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D . l- l  



-.----,..--� ----T--------- , r ' V I � I i . oJ J 'j : • " . l , , v J .. I I I " 

I to; � " --, ,.- i � " _ � J L.....--J 1 ,_ � . ". : , ------ 18 g. )� '"' 

LOUISIANA 
AVERAGE WINTER-SPRING 

SURPLUS 
: 1," l '  _..i..-...., :.... ; 4' 
1 7  " ----J . ,  \ 
· ·14 3 r� "-r--' I I � ........ · . •. --

I " , ,.' '" If' I f'-'->, 
, ', ___ -'-;. , �,.� 

(Ga glia no, 1970) 
: r '-.- I • oJ , '-.:7' f-./ "0-' ��_.--J � � � · 16 '" � � ( �--......-'�_rr\.,� 
• � I 20 I � � 

,�J , f 12"1. I i -' 023.21 f. " -
1 I ,� • 
) 

' '\22
'
.3 ·23

.
2 

22 
021.6 

S:'.E � '.E5 
!-: lO "" � 

·23.5 0 21 .1 

021.1 

20 
21,20"" 

�18,8 
=18.9 / �.-/ 

.., '-f- - .' 

-) 
�� �i4o.s. � 14 .... V"\ ��;16 �i' 14,8 ..(VX". 12 6':- rl,"-o. .... , ' �-:s �j0 . 1��·:�] V _ '� '- �,-- .-;j."",", 

Figure D.l-1. Distribution of average winter-spring precipitation surplus in southern 

Louisiana. Station averages were determined from monthly water balances for the 

24-year period between 1945 and 1968. Surplus values are given in inches. 
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Figu re D.1-2. Distribution of average summer-autumn precipitation surplus in south and 
central Louisiana. Station averages were determined from monthly water balances for' 

the 24-year period between 1945 and 1968. Surplus values are given in inches. 
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F igure D.1-3. Average seasonal precipitation deficits in souc� a�d central Louisiana . 
Scation averages were determined from monthly water balances :or the 24-year 
perLod between 1945 and 1968. Deficit values are given i� i�ches. 
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Figure D .1-4 . P recipitat ion Data for Big Hill Vicinity 
(Fisher ,  1 9 7 3 )  



Table D .I- I. 

YEAR JAN FEB 

1934 6.62 7.04 

1935 2.37 3.44 

1936 3.09 3.93 
1937 8.06 1.43 
1938 6.47 1. 78 

1939 3.75 2.82 

1940 1. 71 4.57 

1941 3.34 2.69 

1942 1.14 3.70 

1943 4.79 7.72 

1944 8.37 2.30 

1945 2.61 3.98 

1946 9.44 3.64 

1947 6.07 3.27 

1948 6.07 4.97 

1949 3.62 8.03 

1950 3.17 5.22 

1951 7.28 2.18 

1952 2.32 7.96 

1953 1. 95 5.03 
1954 2.26 0.44 

1955 5.74 7.35 

1956 2.94 4.56 

1957 0.96 2.13 

1958 3.51 3.87 

1959 4.89 10.67 

1960 3.79 4.35 

1961 4.39 7.75 

1962 4.01 0.80 

1963 5.07 4.13 

1964 5.49 3.05 

1965 2.49 3.86 

1966 6.48 6.17 

1967 1. 70 2.26 

1968 3.89 2.68 

1969 1.13 6.75 

1970 2.16 2.68 

1971 0.7& 3.45 

1972 7.73 2.24 

1973 4.14 2.94 

RECORD 
MEAN 3.95 4.29 

Recorded Average Monthly Precipitation at Lake Charles , 
Louisiana Meteorological Statio n. Latitude N30007'; 

Longitude W93°12'. 

( U.S . Dept . Co mmer ce , 1974) 

(in inches) 

MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUr,L 

9.21 3.62 '3.19 0.45 8.31 3.29 6.44 2.47 7.84 2.67 61. 35 
6.84 3.29 4.48 8.87 6.72 5.69 2.87 1. 44 4.60 7.85' 58.46 

1. 27 1.77 4.65 0.02 6.24 6.46 4.73 1. 96 3.99 4.68 42.7 9 

3.76 1.16 1. 57 4.11 2.73 6.38 4.03 5.60 1.66 2.22 42.71 

2.89 5.95 2.78 3.99 5.32 4.37 3.98 2.11 3.08 2.49 45.21 
1.61 1. 56 1. 75 2.03 6.68 2.25 3.34 1. 41 1. 93 2.53 31.66 
1.89 15.30 0.85 8.22 4.97 14.56 2.44 1. 54 8.54 8.24 72.83 

3.99 1. 92 12.24 5.57 9.56 3.52 8.09 5.97 1. 92 11.68 70.49 

5.30 5.30 4.51 10.93 8.66 6.98 4.02 3.00 0.76 6.67 50.97 

8.74 1.73 2.71 5.19 9.99 1.95 11.83 1.03 6.38 6.95 69.01 

4.61 5.89 6.99 0.68 1.92 6.58 5.17 4.75 9.97 4.83 62.06 

4.10 3.21 4.93 5.01 12.72 5.85 3.67 5.11 2.80 7.54 61. 51 

4.99 2.62 14.28 5.12 7.20 2.68 6.63 4.98 5.97 2.26 69.81 

6.65 4.32 6.17 17 .90 2.82 4.53 1.19 0.63 5.06 6.45 65.06 
2.86 3.04 2.48 1.68 1.18 4.52 3.71 0.93 5.99 2.52 39.95 

9.67 4.98 1. 94 8.38 9.21 2.09 3.64 11.15 0.88 5.77 69.36 

4.84 3.59 7.53 12.87 5.98 2.73 5.45 2.35 1.45 4.19 59.37 

7.1"5 1.18 0.87 1.61 1.94 1. 00 4.63 0.65 2.21 6.08 37.38 

3.56 9.75 6.48 3.28 17 .83 1. 36 1.77 T 4.90 8.79 68.01 
1. 03 0.33 11.13 1.18 11.73 3.25 0.65 2.66 4.82 5.74 55.50 
2.37 1.65 4.05 1.78 3.65 2.43 0.70 3.62 4.25 2.88 30.08 

0.12 6.43 3.42 4.85 6.57 8.81 1. 57 2.49 4.09 3.89 55.33 

4.68 1. 27 5.2� 1. 94 0.48 3.77 0.07 1.69 2.29 10.43 39.37 
7.08 13.71 1. 59 11.46 2.92 2.35 6.35 5.21 10.35 4.05 68.16 

4.01 4.94 4.57 3.58 9.02 9.41 10.04 1.45 1. 57 3.22 59.19 

1.97 4.16 5.85 3.49 17 .94 4.72 1. 21 4.62 2.98 5.55 68.05 

0.84 5.92 0.42 1. 44 5.05 6.25 2.58 5.17 4.32 7.83 27.96 

2.58 3.47 4.11 5.31 8.43 4.04 3.48 1.92 14.09 4.03 63.60 

1. 39 3.11 1.73 5.33 0.48 17.36 1.01 2.70 4.40 4.01 46.33 
0.55 0.64 0.57 4.60 5.28 1.87 8.78 T 4.70 3.36 39.55 

4.02 1.84 2.12 5.87 4.86 5.58 6.14 0.30 2.06 5.84 47.17 

3.34 0.96 4.05 1. 49 1.85 6.79 3.41 0.32 1.22 5.00 34.80 

0.75 8.59 6.30 5.10 4.90 6.63 3.54 2.96 4.45 3.78 59.65 

1.05 5.63 8.59 1.64 5.47 6.21 4.21 4.57 0.11 13.27 54.71 

2.76 2.39 3.16 8.90 7.82 3.59 3.11 2.38 5.83 4.73 51. 24 

4.27 9.53 6.65 0.84 10.06 1. 97 3.23 4.42 0.70 5.57 55.12 
5.25 1.81 7.11 4.28 0.97 3.56 4.13 17.28 1. 78 4.10 55.20 

0.27 0.93 5.78 2.23 4.45 6.31 5.38 2.64 1.64 9.90 43.76 

2.23 1. 58 4.53 0.93 7.75 6.64 5.82 6.44 4.30 5.47 55.66 
7.40 10.95 7.48 3.86 2.96 3.29 19.96 4.12 3.01 4.80 75.03 

3.68 4.58 4.92 4.82 6.38 5.01 4.59 3.44 3.99 5.71 55.36 

D . 1- 6  



APPENDIX D.2 

STATE WATER QUALITY STANDARDS 

This appendix contains two tables taken from the Louisiana 

and Texas State Water Quality Standards. These standards are 

legal codes (Vernons Texas Code Annotated, Water Code, Section 

21 . 002 and Louisiana Revised Statutes, Title 56: 1439), as opposed 

to existing criteria which have no regulatory authority. 

Footnote: Although Louisiana uses the word "criteria" in its 

water quality document, the word is used in such a 

context that "standard" is the actual meaning. 

(EPA, 1976) 

D . 2 - l  
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Table D.2-l. Louisiana Water Quality Standards 

(Louisiana Stream Control Commission, 
1973) 
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--

NUMBER DES C R I P T ION 

100080 Sabine Lake 

100081 Sabine Pass 

(Tidal) 

(Tidal) 

100090 Black Bayou - Intracoastal Waterway to Sal)ine Lake 

(Tidal) 

100100 
Vinton Waterway - Vinton to Intracoastal Waterway 

(Tidal) 

\...ALCASIEU BASIN 

SEGMENT 
IAGENCY I. D. 
NUMBER DESCRIPTION 

030150 

030160 

1-
030170 
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Table D.2-2. TEXAS WATE" QUALITY STANDARDS 

( Texas Water Qua l ity Board , WATER USES 

1976) DE E�1ECl 
DESIR.'\3LE 

NECHES RIVER BASIN 
W 

NECHES-TRINITY COASTAL BASIN "" "" 
o H ....J 
is 3 Z b Z 

SABINE RIVER BASIN 0 U 0 H H 
H ..: H b > 

b b b b ;3 '" U ..: z ":  

..: :s 8� ..: 
b _ c.. ::: 

SEG!{ENT Z u z u o U) 
o w O w  a: H 

"PMP" � DESCRIPTION u a: Z 0:: 0. u., 

0.60.1 Neches River Tidal X X 

0.70.1 Taylor BavoCl - above tidal X X X 

0.70.2 Intracoastal Waterway - Port Bolivar to 

Sabine Neches Canal X X 

0.50.1 Sabine RJyer Tidal X X X 

SABINE-NECHES ESTUARY 
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Z b Z 
0 U 0 
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APPENDIX D.3 

WATER AND SEDIMENT QUALITY CRITERIA 

This appendix contains both the Environmental Protection Agency 

1976 criteria in summary form and unofficial criteria for sediment 

quality. Table D. 3-1 presents a summary form of the EPA criteria. 

Table D . 3-2 contains the unofficial criteria used to evaluate sedi-
* 

ment quality . Table D . 3-3 consists of guidelines used in assessment 

of existing water quality . These guidelines are applied to the 

evaluation of presently available water quality information. 

* 
It should be noted that the EPA criteria do not represent legal 

entities as defined by state or federal authority. They do however 
"represent a concentration or level associated with a degree o f  
environmental effect upon which scientific judgement may be based. " 
(EPA, 1976) 

These EPA criteria are in response to the Federal Water Pollution 
Control Act Amendments o f  1972 and will be updated as compliance 
with that law requires . 
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T ab l e  D . 3- 1 . 

PARAMETERS 

Ammo n i a  

A l k a l  i n i t  y 

Ar sen ic 

Bery l l ium 

Bar i um 

Cadmi um 

Ch lor ine 

Chromi um 

Copper 

Cyanide 

Gases ( To t a l  
Disso lve d )  

Iron 

Lead 

Manganese 

Mercury 

Nickel 

Nit rat e s/Nit rit e s  

Oil & Grease 

Oxyg e n , Dis s o l ved 

pH 

Summary Tab l e  for Wat er Qua l i t y  Cr i t e r i a  

D omest ic 
Wat er 
Supp l y  

50 gil 

1000 �g/l 

10 �gjl 

50 �g/ l 

1000 �g/l 

300 �g/l 

50 �g/l 

50 �gjl 

2 �g/l 

10,000 �g/l 

5- 9 

CRITERIA 

Fre shwat er 
Aqua t ic 
L i f e  

( EPA , 1 9 76 ) 

Mar ine 
Aqua t i c  
L i f e  

20 �g/l ( un - i o n i ze d ) 

>20 mg/l as C aC0 3 -
( except wher e no rma l l y  
l e ss ) 

1 1  �g/l 

0.4 �gjl 

2 . 0  �g/l 

100 �gjl 

0 . 1 x 96h LC 50 

5 �g/l 

< 1 10 percent o f  
saturat ion a t  STP 

1 .  0 mgjl 

0 . 1 x 96h LC 50 

0 . 05 �g/l 

0 . 0 1  x 96h LC 50 

0 . 0 1 x lowe s t  96 h 
LC 50 ( c ont . f l ow ) 

5.0 gjl 

6 . 5 - 9 
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5 �gjl 

2 �gjl 

100 �g/l 

0. 1 x 96h LC 50 

5 . 0 �g/l 

< 1 10 percent o f  
sat u ration a t  STP 

0 . 1 x 96h LC 50 

0 . 10 �g/ l  

0 . 0 1  x 96h L C  50 

0.0 1 x lowe s t  
cont . f l ow 96 h 
LC 50 

6 . 5  - 8.5 



Tab l e  D . 3- 1 . Summary Tab l e  for Wat e r  Qu ality Crit eria 
( Con tinued ) 

Pheno l 

Phosphorus 

PCB's 

Ph tha l at e  Est ers 

S e l enium 

Silver 

Su l f  id es - H2S 

So l ids ( Dis solved ) 
& S a l init y 

A l drin 

C h lordan e 

Die l drin 

Zinc 

C h l orop h e no xy 

Herbicides: 

DDT 

2 ,  4-D 

2 , 4 , 5-TP 

Deme t o n  

Endo s ul f an 

Endrin 

Gut hio n 

Hep t ac h lor 

Domestic 
Wat er 
Supp ly 

1 ]Jg/l 

1 0  ]Jg/l 

50 ]Jg/ l 

250 mg/l 

1 ]Jg/l 

( any l ev e l  
suspec t ) 

1 ]J g/l 

5 , 0 0 0  ]J g/l 

1 0 0  ]Jg/ l 

1 0  ]Jg/l 

is 

Fr eshwat er 
Aquatic 
Lif e  

1 ]Jg/l 

0 . 1 0 ]Jg/l 

0. 0 0 1  ]Jg/l 

3 ]Jg/ l 

0 . 0 1 x 96t, LC 50 

2 ]Jg/l ( undis-
( so cia t ed H

2
S )  

0 . 0 0 3  ]Jg/l 

0 . 0 1 ]J gil 

0. 0 0 3  ]J gil 

0.0 1  x 9 6  h LC 50 

( any level is 0 . 0 01 ]Jg/l 
s u spect ) 

0 . 2  ]Jg/l 

0 . 1  ]Jg/l 

0 . 0 0 3  ]Jg/l 

0. 0 0 4  ]Jg/l 

0.0 1  ]Jg/l 

0 . 0 0 1  ]Jg/l 
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M arin e 
Aquat ic 
Lif e  

1 ]Jg/l 

0 . 1 0 ]Jg/l 

0 . 0 0 1  ]Jg/l 

0 . 0 1 x 9 6 h  

0 . 0 1 x 96h 

2 ]Jg/ l 

0 . 0 0 3  ]Jg/l 

0.004 ]J g/l 

0 . 0 0 3  ]J gil 

0.0 0 1  ]Jg/l 

0 . 1 ]Jg/l 

0 . 00 1  ]Jg/l 

0 . 0 0 4  jJg/l 

0 . 0 1 ]Jg/l 

0. 0 0 1  ]Jg/l 

LC 50 

LC 50 

( undis 
H

2
S )  



Tab l e  D . 3- 1 .  Summary T ab l e  for Wat er Quali t y  Cri t er i a  
( Co n cluded ) 

L indane 

Mat h at ion 

Met hoxyc lor 

M irex 

Parat h i o n  

Toxaphene 

Dome s t i c  
Wat er 
Supp ly 

4 . 0  flgfl 

0 . 1  flg/l 

100 flg/ l 

5 flg/l 

Fres
'
h 

Aquat ic 
L i fe 

0 . 01 flg/l 

0 . 1  flg/l 

0 . 0 3 flg/l 

0 . 00 1  flgfl 

0 . 04 flg/l 

0 . 0 0 5  flg/ l 
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M ar i n e  
A quat i c  
L i f e  

0.0 04 flg/ l 

0 . 1  flgfl 

0 . 0 3 flg/l 

0 . 0 0 1  flg/ l  

0 . 04 flgf l  

0 . 00 5  flg/l 
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Table D . 3-2 . Recommended Concentrat ion Limits of Selected Sediment Paramet ers 

Unit s Non-Polluted Polluted 
(dry weight bas is) mean range mean range 

CODa mg/kg 21 ,000 2 ,000-48 ,000 17 7 ,000 3 9,000-3 9 5 ,000 

TKNa 
mg/kg 5 50 10-1 , 310 2 , 640 5 80-6 , 800 

grease - oila 
mg/kg 560 110-1 , 310 7 , 150 1 , 380-32 ,100 

sulf idea mg/kg 50 , 000 

TKN
b mg/kg 1 ,000 

grease - oil
b 

mg/kg 1 , 500 

b mg/kg 1 mercury 

b mg/kg 50 lead 

z inc 
b mg/kg 50 

a) (O'Neal G .  and J .  S cerva , 1971) 

b )  ( Slott a ,  L. S .  and K. J .  Williamson , 1 9 7 4 )  



Tab l e  D . 3 - 3 . Gu i de l i n e s  Used i n  t h e  Det ect ion o f  Wat e r  Qua l it y  
Pro b l ems 

S up e r s c r ipt 

a 

b 

c 

d 

e 

f 

g 

De f in it ion o f  S uperscript 

Violates s t a t e  wat e r  qua l i t y  st andards . 

