ffus i v i ty 

Qll 'AB = co l l i s i on i ntegra l for v i scos i ty 

( 1 0 )  

B ( hydrocarbon ) 

The perti nent i ntermo l ecu l ar properti es and functi ons  for pred i cti on of 

transport properti e s  of hydrocarbon gases at l ow den s i t i es are presented i n  

Tabl e I - 2 and Tab l e I - 3 , res pect i ve ly .  Tabl e I -4 presents the comparat i ve 

ana lys i s  of hydrocarbon vapor emi tted by l oadi ng gasol i ne and crude o i l .  As  

can be seen , due to the d i fference in  chemi cal compos i t i on s  between gasol i ne 

and crude o i l , the gaso l i ne genera l l y  exh i bi ts h i gher transport properti es 
and thu s resu l ts i n  a h i g her evaporation  mas s  d i ffu s i ty coeffi c i ent  ( i . e . , 
1 . 345 for gasol i ne versus  0 . 51 3  for crude o i l ) .  Based on thi s analys i s , the 

val ue  of a2 can be determi ned as 0 . 381 . 

The appropri ate arri val HC hydrocarbon concentrat i on ,  ( C ) , can be 
ca l cu l ated based on AP I gasol i ne emi s s i on factors as fol l ows : 

Emi s s i on 
Arr i va l  Factors 

Ves se l s Cond i t ions  ( 1 b/ 1 000 ga 1 } 

Sh i ps C l eaned 1 . 3 

Uncl eaned 2 . 5  

Barges C l eaned 1 . 2 

Unc l eaned 3 . 8  

Generati on 
Vapor 

P • ( G - U} 
{U i 

- Uf
) ' % 

7 . 5  ( 0 . 36-0 . 1 0 } = 3 64 { 55- 1 . 5 ) . 

3 . 64 

7 . 5  t 0 . 36-0 . 27 )  
55- 1 2 )  

= 1 . 5 7  

1 .  5 7  
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Cal cu l ated 
Arr i va l  

Vapor 
{C} ' % 

1 .  7 1 { 2 . 50 )  

6 . 65 ( 8 . 00 )  

3 . 37 

1 4 . 1 0  



TABLE I - 2  I n termo l ecu l ar parameters of hydrocarbons .  

Lennard-Janes 

Molecular Parameters• 

Substance Weight 
M a fi/K 

(A) (" K) 

CH. 16.04 3.822 137. 

C.Ht 26.04 4.221 185. 

C.H, 28.05 4.232 205. 
C. H. 30.07 4.418· 230. 
C.H, 42.08 

C.Ha 44.09 5.061 254. 
n.C,H11 58.12 

i-C1H1e 58.12 5.341 313. 

n.C1H1s 72. 1 5  5.769 345. 
n.C.Hu 86.17 5.909 413. 

n-C,Ht1 100.20 
n-C,Hn 1 14.22 7.451 320. 
n.C.Hte 128.25 CyclohexaM 84.16 6.093 324. 

C,H, 78.1 1  5.270 440. 
Othef' o�amc 

compoultlia: 
3.822 137. CH4 16.04 

CH,Q 50.49 3.375 ass. 
CH,CI1 84.94 4.759 406. 

CHCI, 1 19.39 5.430 327. 

CCI4 1 53.84 5.881 327. 
CaN a 52.04 4.38 339. 
cos 60.08 4.13  335. 
cs. 76. 14 4.438 483. 

Source : B i rd et al , 1 960 .  
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TABLE I - 3  Functi ons for predi ct i on of trans port propert i es of qases a t  
l ow dens i t i es . 

op = 0-1: op = 0��: 
KT/( (For viscosity 09,AB KT/( (For viscosity 09,AB 

or and thermal (For mass or and thermal (For mass 
KT/(.4.B conductivity) diffusivity) KT/(AB conductivity) diffusivity) 

2.50 1 .093 0.9996 

0.30 2.785 2.662 2.60 1 .081 0.9878 

0.35 2.628 2.476 2.70 1 .069 0.9170 

0.40 2.492 2.3 1 8  2.80 1 .058 0.9672 

0.45 2.368 2.184 2.90 1 .048 0.9516 

0.50 2.257 2.066 3.00 1 .039 0.9490 

0.55 2.156 1 .966 3.10 1 .030 0.9406 

0.60 2.065 1 .817 3.20 1 .022 0.9328 

0.65 1 .982 1.798 3.30 1 .014 0.9256 

0.70 1 .908 1 .729 3.40 1 .007 0.9186 

0.15 1 .841 1 .667 3.50 0.9999 0.9120 

0.80 1 .780 1 .612 3.60 0.9932 0.9058 

0.85 1 .725 1 .562 3.70 0.9870 0.8998 

0.90 1 .67.5 1.517 3.80 0.9811 0.8942 

0.95 1 .629 1 .476 3.90 0.9155 0.8888 

1 .00 1 .587 1 .439 4.00 0.9700 0.8836 

1 .0.5 1 .549 1 .406 4.10 0.9649 0.8788 

1 .10 l .S l4 1 .375 4.20 0.9600 0.8740 

1 . 1 5  1 .482 1 .346 4.30 0.9553 0.8694 

1 .20 1 .452 1 .320 4.40 0.9507 0.8652 

L25 1 .424 1 .296 4.50 0.9464 0.8610 

1 .30 1.399 1 .273 4.60 0.9422 0.8568 

1 .35 1 .37.5 1 .253 4.70 0.9382 0.8530 

1 .40 1 .353 1 .233 4.80 0.9343 0.8492 

1 .45 1 .333 1 .215 4.90 0.9305 0.8456 

1 .50 1 .3 1 4  1 .198 5.0 0.9269 0.8422 

1 .55 1 .296 1 . 1 82 6.0 0.8963 0.8 124 

1 .60 1 .279 1 .167 7.0 0.8727 0.7896 

1 .65 1 .264 1 . 1 53 8.0 0.8538 0.7112 

1 .70 1 .248 1 . 1 40 9.0 0.8379 0.7556 

1 .75 1 .234 1 . 128 10.0 0.8242 0.7424 

1 .80 1 .22 1 1 . 1 1 6  20.0 0.7432 0.6640 

1 .85 1 .209 1 . 1 05 30.0 0.7005 0.6232 

1 .90 1 .1 97 1 .094 40.0 0.67 1 8  0. 5960 
1 .95 1 .1 8 6  1 .084 50.0 0.6504 0.5756 

2.00 1 . 115 1 .075 60.0 0.6335 0.5596 

2.10 1 . 1 56 1 .057 70.0 0.6194 0.5464 

2 .20 1 . 1 38 1 .04 1 80.0 0.6076 0.5352 

2.30 1 . 1 22 1 .026 90.0 0.5973 0.5256 

2.40 1 . 107 1 .0 1 2  1 00.0 0.5382 0.5 1 70 

a Taken from J. 0. Hirschfddcr, R. D. B ird, and E. L. Spotz, Clzem. Revs., 44, 

205 ( 1 949). 



TABLE I -4 Compari son of chemi cal compos i ti ons  and mass trans port properti es 
between gasol i n e  and crude oi l .  

C h emi c a l  C ompo s i t i on ,  
Vo l ume % o f  L o ad i ng a C r u d e  Oi l b  Va:eo r s  Gaso l i ne 

c 1 + c 2 
0 . 0 2 0 . 1 2 

c 3 
0 . 0 2  0 . 1 5 

c 4 
2 . 3 6 1 .  33 

c 5 
1 .  0 7  2 . 0 5  

c 6 
0 . 1 9 0 . 6 3  

c 7 
0 . 1 9 0 . 3 2  

c a 
0 . 1 5 0 . 0 3  

C 9  0 . 0 2 

c 1 o  
0 . 0 1 

e l l  
0 . 0 1 

A i r  9 6 . 0 9 5 . 3 5  

I E /K 3 0 2 . 1  3 3 1 . 6 

I KT/E 1 .  0 3 9 1 .  0 5 5  

D v r AB 
1 .  4 2  1 .  4 0  

Dp, AB 
1 .  5 6  1 .  5 4  

erA (Ai r ) 3 . 6 8 1  3 . 6 8 1  

CFB 5 . 2 8 5 . 2 1  

CFAB 4 . 4 8 4 . 4 5  

HB 
6 7  7 7  

- 4  - 4 
IL 6 . 9 1 9 x l 0  7 . 5 1 6 x l 0  

0AB 
0 . 3 6 0 . 0 8 1  

- 3  - 3  
p 2 . 9 9 x 1 0  3 . 4 3 x 1 0  

( p./p DAB ) - 0 . 6 7 1 .  3 4 5  o .  5 1 3  

a S h e l l  O i l C o mp a n y , S h i p Va l l ey F o r g e ,  t e s t  d a t e  1 0 / 1 9 / 7 4  
b Av i l a T e r m i n a l ,  L i o n o f  C a l i fo r n i a ,  t e s t  d a t a  5/8 / 7 6  

Source : Envi ronmenta l Protecti on Aqency , 1 976 . 
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The cal cul ated arr i va l  HC vapor concentration  for s h i p s  u s i ng AP I 
em i s s i on factor  seems to be i n  cl ose  agreement  wi th the EXXON reported 
va l ue ( va l ue i n  parentheses ) .  

By su bst i tut i ng the appropri ate val ues of C ,  a2 , and P ,  Equati on ( 7 )  
a l so compares wel l wi th the l atest ava i l a bl e WOGA test data . The WOGA 
test on September 5 ,  1 976 estimated the overa l l crude o i l  emi s s i on factor 
to be 0 . 62 l b/ 1 000 gal l ons wh i ch fal l s  i n  the mi ddl e of the ca l cu l ated 
emi s s i on factors . The ca l cu l ated emi s s i on  factors us i ng Eq uati on ( 7 )  are 
0 . 35 l b/ 1 000 gal l o ns and 0 . 85 l b/ 1 000 gal l o ns for c l eaned and uncl eaned 
s h i ps , respecti ve ly .  

S im i l ar ly , the emi ss ion  from s h i p  ba l l as t i ng operati on can  be  correl ated 
based on arr i va l  vapor concentrations  duri ng l oadi ng operat ions . S i nce the 
bal l asti ng potent i a l l y  d i l u tes  tank  arri val  concentration by approx i mate ly  
the  same percentage as  that of ba l l asti ng vo l ume , for a s h i p wi th 40  percent 
bal l asti ng vo l ume the emi ss ion  factor can be cal cu l ated by d i v i d i ng the 
a rr i val  HC concentrati o n  ( C )  by 0 . 4 . 

I . 5  CONCLUS ION 

A mod i fi ed ana l yt i ca l  procedure based on AP I and EXXON ga so l i ne data 
enabl es quant i tat ive est imat ion  of hydrocarbon  emi s s i o n  factors from crude 
o i l  transferri ng operat ions under var ious  arr i val cond i ti ons . The procedure 
emp l oys correct ion  factors to both arri val  and generation  components of the 
hydrocarbon vapors concentrati on prev i ous ly  deri ved from gasol i ne data . An 
emi s s ion  reduction  factor of 0 . 38 i s  deri ved for crude o i l when compari ng 
the evaporation  mas s  d i ffus i v i ty of crude o i l wi th gasol i ne .  The fi na l  
hydrocarbon emi ss ion  factors for crude o i l l oad i ng operat ions  are s ummari zed 
i n  Ta bl e I - 5 .  As can be seen , the average emi s s i on factors from s h i p  l oadi ng 
operati ons range from 0 . 55 to 0 . 58 l b/ 1 000 gal l ons . S imi l ar hydrocarbon 
em i s s i on factors range from 1 . 01 to 1 . 06 l b/ 1 000 gal l ons for barge crude o i l 
l oad i ng operati ons . The ba l l asti ng emi s s i on  factors are ca l cu l ated to range 
from 0 . 1 7  to 0 . 66 l b/ 1 000 gal l ons . 
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TABLE I - 5  Summary of  max imum and averaqe hydrocarbon emi s s i on factors ( l b/ 1 000 ga l l on )  for crude oi l 
transport operati on . 

A r r i v a l a 

e s s e l s  C ond i t i o n s  

S h ip L o ad i ng 
C l e an e d  
Un c l e aned 
Ave r ag e  

B a r g e  Lo ad i ng 
C l e aned 
U n c l e an e d  
Av e r ag e  

S h ip B a l l a s t i ng 
C l e aned 
U n c l e aned 
Ave r ag e  

Max imum Em i s s i o n  F a c t o r b 

P r ev i ou s  C a r g o  
G a so l i n e  C r ude O i l  

1 .  9 0  

3 . 8 7 

0 . 3 3 
0 . 8 3 
0 . 5 8 

0 . 5 2 
1 .  5 9  
1 .  0 6  

0 . 1 7 
0 . 6 6 
0 . 4 2 

A v e r ag e Em i s s i o n  F a c t o r C  

P r ev i ou s  C a r g o  
G a s o l i n e  C r ud e  O i l  

1 .  8 6  

3 . 8 3 

0 . 3 0 
0 . 7 9 
0 . 5 5 

0 .  4 8 
1 .  5 4  
1 .  0 1  

0 . 1 7 
0 . 6 6 
0 . 4 2 

a Ave r ag e  cond i t i on l i e s  b e twe en c l e aned and u n c l e an e d  cond i t i o n s . T h e  c l e aned 
is d e f i n e d  a s  the a r r i v a l  cond i t i o n s  wh e r e  v e s s e l s h a d  b e e n  sub j e c t ed to any 
c l e an i ng p r o c e s s  pr i o r  to l o ad i ng , a s  we l l  a s  c omp a r tm e n t s  wh i c h  h ad p r ev i ou s l y  
con t a i ned a nonvo l a t i l e  hyd r o c a r bon . 

b B a s e d  on RVP = 5 . 0  and tempe r at u r e o f  7 0 0 F .  

c B a s ed on RVP = 4 . 0  and tempe r a tu r e  o f  7 0 0  F .  
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APPEND I X  J 

O I L  TEMPERATURES DURING WITHDRAWAL 

J . l  I NTRODUCTI ON 

The temperature of the o i l be i ng hand l ed i s  an importan t factor i n  
determi n i n g  the emi s s i on of hydrocarbon vapors from storage tanks , 
tan kers and barges i n  tran s i t ,  and dur ing  trans fers to and from carr ier  
vesse l s .  The  o i l temperature duri ng  o i l fi l l  operati ons wi l l  tend to 
average about 70° F ,  the average amb ient  temperature . Dur i ng  storage , 
however , heat tran sfer from the sa l t dome structure to the o i l i n  the 
cavi t i es cou l d  heat the o i l to temperatures approach i ng that of the rock 
sa l t .  Therefore , the hydrocarbon emi s s i ons  from th i s  h i g her temperature 
oi l wi l l  be greater duri ng  wi thdrawa l than duri ng  fi l l .  