Exceeds 1 976 EPA dr inking wat er 
c r i t e r i a . 

Exceeds 1 9 76 EPA c r i t e r i a  for fre sh
wat er aquat i c  l i f e . 

Exceeds 1 9 76 EPA c r i t e r i a  for mar i n e  
l i fe. 

E i t her ( 1 )  app ears exc e s s ive , but no 
prec i s e  n ume r i c a l  c r i t e r i a  e x i s t  ( LC 
c r i t e r i a  o n l y ) o r  ( 2 )  exceeds forme r l y  
ex i st i n g  c r it er i a  n o t  up dat e d  i n  1 9 76 
EPA c r i t e r i a . 

No known c r i t e r i a  e x i s t  at t h is t ime . 

Exceeds uno f f i c ia l  c r i t e r i a . 

These sup e r s c ript s appear o ft en in t abu l at ed wat er q ua l i t y  dat a 

sheet s .  They i n d i c at e  p o s s ib l e  p rob l em areas in wat e r  qua l it y .  
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APPEND IX D.4 

CALCA S IEU R IVER , CALCAS I EU LAKE 

AND 

CALCA S I EU SHIP CHANNEL HYDROLOG I C  DATA 

T h i s  app end i x  cont a in s  one f i gure and 25 tab les. 

The f igure i s  a map o f  t he area with s amp l ing s t at i o n s . Tab l es 

are l is t ed b e l ow. Tab l e s  one t h rough f our cont a i n  f l ow dat a , t he 

remaining t a b l e s  are wat er qua l i t y  dat a . 

Tab l e D.4 - 1  Average Dis charge Rat es , C a l c a s i e u  River. 
Wat er Ye ars 1 9 74 , 1 9 7 5  and 1 9 76 . 

Tab l e  D . 4 - 2  Mont h ly C a l cas ieu River F l ows ne ar 
Kinder , Lo u i s ia na. Wat er Yea r s  1 9 7 5  
a n d  1 9 76 . 

Tab l e  D.4-3 Daily Wat er F l ows Cal casieu River n e ar 
Kinder Louisiana. Wat er Ye ar 1 9 76. 

( 2 p ag e s ) 
Tab l e  D.4 - 4  Mont h ly S t r eam F l ow in Acre-Feet , 

C a l c a s ieu River Basin , 19 76. 

Tab l e  D . 4- 5  Cal c asieu River Mil e  19 . 0  

Tab l e  D.4-6 C a l c asieu River M i l e  1 7. 7  

Tab l e  D.4 - 7  C a l c a sieu River M i l e  1 7 . 0  

Tab l e  D.4-8 C a l c a sieu River Mil e 1 7. 5  

Tab l e  D.4-9 C a l c a sieu River Mil e 16. 5 

Tab l e  D.4 - 1 0  C a l c a sieu R i ver Mil e  1 5 . 0  

Tab l e D . 4- 1 1  C a l ca s i e u  River Mile 14 . 5  

Tab l e  D . 4 - 12 Calc asieu River Mile 1 3.4 

Tab l e  D.4- 1 3  C a l casieu River Mil e  13.0 

Tab l e  D.4 - 1 4  C a l c a sie u River M i l e  12.6 

Tab l e  D.4 - 1 5  C a l c a s i e u  River Mil e  12. 1 

Tab l e  D.4- 16 C a l cas i e u  River Mile 1 1. 5  

Tab l e  D.4 - 1 7  C a l c asieu River M i l e  1 1. 3  
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T ab l e  D . 4 - 18 C a l c a s i e u  River M i l e  10 . 0  

T ab l e  D . 4 - 1 9  C a l ca s ieu R i ver at Rab b i t  I s land 

Tab l e  D . 4 -2 0  Calcasieu River M i l e 1 . 0  

Tab l e  D . 4 -2 1  Wat er Qua l it y  for S t at i o n s  8, 9, 10 
and 1 1, C a l c a s i e u  Ship Cha n n e l  

Tab l e  D . 4-22 Sed ime nt Qual i t y  for S t at ions 8 ,  9 ,  1 0  
and 1 1 , Cal c as ieu S h ip Channel 

Tab l e  D . 4-23 E l utr i at e  Dat a , St at ions8 , 9 ,  1 0 , 1 1  
C al c as i e u  S h ip Channe l 

Tab l e  D . 4 - 24 Wat er, E l ut r i at e and Sed iment Data for 
St a t i o n  7, Ca l ca s i e u  R iver a t  Hackberry 

Tab l e  D . 4 -25 Water , E l ut r i at e a n d  Sed iment Dat a  for 
S t at i o n  SA , C a l c a s i e u  R iver a t  M i l e  15 . 0  
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13 INTRACOASTAL MILE 19.0 
11 

MILE 17. 7 
MILE 1 7.5 
7 
MILE 16.5 

MILE 15.0 
MILE 14.5 
MILE 1 3.4 
MILE 12.6 8 
MILE 1 2.1 

(WEST COVE) 
RABBIT ISLAND 

MUDL'K� 
�� __ =::::======-:M=ILIE 1.0 

---------- 300 YDS EAST MN..E -0..4 
300 YDS WEST MILE -0.4 - '---------- MILE _ 0. 4 
300 YDS WEST MILE -2.9 ---------.. \---------- 200 YDS EAST MILE -2.' 

1....--------- MILE-2.9 

300 YDS WEST MILE -5.6 ---------- . .... ----------- MILE -5.6 

GULF OF MEXICO 

3 2 1 0 &3 &3 
MILES 

Figu re D . 4 -l . Lo cat ion o f  S ample Stat ions nea r the We st Ha ckbe rry S ite 
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Tab l e  D.4 - 1 . Aver age D i scharge Rat e , C a l c a s i e u  R i ver 
Wat e r  Years 1 9 7 4 , 1 9 7 5 , 1 9 76 

( USGS , Lou i s i an a , 1 9 74 , 
1 9 7 5 , 1 976 ) 

Lo c at ion 

Gl enmore , Lou i s i a n a  
( Rap ides P ar i s h )  

Obe r l i n , Lou i s i an a  
( Al l en P ar i s h )  

K i n der , Lou i s i an a  
( Al l en P ar i s h )  

0 . 4 - 4  

1974 

8 05 

1 , 3 8 1  

3 , 4 07 

F l ow Rat e ( c f s ) 

1 9 7 5  1 9 76 

1 , 267 5 3 5  

1 , 822 7 7 9  

3 , 8 32 1 , 963 

AVG 

869 

1 , 327 

3 , 067 



Tab l e  D . 4 -2. Mont h l y Cal c a s i eu River F l ow at Kinder , Lou i s i an a  

( USGS Lou i s i an a; 1 97 5 , and 1 976 ) 

F l ow Rat e ( c f s ) 

Year Mont h Mean Max imum 

1 9 74 OCT 4 0 0  4 7 0  

NOV 1 , 3 8 4  3 , 160 

DEC 4 , 4 1 5  16 , 00 0  

1 9 7 5  JAN 6 , 944 1 5 , 1 0 0  

FEB 2 , 44 0  3 , 7 0 0  

MAR 3 , 1 0 0  5 , 22 0  

APR 2 , 95 1  5 , 1 3 0  

MAY 1 0 , 3 3 0  29 , 1 0 0  

JUN 4 , 3 1 3  9 , 60 0  

JUL 3 , 58 5  7 , 1 3 0  

AUG 4 , 534 14 , 0 0 0  

SEP 1 , 28 1  2 , 4 50 

OCT 2 , 54 1  1 0 , 5 0 0  

NOV 1 , 87 8  5 , 64 0 

DEC 1 , 761 4 , 27 0  

1 9 76 JAN 2 , 668 9 , 65 0  

FEB 1 , 8 1 9  3 , 7 3 0  

MAR 3 , 9 3 7  1 0 , 1 0 0  

APR 2 , 548 8 , 6 5 0  

MAY 2 , 63 1  8 , 1 8 0  

JUN 1 , 7 9 7  4 , 42 0  

JUL 1 , 044 1 , 7 1 0  

AUG 4 9 0  691 

SEP 3 8 9  5 5 1  
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Table D . 4 - 3 .  Daily Water Flows, Calcasieu River Near 
Kinder, Louisiana, Water Year 1976 
(USGS, Louisiana; 1976) 

lCCATICtL--Lat 30°30'10", long 92°54'55", in I'M\SE!..ti sec.30, T.6 S., R.S W., Allen Parish, on left bank on dowrlstreara side of bridge on 
u. S. lIighway 190, 0.5 mi (0.8 Ion) downstream from Whisky [1,(tto Creek, and 4.0 mi (6.4 \aQ) west of Kinder. 

DRAINAGE AREA.--l,700 mi' (4,403 Ion'). 
PERIOD OF RECORD. --August 1922 to January 1925, ();:tober 1938 to Septenber 1957, ();:tober 1961 to current year. ();:tober 1957 to 

Sel>tebmer '1961 (a..TUUlal maximums) from U. S. Weather Bureau records. 

GAGE.--Water-stage recorder. Datum of gage is 11.95 ft (3.642 m) above mean sea level (louisiana Geodetic Survey bench mark). August 
1922 to January 1925, water-stage recorder 400 ft (122 m) downstream at datl>ll 1.77 ft (0.539 m) higher. ();:tober 1938 to July 9, 
1939. nonrecording gage at present site and datum. 

JIDW!KS.--Records good. Paper mill at Elizabeth purqls aboot 11 ft'/. (0.31 m'/s) from well. which is later discharged into Mill Creek 
36 mi (58 kin) above station. This discharge is continuous and fairlY constant. Water is diverted during period April to Septem�r 
at points just above station and S.O mi (8.0 kin) above station for the irrigation of about 7,500 acres (30.4 1on1) of rice, part of 
which is below station. The maxiJ1ll.l1l rate of withdrawal is about 100 ft·3/s (2.83 m3/s) and this diversion results in marked regu· 
lation of t.he low·water flow. Records of water temperatures for water year 1976 are published tmder miscellaneous water·quality 
sites in this report. 

AVERAGE DISQlARGE.--36 years (1922-24, 1938-57, 1961-76), 2,573 ft'/s (72.86 m'/s), 1,860,000 acre-ft/yr (2.l0 lun'/yr). 

EXTRf1.1ES FOR PERIOD OF RECORll. - -Maximun discharge, 182,000 ft'/s (5,154 m'/s) May 19, 1953, gage height, 32.00 ft (9.7� m); mininua, 
l3b ftl/s (3.85 m'/s) Aug. IS, 195b; mininun gage height, 1.99 ft (0.606 m) Aug. 17, 1951, ();:t. 20, 1973. 

EXTREMES FOR ClJRREm" YEAR.·-�1aximum discharge, 10,700 ft'/s (303 m'/s) ();:t. 30, gage height, 15.77 ft (4.807 m); miniml>ll, 307 ft'/. 
(8.b9 m'/s) Sept. 2b, gage height, 2.25 ft (0.686 m). 

DI5CHA�GE. IN CJ81C FEET PER SECOND • •  A T E R  yEAR .OCT OBER 19/5 TO SEPT EMBER 19/6 
MEAN VALUES 

DAY 

6 

1 
8 
9 

10 

11 
12 
13 
10 
1, 

1� 
11 

1� 
19 
20 

21 

22 
23 
24 
2, 

26 
21 
2� 
29 

30 
31 

TOTAL 

MEAN 
MAX 

M I �  
AC-FT 

OC T  

681 
661 
643 
631 
623 

612 
601 
600 
593 

588 

,82 
,15 
,69 
,63 

10�0 

19/0 
2120 

2240 
2140 
1/00 

1220 
1020 

90 l' 
833 

1220 

'240 
8660 

10300 
10,00 

10200 
8920 

lH168 

2541 
10500 

563 

156200 

NOV 

5640 

4130 

3860 

3630 
3260 

2610 
2010 
15bO 

1340 
1210 

1140 

1069 
1030 

982 
930 

891 

811 
852 
H31 
H51 

151g 

2530 

2320 

1/80 

135G 

1430 
1680 
1520 

1590 

1190 

56346 

18/8 

5640 
837 

111800 

D E C  

2000 
2130 

2120 
1860 

1540 

1390 
1320 
1310 

1260 
1240 

1130 
1050 
1010 

910 
939 

929 
935 
953 

10/0 

1110 

1040 

9H2 
944 
935 

2020 

3880 
4210 

4190 

3150 

3240 
3060 

54591 

1/61 

4210 

929 

108300 

2810 
2510 

2440 
2140 
2120 

2400 

2080 

IA60 

1880 
lA60 

1/60 

16/0 
1650 
1640 
1,60 

1430 

1310 
1200 
1120 
10/0 

1040 
1000 

990 

986 
1400 

6090 
�650 

9510 
6,50 

4560 
3020 

82106 

2668 
9650 

986 

164000 

CAL YR 19/5 T O T AL 

. T �  YR 19/6 T O T AL 
1391125 

118329 
HEA� 3829 

MEA� 1963 

FEB 

3010 
3690 
3130 
3590 
3010 

2400 

2090 
1830 
1680 
15/0 

1 .. 0 

1330 
1260 
1220 

1180 

1140 
1090 
1050 
1030 
1010 

10/0 

1250 

1630 

1940 
18/0 

1600 
1620 

1620 

1650 

52140 

1819 
3730 

1010 
104600 

9660 
10100 

lbOO 
5840 
5500 
6"90 

122U40 
3931 

10100 

1 U50 
242100 

1860 

8650 

8140 
8010 
6310 

4600 

4040 
3430 
2910 
2410 

10JO 
975 
942 
9U4 

817 

890 
9Jl 
9'0 

900 

858 

1�5 
138 
lJ6 
119 

6Hl 

164 J6 

2546 
8650 

6Hl 

151600 

615 
6�3 
632 
624 
�19 

531 

664 
1280 

2190 
2650 

3140 
2960 
2280 
2260 
3180 

4140 
6900 
8180 
6800 
5660 

4860 

40�0 
3550 
2960 
2380 

1110 
1400 

1140 

1000 

910 
903 

H1561 

2631 
8180 

531 

161800 

MU 29100 
MA� 105.0 

" I N  �6j 

MIN 308 

AC-FT 

AC-n 
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1190 
3890 
4360 
4420 
4160 

3220 
2450 
2200 

2200 
2280 

2220 

1850 
1320 
1060 

951 

883 
839 

818 
900 

1090 

1100 
1260 
1280 

11/0 
1140 

1130 
1110 

1030 
900 
814 

5HOl 

1191 

4420 

818 

106900 

JUL 

1320 

1430 
1160 
1050 
1350 

1/10 
1240 

941 
921 
948 

819 
H06 
186 
852 
843 

849 
894 
866 

1680 
15/0 

1060 
931 
902 

931 
1020 

10/0 
1010 

951 
856 

160 
121 

32365 

1044 
1/10 

121 

64200 

AUG 

691 
661 
634 
606 
598 

602 

595 
586 
560 

551 

548 
532 
481 
435 
420 

410 
390 
410 
394 

390 

390 
394 
435 

416 
410 

"0 
413 
412 
421 
416 
416 

15191 
490 
691 

390 

30130 

SEP 

551 
<10 

404 
391 
508 

415 
431 
413 
409 

381 

315 

421 
423 
421 
412 

414 
400 
356 
339 

338 

333 

322 
315 

312 
310 

308 
315 

331 

390 
380 

11612 
389 
551 
308 

23150 



Tab l e  D.4 - 3  

OAY OCT. NOV 

1 3._6 13.55 

2 3.40 II.H 
3 3.34 10.6) 

4 3.31 10.25 

5 3.29 9.61 

� 3.25 8.43 
1 3.24 6.90 

8 3.22 5.16 

9 3.19 5.15 

10 3.18 4.82 

11 3.16 4.60 

12 3.14 4.42 
13 3.12 4.21 

14 3.10 4.1 ) 

15 0\.47 3.98 

1b 6.81 3.88 

11 1.23 3.81 

Ie 1.'1 ).15 

19 1.29 3.10 

20 6.22 3.1b 

21 5.00 5.13 

22 4.45 8.1) 

2) 4.14 1.68 

24 ).92 6.31 

25 4.92 5.19 

26 11.38 5,40 

21 14.59 6.01 

2R 15.61 5.6' 
29 15.68 5.83 

)0 15.60 6.35 

)1 15.01 

MAX 15.68 )).55 
M I� 3.10 3.10 

Dai l y Wat er Flows , 
Kinder , Lou i s iana , 
( Conc luded ) ( USGS , 

C�lcasieu River Near 
Wat er Year 1976 
Lou i s i ana; 1976) 

GAGE HEIGHT, IN FEET , .ATE� YE A� OCTOBE� 1915 TO SEPTEMBE� 1916 
MEAN VALUES 

OEC JAN FEB MA� AP� MAY JUN JUL 

b.89 8.85 9.23 6·16 14.48 3.52 6.29 5.10 
1.20 8.23 10.36 6.31 14.89 3.50 10.25 5.41 
1.18 1.96 10.42 6·16 14.63 3.46 11.36 4.11 
6.52 8.51 10.20 5.45 14.�1 3.48 11.43 4.34 
5.11 8.53 9.12 4.68 13.91 3.J1 11.08 5.18 

5.28 1.85 1.81 4.)2 12.co 3.28 9.99 6.13 
5.11 1.08 1.12 4.45 10.90 3.64 1.96 4.81 
5.08 6.59 6.44 6.56 9.n 5.28 1.31 4.01 
4.99 6.51 6.01 8.46 8.93 1.40 1.31 3.95 
4.88 6.53 5.18 9·81 7.86 8.39 1.51 4.03 

4.51 6.28 5.43 9·31 6.17 9.)8 1.43 3.83 
4.33 6.05 5.12 8.56 5.83 9.03 6.49 3.61 
4.22 5.99 4.95 1.28 5.19 1.51 5.10 ).55 
4.10 5.96 4.84 6.85 4.86 1.51 4.36 3.15 
4.01 5.15 4.74 �.41 4.63 9.16 4.06 ).12 

).98 S.J9 4.60 12.25 4.44 11.)6 ).84 3.14 
4.00 5.08 4.45 lJ·16 4.c9 13.54 ).11 ).81 
4.05 4,78 4.)3 13·06 4.CO 14.65 3.65 ).B5 
4.41 4.55 4.26 12.38 4.10 14.18 ).89 6.05 
4.51 4.)9 4.22 11.25 4.U3 13.21 4.41 5.18 

4.30 4.29 4.41 10.06 4.06 12.3) 4.49 4.45 
4.13 4.19 4.90 9.2) 4.17 11.)0 4.94 4. )) 
4.02 4.16 5.94 8.15 4.CZ 10.12 5.01 4.04 
).99 4.14 6.12 8.69 4.09 9.01 4.69 4.1) 
6.88 5.25 6.56 12.90 ).98 1.19 4.b1 4.)6 

10.30 12.19 b.01 15.)5 3.80 6.)0 4.59 4.50 
11.2) 15.2) 5.90 15.55 ).64 �.31 4.51 4.)) 
11.12 15.)1 5.90 14.10 ).6) 4.61 4.21 4.11 
10.44 14.10 5.99 13·50 ).�9 4.19 3.89 ).91 

9.58 12.40 12.11 ).�1 3.92 3.81 ).b' 
9.22 9.60 13.18 ).90 ).54 

11.23 15.31 ·10.42 15·55 1'.89 14.65 11.43 6.1) 
3.98 4.14 4.22 4.32 ).�1 3.28 3.65 ).54 

D . 4 - 7  

AUG SEP 

3.44 3.06 

3.36 2.80 

3.28 2.59 

3.21 2.51 

3.18 2.92 

3.19 2.81 
3.11 2.61 

3.14 2.61 
3.06 2.60 
3.04 2.51 

3.03 2.48 

2.98 2.65 
2.85 2.6) 
2.10 2.64 

2.60 

2.59 
C.55 

2.6) 2.41 
2.58 2. )6 

2.51 2.)5 

2.51 2.)) 
2.58 2.)0 

2.10 2.28 
2.65 2.21 

2.63 2.26 

2.63 2.25 
2.64 2.·21 
2.64 2.34 
2.61 
2.83 
2.8) 

3.44 3.06 

2.25 



Tab l e  D . 4 -4 . Mont h l y  St ream F low i n  Acre-Feet , 
Calcasieu River Bas i n , 
( Jones , et al , 1956 ) 

� �� 

&' c�with H I C K ,,!"), nundid� 
Whiske y C d.l C �� J C  

River CI. 
Ob e rlin 

u Ungage d U n �agcd I), 
Month 

19 4 7 
October ........ .. _ .... . .... . .. . . . . . . . . . . . . . .. . .... . ... .. . . . . . . . . 
Nove mber •••• . . • • • . .• • • . • • • • • • • • • • •  - . · .· · ·· · · · · · · ·  .. • •  .. • • • • • •  

D e c e mbe r ..... . . ... . . .. . . . .. . . .. .... .. . .... · • · • • • • • • • • · •  • • • • . • • • •  

1948 J anu ary • • . • • • • • • • • • • •  _ • • • • • • • • • . • • • • . • •  · _ ·· ·· · ·  .. •• •• •• • •  •. •••• 

february • • • . . . • . . • • . • • . . • • . • . • • •  · • . • •• · • • • • • · • • · • • • • • • • •  • • . . •• • •  

March. ... . .... .. . . . .. . . ... .. .. . .... . .. .... · • · · · • • • · · • · • • · · ·· • • • . • • .  

Aprilu ... .. ...... .. .. u • • • • • • • • • • • • • • • • • •  • • • • • • • • • • • • • • • •  . . . . . . .  . 
MCl.y .... . ... . .. . . . ...... . . .. . . .. ... • • • • • • • • •  .. • • • •  .. • •  .. • • • • •  • •  , -

J une ..... . . . .. .. .. .. . . .. ..... . . . . . .. . . .. · .. • • • •  .. • .. . . - .. · . . • .. ·• ���.�.::: .. :.::::::::::::::�:::::::.:::::::::.::::::::�.:::::::: 
Septemb er .... .. .. . . .. . . . . .. ........ .... . .... ... ... .... • • • · • •  .. • 

October . .... .. .... . . .. . . .. .. . . . . .... .. . .  _ .. · · · · _  . . . .  · · _ . . • .. • 

Nove mber_ . . . . . .... . . . .. .... . ... .. .. . . . . . . . .  · .. • • · •· . . • • • •  . . . .  • 

December . . .. . . . . . ... .. .. . . . . . . .. . . .. . . · • . •  · • •  • .. • •  .... · · · •  ... -

J Cl. n u ary .. . . ....... .. . . .. ... .. . :?:� .. - .... .. .. .... .. .. .. .. ... . .. -
F ebru arv 

. .. . . . . .  · . . . . .  ·· .. · • . . . .  · . . . .  · .. .. • .. · . .  - · · ·  .. • · · . . . .  . .  

M arch. . . . . . . .. . . . . . . . . . . . . . . . . . . ... . . . . . ·. · · · · · · · · · · · · · · · · · · _  . .  

Apri l . ... . .. .... . . . . .... .... .. .. .... .. .. . . . . .. . . . . . .  • ·  ... . .. . . .. · •  

M Cl. y  ... .. . .. . . .. .. . . .. . . . . . . .. .. .... . . .. •• . . . . . . . . . . . . . .  • • • • .. - .. 
June . .. . .. . . .. .. . . . . . . .. .. . . . . . . . .. . . . . . . .. . • . .  • · •  . .  • •  . . . . .. . .  • .. • 

july . ... . . .. .... . . _ . ... . . .. . ... . . . . .. .. . . .. . . .. • • • · • · • • • • •  • • •  _ . •  

August.. .. .. . . .. . . _ 0 0 " .. ... .. . ... . . . .. . . .. .. _ . . . . . . .. . . . . . .  _ . .  

S ('ptember_ . . . . . . . . . . . . .. . . . . .. . . . . . . . . . . . . . . . . ... . . .. . . . . . . . . .  . 
October . ... . ... . .  _ . .... . .. . . .. . . . . . .... ..... . ... . ... . . . . . . . . . .. . . . 

Nove mber._ . . . .. . . . . .. .. . . .. . . . . . .. . . . ... . . .. . . . ... .. . . .. · . _ ·  .. 

D e c ember ... . .. _ ..... .. .. . . .. ... . . .. . . .. .. . .. . ... . .. .. . .. . . _ · 

1 951J 
J anu arv _ . . · . .. . . · . ·  . . .  · · · ·  .. · · · · · ·  .. ·· · · · ·  . . ... . .  · · · · • · · ·  .. · · · •  .. 

Febfuary . .. . . . . . . . . . . . . . ... . .. .. . . . . .. . . .. · • · • • •  .. •· . . . .  _ · ·  ... . .  

M arch. . . . . . . . . . . .. , . . . . . . . . . . . . . . . . . . .  · . · . · • · • · ·  . .  • •  .. · · ·  .. • . . . .  

Apn l _  . . .. . . . . . . .. . . . . .. .. . . .. . . . . . . . . . ... .. .. .. .. .. .. · ·  . .  · ·  .. · •  

M ay . . .. . . .. . . ... . . .. . . . . . . .. . ... .. . . . . .. .. · . . ... · • • •  ... . . . .  · • • •  ... • •  

June . . . . . .  _ . . .. . . . . . . .. .. .. . . .. . . .. .. . . . . . . . . .. .... . .  • . .  • .. · ·  . . . .  

J ul y . . . . . . .. . . . . . . .. ... . . . .. . . . .. .. . . . ... . . . .. .. • • • •  . . •· . .  _ . . •• • •  

Au gust.. . . . . . . . . .. . . . . . . . . .. .. .. .. . . . . ... . . .. .. . . .. .. ..... · • • ·  .. .. .. 
S('l't e mber . . . . . . . . . . ... . . .. . . . . . . . . . . ... . . . . . . . . . . . . . . . . .... . . .... 
Octo[,er._ . . . . . . .. . . . . . . . . . . . . . . . . . . ... . .  - . . .. .. . . . . . .. . ... . . . . . . 
November ..... . . . . . . . . . . . . . . .. . . . . . . . . . . . ... · .. . · . . . . . . .  · .. • · •  . .  

Dc-cenlber . . . . . . . . . . . . . . .. . . . . . ... .... . . .. . . . . .. .. . . .... • . . • ·  . .  • 

january • . • . . • . . . . • • . • . . . • • • •  ! ?�.� . .. .. .. . . . . .. .. _ .. .... . . . . .... 
February . . .. . . . . . . . . . . .. .. . . . . . .  _ •• _ .. .. . . . . . . . .... . . . ... . . .. .. 

M arc h.. . . . . . . . . .. . . . . . . . . .. .. . . . .. . . . .. . . ... · .. .. _ .. _ · · _ · ·  .. •• 

Apri l . . . .. . . . .. . . . ... . . . . . . .. . . . . .. .. .. .. .. - . . . . . . . .  · . ... .. • . . . . . .  

.M ay .. . . . . . . . . . . .. . . . . . . .. ... .. .. _ .. .. . . . . . . . ... _ . . . • . . . . . . . . ... • •  

J une .. .. . . . . . . . . . . _ . . . . ... . .. .. . . .. .. .. . . .. . .. . . . . . . . .. · • •  . .  • . .  • •  

july . . . . .. .. . . .. . . .. . . . . . . . . . . .. .. .. . . . . . . _ ,  . . .. . · · · · - · · · • • . •• • •  

Au gust. .. . . . . . . . .. . .. . . .. .. . . .. .. . . . . .. .. .. .. _ . .  _ .. .. .. .. . . - ·· 

Scrte rnber . . . . . . . ... . .. . . . . . .. .. .. . . .. . . . . . . . .. .. . . . . . .. .. . . - •• 

Oc tober . . . . . . . . . ... . . . . . . . . . . . . . . . .. . . . . . . . . .. .. .. . . .. . . . .  • ·  .. . . 

Crcc� 

1 0 0  
2 . 3 0 0  

1 2, B O O  

1 4 . 200 
26. 500 

B, 600 
2, 600 

500 
200 
900 
1 0 0  

BO 
200 

1 2 , 200 
B. 500 

23. 500 
3B. 300 
5 1 , 900 
6 1 . 500 

9 , 1 0 0  
5 , 500 
5.  gOO 

500 
200 

1 2 , 100 
600 

2 1 . 700 

1 1 , 80 0  
4 8, 400 
28.  �00 

B. OOO 
27 . 4 00 
5 0 . 200 

3 .  BOO 
1 . 000 
1 . 000 

400 
600 
700 

B. I 0 0  
B. 200 
7 , 90 0  
4 . 900 

4 0 0  
200 

1 . 1 0 0  
400 

6 , 200 
1 , 000 

Br;l.nch 

30 
1 . 3 0 0  
1 , 700 

1 3 . 000 
19. 700 

6 ,  BOO 
BOO 

50 
3 0  

1 0 0  
1 0  
20 
1 0  

6 , 600 
6. 600 

1 9 , 100 
26,  200 
36.  800 
3 4 , 000 

2. 900 
1. 200 
3 , 700 

200 
4 0 0  

1 1 , 000 
500 

1 4 .  BOO 

8, 50·0 
28. 800 
2:3 . 000 

7 . 100 
9 , 4 0 0  

26, 900 
2. 000 

9 0  
20 0  

20 
50 
70 

6 , 100 
5, 100 
3 . 500 

4 0 0  
50 
1 0  

2, 400 
200 

9 . 200 
200 

Cre e k 

4 . 3 0 0  
I B , 400 
3 6 . 100 

27,  700 
4 5 . 500 
20, 4 00 

B, 5 0 0  
7 . 400 
4 . 6 0 0  
4 . 7 0 0  
4 . 0 0 0  
4 .  BOO 
4 , 3 0 0  

4 5 . 500 
20. 200 

4 1 . 3 0 0  
4 5 , 6 0 0  
66, 200 
B 3 , 300 
25, 000 
1 0 , 1 0 0  
1 0 , 600 

7 . 4 0 0  
6. 500 

20 , 20 0  
6 , 6 0 0  

3 6 . 000 

3 5 . 1 0 0  
9 8 . 100 
4 1 , 30 0  
1 5 . 500 
5 3 , 1 0 0  
7 7 , 700 
1 5 . 200 

6 . 4 0 0  
6 , 500 
5, 700 
6. 100 
7 . 000 

24 , 300 
1 6 . 900 
1 5, 7 0 0  
1 2. G O O  

5.  BOO 
4 , 600 
5 , 0 0 0  
4 , 1 0 0  

1 4 , 900 
4 .  BOO 

D . 4 - 8  

Chitto 
C re e k  

1 0 , 000 
3 1 , 100 
7 1 , 900 

53 , 9 00 
94 . 7 00 
5 6 . 400 
21 , 5 00 
20. 0 0 0  
1 1 , 1 0 0  
1 1 . 1 00 

B, BOO 
10. 200 

7 , 900 
9 0 . 300 
60. 100 

9 5 , 500 
9 0 . 9 0 0  

1 3 0 , 000 
2 1 6 , 0 0 0  

37 , 3 00 
22. 4 0 0  
3 2 , 3 0 0  
20 , 000 
1 3 , 500 
3 7 , 700 
1 7 , 0 0 0  
6 5 . 4 00 

8 1 , 4 0 0  
I 6 !'.I , 000 

94 . 4 00 
5 1 , 500 

1 3 7 , 000 
1 5 1 , 000 

3 3 . 900 
1 9 . 4 0 0  
1 7 , 9 00 
1 3 , 9 C O  
1 4 , 500 
I B. 200 

60, 4 00 
4 B .  Q O O  
3 7 . 4 00 
3 0 ,  200 
1 5 , 0 0 0  
1 1 , 300 
1 2. 500 

e. 700 
17. 4 0 0  
10, 700 

t 

3 , 1 0  
26, 20 

1 3 6 , 0 0  

0 
0 
0 

9 2, 4 0  0 
1 9 B , 00 0 
1 1 1 , 0 0  0 

4 0 , 50 0 
1 1 , 9 0  0 

4 , 3 0 0 
4 , 20 0 
3 , 00 0 
3 . 20 0 
2, BO 0 

1 06, 00 0 
1 20 , 00 0 

1 5 7 , 0 0  
1 B9 , 00 
22B. 00 
3 4  B.  00 

7 7 , 70 
9 . 3 0  

3 1 . 1 0  
24 . 60 

0 
0 
0 
0 
0 
0 
0 
0 

5 , 6 0  
30 . 70 
11 , 1 0 
9 B , 4 0  

0 
0 
0 
0 

1 � 8 . 000 
3 2'3 . 000 
1 80 , 000 

33,  1 00 
1 9 2, 000 
257 . 000 

2:3. 9 0 0  
1 1 , 7 00 
1 1 . 600 

6 . 4 00 
1 4 . 600 
1 4 , 600 

1 66 , 0 0 0  
9 1 , 200 
4 2 , 4 00 

1 13 , 000 
4 G , 800 

B, OOO 
8, 000 
4 , 7 0 0  
4 , 600 
6 , 4 00 

a r e a  A 

9 , 500 
3 7 , 000 
7 1 , 9 0 0  

54. 300 
9 3 . 4 0 0  
5 1 . 1 0 0  
1 9 , 900 
1 8 , 200 
1 0 , 4 00 
1 0 , 500 

B, 5 0 0  
1 0 , 000 

B, 100 
90 , 4 00 
53 , 4 00 

9 1 , 1 0 0  
90. B O O  

1 3 0 , 000 
199. 000 

4 2. 000 
21 , 600 
2B, 600 
1 B . 200 
1 3 . 300 
3 B , 5 0 0  
1 5 . 700 
61. 5 0 0  

1 8 ,  l'OO 

1 1 (' , 000 
9 0 , 3 0 0  
4 4 . 600 

1 27 , 0 00 
1 5 2 , 000 

32. 7 00 
17. 100 
1 6 . 200 
1 3 , 100 
] 3 ,  BOO 
16.  BOO 

5 6 . 4 00 
4 3 , 200 
3 5 , 300 
30, 500 
14 , 4 0 0  
1 0 . 600 
1 1 , 700 

c. 5 0 0  
� l ,  !'.IOO 
1 0 , 3 0 0  

a.rea B 

300 
3 7 ,  800 
4 6 , 700 

7 9 , 000 
1 2:3 , 000 

39. 400 
11,  BOO 

1 , 700 
BOO 

5, 400 
1. 4 00 

600 
300 

30, 200 
3 2. 900 

9 3 , 200 
1 7 0 . 000 
24 1 , 000 
I B6 , 000 

25, �OO 
22. 600 
25, 200 

2. 300 
1. 400 

99, BOO 
4. 4 0 0  

9 1 , BOO 

� G .  GuO 
1 3 3 , 000 

122. 000 
'2..'\ . 200 
B5. 100 

274 . 000 
1 9 , 400 

2, BOO 
3 . 000 
1 ,  BOO 
2, 300 
4 , 000 

10, 200 
4 B, GOO 
4 1 , 000 
14. VOO 

1 . 200 
4 0 0  

1 1 .  BOO 
2, 200 

29, 800 
2. 500 

a 

1 

4 . 000 
40. 600 
39, 500 

4 6 , 500 
00, 000 
28, 400 
1 3 , 1 00 

3. 600 
600 

7, 700 
B, 200 
9 . 300 
2. 4 0 0  
6, 600 

34, 400 

1 
4 2, 400 
26, 000 
7 7 ,  000 
9 1 ,  BOO 
22, goO 
12. 3 0 0  
5 3 .  200 
1 7 ,  �OO 
1 1 , 400 
9 9 . 500 