To determ ine  the hydrocarbon emi s s i on factors duri ng o i l wi thdrawa l , 
esti mates mu st be made of the heat transfer rates duri ng  o i l movement 
The temperature of the storage cavi ty wa l l s  is  a cri ti ca l  parameter ; 
temperatures may range from 90° to l 00 ° F  at 1 000 foot depths to 1 50 ° F  
a t  4000 to 5000 foot depths . The oi l i n  storage , wh i ch i s  abl e to 
ci rcu l ate i n  free convecti on , wi l l  tend to reach the temperature of the 
warmest porti on of the cav i ty .  Heat transfer ana lyses to est imate the 
temperature of the oi l wi thdrawn must con s i der the fol l owi ng :  ( 1 ) heat 
exchange from the warm o i l to the i ncomi ng  fres h water fl ow i ng  through 
the fi l l  p i pe ( not appl i cabl e to Weeks I s l and conventi onal  mi ne  storage 
caverns ) ; ( 2 )  heat l oss  from buri ed p i pel i nes duri ng  transport to the 
d i stri buti on termi na l ; and ( 3 )  fri ct i onal  heati ng  of the o i l duri ng  
p i pel i ne transport . O i l temperatures ca l cu l ated at termi na l  del i very 
can then be used to determine  o i l properti es for cal cu l ati on of hydro
carbon vapor l osses duri ng  tan k  storage , tan ker  trans fer , and tan ker 
tran s i t .  

The fol l owi ng subsecti ons deve l op the method used for estimati ng  
the  heat  transfer rates wh i ch are app l i ed to  wi thdrawa l s from the Capl i ne 
Group storage s i tes . Control l i ng equati ons , o i l properti es , and phys i ca l  
confi gurati ons are devel oped and  appl i ed to  the  condi ti ons  of  wi thdrawal 
at these s i tes . 
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J . 2  PROPERT I ES OF THE OI L AND BRINE  

The  o i l i s  assumed to be  characteri zed by an average U . S .  crude , 
API 2 6° ( Perry , 1 963 ) . 

Dens i ty - 3 1 6  l bm/barre l ,  ( 56 . 03 l bm/cu . ft . ) 
Speci fi c  heat - 0 . 45 BTU/ l bm° F 
Thermal conducti vi ty - 0 . 08 BTU/hr-ft- ° F .  

Vari ati on of properti es wi th temperature and pressure can be neg l ected , 
except for v i s cos i ty .  Vi s cos i ty val ues ( Brown , 1 967 ;  Fri ck , 1 96 2 )  are : 

6 centi poi se  = 1 4 . 5  l bm/ft . hr .  at l 40 ° F  
1 3  centi poi se = 31 . 5  l bm/ft . hr .  at 1 20° F 
1 9  centi poi se = 46 . 0  l bm/ft . hr .  at l 00° F 
30 centi poi se = 7 2 . 6 l bm/ft . hr .  at 80° F  

The bri ne  so l uti on i s  characteri zed a s  5 . 1  mol a l , or 300 ppt sa l t .  
The heat capac i ty and therma l conducti v i ty of the sa l t i n  sol uti on may 
be negl ected , so  that the thermal properti es per uni t vol ume are 
equ i va l ent to those for water . 

Dens i ty - 75 l bm/cu . ft .  
Thermal conducti vi ty - 0 . 38 BTU/hr-ft- ° F  
Speci fi c heat - 0 . 77 BTU/ l bm°F  = 62 . 4  BTU/cu . ft . ° F 
V i s cos i ty - 0 . 3  centi poi se = 0 . 73 l bm/ft . hr . 

J . 3  H EAT EXCHANGE DUR I NG O I L  DISPLACEMENT 

The heat exchange between the oi l and d i s p l acement water can be 
descri bed by s tandard heat transfer equati ons for heati ng  or cool i ng of 
f l u i ds f l owing i n  tubes . 

The heati ng  of a f l u i d  dur i ng  fl ow between poi nts 1 and 2 a l ong a 
tube i s  defi ned by 

WC ( T2-T1 ) = hrrDL ( �t )  
= hLL ( �t )  
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where h i s  the heat transfer coeffi c i ent  per un i t area 
hl i s  the heat transfer coeffi ci ent per un i t l ength 
W i s  the mas s  fl ow rate 
C i s  the spec i f i c  heat 
T2 ,T1 are the fl u i d  temperatures at po i nts 1 ,  2 
( �t )  i s  the average temperature d i fference between the 

fl u i d  and tube wa l l  
L i s  the tube l ength D i s  tu be d i ameter or hydrau l i c  d i ameter . 

To s i mp l i fy the probl em ,  i t  i s  noted that the potenti a l  rate of heat 
re l ease or uptake i nto the water i s  much more rap i d  than that for o i l ;  
con sequently i t  i s  assumed that the wa l l  temperature i s  i denti cal  to 
the temperature of the water i n  the i nner p i p e .  The heat exchange 
between o i l and water i s  bal anced : 

WoCo (TOl -T02 ) = WwCw( Tw2-Twl ) ( 2 )  

The average temperature d i fferenti a l  between poi nts 1 and 2 i s :  

( 3 )  

The heat transfer coeffi c i ent of the oi l i n  turbu l ent  fl ow i s  g i ven by 
a wel l - known Nusse l t  corre l at i on ( Perry ,  1 963 ) : 

( ) _ hD  _ 0 8 1 /3 Nu  - K - 0 . 023 ( Re )  · ( P r )  ( 4 )  

and for fl ow reg imes tran s i t i onal between turbu l ent and l ami nar ( S i eder & Tate , 
1 9 36 ) ' 

where 

( Nu )  = �D = 0 . 027 ( Re ) 0 · 8 ( Pr ) 1 /3 ( � /�w ) · 1 4  

( Nu )  i s  Nusse l t  number 
( Re )  i s  the Reyno l d ' s  number [4W/rr0�] 
( Pr )  i s  Prandtl n umber [�C/K] 
�w i s  fl u i d  v i scos i ty at the wal l temperature 
� , C , K are , respecti vely , the fl u i d  v i scos i ty ,  spec i f i c  

heat , and thermal conducti v i ty .  

( 5 )  

The system of four equati ons  wi th four  unknowns ( To i l '  Twater at exi t '  
( �t ) , h )  i s  sol ved i terati ve l y  because  the v i scos i ty vari es enough wi th 
temperature to prevent treatment as  a constan t .  
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J . 4  O I L  COOL ING  I N  P I PE L I N E  FLOW 

Warm oi l fl owi ng i n  a p i pe l i ne i n  cool er soi l wi l l  re l ease heat to 
the so i l . Davenport and Conti ( 1 97 1 ) gi ve an approxi mate formu l a  for 
the heat transfer coeffi ci ent per un i t  l ength of p i pe l i ne ,  based upon 
the method of images : 

hp = 2rrKs/ l n  ( 4H/D )  

where Ks i s  the  therma l conducti v i ty of  the  soi l 
H i s  the bur i a l  depth to p i pel i ne center l i ne 
D i s  the p i pe d i ameter 
l n  refers to the natura l  l ogari thm . 

The formu l a  as sumes a homogeneous so i l .  About 1 0% more heat may be 
d i s s i pated to the a i r  for s ha l l ow-bu ri ed l i nes , and wi th ai r and soi l 
n ear  temperature equi l i bri um . The therma l conducti vi ty of a typ i ca l  
soi l ( 90% san d ,  wi th 1 0% c l ay )  ranges from 0 . 7  to 1 . 5 BTU/hr-ft°F  ( from 
dry so i l at 0 . 7  to wet so i l at 1 . 5 ) . ( Ma kows k i  & �1och l i nsk i , 1 9 56 ) . Therma l 
conduct i v i ty decreas es wi th further water percentaqe i ncreases unt i l  the mi x
ture i s  s u ffi c i ent ly  fl u i d  to permi t convect i ve movement of th e water around 
the p i pe .  

I n  contrast to the o i l -water heat exchange i n  the fi l l  p i pe ,  where 
the heat trans fer i n  the p i pe wa l l  can be negl ected , the pi pel i n e  may bP 
coated with i n su l at i nq materi a l s  or  concrete . 
therma l res i stance per un i t  l en gth of 

Such coati ngs wi l l  have a 

h ·  = 1 
TI DK . 

X ·  1 

1 ( 7 )  

where X i s  the coat i ng  thi ckness and K i s  the conducti v i ty o f  the coveri ng  
materi a l . Typ i ca l  va l ues for  coati ngs  are : 

corros i on coati ng X; = l /2 i nch = . 042 ft ; K; = 0 . 09 
concrete X; = 3 i n ches = . 25 ft ; K; = 0 . 7  

Furthe r ,  the oi l heat tran sfer to the p i pe wa l l ,  as g i ven i n  Secti on 0 . 3 ,  
must be i nc l uded . An approximate va l ue of the heat transfer coeffi c i ent , 
conven i ently expressed per un i t  l ength of p i pe l i ne i n stead of per un i t 
area , i s  deri ved from Perry ( 1 963 ) .  

hL = srr ( vo � ) 0 · 8; �0 . 467 ( B )  
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where the un i ts are se l ected to have the fo l l owi ng d i mens i ons : 
V i n  ft/sec , o �  i n  i n ches , and � i s  the v i scosi ty i n  centi poi se . 

The reci proca l s of the heat transfer coeffi ci ents , R = t' defi ne therma l 
res i stances wh i ch are add i ti ve . The cool i ng of the l i ne i s  then gi ven by 
( see equati on ( 1 ) ) :  

J . 5  O I L  FRI CT IONAL HEAT I NG IN  P I P EL INE  FLOW 

The fri ctional  heati ng of the o i l i s  a strong funct i on of fl u i d  vel oci ty ;  
i t  i s  genera l ly negl i g i b l e  be l ow 5 ft/sec but s i gn i fi cant at 1 0  feet/sec .  
The heati ng may be  expressed by ( Sz i l as ,  1 9 7 5 ) : 

�T IT v3 0 
-L- = 8 e f r W"C ( 9 )  

where r i s  the f l u i d  dens i ty ,  
v i s  the f l u i d  ve l oci ty ,  
e i s  a roughness factor ( addi ng 2% to 1 0% to the fri cti on ) 
f i s  the fri cti on factor i n  the B l as i us or N i kuradse form : 

f = (�!� . 25 , for ( Re )  < 1 05 

and f = . 0032 + (��� . 237 , for ( Re )  > 1 05 

I n  cal cu l ati ng the heat i ng i n  ° F/mi l e ,  convers i on factors of 777 . 6  ft- l bf 
per BTU a,nd 32 . 2  l bm ft/sec2 per l bf are used . The roughness factor vari es 
from 1 . 02 at ( Re )  of 50 , 000 , to 1 . 1 0  at ( Re )  of 250 , 000 , and can be obta i ned 
from standard p i p i ng handbooks . ( There i s  no  functi ona l  express i on for e ) . 

J . 6  EST IMAT ION OF O I L  TEMPERATURE 

The fol l owi ng secti on i l l u strates cal cul ati ons  requ i red to estimate 
temperatures for oi l rece i ved at the termi na l s .  Bayou Choctaw early 
storage s i te and the DOE te rmi na l  n ear St . J ames are used i n  the ca l cu l a
ti ons detai l ed i n  thi s secti on . Secti on J . 7  and Tab l e  J . l  s ummari ze 
anal ogous o i l temperature esti mates for a l l Capl i ne Group SPR  s i tes . 
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TABLE  J - 1 . Oi l Temperatures Duri ng  Wi thdrawal 

Oi l Temperature Temperature Net Temperature Oi l Temperature 
Storage Si te at Depth Change Duri ng  Change Duri ng  as Recei ved ( OF ) D i sp l acement  P i pe l i ne Transfer  at  Termi na l  ( O F ) ( O F ) ( O F ) 

1 )  Napo l eonvi 1 1  e 1 50 -26 - 1  to -3 1 2 1  - 1 23 

2 )  Weeks I s l and 1 1 0  - 5  - 5  1 00 

3 }  Bayou C hoctaw 1 50 - 26 -4 1 20 

4 )  I beri a 1 50 -26  -7 1 1 7  
c.... 
I 5 }  Chacahou l a 0'1 1 50 - 26 0 to 4 1 20 - 1 24 



J . 6 .  1 Water-Oi l Heat Exchange 

The fi l l  p i pe for each cavern i s  annu l ar wi th oi l i n  the outer 
annu l u s .  The fl ow rate i s  about 5600 barre l s per hour through a n  annu l us 
of 1 43 square i nches . Dimens i on s  are I D  of 1 9 11 and OD of 1 3 -3/8 11 

( hydrau l i c  d i ameter 0 . 47 ft . ) ,  wi th a nomi na l  l ength of 2500 feet . The 
water fl ows i n  a tubi ng of area 1 23 square i nches and 1 2- l /2 11 I D .  

Water fl ow i s  2 . 1 x 1 06 l bm/hr , at 1 0 . 3  ft/sec .  ( Re )  i s  3 . 5  x 1 06 . 
Oi l fl ow i s  1 . 8 x 1 06 l bm/hr at 8 . 9  ft/sec . Reyno l ds numbers are 1 1  , 800 ; 
1 8 , 600 ; 27 , 200 ; and 59 , 000 at 80° F ,  1 00° F ,  1 20° F ,  and 1 40° F ,  respecti ve ly .  