4 , 600 
3 9 . 300 

�'). :IOu 
�\J. 4 00 

86, 500 
�. 300 

45, 000 
9 B ,  BOO 
1 3 , 700 
1 3 . 4 00 
1 2, 700 

4 . 700 
7. 300 

1 2. 700 

29. 7 0 0  
53.  800 
27, 4 00 
26, 600 

2, 800 
7 , 500 

1 0 , 500 
7 , 200 

1 5 , 500 
3 , 4 00 

Tot.aJ 

3 1 . 300 
20 1 . 000 
4 23 , 000 

3 8 1 , 000 
7 0 1 , 000 
322. 000 
1 1 9 ,  000 

6 3 , 400 
3 2, 000 
4 4 , 600 
3 4 . 000 
3 B ,  200 
26, 000 

3 8 8 , 000 
3 3 G . 000 

563 , 000 
7 7 7 , 000 
9 6 1 , 000 

1 , 220 , 000 
bl 3 , OOO 
105, 000 
1 9 0 , 600 

9 0 , 400 
5 2, 300 

3 5 0 . 000 
6 0 , 500 

4 4 1 . 000 

"" )� .  (H .. J() 
1. D e S ,  000 

666, 000 
I B5 ; 000 
676 , 000 

1 . 0 8 B , 000 
1 4 5 , 000 

7 1 . 900 
6 9 , 100 
4 6 . 000 
5 9 , 200 
7 4 . 000 

3 6 1 , 000 
3 1 5 . 000 
�1 1. 000 
�:,)6, 000 

8 7 . 4 00 
4 2, 600 
6:;, 000 
3 6 , 000 

1 1 9 , 000 
3 9 , 300 



Tab l e  D . 4 - 5 . Ana l ys i s  o f  S amp l e s  Co l l ected at Cal cas ieu 
Ri ver Mi l e  19 . 0  

T I � E  

O A  T E 

1 0 0 5  

O I S -
set  V l O  

I �(;I� 
( F l ! 

( U G / L  I 

8 0  

( US GS , Lou i s i an a ;  1976 ) 

W A T l �  � U � l I T Y  D A T A ,  � A T l �  Y [ A R U C T 0 8 E R  1 � 1 5  TO S [ P I E M n E R 1 � 7 6  

u l J 

:, U L  V E L  

lr A '  .. t.. S E.  
( W� )  

( U G / L ) 

' 0 , 

O I S -
S O L V E O  

C A L  -
( f UH 

( ( A ) 
( � G / L ) 

1 4 0  

0 1 ', -
S O L V E D  

""' '' u 
N l -
S I UI-I 
( "" G )  

( H G / L ) 

f lo c O  

0 1 , 
S O L v l O  
S O D  I U M  

( N A  I 
( ).I G / L I 

f 
J 4 0 0  

lJ l " -
S O L V l O  

p o -
T A S -

S 1 1),0..( 
( K )  

{ !-I G / U  

1 J O  

B I C A R 
flU-I A T l  
( H C O J I  
( M G / L ) 

f 
s o  

e A \) 
Bor, A T f.  
( C 0 3  ) 
{ M G / U 

O I S 
S U L vl 0 

S U L  r A r E  
( 5 (,> 4  ) 
{ I-I G / l l  

.f " 2 0  

D I S -

S O L V E D  0 1 5 -
C H L O - S O L V E D  
P I D E. N I T R A T E  
( C l l ( N )  
( M G / l ) ( M G / L J 

f 
6 2 0 0  . 2 1  

O I S 
� O L  ,1l 0 

N I i  R I T  E 

T O T A L 
A H � O r� I A  

N I T  R O 
GU, 

0 1 > 
:, U L v l D  

A H M O'/ I A 
r� I T  .iO_ 

uf. '. 

T O T  Al 
K .) L L  -
D A H L  
N I T  � O -

G( N 

( N )  
( M G / L ) 

0 1 5 -
SOL v E. 0 
I'\ Jl L .  
f\! 1 1  P O 

G f N 

( N '  

( H G / L ) 

D , , 

S O L 

'w' f l)

P H O S -
P f-< OIW S 

T O T A L 
'" {)f�

r I L T _ 
R A g L E  

R E S I O U l  

V O L . 
NOu

F ! L T 
R l\ n l  f 

R l S I O U l  
S U \ 

P L tJ :.J f. D  

S O L I D S 

( M G / L )  

S l T T L E -
A 8 L  l 

M A T T E R  

( H L Il 

I H � ) 

H A R D 
N E S S  

( C A , 1"' G )  

�I(JN
C I\ R 

B ON A T E  
H A R D 

N E S S  

D A T E  

D A T E  

M A R . 
0 "  • • •  

D A r E 

M A R . 

04 • • •  

D A T E  

Note : 

' "  

t H G / L ) 

{ N  , 

( "" G i l l 

' "  
( ).I G / L ) ( � G / L  I ( M G / L  I ( !-I G / l l ( MG l l l 

. 0 2 

S P E 
C I F i e 
C U N 

D u e  T -

{ H I C H O -

d 
. '> H  

f 1 8 U O O  1 . 1:}  

U I L 
PH� N O L  os d "I(j 

(, � l A J l  

f U e, / L ) ( H C, / L ) 

T O  r AL 
T O T A L i-H P T A -

f 
. 4 '>  

( O l \J i..i 

( � L I\ T 
I r j U � 
C O B A l  T 
UN I T S >  

f 
2 5  

T O T A L  
II L O(� I r� 
( U G / L ) 

. 0 0  

t� E P 1 A - C r L O!-? f O T A L 
( H l OR E � O � I U l L I � O A � l  
t U G / L ) f U G / L ) ( U G / L ) 

. 0 0  

D A T E  

D A T E.  

. 0 0  

T C T A L 
2 , (0 - 0  
I U G / L )  

. 0 0  

T G T � L  
C O � P ( �  

( C U )  
( U G / l ) 

. 0 0  

T O T A L 
c' . " ,  �_ T 

( U G / L ) 

. 0 0  

D I S 
S O L  ' E O  
C O t-' P l R  

( C U ) 
< V G / L ) 

f ·  

T L.: I-i 

H l u -
1 T y 

( J I  V I  

1 0  

T O T A L 
C H L or� 

OMJl 
lUG I L ) 

. 0  

T O T A L 
H ilL A _  
T H I OI-l 
( U G / U  

, 0 0  

. 9 0 

G I S 
S C L  vl D 
G ;( Y G l N  
( I-� G / L J 

8 . 7  

l o r  At. 
Don 

( U G / L ) 

. 0 0 

T O T A L  
).I E  T H Y L 
P A r.; A 

T H I O N 
( U G / L I 

. 0 0  

T O T A L 

d 
. 0 2 

( H l  H -

I C (l L 
O X Y G f N 
U l I-I A h O  
( H I G H 

L l "  [ L J  

I H G / L ) 

f 
1 2 0  

T O  T A L  
[. L l  

( U G / L ) 

. 0 0 

T O T II L 
H E.  T H Y L 

T r� I -
h - I I O N 
( U li / l ) 

. 0 0  

3 4  
f 

rn 0 - I I-' '-I(  -
( t1 l � - [ I A l l  F l C A L  

I C A L  C O L i - C U L I -

O X Y G F � F O RM F O � �  

CJ ( H MI D  ( C O L .  ( C U L . 
5 D A Y  " [ II P E l) 

( M G / L ) 1 0 0 /-lL I 1 0 0 H L ) 

f f 
5 . 2  ( ')  < 'J 

T O T  t. L  T O P ' L  

T O T A L 0 1 - C I -
D D T A I I N O N  l l D �I I �  

( U G / L ) ( \.I G / l ) ( U G / L ) 

. 0 0 

r O T  I\ l  
P MJ A 
T H I O N 
( U G / L J 

. 0 0  

. 0 0  . 0 0 

P O L  y 

( H l  u 
R I "-I A i l D  

T O  T A l  T f' U _  
P C B  L f. N I"  S 

( tJ G / L )  < U G / L I 

. 0  . 0 0 

0 1 5 -

T l) T A l  A R S E N I C  

0 1 > 

S O L  'It U 

' " S E N I C  
( A S )  

I U G / L ) 

T O  T A L 
C A D 
M I U M 
( C D )  

5 0 l  .... r o  
C ,\ 0 -
I-' I l' '"'  

( C D )  

T O T  A L  

C H � O 

H I  \.IH 
I C "' )  5 I L vt .. ( A S )  

( v G / L ) I U G / L I f U G II I 

. 0 0 

TO T A L  
L f A LJ 
( P O )  

( U G / L ) 

O l �) - 0 1 5 -
S O l V l D  t O T A L S O L � [ D  

L l A D  H l p C l) P Y  M l P ( U� Y  

( f'B ) ( H G )  I �; G ) 

< U G / L ) < U G / L I ! VG / L ) 

. 1  . 1  

( U G / l ) 

T O T A L 
N I C )( E L  

( N T ) 
( U G / L ) 

( U G / U  

< 1 0  

[! I S 

S O L  II l D  
1>/ I e  K � L 

( tl j l 
( ltG / L  1 

f < I . e  

T O T A L 
O P �.} A "I  I ( 

C MlOON 
( C )  

( M G / L ) 

' . 4  

T I) T A L  
L I ·l'() J r4 
I u r) / L  ) 

. 0 0 

T O T A L 
1 0 x 

A � �U.l 

( U G / L ) 

�jr x A 

V A L E  "I T 
( H P O -

� I U H 

- 0 1  S 
S OL " E D  

Z 1 �IC 

U N )  
f U G / L )  

S ampl e  s tat ion locat ions are shown i n  Figure 0 . 4 - 1 . 

Exp lanation o f  the superscript s i s  found in Tab l e  0 . 3 - 3 . 
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D . 4 -6 . Anal y s i s  o f  Samp l e s  Co l l ect ed at Cal c a s i eu 

R iver M i l e  17 . 7  
(USGS , Lou i s i ana ; 1 9 7 6 ) 
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Samp l e  station locat ions are shown i n  F igure D . 4 - 1 . 
Explanation o f  the superscripts i s  found in Tabl e  D . 3 - 3 . 
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Tab l e  D . 4 - 6 . Ana l y s i s  o f  S amp l es Co l l ected at Calcas ieu 
River M i l e  17.7 
( Conclude d )  ( USGS , Loui s i ana ; 1976 ) 
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Samp le s tation locations are shown in Figure 0 . 4 - 1 . 

Exp lanation of the superscripts i s  found in Table 0 . 3 - 3 . 
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Tab l e  D . 4 - 7 . Ana l y s i s  o f  Samp l e s  Co l l ected at Cal c a s i eu 
River M i l e  17 . 6  
( USGS , Lou i s iana ; 1976 ) 
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I C R )  ( C R b l  I C U )  

D A  T E  ( � G / L  I { U G / L  I ( U G / L )  ( U G / L I  ( U G / L I ( UG / L I W G / L I ( U G / L ) ( U G / L I  t U G / L  I 

M A R . f 1 0  3 1  . . .  . 0 )  . 0 0  . 0 0  

0 1 5- 0 1 5 - 0 1 5 - 0 1 5 - 0 1 5 -
SOL V E D T O T A L S OL vE D T O I A L S O L V E D  l O T  A L  S O L v E D  T O T A L SOL V E D  

( O P P l "  L l A D L E A D  M E RC U R Y  ME RC UR Y N I ( K E L N I U E L  Z I NC Z I UC 

( C U )  ( P H )  ( P B )  ( H G )  ( riG ) ( t� I I ( �l I ) ! l t d  \ I N )  
D A  T E  I U G / L I l U G  I L ) ( U G / L I I U G / L  ) I U G / L I ( U G / L ) I U G / L l { U G / L I I UG / L I 

� A R  .. 3 f 
3 1  . . .  1 0  . 1  . 0  , 0  

Note : S amp le statio n  locat ions are shown in F igure 0 . 4 - 1 .  

Expl ana t ion o f  the superscripts i s  found in Tabl e  0 . 3 - 3 . 
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Tab l e  D . 4 - 8 . An a l y s i s  o f  S amp l e s  Co l l e cted at Cal cas ieu 
River M i l e  17 . 5  

O A  T � 

r l H .  

( USGS , Louis i an a ;  1 9 76 ) 

D I S -
5 u l V E Q  

P, G� 
< f  E '  

( U G / L J 

I) I 5 -
S O L V [ O  

C tl L -
( I U� 
I C A I 

( "' G I l l 

M A u 
NE 
� I UM 
( M G )  

( HG / l ) 

O I S 
S O L  V E O  
S O O I UM 

I t, A )  
( "' G I L ) 

D I S -
S O L V E D  

P O 
l li S 
S l UM 
( K 1  

( � G / L I 

B 1 0 k 
B O N A  TE. 
' H C O J I  
( HG / l l 

C fl R 
D U N A T E  
( C O )  ) 
( M G / L I  

O I S -
5{Jl .... f 0 

� U L f  A H 
( S O lo  I 
( I-'t G / L I 

O I S 
S O L V E D  
C H L O 
o I DE 
( C l l 
( H G / L l 

D I S 
S O L V E D  

N I  T O A T E  
( N l  

( " G i l l 

1 8  • • •  1 0 1 5  
f 

1 1 0  
f 

J I 0 
f 

2 b O O  
f 

1 2 0 
f 

5 2  
f 

M O  . 1 9  

O A T �  

F E B .  
I � • • •  

F � d .  
1 8  • • •  

U A  It 

F E B .  
1 8  • • •  

U I S 
SOL V �  U 

N I T k l l E  
" , 

I M G / L ) 

. 0 1  

( UN I I S I  

7 . 7  

( i l l  
. N U  

G " E A S E  
( M G / L I 

I C T A L 
K J E. l 
D A HL 
N j T !-l O -

G l N  
1 "  

( �.(,/L I 

1 . 0  

C O L  Ok 
O ) L tl T 
I f\ U � 
C O" A L T 
ur� I T 5 , 

f h 

T O T A L. 
A L U k l u  
I U 0 / L l 

. o u  

D I S 
S O L V E D  
K J E L  • 
1\0 1 T � O -

G l tl 
I N )  

( MG / L  I 

. B "  

T U k 
B I O 
I T  y 

( J T U )  

f 

f 
Z O  

T O T AL 
C t4L 0 � 

l; A ".j f:.  
{ UG / L I 

• u 

O I S 
oOL -
VI 0 - .  
P H O S -

PHOt(U5 
, P I  

( � G / L  ) 

. cb 

O I S 
S J L  'v t  0 
U ,I,. Y G l N  
I � G / l  ) 

7 . 8  

T U T A L  

ouo 
1 0G / L J 

• u o  

d 

T O T AL 
�ON

F I L T 
I-/ A U L E  

" E S l uUE 

( ""G I L ) 

f 
3 .  

C fo-1 E �� -
I C A L  

O X Y GI:. N 
O E M A t;l D  
! H I GH 

L E VE l l  
{ I-'tG / L ) 

2 0 0  
f 

T O T A L  
O D E  

' u G / L I 

. 0 0  

V OL . 
NOtJ

F I L T 
" A BL E 

"t S l 0U� 

( MG/L l 

B I O 
L M E M -

f 
3 

I C A l  
O X Y G f:. N  
O [ � A N D  
'J D A Y  
( M u l L ) 

f 
1 . 1' 

T O T AL 

� O T  
( U G / L I 

. 0 0  

S U S 
F-' [ ND E O  
S O L I O S  
I MG / L I 

1 9  

I MM£ 
O I A T L 
C O L l -

F ORM 
'C O L .  

P E O  
1 0 0  ML I 

1 0  
f 

T O T A L  
0 1 -

A Z I NON 
t UG / L )  

. 0 0  

5 E T T L E -
A 8 L f  

M A  T TE) �  
( "" L  I L  

I H �  I 

( 1 . 0  

F t  C il L  
C O L I 
f O R,.. 
( C O L . 

P E O  

1 0 0  �L l 

I 
< 5  

T O T A L 
U 1 -

E L O " I N  
! U(, / L  ) 

. 0 0  

H A I-< O 
N E S S  

« ( 6. .  H G }  
( MG / L l 

f 
I b O O  

T I) r AL 

OR G A N  I C  
C " � tJ ON 

( C l  
( '""l.J / l )  

T U  T A L  
E r�lJl-? I N 
( U(; / l ) 

. 0 0  

P OL Y 
C H L O -

N O N  .. 
C A R 

B ON A T E  
H A R D 
N E  S S  

( I-'tG / L ) 

1 6 0 0  

C Y A N I D E 
( C N )  

( HG / L l 

. 0 0  

T O T A L 
U H I ON 
I U G / L l 

. 0 0  

S P � 
C l r l C  
C O N 
DuC l 
A N C E  

( M I C � O -
"'f1D5 ) 

I J 6 0 0  

P H E N O L S  

, U G I L l 

d 
J 

T O T A L 
H� P T A 
C H L O R  
( UG / L ' 

. 0 0  

G A T E  

T O  T A L  
H l  F-' T A 
C � L (;h' 

l � O "  l Dt 
( uG / L )  

T U T /..L 
I I  tiO .... N[ 

' U G / L I 

T O T AL 
t-I A l A 
T H I uN 
1 U(j / L )  

T O T A L  
'"It T H Y L 
P A � A 
T H ! Ut-.o 
' U G / L  I 

T O T  AL 
Hl T H Y l  

T H l 
r �  [ u1>J 
( uG I L l  

T U  r AL 
P A � A 
T H I UN 
, U G / L I 

T O T AL 
P C R  

W G / L ) 

R 1 N fl.  T E li 
N A F-' H 

Hi A 

u r.Jf S 
, UG / L l  

T O T AL 

T O .l: 
A � H E N E  
( U G / L I  

T O T AL 
T k l 

HqON 
( UG / L I  

O A  T E  

. 0 0  

T O T A L  
2 , 4 - D  
' UG I L I  

. 0 0  

T O T AL 
2 . 4 , 5 - 1  

' U G / L  I 

. o u  . 0 0  

T O T AL 

T O T A L  A O S E N I C  

S I L V E X  , A S I  

' U G / L I ' UG I L I 

• u 0 

0 1 , 
S O L v E D  

A R S i:.. N I C  
t A S  I 

( U G / L I  

. 0 0  

T O T AL 
C AD 
M I U M 
( C O )  

( U G / L l 

. 0 

D I S -
S O L V E D  

C A D 
M I U M  
( C O )  

I UG / L  I 

. O U 

T O T AL 
C H R O 
� q uM 
( C R )  

( UG / l l 

Ht-. ... A -
V A L  E N T  

C H R O 
M l LJ� 
( C 0 6 1  
' UG I L l  

. 0 0  

T O T AL 
C O P P E R  

I C U )  
( UG I L l  

F E B .  
1 8  • • •  . 0 0  . 0 0  . 0 0  < 1 0  

Note : 

0 1 S - 0 1 5 - O I S - O I S - D I S -
S O L V � O  T O T A L S O L V � O  T O T AL SOL V E D  1 0 T AL S O L  V E D  T O T AL S O L V � D  
C O P P � H  L E  A D  L E A O  " � O C U O Y  M E O C U R Y  N I C K � L  N I C K � L  I I NC I I NC 

I CU I I P6 , ( P �  I I H G )  { H G  I ( N l  j ! N I l ! l N I  U N I  

D A T E  I U G / L  I ( UG / L l ( UG / L l  ( U G / L l  ( UG / L I  I U G / L  I ( U G / L I ( UG / L l  , UG /L l 

F � B .  f f 
1 8  • • •  J . 1  . 0  6 1 0  

S ampl e  stat ion locat ions are shown in Figure 0 . 4 - 1 . 

Expl anation of the superscr ipts i s  found in Tab l e  0 . 3 - 3 . 
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Tab l e  D . 4 -9 . Ana l y s i s  o f  Samp l e s  Co l l ect ed at Cal c as i eu 
Ri ver M i l e  16 . 5  
( USGS , Loui s ian a ; 1976 ) 

w .Q I [ 1-t  OUAL I H G A I A .  w A  H H  Y l A,"" lie T OtlU·( 1 9 1 �  T O  � [ " T l " R l R  l Q  T tl 

D I S - 0 1 , -
U I S - SOL H O  �OL H O  0 1 5 -

D I S - SO L VE D p.l. A G - D I S - P U - ' , I  <,- �Ol 'YlO D I � -

,0L H w  C h L - ' E - �OL v l(' T A ,) - B I C A O - ( ,1\ 4 - S')l 'y l  (; C HL 0 - S U L V E D  
I �ON ( I U- S l UM S U D I UM S l UM B ON A T E d O N i T E  � u L l  A t E  H I D E  N I T " A T E  

T II<E I F U  I C A  I I �\u ) I N A  I , " I  ( �( O J  I I C O )  I ( �L "  ) I C L I  l ' 1  
D A T E  I U u/ L i  � t Mu / L )  ( MG / l l ( /'1I 1j / L  I I MG /L I ( MG / L ) ( "" G I L )  ( ,IL / L )  I MG / L I I MG/ L I 

f l � ,  f f f f f 
0_ • • •  1 0  I 5 6 .  5 8  1 1 0· 1 5 0 0  5 6  . z· j l O  Z6O O :  . 1 0 

T U r AL U I S - 0 1 '>- T O T  AL V OL . S >' l -
K J t:. l. - S OL v E D  S O L  - NOt ... - NOt,,- NO 'i - C I F I C  

� I � - O A H L  K JE L .  v [  o - f I L T - , I L T - SE T T L E - C A H - C O N -

SOL V E U  N I T " O - N I T "O - P h O S '"  � l!. b L E  I-( A U l E. SUS- A b L  l H A Ioo U - UO��A T E  o U C T -

N I T " I T E  u r N  v [ H  Pt"H)�U'j " [ S I DUE kl S I DUE P E NOE D MA T T E  � Nt- S S  H A Rl)- A " C E  

I N I  I N I  pn 1 " '  SOL l U S  ( �L / L  I e "  , � G ) N ( S S  f W. I C � O -
UA T E  { M G / L  I ( " G I l l ( M G / L l P-Hj / l ) ( M G / L I  ( Mu l L ) ( M u l L ) I rt R ) ( �!l: IL ) ( MG/L I M rt O S I 

F l B .  t f f d f f f f B Io O  f 8 1 0  f 8 2 0 0  f 
0 • • • •  . 0 1  I .  I 1 . 6 . u · ) 0  5 , I  < 1 • o · 

( "" E M - B I O - I MM l -

I C A L ( HE M - D I A T E F E C A L 
C O L O R  O > Y G E N  I C A L C OL l - C O L l - T I) 1  A l  

( � L A T - T U ,.l - U I S - O ( "' AI'lO u x '((.; u. F ORM F OR� (jl1l1 " f., d C 

�H l l'iUM- B l U - SOL v E D  I rt l GH O l MA ND I C OL . ( C UL . C At<!WN C Y AN I DE p e l N O L S  

C D II A L T I T y  o .-. r G U; L E v E l l  5 U A r  P E �  �E R ( C  I ( Cl-i ) 

D A T E  ( U f, 1  T ';, )  U� I T S I ( J T  U )  ( MG/ L ) ' ''''G I L  I ( MG / L I 1 0 0  HL ) 1 0 0 "L 1 ' I"' l.,;  IL ) ( MG IL I  ( UG/L I 

f [ � ,  f f 
ij o·f ) . 0  f l of bO  f f d 

o� • • •  7 . 5  ) u  2 0  I . �  7 .  Z . 0 0  ij 

O I L T O T  AL  T O T A L T O T AL T O t  A l  

A l'i LJ  T u T AL Ct�L UM- l O l A L ( O T A L T u T AL 0 1 - O I - l I ,  r A L  T O T AL t1E. I> T A -

G "E A Sl A l U � I N  D A'i[ GGD DOl u u T  A Z  ) li O N  I:: l U �  I t" E filiI-<' I N E 1 �  1 0" (rt L O !:" 

OA T l P"I\,i / L ) I Ut d l l \ UG /L I ( U G / L ) I lJ G / U  ( UG / L I ( U G / L I ( U G /L I ( t IL  I L ) ( U G / L  I ( UG / L  I 

F E B ,  
0 4  • • •  , o u  . 0  , u o  . 0 0  . 0 0  . 0 0  , 0 0  . 0 0  . 0 0  . 0 0  

P O L f -
( rt L C I -

T O T AL T O T  AL T C T AL R I tJ A  H D 
hE. iJ T A - T Q H L  ME. T MYL ME.  T r1 '1" L  T O T A L N A iJ ..... - T O T A L T O T A L 

U"L a I-< t u T " l M .I\ L A - fJ A k A - T " I - P A k A - T O T A L H ' � - T O X - T " I -

E eG X l OE L l !� u jl "'.E l rt ! Ot. l H l llrJ T �  I ul4  T rt l O fJ P (. f$ L E U!: ';, A I> t-1 F N E  T "'"  I (If� 
O A T l  1 \... \.i / L ) ( U G / L ) { U G / L I I UG / L I ( '-' G i l l ( U G / L I ( UI", / L I ( Ufj / L 1 ( u G / l )  ( U G /L l 

f l � .  . u o  . u o  . 0 0  , 0 • U IJ . 0 0  U 4I  • • •  

O A  I E  

f E B .  
0 • • • •  

D A l E  

f E B ,  
0 4  • • •  

Note : 

. 0 0  . 0 0  . 0 0  

D I S - rtl � A -

D I S - T O T A L S U L V E D  T O t A L V A L E N T 
T O T A L  �OL v E D  C AD - C AD - C)-<I-{O- C HRO , 

T O T AL T O T AL T O T  A L  A R SE N I C  A R S E N I C  M I U � � I U M  M I UM M l vM 

2 . 4 -0 2 , 4 , 5 - T  S I L V O  ( A S ) ( A S I ( C D  l I C D I  I On  I CR b l  

( U G / L  I I U G / L  I ( U G / l ) I U G/ L I ( U G / L  I ( UG / L  I I U G / L I ( UG / L I ( UG I L I  

. 0 0  . 0 0  . 0 0  2 0  

o l S - D I S - 0 1 <'- D I S - D I S -

SOL v E D T O T A L SOL V E D  T O T AL )oUL V £ O  T O T A L SO L V E D T O T A L SOL V l D 

C O P P E H  LE AD L E A D ME � C UR Y  ME. R C UI-H N I C K E L  N I C K [ L  L i tle I I  NC 

( C U I  ( � B I  ( P B  I ( H G I ( HG I ( N i l ( N I  I I L �j ) ( l � 1  
( U G / L I  ( UG / L  I I U G / L ) ( U G / L  I I U G / L I ( U G / L I I U G / l )  ( UG / L  I ( UI", / L I 

f . 1  t 1 0  f 1 0  f 
6 , I  

Sample stat ion locations are shown i n  F igure D . 4 - l . 

Explanat ion of the superscripts i s  found in Tab l e  D . 3 - 3 . 
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Tab l e  D . 4 - 1 0 . Analy s i s  o f  Samp le s  Co l l ected at Calcasieu 
River M i l e  1 5 . 0  

I I M( 

D A T E  

,JUNE 
29 • • •  0 8 - 5  
3 0  • • •  1 4 0 0  

T O T AL 
>; I I R A I l  

( N I 
OA T E  I M G / L ) 

,JUU[ . o� , 29 • • •  
3 0  • • •  • U 3 , 

H A '<{J -
N E S S  

( e A I M (, )  

D A T E  ( MG / L )  

JU�E , 
29 • • •  : ! � � ,  3 0  • • •  

PHE N U l S  

O A  T l  I U v / L  I 

JUNE 

2 9 • • •  
3 0  • • •  

T O T AL 
HE P T A -
C HL OI-I 

U .  T E  I UG / L  I 

JUNE 

2 9 • • •  . u o  
l O  • • •  . 0 0 

Note : 

( US GS , Lou i s iana ; 1 976 ) 

" A I ( K  a U A L l T  Y D A 1 A , II A I [ �  Y (  AR 0 C I 08 ( "  1 9 7 5 T O  S ( P T ( M8 E R  1 9 7 b  

O l � - 0 1 5 -
U 1 ,, - 0 1 " - S O L V E D  S O L V E D  0 1 5 -

D I S - S O L V E D  S U l  V E D  M A G - 0 1 5 - P O - ll I S - S O l V l D  

SOL V E U  "" "' N - C A L ... NE - �O l V E D  T A S - H I O " - ( A h _ SOL Vl 0 C H l O -
J I-l ON (jA�(E 5 [  C I UM S l UM �OD I UM S l LIM 80N A T [  BOt�.M T [ SUU A l E  " I O( 
(f ( I  O � N )  ( 0 '  ( H G ' ( N A  J ( K '  1 11 ( 0 ) )  ( C C d  I ( 50 ' 1  ( e L I  

( I J G / U  l U G / l I ( M G / L I ( M G / L ) ( M(, / L ) ( M(' /L . P � G / L  I ( MG / l )  ( M G / U  ( MG / l )  

, f 
1 2 0  

f 3 5 0 f f , f f f 
I �� , � �, �: � � , : �� , ; � f 

b 8 0  
;; � �  , 1 3 0  f 3 b O  f 8 0 0 ·f 

D I � - T O I AL 0 1 5 - 0 1 5 - T O T AL V O L . 
T O T AL Sal H D  K JE l - S O L V E D  5 0 L - N O N - Nll'�-

A M � O N I A.  A MMON I A  O A t-lL KJ[ L .  Vf o - r I l l - I l L  ( - SE T T L [ -
T O I AL N I T " O - N I T  R O - N I T R O - N I T R O - P HO S - R A OL E k A l,L E SUS - A H L E 

N I T "  I T t: G[ r� G [ N  G E N  GE.�j PHl)I-IUS R E S I DU( R l S I UUE P [ N D E O  " A  I T E R  
T N I  ( N ) t N l  ( N ) ( N I  ( P I  S O L I 0 5  ( Ml / L  

( MG / L l  ( M G / L ) , "" G / L ) t M G / L ) ( HG / l  I ( MG / L ) ( M G / L I ( MG / L ' ( MG / L )  I HR I 

, , - , . 95 ' d , 
1 4 , 

f 
. 0 1 ' : �:, . < u

, 
. 0 1  d 2; , 

2 3  ( 1 . 0  
. o l f  . 2 3 I .  I f . H ' . 0 1  2 '  3 '  

s e E - (H[ M - H l u-
NQfI.I- C 1 F I C I C A l  ( HEH-
C A R - C O N - C O L O R  O .x. Y \.i £ N  I C  A l T O T A L 

H eN A T l  Qve Y .. ( P L A T - J UR - 0 1 5 - D E M AND ox. n,ltl O R G A N I C  
H 6 I-1 D - A t�C[ PH I NU M- 8 1 0 - S O L V E D  ( H I GI1 LJ [ t-I A N D C A k l:j O N  c Y AN I DE 
N E S S  I M I C R O - C O B AL T I T Y O X Y G E N  l E V E l )  5 D " Y  I C I  ( e N  I 
( ""('/L ) M H O S ) ( U N I T S '  U N  I T S )  ( J T U I ' MG / L )  ( MG / l I  I ,...C, / L J ( M Ci / L )  I �G / L )  

, 
I b 1 0 0" 

, f 
5 . b  • , , : 0 0  1 7 0 U  7 . _  � ,  1 � , 1 �� , 1 . 1  , 

, . 1  
l ti O O ' 1 b 1 0 0  ' 7 . 7  7 . b  l . 7  I I  , . 0 0  

a l l  T O T AL T O T A L  T O T A L 
AND T O T A L  ( HL 01-1 ... T O T A L  T O T AL T O T AL D I - a l - T O T A L  T O T AL 

G � [ A S "  A L D I-( [ N  U A Nl DOD ODE D D T  A l l N O N  E L D� I N E ND R I N [ l H I QN 
I � v / L J  I VG / L  I I Uv / l l  l oG / L l I UG / L l  I UG / L l  I U G / L l I U v / l '  I U G / L l I U G/ L l  

. u o  • U . 0 0  . 0 0  . 0 0  . 0 0  . 0 0  . 0 0  . 0 0 

. 0 0  . 0  . 0 0  . 0 0  . 0 0  . 0 0  . 0 0  . 0 0  . 0 0  

P O l Y -
C H L U -

T O T AL T O T A L  T O T AL R I " A  T E O  
H l P 1 A - T O T  AL M E T H YL ME 1 H YL T O T A L  N A P H - T O T A L  T O T A L  
C .... LOI-I T O T AL M AL A - P A R A - T " I - P A I·a .. T O T AL hlA- T O X - T R I -
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S ample stat ion locations are shown i n  F igure 0 . 4 - 1 . 