The worst case assumpti on of  cavern temperatures i s  1 50° F ;  water 
i n ta ke can be expected to average 70° F .  Thus �t = 40 + l /2 ( T02-Tw1 ) ,  
where T02 and Twl are unknown . 

The Nusse l t corre l ati on , expressed as a functi on of average coo l i ng 
temperature d i fferenti a l  g i ves : 

T2-Tl �t ( Nu )  ( Pr )  J Re )  

5 .  l ° F l 0° F  6 54 82 59 , 000 
9 . 5 ° F  20° F 6 1 2 1 00 50 , 000 

1 2 . 9° F  30° F  555  1 20 4 1 , 000 
1 6 . 3° F  40° F  526 1 60 34 , 000 
1 7 . 7 ° F  50° F  45 5 1 77 27 , 200 
20 . 5° F  60° F  441 1 80 26 , 000 

The sol uti on of the prob l em ,  obta i ned by match i ng the o i l exi t 
temperature and the wa l l /o i l di fferenti a l  temperature i n  the equati on for 
( �t )  and the above tab l e ,  g i ves 

oi l - coo led  from 1 50° to 1 24° at the surface 
water - heated from 70° to 80° at the sa l t dome cav i ty .  

Other sol uti on s , assumi n g  a l ternate cavern temperatures , are : 
0 oi l cool ed from 1 40° to 1 20° ; water heated from 70° to 7 7 . 5° 
0 oi l cool ed from 1 30° to 1 1 4° ;  water heated from 70° to 76° 
0 o i l coo l ed from 1 20° to 1 07° ; water heated from 70° to 75°  
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J . 6 . 2  P ipe l i ne Cool i ng 

The pi pel i n e  cond i ti on s  assumed are cover of 3 feet , moi st  sandy 
so i l , and l /2 i nch of corros i on wrapp i ng . Concrete secti ons are i gnored 
over the 39 mi l e  p i pe l i ne l ength , a l though there may be substanti a l  l ength 
of wei ghted secti ons . Maximum fl ow i s  577  MBD i n  a 36 " l i ne .  The therma l 
res i stances are : 

soi l : H/0 = 1 . 5 ;  Ks = 

wrapp i ng : R = ___ 
x_ rrDK .  1 

1 . 5 :  therefore , R = . 1 9  

Ki = 0 . 09 ;  X = 0 . 042 ; D = 3 :  

therefore , R = . 05 

Oi l i n terna l  therma l res i stance at 577 , 000 barre l s  per day i n  the 
36" l i ne , wi th V = 5 . 3  ft/sec , i s :  

R = . 0032 at 1 20 ° F  
R = . 0038 at 1 00 ° F  

The  total p i pe l i ne therma l res i stan ce i s  thus about . 244 i n  wet so i l  and 
40 percent greater i n  dry soi l . The cool i ng per mi l e  for 1 20° F oi l wou l d  
be 0 . 3 2 ° F  to an amb i ent  of 70° F  and O . l 9° F  for 1 00 ° F  o i l .  Cool i ng i n  dry 
soi l wou l d  be about 40 percent l es s .  

J . 6 . 3  Heati ng i n  the P ipe l i ne 

Wi th a f l ow of 5 77 MBD , vel oci ty i s  5 . 3  feet per secon d ,  mass fl ow 
i s  7 . 6  x 1 06 l bm/hr , 

( Re )  ( f ) ( e )  
80° F 44 , 400 . 02 1 8  1 . 03 

l 00° F 70 , 1 00 . 0 1 94 1 . 05 
1 20°F  1 02 , 000 . 0 1 76 1 . 06 

Heati ng  i s  0 . 05 ° F  per m i l e  at 80° F ;  0 . 04° F per mi l e  at l 00°F  and 1 20° F .  

J . 6 . 4  Summar� of Therma l Effects 

The exi sti ng  cav i t ies  at Bayou Choctaw may reach a temperature , estimated 
from the i r depth , of 1 20° F .  Heat exchange wi th i ncomi ng water a t  70° wou l d  
reduce th i s  temperature to about 1 07 ° F .  Net cool i ng i n  the 3 9  mi l e  p i pe-
l i ne wou l d average . l 6° F  per mi l e ,  or 6 . 2° F .  Resu l tant  o i l temperatures 
at St . James wou l d  be about 1 00 ° F .  
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However , temperatures as h i g h  as 1 40 ° F  to 1 50° F cou l d  occur i n  one 
or more cavi t i es . O i l temperature at the surface wou l d  then be 1 20 °F  
to  1 24° F ,  wi th coo l i ng i n  the  l i ne to  about l l 0 ° F  to  l l 5° F  at  St . J ames 
u nder wet soi l condi ti ons and to l l 5° F  to 1 20 ° F  under dry soi l condi ti ons . 
Th i s  l atter case cou l d  consti tute worst case condi ti ons and i s  used for 
cal cu l ati on of hydrocarbon emi s s i ons duri ng wi thdrawa l handl i ng of Bayou 
Choctaw oi l .  

J . 7  SUMMARY OF O I L  TEMPE RATURE EST IMATES FOR CAPL I N E  GROUP STORAGE S ITES 

Contro l l i n g equati ons , o i l properti es , and  phys i ca l  confi gurati ons 
app l i cabl e to oi l wi thdrawal at the Capl i n e  Group storage s i tes were 
deve l oped i n  Secti on s J . l  through J . 5 .  The i r app l i cati on to a parti cu l ar 
s i te ( Bayou Choctaw early storage )  was i l l us trated i n  Secti on J . 6 .  

Th i s  secti on summari zes the resu l ts of the appl i cati on of the 
methodol ogy deve l oped i n  Secti ons J . l  through J . 5  to each of the fi ve 
SPR storage s i tes . Tab l e  J . l  presents the temperatures estimated for 
o i l recei ved at termi n a l  faci l i t i es from each of the storage s i tes . 

The temperature of oi l stored at Napol eonv i l l e i s  expected to reach 
1 50 °F  at depth wi thi n the caverns . D i s p l acement  water wou l d  reduce thi s 
temperature to about 1 24 °F  duri ng  wi thdrawa l ( see Sect i on J . 3 ) . The 
output o i l at 1 24 degrees wou l d  be fu rthe r coo l ed duri n g  p i pe l i ne transfer 
and wou l d  arri ve at the termi na l  at temperatures rang i ng from 1 2 l ° F - 1 23 ° F , 
dependi ng  on transfer f l ow rate . ( Cool i n g duri ng p i pe l i ne transfer i s  
the resu l t  of a n et heat l oss  from the comb i ned effects of p i pe l i ne 
coo l i ng and pi pe l i ne heati ng  due to f l ow res i s tance ( see Secti on J . 4 ) . 

At Weeks I s l an d ,  o i l temperatures at depth are expected to reach 
l l 0° F  i n  l eached storaged caverns . Coo l i ng dur i ng  wi thdrawa l  to the 
s urface wou l d  reduce th i s  temperature to approx imate ly  1 05 ° F ,  and p i pe
l i ne  coo l i ng (at a d i stri buti on rate of 1 MMGD ) wou l d  reduce th i s  tempera-
ture to about 1 00° F .  

Oi l temperatures for Bayou Choctaw are expected to reach 1 50 °F  i n  
cavern storage and to b e  reduced to 1 24° F duri ng wi thdrawa l operati ons . 
Coo l i ng duri ng  pi pe l i ne transfer wou l d  resu l t  i n  a temperature of 1 20 °F  
at  the  termi na l , assumi ng a p i pel i ne f l ow of  930  MBD . 
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Oi l stored at I ber ia  i s  expected to reach a temperature of 1 50° F ,  
wi th cool i n g  dur i ng  wi thdrawa l reduc i n g  th i s  temperature to approxi mate ly 
1 24° F .  Transferri ng  th i s  o i l by p i pel i ne to the termi na l  at a rate of 
930 MBD wou l d  further reduce the temperature to about l l 7 ° F .  

At Chacahou l a  dome , stored o i l i s  expected to reach a temperature 
of 1 50° F at depth . Cool i ng dur i ng  wi thdrawal wou l d  reduce th i s  temperature 
to about 1 24° F ,  and coo l i ng dur i ng  pi pe l i ne transfer  to the termi na l  at 
rates rang i ng from 780 MBD to 1 . 2 MMBD wou l d  resu l t  i n  temperatures 
rangi ng from 1 20° - 1 24° F at the termi na l . 
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DEPARTMENT OF TI-l E ARMY 
N EW OR LEANS DISTR ICT. CO R PS O F  ENG I N EERS 

P. O. BOX 15 0 2 6 7  

N ltW O R L E A N S ,  LOU I S I A N A  70180 

IN REPLY REFER TO 
LMNPD-RE 22 November 19 7 7  

Mr . Michael E .  Carosella 
Executive Communications 
Room 3309 
Federal Energy Administration 
Washington , DC 20461 

Dear Mr . Carosella : 

Your draft environmental impact statement (EIS ) , with cover let ter dated 
21  September 19 77 , concerning the Capline Group of salt domes was 
ref erred to this office from the Of fice of the Chief of Engineers ,  
Washington , DC,  for review and comments . 

We have reviewed the draft EIS in accordance with our areas of 
reponsibility and expertise as outlined in the Council on Environmental 
Quality guideline s ,  Title 40 , CFR, Part 1500 , published in the "Federal 
Regis ter" dated 1 August 19 7 3 ;  and US Army Corps of Engineers adminis
t rative procedures for permit activities in navigable waters or ocean 
waters , Title 33 , CFR, Parts 320-32 9 .  published in the "Federal Regis ter" 
dated 19 July 197 7 .  

We of fer the following comments regarding the draft EIS : 

a .  General comment s :  

(1)  Wa ter quality and species composition data in the document 
were ob tained from literature reviews pertaining to the the regional 
environmental setting . The scope of this proj ect and the potential 
adverse environmental impact s  are of such magnitude to suggest that 
specific onsite sampling , analyse s ,  and impact evaluations should be 
conducted to update existing condit ions in the proposed project areas 
and to adequately assess proj ect impacts . Some of the most signif icant 
adverse impacts which would occur as a result of the proposed proj ect 
are those which would affec t  the water quality and dependent aquatic 
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LMNPD-RE 
Mr .  Michael E .  Carosella 22 November 1977  

organisms of the numerous streams and wet lands of  the proj ect areas . 
These problems should be addressed first hand , rather than relying 
entirely on data and discus sions taken from available publications . 

(2)  The references to rare and endangered sp ecies should be changed 
to threatened or endangered . The American alligator is considered 
threatened in the proj ect areas . 

(3)  The environmental set t ing should include a discussion of the 
vector problems and potent ials which exist in the area of proj ect 
influence .  The impact sections should provide discussions as to how the 
proposed proj ect and alternatives

'
would· affect these vector problems . 

Construction activities would produce habitat for vectors of  public 
health significance , especially mosquitoes . Proj ect completion probably 
would impede normal surface drainage and also would create temporary and 
p ermanent impoundments suitable for vector production . 

b .  Detailed comments : 

(1)  Page 3 . 2-13 . The source reference should be included for table 
3 .  2-1 . 

(2)  Page 3 . 3-6,  paragraph 4 .  Add water hyacinth to the list of  
p lants  in this paragraph, since it is a codominant aquatic herb located 
in the area . 

(3 )  Page 3 . 47-7,  paragraph 1 .  The referenced table (table 3 . 4-1) 
is not included in the text . 

(4)  Page 4 . 1-4, paragraph 3 .  Change the paragraph as follows : 
"At leas t three potentially significant • • • may occur : 1) changes in 
the benthic communities , 2)  disrup tion o f  migration routes , and 3)  denial 
of valuable inshore habitat to many pelagic species incapable of utilizing 
waters of higher salinities . "  

(5)  Page 4 . 1-5 . The source reference for figure 4 . 4-1 should be 
included . 

(6)  Page 4 . 1-7 , paragraph 1 .  There would be a greater reduction in 
suitable habitat for aquatic organisms if the combined effects of all 
brine releases associated with the entire SPR program were considered . 

( 7 )  Page 4 . 1-10 , paragraph 1 .  The statement in this paragraph 
appears many times in the text . Regardless of  the amount of nutrients 
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LMNPD-RE 
Mr . Michael E .  Carosella 22 November 1977  

that are added to the organic system ,  photosynthetic productivity would 
be signif icantly curtailed due to the reduction in light levels . 

(8)  Page 4 . 1-11,  paragraph 3 .  The research reference should be 
provided to substantiate the stated recovery t imes . 

(9)  Page 4 . 1-12, paragraph 1 .  Ut ilization of the push-ditch method 
of p ipeline construction, where feasible , would signif icantly reduce 
construction impact s .  

(10) Page 4 . 3-2,  paragraph 1 and 2 .  The site specific environmental 
settings for the Koch and No rdix sites are no t provided in the text . 

(11)  Page 4 . 5-4 , paragraph 1 .  The total habitat area involved is 
not presented in sect ion 3 . 4 . 2 . 5 ,  as stated in this paragraph . 

(12)  Page 5 . 2-1 , paragraph 5 . 2 . 1 . 3 .  Low-flow conditions are the 
worst conditions from a water quality s tandpoint , and dredging during 
these periods could aggravate an already bad situat ion . 

(13)  Page 5 . 2-3,  paragraph 5 . 2 . 2 . 2 . Add a statement that a program 
o f  monitoring dikes o f  brine reservoirs , the brine diffusers ,  and brine 
and oil p ipelines would be monitored . 

(14) Page 5 . 3- 2 ,  paragraph 1 .  State the approximate number of 
cubic yards of  material that would be excavated for the p ipeline . 

(15) Page 6 . 3-1 .  It is necessary that paragraph 6 . 3 . 4  "Impacts on 
Biological Productivity" be added . It should include a discuss ion of 
the biological activity that would be affected by the cumulative impacts 
from construction and operation of the proposed proj ect and those of the 
considered alternatives . 