Explanation o f  the super scripts is found in Table 0 . 3 -3 .  
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Tab l e  D . 4 - 1 0 . Ana lys i s  o f  Samp l es Co l l e ct e d  At Calcas ieu 
River M i l e  1 5 . 0  ( Conc lude d )  
( US GS , Lou i s i ana ; 1976 ) 
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S amp l e  s tation locat ions are shown in F igure 0 . 4 -1 . 

Explanation o f  the superscripts i s  found in Tab l e  0 . 3 - 3 . 
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Tabl e  D . 4 - 1 1 . Ana l y s i s  o f  Samp l e s  Co l l ect ed at Calcas i eu 
R iver M i l e  14 . 5  
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S ample stat ion locat ions are shown in F igure 0 . 4 - 1 . 

E xplanation of the superscr ipts i s  found in Tab l e  0 . 3 -3 .  
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Tab l e  D . 4 - 1 2 . Analys i s  o f  Samp l e s  Co l l ected at Calcasieu 
Ri ver Mile 1 3 . 4  
( USGS , Lou i s i ana , 1976 ) 
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S ample s tat ion locat i ons are shown in F igure D . 4 -l . 

Explanation o f  the super scripts i s  found in Table D . 3 - 3 . 
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Tab l e  D . 4 - 1 3 . Ana l y s i s  o f  Samp l e s  Co l l ect ed at Calc a s i eu 
Ri ver M i l e  1 3 . 0  
( USGS , Lou i s i ana , 1976 ) 
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O I L  1 0 r ' L T O T AL T v l AL 

f-'H; rWL '=> AI4U T O T  AL ( n L O J.. - I O T AL I U T AL 1 0 T A L 0 1 - f , l  - 1 0 T AL 

(,c l A ':l l  AL Dw I N  UMd:. { l O U  DUl OU I A l l  NO' E L l, k I N  E N U R I N  

D A l t  ( U G / l l ( P.' l .d L J  ( I,J \3 / L ) l u G / L I I \J " / L I I UG / L . I U (,/L I I U G/l l ( V l: / l l I UG /L . 

JUNE 

Z 9  • • •  . 0 0  . 0  . 0 0  . 0 0  . 0 0  . 0 0  . 0 0  . 0 0  
J O  • • •  

. 0 0  . 0  . O U  . 0 0  . 0 0  . 0 0  . 0 0  . 0 0  

j.l"L y o. 
( "' L U -

I O I.AL 1 0 T AL T O T AL � I ' / A T ( O  

T (; I .c. L  � t  1-' 1 A - 1 0 T 'L ""[ Y "" Y L  M l  ' H Y L T O I AL Nt.t-'tl- 1 0 l A L 

t"' f.. P T A- ( I"' L QF< J CJ T  AL ' MA L A - P A � J\ - 1I-q "- P A � A - 1 0 l AL t ,... t, .. 1 0 X -

(I"'U .. d ... [ F C  < I  UL L l p..jLJ AI\[ T h I U, i t"' I ur� I H I UN T H } ul"l P C G  L L 'E S APHENE 

Ulll I U G / l l H, / (j / L l  I lJ \.J / L I ( Uu/L ) I UG / l l  I UG / L ) ( U G / l )  I U G / l l I lJt: / L ) I UG/l l 

"JUNE 
� �  . . .  . O U . o u  . 0 0  . 0 0  . 0 0  . 0 0  . o u  . 0  . 0 0  
3 0  • • •  . 0 0  . U "  . 0 0  . v o  . O U . 0 0  . 0 0  . 0  . 0 0  

Note : S amp l e  station locations are shown in Figure D . 4 -1 . 

Explanation of the superscripts i s  found in Table D . 3 - 3 . 

D . 4 - 1 9  

{) I � -

� O L V l O  
C t-' L O -

" I  Ul 

I C l l  
{ MG / l . 

f 5 0 0 0  
5 b O O  , 

S U I L ( -
A U L  l 

eA T T L P 

( Hl / L  
/HR ) 

< 1 . 0 '  

C Y A � I O [  
f O · n  

I ""G / l l 

. O u  

. 0 0  

T O T AL 
E l h l ON 
I U G / L . 

. 0 0  

. 0 0  

T O I AL 
T R I - , 

I H i ON 
( U G/l ) 

. 0 0  

. 0 0  



Tab l e  D . 4 - 1 3 . Ana l y s i s  o f  S amp l e s  Co l l e cted at Cal casieu 
River M i l e  1 3 . 0  ( Concluded ) 
( US GS , Loui s i an a , 1 976 ) 

W A r [ �  QUAL I T Y O A I A ,  'W A T t R  Y E A R  o c t OO E R  1 9 7 5  T O  S E P T E M B E R  1 9 1 b 

O I S - Hl J.. A -

D I S- T O T A L  50L V E O  T O T AL V A L l N f  

T O T AL SOL v E O  C A O - C AO- C HR O "  C H f.! O - T O T AL 

T O T AL T O T A L  T O T AL A R S[ N I C  A R S L IH C M I UK M J UH M i uM M I UM C OPPER 
2 . "' - 0  2 . '"  , ':I - T  S I L v E X  ( A S .  ( A �, )  ( C O )  ( C O )  ( C R I  « ( R b  I ( C U )  

O A T E  ( U G / L l  ( UG h  I (UG/L I (UG / L I  (UG/L I ( UG/L I ( U G / L )  I U G / L I ( UG /L l ( UG / L l  

JUNE f f f 
<' 0  f 19 • • •  . 2 B  f 

• os 
f 

. 0 0  : f 1 
0 ) 0  ) 0  • • •  . 0 8  . 0 )  . 0 0  

Note : 

0 1 5 - 0 1 5 - 0 1 5 - 0 1 5 - 0 1 5-
S O l v E U  T O T A L  S O L v E O  T O T A L  SOL V E O  T O T AL SOL V E O  T O P L  S O L  v L O  

C OPPER L E AO U .. .AD MERC UR Y  M E R C UR Y N I C I'I.. [ L  N I C t'.. [ L  1 1 NC I I  NC 
I C U  I I P U I  ( P U )  ( H G I  ( HG )  I N  I I ( N  1 )  t l t-4 ) I I H )  

O A T E  ( U G / L I I U G / L I ( U" / L I ( U G / L  I ( UG / L I  ( UG / L l  ( UG/U ( U o / L l ( U G / L l  

JUNE f . 1  f 5 f f 
29 • • •  � f 

. 1  2 0 0 
)0 • • •  

. 1  . 0  0 ) 0  

S ample stat ion locat ions a r e  shown in F igure 0 . 4 -1 . 

Exp l anation of the super script s is found in Tabl e  0 . 3 - 3 . 

D . 4 - 2 0  



Tab l e  D . 4 - 14 .  An a l y s i s  o f  S amp le s  Co l l e cted at Ca l cas ieu 
River Mi l e  1 2 . 6  

D A T E  

,JAN .  
1 5  . . .  

D A T E  

JA N .  
1 5  . . .  

D A T E  

.JAN . 
I S  . . .  

D A T E  

,JA N .  

I S  . . .  

( USGS , Lou i s i ana , 1976 ) 

. A r l �  a U A L l r y  U A r A  • •  A T E R  Y E A R  O( T O U E R  1 9 1 5  TO 5 E P T E M U E R  1 9 1 b  

T I M E  

0 9 0 0  

0 1 5 -
SOL VE 0 

N I I Il I  r E  
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I MG / L l  

• 0 I 

PM 

I U N I T S I  

7 • •  

O I L  
A N D  

G R l A S E  
( M G /L I 

0 1 5 -
SOl V l D  

I � O N  
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I U G / L  1 
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T O T A L 
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N I I n o 
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. " G / l l 
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C O L  0" 
( PL A T  - # 
1 ,.., U M 
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UN 1 1 5 1 
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T O  I hL 
A L D R I N  
I U G/ L I  
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T O T A L  
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D I S -
S O L V L D  

C A L 
C I U M  
t ( ft. )  

( M G / l ) 

0 1 5 -

S O L  V E D  
K JE. L .  
N I  T RO" 
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I N )  

I M G / l l 

. '  2 

T U R 
b I D 
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I J T U I  
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25 

T O T AL 
UtL O R 

O A N E  
I U G / L I  
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0 1 5 -
S O l V l D  

"I A G 
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S l UM 
( M I..1 ) 

( M G / L  I 
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0 1 5 -
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V E D 
P H O > -

PHOIlUS 
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I M G / l l  

d 
. O J  
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S O l V E O  
Q x Y G E f'1  
I "G / L I 

1 0 . 0  

T O I AL 
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I U G / L I  
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D I S 
S O L V E D  
, U D I UM 

( NA I 
I M G / L l 

f 
5 9 0 (  

T O T A L  
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f I l T 
R A U L E  

R E S I DU E  

f 
ti2 

C H E M-
I C A L  

O x Y G E N  
O E M A N L)  
( H I GH 

l E V E L  I 
I H G/ L l  

f 
1 5 0 

T O T A L  
D O E  

I UG / L I  

. 0 0  

0 1 5 -
S O l V l D  

P O 
T A S .. 
S I U,", 
I K I  

I " G / L I 

2 ) 0  

V O L . 
NON 

f I L T 
R A b l E  

Il l S l OU[ 

1 MG / L l  

0 1 0 -
C H E M -

f 
5 

I C A L  
O X Y G E N  
U E "" A N O  
5 D A Y  
I M G / L l  

f 
J . 5  

T O T AL 
0 0 1  

' U G / L I  

. 0 0  

B I C A R 
B O N A T E  
' HC O J  I 
I MG / L I 

I I  b 

S U S 
P E  N U L  0 

S OL I OS 
' M G / L l 

f 
bb 

I "M E 
D I A l E 
C OL I 

f O»M 
< C O L . 

P E R  
1 0 0  M L l  

f 
" ,  

T O T A L  
0 1 -

A l l tWN 
I U G / L I  

. 0 0  

C A R 
b O N A T E  
1 C D J I  
I M G / L  I 

f 
o ·  

S E T T l E -
A U L E  

M A I T l R  
( � l / L  

IH� I 

< 1 . 0  

r E C A l  
C OL I 
f O R M  
! C OL . 

P E R 
1 0 0 ML ) '" 

f 
e 

1 0 T A L  
D I 

E L D R I N  
I V G / L I 

. 0 0  

D I S 
S O L V E D  

S U l f A T E  
( 5 0 "  ) 
( M G / L  I 

H A � O 
N l S ,  

( e A  , Hv ) 
{ MG / L ' 

T O H l  
O R G .&.N I C  

( A R H ON 
I C I 

( H G / L I 

TO r " L  
l N O � l N  
I U G / L l 

. 0 0  

D I S 
S O L V E D  
C H L O 
R I D E  
I C l l  
I H G / L I 

1 0 0 0 0  

NON ... 
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B O N A T E  
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I C N ) 
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T O  T A L  
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1 ft )  
I M u / L l 
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S P E 
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D U C T 
A N C E  
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f 
2 ti S O O  

I UG / L I 

T O T AL 
HE P T  A 
C HL O R  
I U G /l.l 
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D A T E  
l P c x l O l  

I U G / L I  

1 0 T "L 
L I N O t. N E  

I U (,/ l )  

1 0 T A L  
M A L A 
T H I ON 
I U G / L I 

T O I A l  
HE T H Y L  
P A R A 
T H I O N  
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T O T A L  
ME T H Y L  

T R I 
T " I OI< 
I U G / l  I 

1 0 T A l  
P A t H  .. 
T H I ON 
I U G / L I 

T O T O l  
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( Hl O 

R I N A T l O  
N A P H 

T H A 
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I UG / L I 

r O T  Al 
T o x 

A � H E Nf 
I U G / L I 

T O T AL 
I R I 

T H I ON 
I U G / L l 

J A N .  
15  . . .  

Note : 

. 0 0  . 0 0  . 0 0  . 0 0  

T O T A L 
C A D 
M I U M 
! C u I 

. 0 0 

U l ;;,-
S O L V E D  

C A0 -
JroI I UH 
, C O )  

. 0 0  

T O T AL 
C H R O 
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. 0  

H ( X A -
V A L E N T  
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M ! UM 
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T O T A L 
A R S E N I C  

( A �  I 
I U G / L l 

0 1 5 -
S O L  V[ 0 

ARS E N I C 
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I U G / L l  I UG / L I I U G / L I I U G / l l 
1 C R o  I 
I U G / L l 1 U G / L  � 

D I S 
S U l V E D  
C O P P E R  

( C U I  
I UG / L I 

JAN . 
I S  . . .  

D I S -
T O T AL SOL V [ O  T O T  A L  

L E 1� O  L E A D  � E R C U R Y  
I P B I  I P ij  I ( M G I  

D A  T E  ( UG / L l I U G / L  I ( U G / L ) 

J A N .  d 
1 5  . . .  , 2  

2 0  

O I S -
S O L  v E O  T O T AL 

M E R C U R Y  N I C K E L  
I H G ) I N I )  

I UG / L I I U G / L l 

. 0 

D I S -
S O L  V E D  
N I C K E L  

I N  I J  
( U G / l  I 

0 1 5 -
S OL Vl 0 

Z I NC 
( l ri ) 

I U G / L  I 

0 0 

f 
Z 

. 0 0  

Sample stat ion locat ions are s hown i n  F igure 0 . 4 - 1 . 

Exp lanation o f  the superscrip t s  is found in Table 0 . 3 - 3 . 

D . 4 - 2 l  



Tab l e  D . 4 - 1 5 . 

1 1  Hl 
D O l E 

JUNl 

2" • • •  1 0 )'  
JO  • • •  1 252  

T O T  � L  

Ana l y s i s  o f  S amp l e s  Co l l e ct ed at Cal cas ieu 
River Mil e 12 . 1  
( USGS , Loui s i ana ; 1976 ) 
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I r E I ( � �t I 

I U � / U  ( U G / L ) 

, , �u , 
b u  

:� f 

.. ,.. ... o,..� I "  

l'{) T AL ,., 1 T I -J O -

IJ A T A ,  .. .  l l P  Y £  A �  

0 1 5 -
0 1 5 - S O L V E U  

S UL V E U  ,.. "G-
C AL ... t�E -
( I UM S l U M  

I l A )  ( M G I  

{ M(,1L I ( "' G /L ' 

, 
4 2 0  

' 
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, 1 20 '  
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���� f :� , I S O ' 
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H A T T E R  
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SOL I O �  I "" L  IL ( I'' '  
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� t � �  

( C A  I t�ll l 
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Note : 

1 1-1 1  I N I  I H )  " , I N '  I P I 

, ,,,GIL ) ' '''GIL ) ( �(' / L ) I " G / L ) ' '''G I L l O H d L  I I "G / L I I �\(;/L ) I MG / L I / H R  I 

, , 
• o. f , , . ij ld 1 4  f , , , 

. u  1
, 

. 0 5 f 
I : � 7, . 7 8  f :' 1 - < 1 . 0 

. 0 1  • 1 2  • u " . 5 J  . 0 0 I S' 

S P E - C H l � '"  " 1 0 -
1\ 0 "' - ( I  f I ( I ( AL U'l � -

C A � - CU�j- ( O L D" O :J. Y G [ N J (  AL T O UL 

� lJt. A T t.. u u c r - I P l /l Y '"  T U � - 0 1 5 - D l "' /lNO 0 '  G l N  O R G Atn ( 

HAl.'u'" A h C E  P H t t-lUM'" b l O - S O L V E O  ( H I G H LJ l '"  MIO C A � a O N  C Y AU I O[ 
); f S S  ' '''' l C ..10 ''' ( Ot:l AL 1 I 1 Y O X Y G £. ",  L E V E l l  5 li A Y  t e l  ( C N )  
( '"' !..I l L . "'�10,) J f U I'd Y '" l  U" I T S I  I J T U I  I "' G / L  J t �G / L ) ( ,.\'; / L )  ' .. G I l l I MG / L  � 

Z O U U: 1 " " 0 01 , , , , , 
7 . 0  �, ;, 

0 . 7 1 ��, 1 . 1l _ . 5 , 
. 0 0 

l' J O  .... lu l O O  1 . q  o . q  2 . b '  5 . _ . 0 0  

O I L  T L\ l A l 1 0  T A L  1 [, (  A L  

10 1 , 0  T O  I Al CHL o� ... T O T . L T O T AL T Q I .L 0 1 - 1) 1 '"  T O T AL T O T AL 

tJl",l ... 5t. A Ll J\..I 1 N (l A N [  1>00 DOL DOT A l l  NOt. [ L L H I N  l ",OU I N  E T H I O N  

( ,. G / L )  ( U G / l l ( U G / L ) ( U G / L ) I UG / L I , UG / l l  t U G / L  I I U ( l L i  I U G / L l , U G / L I 

. 0 0  . 0  . 0 0  . U O  . U o  . 0 0  . 0 0  . 0 0  . 0 0  

. o u . 0  . 0 0  . 0 0 . 0 0  . 0 0  . 0 0  . 0 0  . 0 0  

POL Y '"  
C l-1 l 0 -

t O T A L T O T  Al T O T AL u J l j A  l t O  

til � r A - T O T AL foI[ T h 'f' l  "' t  T H 'f' l  T O t AL N r\ I-' H - T O T AL T O I A L  

l l-' L  GI{ T O  r '-L ", Il l '&' - iJ ,a. � A - H ' I - P A k A - l O T AL l t- A - T O X - T " I -

li-'O,( l llt. L 1 t.{.i A,..,.[ l H l ur.  l H I ON T H I ON T H 1 O�I P ( B  L t 1\ [ 5  A P rlE,N[ l H I ON 

( \.J G /L I ( ULl / l l I U G / L ) I U G / L  I ( UI.J /L I ( UG / L , I U G/ L I  ( J( I L )  ( u G /L ) I U G / L  I 

. o v  . 0 0  . 0 0  . O U  . 0 0  . 0 0 . 0  . 0 0  . 0 0  

. O u  . 0 0 . 0 0  . 0 0  . 0 0  . 0 0  . 0 . 0 0  . 0 0  

Samp le stat ion locations a r e  shown in F igure 0 . 4 -1 . 