(16)  Page 9 . 2-2 , table 9 . 2- 1 .  The reference to 33 CFR 209 should 
be updated . Our regulatory program regulations were revised on 19 July 
197 7 , and the proper reference is now Title 33 , CFR, Parts 320-329 . 

(17)  Volume I I ,  page A . 3-24 , paragraph A . 3 . 4 . 3 . The flotation 
canal method is the least acceptable method of pipeline construction 
discussed . The reasons other methods cannot be used must  be well docu
mented before the flotation method can be considered acceptable . 

(18) Vo lume II , page B . 2-7 3 ,  paragraph 2 .  There are no shrub 
species lis ted in this paragraph,  as indicated . 
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Mr . Michael E. Carosella 22 November 1977 

Representatives of your organization have been maintaining close 
coordination with our representatives concerning permit requirement s  and 
have been providing all necessary information required for permit 
processing . We appreciate your efforts  in maintaining this close 
coordination. Thank you for the opportunity to review and comme�t on 
the draft EIS . 

Sincerely yours , 

��� 
Copy furnished : 

Mr . Charles Warren, Chairman 
Council on Environmental Quality 
Washington, DC 2 0506 

K-4 

EARLY J .  RUSH III  
Colonel , CE 
District Engineer 



UN ITED STATES DEPARTM ENT OF AG RICULTURE 
SOI L  CONSERVATION SERVICE 
Po st Office Box 1630 , Alexandria,  La . 7 1301 

Execut ive Communications 
Room 3309 
Federal Energy Administrat ion 
Washington , D . C .  20461 

Dear S ir :  

Novemb er 16 , 1977  

Re : Capline Group Salt Domes , St . James , Louis iana 
Review draft EIS 

The following comments concerning the referenced EIS are of fered for 
your cons ideration . The EIS contained a thorough description of  pro
j ect impacts of the proposed plan and various alternatives : However , 
there was no ment ion of  prime farmland dur ing characterization of  exist
ing resources or impacts . Pr ime farmlands are those whose value derives 
from their general advantage as cFopland due to soil and water conditions . 
Pr ime farmland can be pas tureland , cropland , forest land , or open land 
but no t urban or industrial built-up land . If the proj ect wil l  result 
in the irreversible conversion of  this prime farmland to other uses , 
this should be addressed in the appropriate impact sec t ion . 

The following information is provided for your use in making determina
tions as to the impact of the proj ect on prime farmland . Approximately 
75  percent of  the soils in the Napoleonville dome site area are classified 
as prime farmland . Approximately 30 percent of  the soils in Weeks Island 
site are cons idered prime farmland . All the soils in the Iberia and 
Bayou Choctaw site areas are classified as prime farmland . None of the 
soils within the Chacahoula site area are considered prime farmland . A 
determination should be made as to the amount of  land not presently in 
industrial use within the storage site areas that is c lassified as prime 
farmland . 

We appreciate the opportunity to review this draft statement . 

S incerely , 

(j CftFv 111/fJ-/'J rY '-

Alton Mangum 
State Conservationist 

cc : Council on Environmental Quality , Washington , D . C .  
R .  M. Davis , Adminis trator , SCS , Washington , D . C .  
Office of  Coordinator of  Environmental Quality Ac tivit ies , 

Office of  the Secretary , USDA ,  Washington , D . C .  
Director , Environmental Services Divis ion , SCS , Washington , 
J .  Vernon Mar tin ,  Director , TSC , SCS , Fort Worth , Texas 
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Novemb er 1 8 , 19 7 7  

Mr . Micha e l  E .  Caro s e l l a  

UNITED STATES DEPARTMENT O F  COMMERCE 
The Assistant Secretary for Science and Technology Washington, D.C. 20230 
(202) 377-3111 

As s oc ia t e  A s s i s tant Admin is trator 
S p ec ial Programs , S tra teg i c  Pe tro l eum 

Re s e rve 
Execut ive Commun i c a t ions , Room 3 3 0 9  
Fe deral Energy Admin i s trat ion 
Wa s h ington , D . C .  2 0 4 6 1  
Dear Mr . C aro s e l la : 

Th i s  i s  in r e ference to your dra f t  environment a l  impa c t  
s t a t ement en t i t le d ,  "Cap l ine Group S a l t Domes /B ayou 
Choc taw Expans ion , Chacahou l a , I b eria , Nap o l e onvi l l e , 
Weeks I s land Expan s ion . "  The enc l o s e d  c ommen t s  from the 
Nat ion a l  O c ean ic and Atmo s pher i c  Admini s tra t ion are forwarded 
for your cons i dera t ion . 

Thank you for g iving us an oppor tun i ty t o  provide th e s e  
c ommen t s , which we hop e wil l b e  o f  a s s i s tan c e  t o  you . 
We wou l d  appre c iate rec e iving t en ( 10)  c o p i e s  o f  th e 
f inal s ta t ement . 

S inc erel y , 

i dn ey R .  Gal� g � 
Deputy As s i s t an t  S ec r e t ary 
for Environmen tal A ffa irs 

Enclo sure - -Memo from : Nat ional Oc eanic and A tmo s pher i c  
A dmin i s trat ion-Na t iona l O cean Survey 
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UNITED STATES D EPARTME NT OF COMMERCE 
National Oceanic and Atmospheric Administration 
Rockville, Mary land 20852 

Novemb e r  4 ,  19 77 

TO : Wi lliam Aron 
Director 

FROM: 

O ffj c e  o f  E c ology and "�� {c1-
Gordon Lill 1 

Deputy Director 
Nat i onal Ocean Survey 

Nati onal Oc ean Survey 

Environmental Con s e rvat i on 

SUBJ : DEIS #7710 . 10 - Bayou Choctaw Expan s i on 

The s ubj e c t  stat ement has been revi ewed within the areas of NOS 
re sponsibi lity and exp e rt i s e , and in t erms of the impact of the 
prop o s e d  act i on on NOS activit i e s  and pro j e c t s  . 

. 

The following c omme nt s are o f fered for your cons iderat i on . 

Appendix B - Detailed Des c ri pt i on of the Environment-
There are no ade Quate s it e  s pe c i fi c  phy s i c al o c eanographi c  or 
met eo rolog i cal data for the p ot ent i al brine dispo sal s i t e s  along 
the Loui s iana coast now in e xi s t en c e . Thi s  should be b rought out . 

Appendix E - Oil and Brine Spill Ri sk Analy s i s  
The pres ent s t at e - of-the -art for o i l  spill analy s i s  inc ludes models 
whi ch provi d e  lines o f  probab i l i s t i c  impact and probab i l i s t i c  t ime 
to impact in thi s  area . Thi s i nfo rmat i on , mi s s i ng in the s ubj ect 
DEIS , would improve the plan for c ontai nment and removal of 
s p i lled o i l .  

Appendix G - Brine Di spers i on Modeling-
The modeling approach us ed t o  charact eri z e  the dispers ion of b rine 
into surrounding wat ers may s uffer from as sumptive mathemat i c al 
s imp lifi cati ons . The as s umptions o f  constant depth and vert i c ally 
constant current would app ear to b e  weakn es s es in the MIT model . 
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U N I TE D  STAT ES E N V I RON M ENTAL PROT ECT I ON AG !::NCY 
F I R S T  I N T E R N A T I O N A L  B U I L D I N G  

1 20 1  E L M  S T R E E T  
D A L L A S ,  T E X A S  75270 

November 30 , 1977 

Mr . Thomas A .  Noe l  
Act i ng As s i stant Secretary 
Resource App l i c at i on 
Department of Energy 
1725  M Street N . W .  
Wash i n gton , D . C .  20461 

Dear Mr . Noe l : 

We have revi ewed the Draft En v i ronmenta l  Impact Statement ( E I S )  for 
the  proposed Cap l i ne Group  Sa l t  Domes of the Strateg i c  Petro l eum Reserve 
( SPR ) l ocated in the Gu l f  Coast Reg ion  of south centra l Lou i s i ana .  
The proposed deve l opment for approx imate ly 300 mi l l i on barre l s  ( MMB ) 
of o i l storage requ i res use  of se l t  dome fac i l i t ies  deve l oped for the 
Ear ly Storage Reserve ( ESR ) at Bayou Choctaw and Weeks Is l and l ocated 
i n  I berv i l l e and Iber i a  Par i shes , Lou i s i an a .  Each wi l l  respect i ve ly  
prov i de 94  MMB and 89  MMB of  crude o i l storage capac i ty .  I n  add i t i o n ,  
t he  project proposes con struct ion  of  a new 1 50 MMB s a l t  dome storage 
fac i l i ty at Napo l eonv i l l e s a l t  dome l ocated in As sumpt ion  Par i sh . Four 
other cand idates for pos s i b l e  deve l opment of add i t ion a l  capac i ty for 
the Cap l i n e  Group i n c l ude two new s i tes at Chachou l a  s a l t  dome i n  La 
Fourche Par i sh and I ber i a  s a l t  dome i n  Iber i a  Par i sh .  The other two 
poss i b i l i t ies  are the expans ion  of e i ther Bayou Choctaw or Weeks I s l and .  
One or a comb i nat ion  of these four cand idates may be deve loped as a l ter
nat i ves to the deve l opment of the Napo l eonv i l l e s a l t  dome . 

The fo l l ow i ng  comments are prov i ded for your con s i derat ion  i n  preparat i on 
of the F i n a l  E I S :  

1 �  I n  asses s i ng env i ronmental  i mpacts of the Cap l i n e  Group pro
posed and a l ternat i ve SPR s a l t  dome expans ion  s i tes , it appears that 
impacts regard i ng  ut i l i zat ion  and l os s  of wet l ands cou l d  be m i n i mi zed 
if appropr i ate measures are taken . In rev iewing  wet l and impacts con
tr ibuted by each of the a l ternat i ves as presented on page 4 . 9-5 of the 
draft statement , it appears expans ion  deve l opment of e i ther Iber i a  s a l t  
dome or  Chachou l a  s a l t  dome wou l d  contri bute to  t he  greatest amount 
of wet l and destruct ion  and permanent l oss . The wet l and po l i cy as expressed 
and emphas i zed by the Env i ronmental  Protect ion  Agency, pub l i shed i n  
the Federa l  Reg i ster ( 40 CFR 230 , September 5 , 1975 ) , and presented 
by The Pres ident i n  Execut i ve Order 1 1990 ( Protect ion  of  Wet l ands ) ,  
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requ i res that part ic u l ar cogn i zance and cons iderat ion  be g i ven any 
proposa l  that h as potent i a l to damage or destroy wet l ands . Therefore , 
the app l i c ant shou l d  prov ide su bstant i ve eva l u ation  of a l l proposed 
and a l ternate act ions  in regard to the i r  potent i a l  to adverse ly impact 
the wet l ands . The se l ected project act i on shou l d  be shown to be the 
most pract icab l e  of a l l a l ternat i ve act ions  and wi l l  prov ide  pos s i b l e  
m i t i gat i ve measures t o  m i n im ize h arm t o  the wet l ands . I n  the se l ect i on 
of any r ight-of-way, every effort shou l d  be made to avo i d  wet l ands 
ut i l i zat ion . Mi t i gat i ve measures are avai l ab l e  to m i n i m i ze the envi 
ronmental  impacts and we wi l l  be happy to work wi th you to def i ne 
these areas . As pos s i b l e  a l ternate s a l t  dome crude o i l storage s i tes 
for future storage and expan s i o n ,  the F i n a l  shou l d  cons ider us ing  
off-shore domes and other s i tes i n l and away from Gu l f  Coast wet l and 
areas . 

We recogn i ze that The Pres ident ' s  Execut i ve Order 11990 ( Protection  
of  Wet l ands ) does not  app ly di rect ly  to  th i s  project because of  the 
exempti ons a l l owed in Sect ion  8 of th i s  Order . However , for future 
projects of th i s  nature , the app l i cant i s  advi sed that EPA wi l l  i mp l e
ment th i s  Order to its  fu l l est degree to preserve and protect the wet
l ands and wi l l  take appropri ate act i ons to carry out i ts mandates . 
The app l i cant ' s  con s i derat ion  and response on th i s  matter shou l d  be 
provi ded i n  the F i n a l  E I S .  

2 .  Proposed expan s i on act i v i t i es  for the SPR for the Cap l i ne  Group 
i n vo l ves hydrocarbon storage by emp l acement of crude o i l i nto s a l t  
domes , so l ut ion mi n i ng of the s a l t  domes t o  create o r  en l arge exi st ing  
storage capac i ty ,  and ,  i n  some case s ,  di sposal  of  the produced or d i s 
p l aced br i nes by deep we l l  i nject i o n .  Al l these types of operations  
wi l l  be  regu l ated under the  Underground I nject ion  Contro l ( U I C )  program 
of the Safe Dr i n k i n g Water Act ( Pub l i c  Law 93-523 ) , as per Draft regu
l at ions , August 31 , 1976 . 

Under these Draft regu l at i ons , the data presented i n  the draft statement 
needs to be strengthened to su pport an effect i ve eva l u at ion  of the env i 
ronmental  impact of these operat i on s .  The app l i c ant shou l d  prov ide 
suff i c i ent data to EPA from the on-go i ng testing and ana lys i s  program 
before i n i t i at i ng any of the emp l acement , mi n i n g ,  or d i s posal  operat i ons . 
S i nce the State of Lou i s i ana  i s  expected to assume pr imary enforcement 
authority of the Underground I nject ion Contro l Program,  the data and 
ana lyses prov i ded sho u l d  be con s i stent both with those requ i rements 
proposed in EPA Adm i n i strator ' s  Dec i s i on  Statement #5 ( 39 CFR : 69 ) , or 
those requ i red u nder the supersed i ng  UIC regu l at i on s ,  when they become 
app l i cabl e ,  and those requ i red for permit  app l i cat ion  under Statewide 
Order 29-B of the Lou i s i an a  Department of Conservat ion , O i l and Gas 
D i v i s i on . I n  add it ion , c l ose coord i nation  shou l d  be afforded both EPA 
and the Lou i s i an a  Department of Conservat ion  by DOE i n  a l l phases of 
data requ i rements , co l l ect i o n ,  and presentat ion . Al so , se l ected techn i cal  
data shou l d  be  provi ded to the publ i c  in  a form of a "by request" append i x  
t o  the F i n a l E I S .  We are request i ng  that the i ntent i ons  of the app l i cant 
to comp ly  w ith  the above recommendations be adequate ly addressed i n  
t h e  F i n al E I S .  
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3 .  I t  i s  recommended that the method of br i ne  d i s posa l  i n vo l v i ng 
use of the d i sp l aced br i ne  as a chem i ca l  feed stock be adopted wherever 
pract i cab l e .  D i scus s ion  of th i s  a l ternat i ve shou l d  be i nc l uded i n  the 
F i n a l  E I S .  

4 .  The statement i n d i cates that p i pe l i nes for the SPR s a l t  domes 
wi l l  be coated externa l ly w ith  an aspha l t -sand mi xture or coal  tar 
ename l for corro s i on protect ion . The p i pe l i ne  wi l l  a l so contai n sacr i 
f i c i a l  z i n c  anodes t o  l essen i nterna l  corros i on . The F i n a l E I S  shou l d  
d i scuss  whether these corros i on  prevent i ve measures cou l d  cause any 
adverse impacts to groundwater qua l i ty i n  the project area .  

5 .  On  page 8 . 2 -57 ,  i n  t he  d i scuss ion  of  t he  i nterpretat i ve ru l i ng  
of December 2 1 , 1977 ,  regard i ng the Federal C l ean Ai r Act ,  the n ame 
" Em i s s i on Trade-Off" i s  i ncorrect ly used s i nce i t  i s  more common ly  
referred to as  " Em i s s i on Offset . "  Th i s  d i screpancy i n  term i no logy 
shou l d  be corrected i n  the f i n a l  statement . Furthermore , based u pon 
the extrapo l at i on of reg i ona l  a i r  qua l i ty data taken from amb ient  a i r  
mon i tori n g  stud ies  conducted i n  1975 , the statement i n d i cates that 
l e ve l s of non -methane hydrocarbons and photochem i c a l  ox i dants were 
exceed ing  Federal a i r  standards qu i te frequent ly  i n  southern Lou i s i ana .  
Therefore , t he  em i s s ion  offset po l i cy may be app l i c ab l e  to th i s  project . 
I n  add i t ion , the f i n a l  statement shou l d  note that the exc l us ion  of new 
sources , wh ich  emi t  l e ss  than 1 00 tons per year , as requ i red u nder the 
em i s s ion  offset po l i cy, is  based on "potent i a l " i n stead of " actua l " 
em i s s i on s .  These matters and the i r  effect on th i s  project shou l d  be 
adequate ly con s i dered and addressed i n  the f i n a l  statement . 

6 .  I n  address i n g  the amb ient  a i r  qua l i ty standards , the f i n a l  
statement shou l d  recogn i ze that the C l ean Ai r Act ,  amended o n  Au gust 7 , 
1977 , has changed past Prevent ion  of S i g n i f icant Deter i orat ion  ( PSD ) 
Regu l at i ons . These changes that are s i gn i f icant  to th i s  project are 
that PSD des i gnated source categor ies have been expanded from 19 to 
28 sources , one of wh ich  i s  petro l eum storage and transfer fac i l i t ies . 
Al s o ,  PSD regu l at i ons no l onger app ly on ly  to part i cu l ate and s u l phur 
d i o x i de emi s i sons but i n s tead to a l l cri ter i a  po l l utants , ( i . e . , Su l phur 
D i ox i de ( SO?. ) ,  Tota l  Suspended Part i c u l ates ( TSP ) , Non -Methane Hydro
carbons ( NMAC ) , N i trous Oxides ( NO ) ,  Carbon Monox i de ( CO ) , and Photo
chem ica l  Ox i dants ( 03 ) .  These cha�ges and the i r  effect u pon the project 
shou l d  be addressed 1 n  the f i n a l  statement . 

7 .  I n  d i scus s i n g  poss i b l e  m i t i gat i ve measures i n  e l i m i n at i n g  hydro
carbon emi s s i on ven t i n g  from the underground storage caverns ,  we su ggest 
that condensat i o n  u n i t s  in l i eu of a f l are system be used . The con
densat i on un i t  wou l d  not on ly  prov i de l ess  potent i a l  for pos s i b l e  ex
p l os ion  of the vo l at i l e gases wi t h i n  storage but wou l d  a l so prov ide 
fue l conserva�ion  by a l l owi n g  the condensed emi s s i o n s  be returned to 
storage . 
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8 .  No sewage d i scharges for any of the Capl i n e  Group s i tes are 
menti oned i n  the Draft E I S .  If such d i scharges wi l l  ex i st ,  d i scharge 
po i nts , type of treatment ,  and pos s i b l e  impacts to the rece i vng stream 
shou l d  be di scus sed . I n  add it ion , Nat iona l  Po l l utant Di scharge El imi n at i on 
System ( NPDES)  permi t app l i cat i on for such  d i scharges sho u l d  be addressed . 

9 .  The d i scuss i on of the Sp i l l  Prevent ion  Control and Counter
measure ( SPCC ) P l an as requ i red under Coded Federal Regu l at ions  at 40 
CFR 1 1 2  ( O i l Po l l ut i on Prevent ion ; Non -Transportat ion Re l ated On shore 
and Offshore Fac i l i t i e s )  needs to be strengthened . The F i n a l E I S  shou l d  
state that an SPCC P l an ,  wh ich  wi l l  meet the req u i rements o f  4 0  CFR 1 1 2 , 
wi l l  be prepared with i n  s i x  months after the fac i l ity beg i n s  operat ion 
and sh a l l be fu l ly imp l emented no  l ater than one year after operat ion 
beg i n s . 

10 . The l eve l s  of environmental no i se  tabu l ated on  page B . 2-66 
of the Draft EIS h ave been l abe l ed as "estab l i shed g u i de l i nes , "  from 
EPA.  However , th i s  tab l e  ref l ects on ly  " i dent if i ed l eve l s "  wh i ch are 
requ i s i tes to protect pub l i c  hea lth  and we l fare with an adequate marg i n  
of safety for both act i v i ty i n terference and hear i n g  l o s s . The noi se 
l eve l s  c ited in th i s  tab l e  do not const i tute a regu l at ion , spec if i cat i on , 
or standard . 

These comments c l as s i fy your Draft Env i ronmental Impact Statement as 
ER-2 . Spec i f i ca l ly ,  based upon the i nformation  contai ned i n  the state
ment , we h ave envi ronmental reservat ions  concern i ng the destruct i on 
of val uab l e  wet l ands and a l so the pos s i b l e  envi ronmental i mpacts that 
br i ne di sposa l  cou l d  i nduce on underground aqu i fers . I n  addi t ion , we 
are request ing  more i nformat ion on a i r ,  noi se , underground i nject ion , 
wastewater treatment , and other areas as spec if i cal ly addressed i n  the 
above comments . Furthermore , we do want to reemphas i ze that EPA ,  i n  
the future , wi l l  review projects of th i s  n ature with the fu l l est i ntent 
to protect and preserve the wet l ands as mandated by Execut i ve Order 
1 1990 , and i n  doi ng  s o ,  wou l d  con s i der an environmental  unsat i sfactory 
determi n at ion  for projects of th i s  n ature . Our c l as s i f i cat ion  and a 
s ummary of our comments wi l l  be publ i shed i n  the Federa l  Regi ster i n  
accordance wi th our respon s i b i l i ty to i nform the publ ic  of our views 
on  proposed Federal  act ions , under Sect ion  309 of the C l e an Ai r Act . 

Def i n i t ions  of the categories  are prov ided on the enc l osure . Our pro
cedure i s  to categor i ze the E I S  on both the Envi ronmental con sequences 
of the proposed act i on and on the adequ acy of the i mpact statement at 
the draft stage , whenever poss i b l e .  
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We apprec i ate the opportun i ty to review the Draft Envi ronmenta l Impact 
Statement . P l ease send us  two cop i es  of the F i n a l  Envi ronmental  Impact 
Statement at the same t ime i t  i s  sent to the Counc i l on Env i ronmental  
Qu a l i ty .  

Si ncere ly,  

�� 
Ad l ene Harri son 
Reg iona l  Adm i n i s trator 

Enc l osures 
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a.n� Admlnlstrator for Pestlcld.e Pro· 
lrf'ama (36 P'R 90J8) . 

Dated: AprU 3, 197f. 

HDRT J. KORP, 
Depvt11 Auf&tant A-1mfnutrator 

lor Pcatlcltfa Program�. 

(P'R Doo.'7....a01tl PUod 6-6-'76;8:68 am( 

SHELL CHEMICAL CO. 
Notfce at Flllnll of P!rtiUon for Food 

Additive 
Pursuant to provisions o! the Federnl 

Food. Drug, and Cosmetic Act <&ec. 409 
<b l 1 5 ) , 72 Sto.t. 1 786: 21 U.S.C. 34Rib) 
< 5 >  l,  notice Is given that a petitlon o�AP 
4H5046l has been tiled by the Shell 
Chemlcnl Co . •  Suite 300, 1700 K Street, 
NW .• Washington, D.C. :!:JOOF.. proposing 
el!tabllshment or a !Gn•.i adti1"'ve r\!gula· 
Uon 121 CFR Par L  1 2 1 )  permittln;J the 
aafe use of the l ;b'ccLlclde 2,2-d.lchloro· 
vinyl dimethyl phosphate In Bpace, s;>ot 
and/or crack P. nd "r evice tre:1.trr.ents o! 
food service, �:mu!acturtng. and proc· 
esslng eatablls t-.mentll lneludlng, but not 
limited to. re5teurants. flour mlllll. 
supermarkets. and piant.1 hnndlln:; 
dairy product�. veg�tal>les, oli:�, candy, 
macaroni/spn!lhettl, soft drinks, cake 
mlxes, and cooldes. 

Dated: March 29, 1974. 

JoJm B. RITCH, Jr., 
Dtrector, 

.Registration Dit!Uicm. 

(PR Doc.7....aOt7 Fll&d 6-3-7. ; 8 :411 am) 

SUBSURFACE EMPlACi::M�tiT OF FLUIDS 
Administrator" a Decision Statement # 5 

The Environm�ntal Protection Agency, 
ln concert with the obJ er.tlvea of the l''ed· 
era! Wat.cr Pollution Control Act, as 
amended (33 U.S.C. 1251 et �eq.: 118 Stat. 
816 et seq.; Pub. L. 9Z-500) " • • •  to 
restore and maintam the chemica.l. phy· 
Ileal, a.nd blolog:tcal Integrity o! the Na· 
Uon's water" h:\.1 established an EPA 
policy on Sub.�urfnce E:npiacement o! 
Fluids by Well InJection" w!1kh was Is· 
aued internally M Ac\ml.r.lstraLor'G Dccl
llon Statement No. 5 .  The pumose o! tJ1e 
polley 111 to �tablish the Agenc;-·s con· 
cern with this technique for u.qe in fiuid 
storBre and dL�posal nnd Its position of 
conaldertng &uch fluid l!mp!I\Ccment only 
where � 111 demonstrated to be the I'JlOIIt 
envtromnent&lly �=table B\'Silable 
method of hand� fiuld stora��:e or dis· 
poaal. PubllcaUan of the Polley a.s In· . 
formation utabl!sllcs the Af{ency's posi
tion and provides guldiUlce to oth·er Fed· 
eral Agencies. the States, and other In· 
tereated parties. 

Accompanying the pollcy statement 
are "Recommended Dnta R('qulrementa 
for Environmental Evaluation o! Sub
surf� Empl:lcement of Fluids by Well 
lnjecUon well system; and to Insure 
menta Is to provlrl.e gu1dnnc.e for potcntioJ 
InJectors and rct{Ulatory agencies con· 
eernl.na the kinc15 of l.Il!ormation re· 
qutred to evalaate t.he prospective 
lnJecUona well 8)'stem; and to Insure 

NOTICES 

protecUon of the environment. The 
Recommended Data Requirement.! re· 
quire suil!clent information to evaluate 
complex InJection operations !or lulz
ardoUll materials, but may be modl1\ed 
In scope by a re1111latory agency !or 
other types o! in! ectlon operations. 

The EPA recognizes that !or certain 
lnduatries anc1 In certain locations the 
cUsposal of wastes and the storage of 
fiu1d.' In the subsur!nce by Ulle o! well 
1nject!on me.y be the most environmen
tally acoeptnble practice available. How
ever, adhe1·ence to the policy requires 
the pot<;;:tlo.l Injector to clearly demon· 
strate 1\Cceptnbillty by the provision of 
t.P-Chnical analyses and data justifying 
the p�opos�:l. Such demonstrat.iou re
quires conventional engineering and 
other annlyses which lndlcat.e beyond 
a rea�r,nable doubt the efficacy o! the 
proposed InJection well operation. 

Several issues wlthln the policy &hould 
be hl3hllghted and explP.Ined to avoid 
confusion. One o! th� gools of the pol
Icy b to protect the Integrity o! the 
subsur!Rce environment. In the context 
o! th� policy statement, Integrity means 
tt:.e p;·event!on of un.-lanned fracturing 
or other physlcai Impairment of the geo
logic formations and the avoidance of 
undt'slrable changes In aqultera. mineral 
c1epon\t� or other resources. It Is rccog
nl7.ed that flUid emplacement by well 
lnjcct1o::1 tJay caur:c some chango In 
tho environment and. to some e:r.tent, 
may preempt other uses. 