Explanation of the superscripts i s  found in Table 0 . 3 - 3 . 
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Tab l e  D . 4 - 1 5 . Ana l y s i s  o f  S amp l e s  Co l l ect e d  at Cal c a s i eu 
River Mi l e  1 2 . 1  ( Concluded ) 
( USGS , Loui s i ana ; 1976 ) 

NV\I.YSES OF SNU'IJ,S COLlJ:r.n " BY fll 5CELlA'IlUJS SITl.� 

295611093201900 CALCAS IUI RII'LH AT 1>11 1.1, 1 2 . 1 ,  NlAR IL\(XBUUlY . LA (G 7J65h ) " Con t l fHled 
W A l E R  QUAL I T y  DA T A ,  w A T E R  Y l AR O C T OBER 1 9 7 5  TO S E P T E M B E R  1 9 1 b  
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1 , 4 "' 0  Z " , �" T S I L V E X  l A S  I ( A � I  ( ( 0 1  « ( 0  I « ( R  I , (R b i  « ( U  I 
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C ( V I  ( P B I  ' �I" I � G '  C H G I  ( N i l ( N i l ( [Ii) ( I N )  
D A T E  C V G/L ) C UG / L I IUG/L I C UG / L I C UG/L I C UG/L I C U G / L ! Wei l l  I �G / L I  

JUNE 
" , " . I f s '  Z O  f 20 J 29 • • •  . 2  

3 0  . . .  .. f . . !  . 0  2 0  f 2 u  

Note : S amp l e  stat ion location s  are s hown in F igure 0 . 4 - 1 . 

Exp l anation of the sup erscripts i s  .found in Table 0 . 3 -3 . 
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Exp l anation o f  the supers cripts i s  found in Table D . 3 -3 .  
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D . 4 - 18 . Analys i s  o f  Samp l e s  Co l l ected at Calcas ieu 

River Mi l e  10 . 0  
( USGS , Loui s i ana ; 1976 ) 
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LJA T E I UG /L I  ( U G / L ) I U G/U I U G / U  ( UG / U  I UG/L I I U G / L I I U G / L !  I U G / U  I UG / L I 

A P R .  f f 
I d O  u 7  . . .  

D A T E  

A iJ R . 
0 1  • • •  

Not� : 

. O J . 0 0  . 0 0  

0 1 5 - 0 1 5 - D I S - D I S - D I S -
S O L V E LJ T O HL SOL V l D  T O T AL S O L V E D T D T AL S O L V l D T O T AL SOL V E D  

C OPPlH L E  AD L l A D H E R ( U R Y  Ht:. R C U R Y  N I CK E L N I C KE L Z I NC Z I N C  

I C U  I ( P o l  I P � ) I HG ) ( H G )  I N I I  I N I ) ( l �� I I Z N )  

I uG / L I I UG / L ) I uG / U  I U G / L I I uG/U I UG / L ) I UG / L I I LJG/U I UG 1 L 1 

f f , 
J . 0  . 0  Z O  1 0  

S amp l e  station locat ions a r e  shown i n  F igure D . 4 - 1 . 

Explanat ion of the superscripts is found in Tabl e D . 3 - 3 . 
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Tab l e  D . 4 -19 . Anal y s i s  o f  Samp l es Co l lect e d  at Calcasieu 
River at Rabb it I s land 
( USGS , Lou is iana ; 1976 ) 

ANALYSES OF SANPLr.s Q)LLrcrm M �!lSCELLANi1U5 SITES 

DREIx;11'.I; OPERATlOOS STIIIlY - -Conti nuL'<i 

295100093222500 G\L0ISI Eli  tAJ(f: (WEST COVI) AT RARRlT ISIAMl, NrAR CA'lFRn� ,  L A  (CF 73651) 
W A l t H  Q U AL I T Y  D A T A ,  . A T E " Y E A R  uC T OB t R 1 9 7 �  T O  s E � T [ M8 [ R  1 9 76 

u l s - 0 1 5 -

0 1 5 - U I s- � U l V E D  Sal V E D  [Il 5 -

O I � - S O L V E D  S O L V E D  ,"" AG- O I S "  PO - O l S - s OL V l D 
50 l V E. 1J  MAhl- t A L - NE - �Ol V E O l A s - B I C A R - C A rt - s Ol V t D (HL O-

I RON G ANt s E  C I UM S l UM �OO I UM � I UM BON A T E  HON � T [  S U L F A  T [  R I DE 
T I ME ( r E I .  ( MN I  l e A )  ( M G I  I N A )  « I  (><C o J )  ( C v J )  ( S O ' ) ( l L l  

DA T E ( UG /l , ( U G /l . ( MG / L , ( MG / L I ( MG IL I ( M G I L I  ( M G/ l , ( MG/ l )  ( MG / L l ( M u / L l 

JUNE 
6 U f, , , , , , 8 9 ' 1 1 0 0  ' , 

29 • • •  1 0 , 0  ; � , :Z� , �;�, ::��,  :��, �;�� , JO . . . 1 2 ' 0  1 0 , 9 0 ' 1 2 0 0 '  

0 1 5- T U T A l  O b - 0 1 5- T O T A L V O L . 
T O l Al S O L  V E D  K J E l - ;;Ol V [ O  sOL - NON- N f , N-

A M M O N I A  A MMON I A  O A rl l  "' JE. L .  V l D- r I l T - f I L  T -
T O T A L  T O T A L  N 1 7 R U - N 1 1  RO- N I T R O- N i T RO- PHD s - R A 8 L E  R A : ) L l  s U s - H A � O -

N ! T R A T (  " ! T R ! T l GE N G E N  G E N  G E N PHORUs R f. S  I OU E  R t: S I U U E  P E N D E D  Nl � � 
( N ! ( N '  I N )  I N I  ( N '  I N I  ( P I  S O L I DS ( C A .  M G )  

D A T E I M U / l , ( M G / L )  ( MG / l ) ( M G / L I ( '"' G I L ) ( ""GIL ) ( MG I L I ( MG / L I  ( MG I L I ( M (' / L )  l "'IIJ / l ) 

JUNE , 
. O �: , , , II , , , 

29 • • •  . 0 1  
, 

. 0 0  : � �, . 6ij • b 8 , . 0 1  d I I f � f  - . , �:� �, JO . . .  . 0 1  . 0 0  . 0 9  . 98 . 0 1  4 b ] b ' 

s P E - C H E H - B I O -
NON- C l r I C  I C Al C H E H -
C A R - C O N - C UL OR O X Y G E N  I C A l  l U Y A l 

B O N A T E o u c r - ( P L A T - T U R- 0 1 5 - O E MAND 0 ,1;  Y G f:. r-.. O R G A N I C  
HARO - A N C t:  P H  I NU M- d l O - � O l V l D  . ( H I GH D E M A NO C A RBON C Y AN l Ol P H E N O L S  
NE s �  ( M I C k O - C OB A L T  I T Y  UX Y G E N L t: V E L l  5 D A Y  ( C l  ( C N )  

O A T E  t M G/L I MHO s ) ( UN I T S '  UN I T S I  ( J T U I  ( MG/L l '  ( M u / L l  ( M G / L l  ( MG / L J ( MG I L  I ( UG/L l 

JUNE 
2 7 0 0  f , " 7 ' 1 1  0 ' f 

29 • • •  2 J 2 0 u  1 . 7  6 . S  - -, , . 1
, . 0 0 �d JO  . . .  2 1  O P '  2 3 7 0 u ' 7 . 8  J ' I S' 1 . b l i D '  2 . J  � .  7 . 0 0  

O i l  T O T A L T O T AL T O T A L  T O T A L 
A N U  T O T ' l C Hl OR - T O T A L T O T A L T O T A L  0 1 - 0 1 - T O T "" l  T O T AL � E P T A -

G R E A S E  AL DR I N O A N l  DDO D O E  D D T  A l I NON E L D R I N  c Nu " I N E T H I O N  C H l O R  
D A l E  ( M G/ L l  ( U G/ L l  ( UG/L l ( U u / L I  ( U G/ L l  ( uGh l  ( U G / L l ( UG / L l ( UG/L l ( UG/l I ( UG /l I 

JUNE 
29 • • •  . 0 0 . 0  . 0 0  . 0 0  . v o  . 0 0, . 0 0  . 0 0 . 0 0  . 0 0  
3 0  . . .  . 0 u  . 0  . " 0  . 0 0  . o u  . 0 1  . 0 0  . 0 0  . 0 0  . 0 0  

P O l Y -
C H L O -

T O T A L  T O T A L  T O T A L  R I N A 1 t. D  
H E P T  A - T O T A L  M E T H Y L ME T H YL T O T A L  r-" A PH - r U T A l  T O T A L 
C HL O� T O T A L  M A l A - P A � A - T R I - .., A k A - T O T A L  T H A - T O ": - T R I -

E P O X I O l  L I IWkNE. T H I O� T H I O� T M I U N  T H I ON PC 8  L l 'IE's M-'H I:. N l  T H I ON 
u A T E  ( U G/ L l  ( UG/ l '  I UG/L l ( UG/L l ( UG / l ) ( U O/ L l  

JUNE 
c:9 

• • •  . 0 0  J O  . . .  . 0 0  

Note : 

( UG/ L l ( UO / L l ( UG/ l )  ( U "/ L l 

. 0 0  . 0 0  . 0 0  . V O . 0 0  . 0  . 0 0  . 0 0  

. 0 0  . 0 0  . 0 0  . 0 0  . 0 0  . 0  ;0 0 . 0 0  

S amp l e  stat ion locat ions are shown in F igure D . 4 - l . 

Explana tion of the superscripts is found in Table D . 3 -3 . 
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Tab l e  D . 4 - 19 . Anal y s i s  o f  Samp l e s  Co l l ected at Calcas ieu 
River at Rabbit I s l and ( Conc lude d )  
( USGS , Lou i s ian a ; 1976 ) 

' A 1 E� QU A l I 1 Y D A I A .  "' A T U �  Y E Af.I O C 1 0 � E R  I n ,  1 0  S E P l t: M� E R  1 9 7 0  

D I S - H E ,;, A -
0 1 ,- 1 0 1 A l S O L v E D  1 0 1  A l  V A L E H T  

r O I A L  S O L  v t D  ( A D - C A D - CHR O- C nkO- 1 0 T AL I D T AL T u T Al 1 0 l Al A HS E N I C  A kS[ N I C M I U M M I UM H I VH ,., I UM COPPER c . lf - U  2 , " , � - T  S I L V E X l A S )  ( A';» )  I CD )  I ( D ) I C O )  I l R 6 )  I C U I  
U A  I E  I UG/ L I  I UG/L ) I U G / L I I U(,/L I I U G/ L I  I U o / L l  I UG/ L I  I U G/ L I  I UG / L I  I U G / L I  

,.JU"'-t:: 
,,9 • • •  

3 0  • • •  

U A  I E  

JUNE 
2 9  • • •  

J O • • •  

Note : 

2 '  . 0 1  . 0 0  . 0 0  2 t o  

2 1 
f 

l O  

U l S- U I S - D I S - D I S - D I S -
S U L V E U  T O T AL S O L V E D  I O T AL , O L V E D  T O T A L  S O L V E D  T O T AL SOL v E D 
C OPP E R L E a D L t AD HE, R C U k Y  M t R C U R Y  N I C ' E L  N I cr. E L  l l " C  l I N C  

' C U )  I P o )  l Pjj ) I Hl» ( HG I  I N  ! l  I N  I I  < I N ) I I N )  
I U(,/L I I U G/L I I UG/ L I  I UG/L I I UG/L )  I UG / L ) ( UG/ L )  I U G / L I  I U G / L I 

1 0: , f , , 
. 1  . 1  1 0  2 2 0  �� f J . 1  . 0  7 J O f 

S ample station locat ions are shown in F igure D . 4 - 1 . 

Expl anation of the superscripts i s  found in Table 0 . 3 - 3 .  
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Tab l e  D . 4 -20 . Ana l y s i s  o f  S amp l e s  Co l l ect ed at Cal cas i eu 
Ri ver M i l e  1 .  0 
( USGS , Loui s i ana ; 1 976 ) 

W A T E "  Q U A L ! T Y  O A T A . 'rII A T E R  Y [ A I=f  U C T  O � E R  1 9 7 5  T O  S E P T E "� E R  l Q l r-

U I S - U I S -

0 1 5 - ll I S - S O L V E D  S O l V E G  0 1 5 -

0 1 5 - S U l V E D  SOL V E D  "" ,O, G - D I S - p a - u l S - SOL V E U 

S a l  V E U  M A N - C A l - 'E - S O l V E U  T A S - B I C A � - C � R - S O L V E  U C H L O -

I R O N  G A NE S E  C I UM S I U  ..... SOD I UM S l UM B O N A T l  � t . A  T f �Ul F A T  f " I DE 
T I � l  ( F E ) O o H H  ( C A )  ( p.l. G )  ( t� A ) j K )  ( H C Q J )  ( ( Cd '  , '-, (} 4 j r ( l ) 

O · ' E  ( U G / l ) ( U G / l )  004 (J / L  I O H i / l ) I MG /L ) ( M G / L )  ( � G / L } ( �J ( I  L I ( "'V/l . U � l / t  I 

J U N E  , f , , , , 
1 J.: 1 3 0 0� , 

29 • • •  1 1 2 3 5 0, ; �, ;��, �!� , ����, � ! � ,  : : � �� 
, 

30 • • •  U 9 3 7  n u  l l2 1 5 0 0  

0 1 5 - T O T AL 0 1 5 - 0 1 5 - T O T A L  v e l .  

S al V E D  K J E L - S O L V E D  S Ol - � O N - 1 /  N -

oI.MMON I A  A MMON I A  D A H L K J t  L .  V E D- F I L T - F I l T -

T O T A L T O T AL N I  T RO- N I T RO - N I T kO - N I T k O - P H O S - H A 8 l E  R .  L E  S U S - H A R D -

N ! T R A T E  N ! T H I T l  G E N  G E N  G E N  G E N  PHO k U S RE S I DUl " E S I OUE PE NU E O  NE S S 

( N )  ( N )  ( N )  ( N )  I N )  ( N )  ( P )  ,OL I OS C C A , M G )  

D A T E ( MG/ L )  ( M G / L l ( M G / L l ( MG / l l  ( M G / L )  ( M u l L ) ( MG / L ) ( M G / L )  ( t l G / L )  ( M G / L ) ( MG / L ) 

JUNE , , , , , , . O l� 1 4' 1 2' 3 S 0 0! 
2 9 • • •  . 0  I , . 0 1 , • O b , . 0 6, . 5 3, . 4 9 ,  ; ; , 
30 • • •  . 0 2  . 0 1  . o a . 0 5  . 7 3 . ' 0  . 0 1  Bo' 1 3' 3e 0 0  

S P E - ( H [ M - 8 1 0 -

NON- C I F I C  I C A l ( H t "" -

C A h' - C ON - ( a l a R  O X Y G E N  I C A l r ,) l AL 

B ON A T E D U C T - { P L A  T - T U � - 0 1 5 - O E M At�O O X Y G E N ORI,AN I C 

H A R O - A'C E PH I N U "" - B I O - S O L V E D ( H I GH D E M A ND ( 1I. J... Ij()N C Y A N I D E PHE NO L S  
N E >'>  ( H I C H O - C O U A L T I T Y  O X Y GE N L E V E L ) 5 D A Y  ( L l  ( C N )  

D A TE ( H G / L ) M HOS ) ( U N I  T S )  UN I T S )  ( J T ll )  ( M G / l l ( H G / l l ( " G I L ) "··G l l ) ( MG / l ) ( liG / l ) 

JU NE 
3 4 0 0: 2 0 2 0 U: a' , 

1 . 5' , 
29 • • •  e . 3 0 0 . 5 .  f�� , 

3 . 9, . 0 0  
3 0  • • •  3 b O O  3 0 0 0 U  a . 2  J '  

3 5' 5 . 8  2 . 3' " .
3 

. O U  

a l l T O T AL T O T A L T O T A L  T O T A L 
O N ll  T O T A L C Hl O k - T u  T A L  T O T A L T O T AL 0 1 - 0 1 - T U 1 ,A L  T O T AL H E P T A -

" R E A S E  A l Ok l N D A NE D O D  G O E  DOT A Z I NON E l D R I N  E r-luR I N  E T H I ON C H l O R  

DA I E  ( M G / l l ( U G / L ) I U G / L l ( U G / L l  ( U G / L l ( UG / L l  ( U G / l l ( U u / l l  ( V C ! 1 l  ( UG / L l ( U G / l ) 

JUN E 

29 • • •  . O U  . 0  . 0 0  . 0 0  . 0 0  . 0 0  . O U  . 0 0  . 0 0  . 0 0  
l O  • • •  • u o  . 0  . 0 0  . 0 0  . 0 0  . 0 0  . 0 0 . 0 0  . 0 0  . 0 0  

pal y-

T C U l  T O T AL T O T i-lL 

(tiltJ-
R I N A T E O  

Hl P T A - T O T A L  M t T H Y l  ME T H Y L T O T A L NA P H - T O T A L  T O T A L 

C e l O R  T U T J.o L  M A l A - P AI-l A ... T R I - P A R A - T O T A L  T HA - T D X- - T R I -

E P O X  J UE l I r,[).L.NE T H I ON T H I ON T H l uN T H I ON P C B  l Et'r 5 A P H E N l  T H I ON 

U O T E I U G / L l ( UG / L l  ( U G / L )  ( UG / l )  W G / L l ( U G / L l  ( U G / L l ( U G / l l ( U G / l l  ( UG / L l  

Jur'olE 

<9 • • •  . 0 0  
3 0  • • •  . 0 0  

Note : 

. 0 0  . 0 0  . 0 0  . 0 0  . o r  . 0  " . O u  . 0 0  

. 0 0  . U O  . 0 0  . 0 0  . 0 0  . 0  . 0 (1 . 0 0  

S amp l e  s tation l ocations are shown in Figure 0 . 4 - 1 . 