Emolaccment 18 Intended to Include 
both dlsposo.l and storage. 'l'he <Uiler· 
cnce between the two terms !s that stor· 
a�te lmplte� the e::lstPnce of a plan for 
rfcov�ry of the tnt\l �rlnl within a rea
sonable time whereas dl.!<pollal implies 
that no recovery o! the material Is 
planned at a given site. Either opera
tion would require e!;sentlally the same 
type o! inform ation prior to InJection. 
Hov.·�ver. the att:tude of the appropriate 
regulatory ngency townrd e\'1\luatlon o! 
tile pro�o�s would be d.l1fcrcnt for each 
type operation. The EPA poUcy rcco:I· 
n1::cs the need for InJ ection wells In cP.r• 

. 1:1.\in oll arul mineral extractt.m and t1u1d 
atoraee operations but rE'Quirea aumclont 
environmental safeguards to protec� 
other uses ol the aubsur!ace, both dur· 
l:ltz tho 1\Ctual InJection operBtlOD and 
:l!t�r the lnject!on baa ceased. 

The p.�llZJ considers waate d1llposa1 b1 
well InJection to be a temporary mcana of 
dL."ll001ll b the sense that It 111 approvl!d 
only !or the ll!e of an IMued permit. 
Should more enviroiUllcnta.lly acceptnble 
dlsws:�.l technolo:;y bc.::ome avalla.ble, a 
ch;uJge to such technolot:Y would be re
quired. The term "tempersry" Is not ln· 
tended to imply subsequent recovery o! 
lnJcct.e-d· waste !or processing by anot.her 
technology. 

P:U-n(!r:l;Jh 5 o! 
'
the pailcy nnd progrnm 

· gul;\ance provides tho.t EPA will apply the 
policy to the cxtrnt or Ita authorities ln 
c:mduct!ng all EPA progr:un act.lvitlcs. 
The llJlplico.b111ty or Ule pcllcy to partici· 
.,�:.ton t>�· the ziCVC'rt!l St.ate3 In tho 
NPDES permit pro,:nun Wldcr .section 
402 o! the Federal Water Pollution Con
trol Act as amended. has been e:�tabllshed. 

prev1oUllly by I 124.80<11> of Part 124 en· 
tltlec1 "Stato Program ·Element& Necea· 
sary for Participation In the National 
Pollutant Dlacho.rge Ellminatlon Sys· 
tern," 37 FR ::8390 <December 22. 1972 > .  
Theao f.nlldellnes provide that each EPA 
Region:�.! Administrator mwt distribute 
the policy to the Director o! a State water 
d18char11e permit i.s&uing aaency, anc1 
mll3t utilize the policy In tll3 own review 
of any perml!.'l !or dlspoaal o! poll�t&nta 
into welli t!lat are propooed to be ls�ued 
by States participating ln t.he NPDES. 

Dated : April 2, 1974. 

JOHN QUARI.EIJ, 
Acting Administrator. 

AI>llcnn&Ta&TOll'a DEciBSON STAnaa:NT No. 8 

EO'& POUCT OM Sll"SIItnlrACS Ellol!'I.ACJ:!IIDI:1n' OP 
1'1.\JmB liT WELL INJl:C"nOM 

Tbl.3 AD3 rtcord.e the E'P!• '1 po•l t!cn on ln
Jectloa wolla �nci :rubsurr� empl&e�ment of 
tluld.e by w�ll lnJoctlon. and suporaodoa the 
Pecler:U Wat�tr qu�.Uty Admlnbtm�lou•a orcter 
COM 6010.10 o! Ocu,i:ler 10, 11170 . .  

Goals. The �"l'A :>ol!cy on SuiJaurt�oe l:m• 
placrmen� ol FlU1d.e by Well LDJeotiOD. II 
designed to :  

( 1 )  Prot�ot the aubeur!� from poilu• 
tlon � other envl�onmenta.l h..zarda attrlb· 
utable to lmprop�r lnjectloD. or Ul-altecl ID• 
Jcctlon wella. 

(2)  :s:c.1ure that emrln,.erlng and seoloctc&l 
, .. rogua.rcis acl�q:.u•w to protect the lnt�iJrlty 
ot th& subnurfnco environment 11re a4ller&c1 
to t.n the prollrnlnary lnveatlgatlon, de�lgn, 
coEUtructlon. oporatlon. monitoring and 
abandonment phMN o! InJection well proj • 
ecte • 

. - .. . - - --- - - ·  �· .. ,. _ _ _ _ _  ,. loJJ  �U\.:tJ'U.t."'f!t• \toJO• ��;o�•vy ..... ,..._,. -• ----·• • -
metU>B ot d:SP"""' whlcb. t.�rord j!Teater ell.• 
v!ronmcnt.Rl p rot..ct!on.. 

Pr!nc!!'al ]lndtTI!14 an4 pollcfl rationale. 
T!�e a.v�>U:>I'le .. v!<lonce concon11.ng Injection 
wolla ant1 sub•ur!ace ompl�coment o! 11ulda 
l.nd1cates that: 

( 1 )  The l'mpl�cement of ftuld• by aubaur• 
tace InJection o!ten Ia cona.ldored by govem
mellt and private agencl•• "" an attractive 
machanlsrn !or llna.l dl.opoen.l or at��ge owing 
to: (a) the dlm.lnlehlng capabllltles of aur
!llee .,·a.tera to recolve elnuenu wltb.ouc Ylo
l�t!on of qu .. llty atandanla, and (Ill the 
•Pt>B.rent tower coats of thl.l method o! 1$11-
po•al or ator11<;& ovet- oonventloD.a.l and ad· 
vance4 wa1t<! ma.D3gOilleD.t ���chnlquea. 
Sub�urfact' ator:>ge oapa.clty Ia a natural re
.aurce ot coc sl.:lorable value and lib anJ 
othe-r nMurll! re&OUroe Ita uM muat lie COZI• 
eneil tor ma&trnal benedt.l to all people. 

(2) In1prOV'J' Injection of rnunlclpal 011 
lndu.tTIAI we�tft ar Injection of otbH nuldl 
tar etoT5«o ur 11\ll;,w•l to the t•JbG\Irt- en• 
Ylton.monc Co01lld n.Wc lA Nr!ou. poUuUon 
of <nter wpp1* 011 OUler eDf!l'OZIIIWn� 
bao:anSe. 

(3) The o11'ect. of llllllaurf- Injection and 
tbe !ate of tnject.4 ma.terlala ue uncertain 
with toda.ra ltnowl&dgo and could reeult In 
Nrtoae poUut!oD or enYironmental d&n\ago 
re<�Ulrtn!r c.omples a.nd coetly .alutlona on a 
tong-wrm bMla. Pollcv on4 program vult:lonOif. To enau.re 
accomplishment of the aubsurta.c. protect10D 
f:OO.la e•tabllnht"d &bOY!I It Ia the polley Of the 
l:nYironmt.>nt:.l I'rotectlon Agrocy that: 

( I I  The EPA wUI oppose emplo.cemellt of 
m.atcrlal.s by aub�rurfa.ce 1njoctlon 1rlt.houl 
atric' colltrola an4 a . clear c!emollStnt!oD. 
tha.t such empLlce�»ellt wlU not 1nUrfere 
wlt.b prel'ent 01" pot<ontlal \1M of U1e aubour
!o.c. envlroume!lt, ��te ground wuter 
reoourcea or othenrlle cl&mage the onY!rOD.• 
JDeUC., 
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(2)"  All propoeal6 for subsurface lzi,Ject1on 
ahoul4 bo cziUC&lly oval-ted to Cletermlne 
\ba�: 

(a)  All reasonable altematlft meuurea haft been explored anel found leu aatla!ac• 
� 1.11 terml ot en'l1r0!1ment:ll protection; 

. (b) Aelequate prellljoc:tlon teet. have been 
ma4e for preCIIC�Ini l.ho fa!le ot materl.ala 
lnje�d; (c) There Ia conclualn technleal eYICience 
to demonstrate that auch Injection 11'111 Dot 
l.utertere .,-l�h pTMOnt or potential we ot 
wa�r relources nor reault In ather env irOn• 
mental ho.7.nrela; 

(dl The rubourtnei Injection system hu 
been dealgned. and coDBt.ructoel w provide 
max.tmal envlratlm<lntal prrnec�lon; 

(e) ProvluloiUI have been mo.de for monl• 
tor1ng both �be Injection opera tlon and the 
resulting ettecte on tbe eovtronment; 

(t) Continge-ncy plana that ,.Ill obvtat. 
any envlronmenta.l degrsdr Hlon . have been 
pTepared to cope with all 11/ell sbut-lWI or any 
well taJ.Jures; 

(1:-l Provlston will lle ml\de for superviM<S 
plugging or Injection wells .. hen abandone4 
and tor mon ltorto� to enaure continuing en· 
vtronmental protection. ·(3  1 Wt>erc oubsurtace Injection 1a practiced 
far .,.aste dlopoaal, I� wW be rce<)gn.IZ>ed a:. a 
temporary m•a.ns ot dt.sposal until new tech· 
nology becomes avalbble ennbllnt; more as· 
aw-ed en vtronmental prowctlon. 

(4 )  \Vhero subllnr!ace InJection 1a pr..ctlced 
tar undcrgn>und storage or for recycUng ot 
natural l!ulds, U wUl be recognlx� t!Jat rucb 
practice wW coaae ar be m?Cll!led when a 
ha.ur.rd to nntur!ll resonrou or tbo envl.rOD• 
ment appears Imminent. 

(5) The EPA W\11 apply t.hls policy to tbe 
extent or lte nuthor1tleo In conductlnr; all 
program act! vi tie a, I ncl ur2lng regu Iawry nc· 
\lvltles, re..,arch and development, te.chnlcal 
&811atance to the States, nncl the a.dm1nllltr'&• 
\IOD Of the COrutrUCtiOD gran<!!, .,u.r.e pro-_ 
gram gn.ntoo, and bMUl plannllll! grU>te pro
grama t!.lld con�! of pollution a� Federal 
fo.cllltiN In accordAnce 'tll1tn .E;ooc:utl..e Of'CI� 
1 17�- lt'J:LLL\11 D. !t"l:l'C!CZUHnrB, 

..W ml"utrAtor. 
1"Da'D'UT 8, 1�73. 

RzooM�D DAn RxQtrDIEME.NTII rca Eln'I
&OIIMcNT&.L Ev.&LvAnox or Btnt.strRP'ACI: EM·· 
•LAcz:wt::<r or P't.trlDII IIY wau.·IKJs:c-now 

The · Admlnbtrl\tov'll Detlalon Statement 
No. D on aubaur!ace employment of tlulda by 
wen Injection bu been p repared to est.Abllah 
the �enc,.-a posi tion on the u.,.., o! thla dl8• 
posal and storage technique. To ntd In !D:a· 
plement&tlon oC the policy a recommended 
Clata b._.., for environmental cno.ll,tatlon bU. 
been .de"'loped. 

ne following parunetel'll de:ocrlbe the tD• 
formation wi.Jich &bould be proYided by the 
Injector and ..-e de!14ftl� to pT"Ovlde �!a
tor}' agencies autll�lent lnfarmlltlon w evalu·. 
ate the envlronmental acccptabiUty of rJ:a1 
propoMd ...,n Injection.. A pote1Hial Injector 
lhoUld Ulltll•llY contact the regulatory au• 
Ulonty to determine U>e prellmln:>ry UlftStl· 
pUYe and data requirements for a par�lcular 
ID,!ectlon -u as theee may n.ry tar <litrerent 
kinds of l.rlje��lon operatloru. The Bpproprlmt.o. 
�atory au thortty '111111 aper:tty U, esse& data requl.r'emeata on a cue by �  baala. . 

(a I An aeeurate plat a.llowlDK 1oeat1o11 ancl 
wrtace elevation or propoaed IIIJrte\lon W"Cl..., 
1\te, eur!!loe fH-tu�. property boun<tar-., 
and our!.,., and ml.rleral o'III"'1Uablp a� an_ 
r.ppro.....t .eale. 

(b) Mapa Indicating \ocotlon of water wells 
md all other Wt>lb, mlaes or vtlllcl:!d pene
traUona, lnclndlno; but not llmlt<>d to oU ancl 
..- -II• ""d e%l!"-'tory rw t<>•t well•. llho
� depth.l, eio.....,tiOna a.od the doel>"''t torma-

NOTICES 
tlon penetrated within twice the calculate4 
110ne of 111!1uence of the proposeel project. 
PlugeLng and abandonment records for an aU 
and gu t<>sto, ancl water wells lboald aooom• 
p&ny tile map. 

(c) Me.pa Indicating vertical and lateral 
IIJ:nlts ct potable water eupplles which would 
Include !)oth. &hort- and long-term nrl&tloWI 
tn aud��oce w"ter aupplles and aubaurbce 
aqutrers canhlnlng wr.ter with leS-'1 than 
10,000 rus/1 total dlnolved 110!ldJI. AvaUabltt 
amounts and present anel potential \Uft ot 
the;, wa tera, as well as projectlon.a of pu bile 
water aupply requirements must be consld· 
ere d. 

(d)  Descrlp�lona of mineral reeeurceo pres• 
ent or believed to be present In ana of 
project and the etrect ot thla project on 
preSCIQt or potential mineral reaourcea In t.be 
area.. · (e) Mapa and c:rosa sectlona at approved 
RCa.l'lS lllu!tratlng detailed geologic. structure 
and a stra.tlgraj1hlc section ( Including tor· 
matlona, Uthology, and ph�lca.l characterla• 
tlca) tor the local a.ren, a.nd generalized mapa 
and crosa scetlon.s llluotr:.tlng the re�lollAI 
geoloo;lo settln& of the project. 

(f) Pescrlp tlon or chemical, pbyslcel, and 
blologt.cal properties and eha.racterlstlca ot 
the l!uids to be Injected. · ( g )  Potentiometric mBpa at approv� 
acnl"" and Isopleth Intervals of Use pro
posed Injection bor1z�n and of thoao aquifers 
I.Jnmed!Ately above and below the h•)ectlon 
horlz:on, with cc"plea ot all clrUI·at<>m test 
chn.rte, extrapola tlollll, and data uaed In com· 
piling such maps. 

(b )  Descr iption of the locatloc and nature 
0: present or potentially u.eoable n:Unerall 
from the zone ot lhl!uence. 

( I )  Volume, rate, an4 !Djeetlon preuure 
ot the lluld. 

( J )  The followlns geologtca.l anCI phywlcal 
ohare.oten.tlCII ot tbe Inject� Interval an4 
t.i.&llf u nu i ,. iu& -.uW t.L.a.nAc:dy�u. '-iV•.u�.ui.ui � 
should be detennln� anel ou bml tt<><i: 

( 1 )  Thlckne01; 
( 2 )  areal utent; 
( 3 )  lltllologr; 
( 4) p-a.ln ml.rleralogy; 
(II) type and mlllera!OSY at matri.J:; 
( 6) etay coo tent: 
(7)  "c!ay mineralogy: 
(8) �ectl'i'e poroolty ( lllducUng an expla

nation of I.Jow determlll� ) :  
<' l  PcnneabUity ( lnelud.IDC an ozplana

Uou. 0: how determJ..ned) ; 
(10) coe!l!cleo� or aqutfer otorage;. 
(1 II amowat an4 enant af utUra.l fJ"&C• 

mrlng; 
· 

( 12)  locatloo, e>rloent, and elfecta ot known 
ar auopec\e<l faulting tncne��.\lng whether 
raul'ta ..,.. sealed, or fractuzed avenues tor 
11.utd moyement.; 

( IJ) q:tenl ancl ell'etoe ot Drataral iiOl\ltlon 
channela; 

( 16) degree or nuld uturatton; 
( 1 , )  fonnatiOD lluld cheml.ll:ry (lnclucllng 

loeal and re«10nal nnatlona) ;  
(18) temperature of rarmatiOD (lDclucllnlf 

an uplanortioD Gf bow det<>rmlnfld) ;  
{ 17) tormatlon and ft uld presaure (InC! ad· 

Inc original and modlllc-atloDS ruult�.trom 
l!uld wltbdraWllJ or Inject loll ) :  

( 18)  fracturing gndlent:a; 
(lilt G.l.lruslon and dllpemon chanw:telia

tl<a of \be -.te .and the Cormatlon 4uld a
eluding ell'ect .-..r gravity ergr.-tton: 
: (201 aampatlblllty of lnj- waste 't111tll 

tbe pbyslca.l, ellemtca.l an� biological chu�ca ol the l"t'oervolr; aDc1 ( :n I lnjecth'l\y prolliN. 
(k') -'fbe fo�Jow�DC engl.neerSDc dat& lhaald 

be suppu.rt: 
(1� D� ot hoM a.nd &oial depUI O.C 

-II; 
(� 'Jpe, 111:a, we�t.. an4 atreD&'tll, ot all 
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audaee, lntermel1l&te, ancS InJection cuing 
at.rlnp; 

(3) ap�cll!catloi'UI and proposed !natalia· 
tlon of tublog &net pacl<el'l; 

(4) proposed cementing pr�duru ancS 
type ol cement: 

(II) proposed coring pr�am: 
(II)  propou-d tonna�lon teotUlg prosra.zn; 
(7)  propo'ed lonlng procrl!-m; 
( 8 )  propoeeel an1.11.clal tracturl.nJ ar lt.lm· 

u�tlon program; 
:(e)  proposed Injection procedure; 
( 10 )  plana at tbe eurtaeo11 and sub.f.Wfar.n 

construction dotallo of the 1y1�m lnctudln��; 
eDI!Uloerlng drawlnlfo •nd apecU!ca�IDn& o! 
the ayatem ( Including but not 1.11:11ted to 
pumps, well hea.cl construction, and ca��J.ng 
Clepth ) ;  

( 1 1 )  plane f� monitoring Including a 
multipoint lluld pr-ure monltorti!g oya
tem conatructed to monl t.or preuurea above 
&S well ae wltbln the InJection zo:�ea; del:crlp
tlon o! annulnr nutd; nnd piiUl.B for :na.ln· 
talnlng a complete operatlon&l history of 
tbo well; 

( 12)  expect.ed chAnge� In prP.esure, rate of 
native lluld dllplacement by lnject<><:l tluld, 
dllectlona or dltipe.rslon and zone �ccted by 
tbe project; 

( 13)  eontlngenc:r plana to cope w1th all 
abut-Ina � well failures In a In!\nner that 
w111 obv!atc any e-nvironmental deg.-adatloc. 

( 1 )  Preparation ot a report thoroughi:V In· 
""'"tlgattng the ea'ecte o! tlle propo&ed eub· 
eur!a.ce ln�tiOn wet.l llhoulcl be a prerequl• 
site for evaluation of a project. Such a atato
ment abould Include a thorough a.aoessment 
of : ( 1 )  tbe nlt<>rnatlve d lsposnl schemes In 
terma o! maKimum environmental protec
tion; (2) projection of Uuld pre55ure response 
W!tb time bot.h In the Injection· zonea a.nd 
�m-lylng tormatlona, with particular atten• 
tloD to acqulfen whlcll may be uae4 tor 
tzosb water aupplla In tl:le fut-ure: and (3)  
p.rou�a �lUla.MM� .. ..  w .�  vcllfo4ilU.i.a .:u.euuca& 
Interactions betweeo Injected wasteo, for· 

matlon 1lulde, and mlneralogtcal conatltuenta. 

(l"R Doc.74-00:H l"'led 4-8-74;8 :411 am ) 

FEDERAL MARHIME COMMISSION 
AMfRIC'-N \VEST AffiiCAN FREIGHT 

CONFERENCE 
Notice of Petitio" Flied 

Notice Ia hereby given- that the follow• 
J.ng petltlon has been Wed with t.be Com
m15alon far approval Ptii'Su.&nt to sectlon 
Hb ot t!le Shipplna Act. 1916, aa amended 
(76 Stat. 7G2, 46 U.S.C. 6 13a> . 

IntereSted parties may l.nspect a copy 
of the ew-rent contl'li.Ct form and of the 
petition, reneeti.Dg the ehangca proposed 
to be ma4e 1D the language of said con
tract, at UH: Wa&hlnp,ton omce ot the 
PedenAl MarlUme Commis&ion. 1100 L 
8tn!et NW .. Room 10126 or at the F1eld 
omcea _ Joeated at New York, N.Y., New 
OrlenDS, Louisl&na, San Francisco, Cal1-
!omia, and Old San Ju1n, Puertc Rieo. 
Comments with reference to the proi)Oied 
changes and the petition, 1ncludin&' a 
request tor bearing, 1t de&ired, ma:r be 
submitted to the Secret!U')', Federal Mar
iUme Commlado'n, 1100 L 8tree.t .NW., 
Wa.&hington. D.C. 20113, on or befOI'e 
April 10, 1574. An:r peroon deslr1n.r a 
h� on the Prov� modt.ncatlon ot 
the coptr:a.ct form and!or the approved 
contract ayst.om mall provtde a clear an4 
c:ooc:ue llt&telllelli ot l.be Dl&t&e� upon 
wh.lch t.hey deal.ni to a.1�uce evidence. 
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ENVIroNMENTAL IMPACT OF THE ACI'ICN 

ID - Lack of Objections 

EPA has no objections to the prop::lsed action as described in the draft impact statanent; or suggests only minor chagges in the prq;:osed action. 

ER - Environmental Reservations 

EPA .has reservations concerning the environmental effects of certain 
a.st;:ects of the prop::lsed action. EPA believes that further study of 
suggested alternatives or m:xlifications is required and has asked the 
originating Federal agency to re-assess these aspects . 

EU - Environmentally Unsatisfactory 

EPA believes that the prop::lsed action is tmSatisfactory because of its 
p::ltentially hai:mful effect on the environment .  F'urt:hernore , the Agency 
believes that the p::ltential safeguards which might be utilized may not 
adequately protect the environment fran hazards arising fran this action . 
The Agency reccmnends that alternatives to the action be analyzed further 
(including the p::lssibility of no action at all) . 

Category 1 - Adequate 

The draft impact statanent adequately sets forth the environrrental .impact 
of the prop::lsed project or action as well as alternatives reasonably 
available to the proj ect or action. 

Category 2 - Insufficient Info:r:nation 

EPA believes the draft .impact statanent does not contain sufficient 
info:r:nation to assess fully the enviro�tal ilnpact of the prop::lsed 
project or action . However; fran the infonration sul::mi.tted , the Agency 
is able to rrake a preliminary detennination of the .impact on the 
environment. EPA has requested that the originator provide the 
info:r:nation that was not included in the draft statarent. 

Category 3 - Inadequate 

EPA believes that the draft impact statanent does not adequately assess the envirornnental i.mFact of the prop::lsed project or action , or that the 
statanent inadequately analyzes reasonably available alternatives . The 
Agency has requested rrore infaonation and analysis concerning the 
p::ltential environmental hazards and has asked that substantial revision 
be made to the i.mFact statanent. If a draft statanent is assigned a 
Category 3 ,  no rating will be made of the project or action , since a 
basis does not generally exist on which to make such a detennination . 
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UNITED STATES 
NUCLEAR REGU LATORY COMMISSION 

WASHINGTON, D. C. 20555 

OCT t I 'B77 

Executi ve Communi cati ons 
Room 3309 f) ?-Departmen t  of Energy \ 
1 726 M Street,  N .  W .  
Wash i ngton , D .  C .  20461 

Gentlemen : 

41:9001 

Thi s  i s  i n  respon se  to your reques t for comments on the Draft 
Envi ronmental  Impact Statements for the Cap l i ne Group Sa l t  Domes and 
the Seaway Group Sa l t Dome s .  -

We have rev i ewed the s tatements and determi ned that the proposed act i on s  
�ave n o  s i gn i fi cant radi o l og i cal Hea l th and safety i mpacts nor wi l l  they 
adverse ly affect any acti vi t ies  s ubject to regu l at i on by the Nucl ear 
Regu l atory Commi s s i on .  Accord i ngly , we have no  s u bs tanti ve comments 
to make . 

-Thank you for provi di n g  us  wi th the opportun i ty to revi ew the Cap l i ne 
Group Sal t Domes and the Seaway Group Sal t Domes Draft Env i ronmental  
1mpact S tatements .  

cc : CEQ {5) 

Si ncere ly ,  

Voss A.  Moore , As s i s tant  Di rector 
for Envi ronmen ta l  Projects 

Divi s io n  of S i te Safety and 
Envi ronmental Ana lys i s  



Advisory Counci l on 
Historic Preservation 
1522 K Street N.W 
Washington , D. C .  20005 

October 28 , 1 9 7 7  

Mr . Michael E .  Caro sella 
Associate Assistant Administrator 
Special Programs 
S t rategic Petroleum Reserve 
Federal Energy Administration 
Washington ,  D .  C .  20461 

Dear Mr. Carosella : 

This is in response to your request o f  September 2 3 ,  197 7 ,  for comments 
on the draft environmental statement (DES) for the Capline Group of 
salt dome crude oil s torage sites located in the Gulf Coast region of 
south central Louis iana. 

The Council notes from its review that while cultural resource studies 
to date indicate no properties included in or known to be eligible for 
inclus ion in the Nat ional Register of Historic Places will be affected 
addit ional s tudies are necessary before final determinations can be made .  
Accordingly , the Federal Energy Administration is reminded that should 
those additional s tudies identify cultural resources eligible for 
inclus ion in the National Register which will be affected by the unde r
taking , it should delay further processing of the undertaking and afford 
the Council an opportunity to comment pursuant to the "Procedures for 
the Protection of Historic and Cultural Propert ies" (36  C . F . R .  Part 800) . 

Should you have any questions or require additional as sistance in this 
matt er ,  please contact Michael H .  Bureman of the Council staff at P .  0 .  
Box 25085 , Denver , Colorado 80225 , o r  at ( 303) 234-4946 , an FTS number . 

S incerely yours , 
/ 

----7 " >/ ·� /�/' 
--. ----7:;,;>•"7}// _}')//; /_// .  / 

/_ .-- /L.-n/·�t'///1/tZ .(_/ (_ _./ / // ( 
-- Louis s'! Wall 

Assistant Director , Office 
of Review and Compliance , Denver 
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STATE O F  LO U I S IANA 

D E PARTM E N T  OF U RBAN AN D COM MUN ITY AFFA I R S  

EOWIN EOWAROS 
Gove R N OR 

LEON R .  TARVER,  JR.  
S �C A ET .-. II=t Y  

F e d e ra l E n e r g y  Ad m i n i s t r a t i o n 
Wa s h i n g t on , D . C .  2046 1 

No vember 1 0 , 1 977 
P. 0. Box 44415!5 

BATON ROUGE, LOUISIANA 70804 
3 · � · !5 6 6 4  

R E : D r a f t  E I S - C a p l i n e G roup of Sa l t  Dome C r u d e  O i l S t o ra t e  S i t e s - S t ra t e g i c  
P e t ro l e u m  R e s e r v e s  - Vo l ume 1 - 1 1 - 1  I I 

Dea r S i r :  

We have r ev i ewed t he r efe renced env i ronmen ta l s t a t emen t  w i t h  respec t to a g ency 
i mp a c t  a n d  respo n s i b i l i ty .  

AP P L I C A B L E  STATE M E NTS ARE C H E C KE D  B E LOW: 

X 

Th i s  i s  to no t i fy you t h a t  we conc u r  w i t h  you r  s e l ec t i on o f  s ta t e  a g enc i e s 
req u es ted to rev i ew a n d  commen t  on the docume n t .  We recomme n d  no a dd i t i o n s . 

A copy o f  t h e  documen t ha s been fo rwa rded fo r rev i ew a nd comme n t  to t h e  
Lo u i s i a n a  s t a te a g e nc i e s l i s ted on A t tachme n t  A .  Any c ommen t s  fo r t h com i ng 
f rom these a g enc i es w i l l  be forwa rded to you by Dec embe r 8 ,  1 977 

W e  r e q u e s t  t h a t  y o u  fo rwa rd a copy o f  t h e  docume n t  fo r rev i ew a n d  commen t 
to t he Lo u i s i a n a  s t a te a g enc i e s l i s t e d  on Atta chme n t  B .  Any commen t s  
fo r t h com i n g f rom t hese a g enc i es s ho u l d b e  fo rwa rded t o  you w i t h a copy to 
D U CA by -----------
Add i t i ona l Lou i s i a na s ta t e  a g e nc i es h a ve been i n fo rmed of t h e  con ten t s  of 
the doc umen t a n d  not i f i ed whe re a copy may be o b ta i ned . 

A copy o f  t h e  s t a t emen t w i l l  be reta i ned i n  o u r  off i ce a nd i s  ava i l a b l e  fo r p ub l i c  
i n s p ec t i o n ,  a nd a not i ce of a va i l ab i l i t y w i l l  be p u b l i s h ed i n  o u r  news l e t te r .  

S i n�� l y ,  � / I  l/ ��-:,' II ::tr / Z�nA!L tr �;;r 
/��;e &Z �u l l e t t  

E n v i ronmen t a l  Coo rd i n a t o r  

GP G : se 

A t ta c hmen t :  
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M r . W i l l i am Mo l l e re 
Ma n a g e r 
Gove r no r • s  Counc i l  on E n v i ronme n t a l Qua l i ty 
O f f i ce o f  Sc i en c e , Tec hno l o g y  a n d  E n v i ronmen t a l 

Po l i cy 
Pos t O f f i c e Box 44066 
Ba ton Ro u g e , Lou i s i a na 

M r .  Robe r t  L e F l e u r  
E xec u t i ve Sec reta ry 
S t ream Con t r o l  Comm i s s i on 
Pos t O f f i ce D rawe r F C  
Ba ton Ro u ge , Lou i s i a na 

M r . W i l l i am C .  H u l l s  
Sec ret a ry 

70804 

70893 

Depa r tmen t o f  Na t u ra l Resou rces 
Po s t  O f f i c e Box 44396 
Ba ton Ro uge , Lo u i s i a n a  70804 

M r .  Pa u l  Ha r tw i g  
As s i s ta n t  Sec re t a ry 
D i v i s i o n o f  A rc heo l ogy a n d  H i s to r i c  P r e s e rva t i o n 
O l d  S t a t e C a p i to l  
Ba ton Ro uge , Lou i s i a na 7080 1 
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M O RTO N - N O R W I C H  P R O D U CTS, I N C. 
1 1 0  N O RTH WAC K E R  D R I V E  · C H I C A G O .  I LL I N O I S  6 0 6 0 6  

( 3 1 2 )  621 - 5 2 0 0  

LEGAL DEPARTMENT 

November 4 t  19 7 7  

Executive Communications 
Box PR, Room 3317  
Federal Energy Administrat ion 
12th & Pennsylvania , N .  W .  
Washington , D .  C .  20461 

Re : CAPLINE DRAFT EIS (DES 7 7-9 ) 

TO WHOM IT MAY CONCERN : 

The Federal Energy Adminis trat ion pub lished a Notice in the Federal Re gis ter 
of September 23 , 19 7 7 , concerning the availability of the Draft Environmental 
Impact S tatement for the Capline Group of S torage Sites in connection wi th 
the S trategic Petroleum Res erve Program . 

The Federal Energy Adminis tration invited comments  and· requested that they be 
submit ted. by November 7 ,  19 7 7 ,  although it  would endeavor to comply with any 
request  for extens ion of the review period . 

Morton-Norwich Products , Inc . is the owner and lessee of real property in and 
around Weeks Island , Louisiana and , through its Morton Salt and Morton Chemi
cal Divisions , owns and operates mining , produc tion and transporta tion faci
lities at Weeks Island . Weeks Is land is one o f  the alternative sites dis
cussed in the Draft Environmental Impact S tatement . 

Accordingly , Morton-Norwich has a substantial and vital interest in the subj ect 
matter of the _Draft Environmental Impact S tatement and does desire to comment . 
However , the comment period is inadequate and an additional twenty-one days 
is needed to finalize and submi t comments  on the Draft Environmental Impact 
Statement . 

Wherefore , an extension of twenty-one days , to November 2 8 ,  19 7 7 ,  is hereby 
requested for commen t ing on the Draft Environmental Impact S tatement . 

Respect fully submi tted , 

���.t?PtZX��� 
Raymond P .  Buschmann 
Division Counsel 
Morton Salt Division of 
Morton-Norwich Products , Inc . 
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M O RTO N -N O R W I C H  P R O D U CTS, I N C .  
110 N O RTH WAC K E R  D R IVE • C H I CA G O ,  I L L I N O I S  60606 

13121 621-S::>OO 

November 18 , 1 9 7 7  

Executive Communications 
Room 3317 
Federal Energy Adminis trat ion 
S t rategic Petroleum Reserve Program 
1 2th & Pennsylvania , N .  W .  
Washington , D .  C .  20461 

Re : Capline Draft Environmental 
Impac t Statement (DES 7 7-9 ) 

Gentlemen : 

By no tice in the Federal Register o f  September 2 3 ,  19 7 7 , the Federal Energy 
Administration invited comment s  to the Draft Environmental Impact Statement 
(DES 7 7-9)  on the Proposed S torage o f  Crude Oil at the Capline Group of Salt 
Domes in connect ion with the S t rategic Petroleum Reserve Program . One of 
the proposed Capline Group storage sites is  Weeks Is land , Louis iana . 

Morton-Norwich Products , Inc . , is a Delaware corporation with its  principal 
p lace of business at  110 North Wacker Drive , Chicago , Illinois 60 606 ("MOR
TON" ) . MORTON is the owner · and lessee o f  real property in and around Weeks 
I sland , Louisiana , and , through its Morton Salt and Morton Chemical Divis ions , 
owns and operates mining , produc tion , and transportat ion facilities at  Weeks 
Is land . Accordingly , MORTON has a substantial and vital interest in the sub
j ect ma tter of the Draft Environmental Impact  S tatement . 

MORTON , by letter dated November 4 ,  19 7 7 ,  requested an extension o f  time in 
which to comment ,  and within said extended time period now submit s  fifteen 
copies of its comments as follows : 

(1)  The expanded use of the Weeks Island , Louis iana salt dome 
for oil storage wastes a valuable and irreplaceable natural 
resource . MORTON , the owner of the salt reserves in the 
Weeks Island salt dome , has determined that the dome is 
ideally suited for the underground mining of rock sal t , in 
that the following cri teria are all me t :  

(a)  The salt is close to the surface ; 

(b ) The reserves are la rge enough to j ustify 
the high capital requirement s  of a mine ; 

(c)  The dome is solid , free from any sig�ifi
cant fissures , wa ter seepage or gas en
trapments ; 
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November 18 , 1 9 7 7  
Page 2 

( d )  The s a l t  is of h i gh pur i ty ; 

( e )  The c rys tal s i z e  is large ; and 

( f )  
' 

The d ome is located adj acent to wat e r  t rans
p o r t a t ion , for ec onomical and e f f ic i ent han
d l ing and d i s t r ibut ion . 

The D r a f t  Env ironmen tal I mpac t S ta t ement ident i f i e s  o ther 
s a l t  domes wh ich would no t meet the above c r i t e r ia , but 
wou l d  appear s u itab l e  for oil s torage by solut ion m1n1ng . 
S uch o ther domes should b e  'p referr ed s o  as no t t o  was t e  a 
va luab l e  natural resourc e .  

( 2 )  The s u gge s t ed s ign i f icant exp ans ion o f  Weeks I s land s a l t  
dome for o i l  s t orage through rap id s o l u t i on mining may im
pac t the s t r e s s  forces in the dome . S uch change could re
sult in s i gn i f i c ant adve r s e  env i ronmen tal c onsequenc e s , i f  
it should a f f e c t  t h e  s e a l  or s t ruc tural integr i ty o f  the 
exi s t ing or propos ed rock s a l t  m ining sha f t  c o l lar s . For 
examp l e , i t  has been reported tha t one dome s ubj ec t to rap
i d  mining wa s up l i f ted by s ix inches . Such a movement at 
Weeks I s land could f o r c e  an abandonment o f  the rock s a l t  
o p e r a t ions a n d  irreparab ly impac t t h e  c ommuni ty and t h e  s a l t  
indus try . 

( 3 )  The exp and e d  u s e  o f  Weeks I s land for o i l  s t orage would re
qui r e  add i t i onal government fac i l i ties and o p e r a t i o n s  on 
the s u r f a c e  of Weeks I s land . S uch a d d i t ional f a c i l i ties 
could in t e r f e r e  w i th MORTON ' S  ab i l i ty t o  c on t inue its pres
ent operat ions , and may well p revent MORTON f r om expand ing 
i t s  p r e s en t  fac i l i t i e s , ther eby result ing in a s o c io-eco
nomi c  adver s e  impac t on the c ommun ity . 

(4)  As r e c o g n i z e d  in the D r a f t  Envir onmen tal Impac t S ta t ement , 
the exp�n d e d  u s e  of Weeks I s land for o i l  s t orage will have 
a p o tent i a l  adver s e  impa c t  on the environment , wh ich , in 
turn , c o u l d  interfere w i th and c irc umvent the operat i onal 
needs of MORTON ' S  p r e s ent fac i l i t i es a t  Weeks I s land . 

Wherefor e ,  MORTON subm i t s  tha t , b a s e d  upon the above , the D r a f t  Envir onmental 
Impac t S t a t ement fa i l s  t o  appro p r i a t e ly r e c o gni z e  the env i r onment a l  and the 
s o c io-economic imp a c t s  wh ich the p r op o s e d  expanded u s e  o f  Weeks I s land would 
have on MORTON ' S  emp l oy ee s , the l o c a l  c ommun i ty , and the envir ons . In the 
o p inion of MORTON , the expand ed u s e  of Weeks I s land as an a l t erna t e  s t orage 
s i t e for the Cap l ine Group f o r  purposes o f  the S t rategic P e t r o leum Re serve 
Program should b e  withdrawn becau s e  o f- · s uch po tential adve r s e  env ir onmen tal 
impa c t , in a d d i t ion to o ther reasons . 
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Moreover , our national environmental po licy , dec lared by Congress in the Na
tiona l Environmen tal Policy Act of  1969 , provides that all prac tical means 
and measures be used "to foster and promo te the general welfare , to create 
and maintain cond it ions under which man and nature can exi st in produc tive 
harmony , and fulf i l l  the soc ia l ,  economic , and other requirements of  present 
and future genera tions o f  Ameri cans . "  The expans ion of  Weeks Island , pro
po sed in the Draft Environmental Impact S ta tement ,  would be in conflict with 
this policy . 

J;�c�;/ZJ� 
H .  W .  Diamond 
Direc tor of Engineering 
Mo rton Salt Division o f  
Morton-Norwich Products , Inc . 
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EX EC U T I VE C O��r1 U N I C A T I O N S  
R O OM 3 3 0 9 ,  DEP AR T� E N T O F  EN E R GY 
·WASH I N G T 0 N , D • C • 2 0 4 6 1 

AL T H O U G H  D O W "s P OS I T I ON W AS I GN OR E D C O�l PL E T EL Y ,  W E  r E E L  C O�: P E L L E D  
T O  C CI'E1 E N T O N  Y O Uii DR A F T E N V I R O �m E N T AL Hl P AC T S T AT E11 E N T , D ES 7 7 - 9 , 
CA PL I N �  GR OU P S A L T  D OM ES S EP T E MB ER 1 9 7 7 .  

O N  P AG E  C . 4 - 3 ,  V OL U� E  I I I ,  Q U O T E  D E L I V E R Y O F  A P OR T I O N O F  T H � 6R I N E 
T O  DOW C H E� I C AL C OM P A N Y U N Q U O T E  I S  ME N T I O N E D AS A S YS T E M  A L T E R N A -
TI VE . l1U S  C A N N OT B E  A S Y S T E t1 A L T E R N A T I V E 3 E C AU S E  T H E R E  I S  A S E V E R E  
LI M I T A T I O �  O N  TH E V OL U I1 E  T H A T  C A N o E  P R OC E S S E D  B Y  D O W  D U E  T O  P L A N T 
S I Z E . A LS O ,  TH E R E  A RE·· S E?. I O US Q U E S T I O :lS C O N C E f n; HJ G  T H E Q U A L I T Y 0 1"  
"fl{ E oR U� E  MA D E  FR OM 3 A Y O U  L A fO-UtU; H E · OR G R A t.: Q.  .R A Y O U R AW W AT ER . 

O N  P A G E C . 4 -. 4 G , V OL UI'i E I I I ,  T H E  T H I R J  P A R A G R A P H  S P E AK S O F  D I S PL AC 
l � G , A T  LE AS T TEM P OR A R I LY , D O W  EM PL O Y E E S  C U R R E N TL Y  W O RK I N G  I N  T H E  
BR I N E  FI EL DS . I F  DO W 'S BR I N E  PR OD UC T I O N A T  � A P O L E O N V I LL E I S  I N T E R -
R U P TED A T  A LL , A MAJ OR S OC I O - EC O N OM I C I M P AC T  O N  O VE R 2 , 00 0 EM PL OiE E S 
WI LL OC C U R A T  DOW � P L A N T  A T  P L A Q U E M I N E , L O U I S I A N A � H I C H  D E P E N D S  
E N T I R EL Y  O N  NAP OL E O N V I L L E  B R I N E  R A W M AT E R I A L . TH � A B I L I T Y T O  S T O R E  
LA R G E  QU AN T I T I ES O F  P R OJ UC T I S  ESS E ta i AL F OR S T A BL E A N D  EC O N OM I C 
OP E R A T I O N  OF TH E P L A QU EM I N E P L A N T . I F  T H I S S T OR A G E  C A P A C I TY R ES U L T 
H ! G  � (}{II D0\1.' "s B R I N I N G O P E R A T I O N I S  N O T  A V A I L A BL E , I T  \V I LL A LS O H A VE 
A MAJ O R  S OC I O - EC O N Oi1 I C  I M P AC T  O N  O U R EM P L O YE ES . 

G , H • W A  TK I NS 
G E N E R A L  �lA N A G E R  
LOU I S I A N A  DI V I S I O N 
DOW C H E M I C AL C Oi1 P A N Y 
AW T 
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