Exp lanat ion of the superscr ipts i s  found in Tabl e  0 . 3 - 3 . 
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Tab l e  D . 4 - 2 0 . Ana l y s i s  o f  S amp l e s  Co l le c t e d  at Calcas ieu 
River M i l e  1 . 0  ( Conclude d ) 
( USGS , Lou i s i ana ; 1976 ) 

ANALYSES OF SAM!'II�� COUECTED AT MI�CELlNlr:OJS SITES 
mElXill{; OI'ERATlCNS S1UDY- -Cont inued 

294 6J0091104600 CALCASIEU RIVER AT �1Il.E 1 . 0 .  NEAR CAMERON, LA (CE n650 j - -Cont inued 

W A T E H  QUAL I T Y  D A T A .  W A T E R  YEAR oCTOBER 1 9 1 5  TO SEPTEMBER 1 9 1 &  

D I S - HEU-
O I S- T O T AL SOL V E D  T O T AL V AL E N T  

T O T AL S O L ' E D  C l U - CAO- CHRO- CHHO-
T O T AL T U T A L  T O T AL A R SE N I C  ARSE N I C  M I UM M i UM M I UM 

I C D )  I C R ) 
M I UM 
( C R 6 )  

T O T AL 
COPPER 

I C U )  
I UG/L l 2 . 4-0 • • • •  5-T S I L V E �  l AS )  I AS I ( C D )  

I UG / L )  I UG/L ) iUG/U IUG/U D A T E  I UG/L
·
) IUG/L ) I UG/L l IUG/L l  IUG/L ) 

JUNE 
19 • • •  

3 0  • • •  

DA T E  

JUNl 
29 • • •  

3 0  • • •  

Note : 

D I S-
SOLVEIl 
C OPPEH 

I C U I  
IUG/L I 

f 6 
• f 

. 0 0  

. 0 0  

T O T AL 
L E AD 
I P S I  

I UG/L I 

1 5  
9 

. 0 0  

. 0 0  

D I S-
SULVED 

LE AD 
( P S )  

I UG /L I 

TO T AL 
MERCUHY 

( HG I  
I UG/ L I  

d 
. Z d . 3  

f 
tf 

D I S -
SOLVED 

M�RCURY 
I H G I  

I UG/L I 

. O f . 3  

O I S-
T O T AL SOLVEO 
NI c.EL N I C K E L  

I N I I  I N I I 
I UG/L I I UG/L ) 

1 0  ) f 
8 0 

30 
3 0  

T O T AL 
2 1  NC 
1 2 N I  

I UG/L I 

Z O  
f 

O I S-
SOLVEO 

Z I NC 
I ZN I  

I UG/L I 

ZO f 
. 0  

6 
II 

S ampl e  station locat ions are shown in Figure D . 4 - l . 

Exp l an ation of the superscript s i s  found in Table D . 3 - 3 . 
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Tab l e  D . 4-2 1 .  

Temp. 
°C 

S ta t i on 8 2 3 . 8  
S t a t i on 9 2 0 . 0  
S ta t i on 1 0  2 3 . 4  
S ta t i on 1 1  2 4 . 6  

� 
Il g / L 

S ta t i on 8 38 d 
• 

S t a t i on 9 <. 0 . 2  
St a t i on 1 0  90 d 
S t a t i on l '  5 6  d 

Wat e r  Qua l i t y  o f  Stat ions 8 ,  9 ,  1 0 , and 1 1 , 
Cal c as ieu S h ip Channel 

( US Army CE , New Or lean s , 1976 ) 

R e s u l t s of Wa t e r  Qu a l  i t y F i e l d  Samp l i n g 

.P.tL D . O .  C OD S S  V S S  TKN T - P  O i  I a nd G rea se 
mg / L  mg / L  mg / L  mg / L  m g / L  mg / L  mg / L  

7 . 8  
• 675 j 

1 5 ' 3' 1 .  0 ' 0 . 0 54d 5 . 5  7 . 9 
4 . 1 

• 
3 . 9 -

, 
1 2 0' , , d 5 1 1 1  0 . 78 0 . 2 2 0  8 . 8  , 

1 8' / , d 6 . 6  1 3 . 9  1 69 1 . 1 0 . 0 72 2 6 . 8  
6 . 8  684' , , , 

0 . 05 2  d 7 . 0  22  3 2 . 2  < 0 . 5  

Met a l s * 
R e s u l t s o f  Wa t e r  Qu a l i t y F i e l d  Samp l i n g Heavy 

Pb Zn As Cd C u  C r  (Tota I )  
---;;;g7L mg / L  --;;;q7L ---;;;g7L -';;g / L  mg / L  

0 . 1 1 · 0 . 0 73  <- 0 . 02 5  < 0 . 05 <-:. 0 . 05 0 . 05 
• 

< 0 . 1 0  0 . 2 5 0  '- 0 . 02 5  < 0 . 05 <- 0 . 0 5  <- 0 . 05 

<- 0 . 1 0  0 . 0 5 5  <. 0 . 0 2 5  < 0 . 0 5 < 0 . 05 0 . 0 7 

< O .  1 0  0 . 063 <. 0 . 02 5  -<\ 0 . 0 5 < 0 . 05 < 0 . 05 

N i  
mg / L  

<- 0 . 1 0  
0 . 1 2  • 

<. 0 . 1 0  
< O .  1 0  

*De tect ion limits for Wes ton ' s equipmen t :  Hg , 0 . 2  !lg / L ;  Pb and Nj , 0 . 1  mg /L ;  Zn and As , 0 . 02 5  mc/L ; 
Cd , Cr , and Cu , 0 . 05 mg/l, .•. 

Source ; Roy F. West on I nc . 

Note : S ample s ta t ion locations are shown in Fi gure D . 4 - l . 

Exp lanat ion of the superscripts i s  found in Table D . � - 3 . 
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Tab l e  D . 4 - 2 1 . Wat er Qual ity o f  S t at ions 8 ,  9 ,  1 0 ,  and 1 1 , 
Calcas ieu Ship Channel ( Cont inued ) 

S t a t i on 8 

S t a t  i on 9 
S t a t i on 1 0  

S ta t i on 1 1 

( US Army , New Or l e ans , 1 976 ) 

Re s u l t s of F i e l d  Samp l i n g S u rvey 
Pe s t i c i de s  i n  Wa te r 

Pa rame t e r  

2 , 4 D 

2 , 4 D 

2 , 4 D 

D i a z i non 
2 , 4 I) 

Source : Roy F .  We ston I n c . 

C oncent ra t i on 
J.L g i L  

f 
0 . 0 1 

0 . 02
' 

0 . 0 1
' 

0 . 02 
, 

0 . 0 1 ' 

Note. : S ample stat ion loca t ions are shown in Figure 0 . 4 - 1 . 

Expl anation o f  the superscripts is found in Table 0 . 3 - 3 . 
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Tab l e  D . 4-22 . Sed iment Qua l i t y  for S t at ion s 8 ,  9 ,  1 0  and 
1 1 , Cal cas ieu S h ip Chann e l  

( US Army CE , New Or l eans , 1976 ) 
R e s u l t s  of F i e l d  S a mp l i n g S e d i me n t s  

C OD T S  TVS TKN Ui 1 
mg / k g  % S o  1 i d s  % S o l  i d s - D ry We i g h t  mg / ko m g / kg 

S t a t i o n 8 1 2 , 1 7 7 3 8 . 0
' 

3 . 4
' 

5 04 6 2 1 
, , 

" ta t i o n 9 1 1 , 00 0  3 6 . 0  4 . 0  3 8 6  3 3 5  
, , 

S t a t i o n 1 0  1 6 , 9 1 9  3 2 . 0  3 . 5  3 66 1 00 
, , 

S t a t i on 1 1  1 6 , 945 3 4 . 0  3 . 7  5 2 2  1 7 5 

R e s u l t s  of F i e l d S a mp l i n g H e a v y  M e t a l s  i n  S e d i me n t s  

Hg Pb Z n  A s  Cd C u  C r  (Tota I )  N i  
mg / k g  mg / kg mg /kg mg / k g  mg / k g  m g / k g  mg / kg m g / kg 

S t a t i on 8 0 . 66 6  1 0 . 0  40 . 0  0 . 63 ' 1 .  0 ' 5 . 0 ' 8 . 0 ' 1 2 . 0 ' 

S t a t i o n 9 6 . 5  g --:. 1 . 0 3 2 . 0  2 . 0 7 ' < 1 .  0
' 

< 5 . 0 ' 1 0 . 0 ' < 5 . 0 ' 

S t a t i on 1 0  1 . 1 1  g 1 0 . 0  4 8 . 0  1 . 02 
' 

2 . 0 ' S .  0 ' 1 1 . 0 ' 1 2 . 0 ' 

1 1  3 8 . 0  0 . 9 7 ' , , 
9 . 0 ' 8 . 0

' 
S t a t i on 0 . 0 7 0  1 0 . 0  1 . 0 5 . 0  

Source : Roy F .  Weston Inc . 

Note : S ampl e  stat ion locations are shown in F igure D . 4 - l . 

Explanat ion o f  the superscripts is found in Table D . 3 - 3 . 

D . 4 - 3 3  



t:J 

� 
I 

VJ 
� 

S t a t i on 8 
S t a t i on 9 
S t a t i on 1 0  
S t a t i on 1 1  

Tab l e  D . 4 - 2 3 . E lut r i at e  Dat a , S t at ions 8 ,  9 ,  1 0 , 1 1 , 
Calcas i eu Ship Channel ( U . S .  Army Corps o f  Engineers , 

New Or l e an s , 1976 ) 

� Pb 
� 9 / L  mg / L  

0:85 0 . 2 2 
0 . 6 0 < 0 . 1 0  

< 0 . 2 0  fJ . 2 0 
0 . 45 0 . 2 5 

Re s u l t s  of F i e l d  S a m p l i n g E l u t r i a t e  T e s t s  
I n l a n d  S t a t i on s  

Z n  A s  C d  C r! (Tota l )  
m g / L  m g / L  mg / L  mq / L  

0 . 1 00 < 0 . 02 5  <0 . 0 5 < 0 . 0 5 

0 . 1 2 0 < 0 . 02 5  <0 . 0 5 < 0 . 05 

0 . 0 60 < 0 . 02 5  <0 . 05 < 0 . 05 

� < 0 . 02 5  <0 . 05 < o . o r:; 

Sour ce : Roy F .  Weston I n c . 

Note : S ample s tation locations are shown in F igure 0 . 4 - 1 . 

Exp lanation of the superscr ipts i s  found in Table 0 . 3 - 3 . 

N I  
mg / L  

0 . 1 1  
< 0 . 1 0 -
< 0 . 1 0  

� 

C u  
mg / L  

< 0 . 0 5 
< 0 . 05 
< 0 . 0 5 

0 . 0 8 



Tab l e  D . 4 -24 . Elut r i at e , Surface Wat er , and Bo t t om 
S ed iment Dat a for St at ion 7 ,  Cal c a s i eu 
River at Hackb erry . 

Sample No . :  

Lab L D .  No . :  

Record No . :  

Dat e :  

T ime : 

SOURCE 

UNITS 

As 

Cd 

Cr 

Cu 

Pb 

Hg 

Ni 

Zn 

Phenols 

UNITS 

Cn 

COD 

TKN 

TVS 

O il & Grease 

* 
d ry weight 

( U . S .  Army CE , New Orleans , 1 9 75 ) 

1 

101090 

2044 

04-04-75 

10 3 1  

WATER QUALITY 

ELUTRIATE 

(ug / l )  

3 

o 

10 

1 

o 

0 . 0  

2 

20 
f 

4 d 

(mg / l ) 

0 . 00 

500 f 

f 
3 . 6  

1 

101053 

1 9 70 

04-04-75 

1030 

SURFACE 
WATER 

(ug / l )  

o 

o 

o 

3 

2 

0 . 0  

o 

30 
f 

6 e 

(mg / l )  

0 .00 

2 90 f 

f 
0 . 56 

1 
f 

2 
e 

D . 4 - 3 5  

1 

101053 

1 970 

04-04-75 

1030 

BOTTOM SEDIMENT 

SAMPLE 
CONCENTRATION 

* 
(mg/kg ) 

8 > f 

4 > f 

1 8  
f 

f 
23 

30 e 

0 . 10 

1 5  f 

56 f 

o f 

59,000 > e 

2 , 300 > e 

f 
8 1 , 900 > 

< 1 



Tab l e  D . 4 -24 . E l ut r iat e , Sur face Wat er , and Bot t om 
Sed iment Dat a for S t at ion 7 ,  Cal cas ieu 
River at Hackberry . ( Cont inue d )  

Samp le No . :  

Lab L D .  No . :  

Record No . : 

Dat e : 

Time : 

SOURCE 

UNITS 

As 

Cd 

Cr 

CU 

Pb 

Hg 

Ni 

Zn 

Phenols 

UNITS 

Cn 

COD 

TKN 

TVS 

Oil & Grease 

* 
dry weight 

( US Army CE , New Or l e an s , 1 9 7 5 ) 

2 2 

105063 105047 

3 2 1 9  3 1 87  

04-0 6-7 5 04-0 6-75  

100 1 1000 

WATER QUALITY 
. 

ELUTRIATE SURFACE 
WATER 

(ug / 1 )  (ug/ 1 )  

6 1 

0 0 

10 10 

3 3 

0 1 

0 . 0 0 . 02 

1 2 

30 
f 

10 
f 

9 e 6 e 

(mg / l )  (mg / l )  

0 . 00 0 . 00 

520 f 320 f 

4 . 6  
f 

0 . 57 

1 2  
f 

- ---

-- - - 2 
e 

D . 4 - 3 6  

d 

f 

2 

105047 

3 1 87  

04-06-75 

1000 

BOTTOM SEDIMENT 

SAMPLE 
CONCENTRATION 

* 
(mg/kg ) 

8 > 

1 
f 

1 5  
f 

1 5  
f 

30 

0 . 1 4 
f 

10 

53 
e 

0 
f 

60 , 000 > 

2 , 300 > 

86 , 800 > 

1 

f 

e 

e 

e 



Tab l e  D . 4 -24 . Elut r i at e , Surface Water , and Bot t om 
Sed iment Dat a for St at ion 7 ,  Calcas i eu 
River at Hackberry . ( Cont inued ) 

( US Army CE , New Or l e ans , 1 9 7 5 ) 

PESTICIDE ANALYSIS 

Sample Locat ion : Calcasieu River at Hackberry - Station 7 

Sample No . :  1 

Dat e : 04-04-75 

Time : 1030 

Parameter 

1 

04-04-75 

1030 

Concentrat ion 

Surface Water Bot tom S ediment 
ug/ l ug /kg 

Aldrin� ________ _ 0 . 00 0 . 0  
f 

Chlordane� ____ __ 0 . 0  o f 

0 . 00 
f 

1 . 7  
f 

DDT ____________ __ 

0 . 00 f 
0 . 0 

f 
DDE ____________ __ 

Dieldrino ________ _ 0 . 00 0 . 6  
f 

Endrino __________ _ 0 . 00 0 . 0 f 

0 . 00 
f 

0 . 0 
f Heptachlor 

epoxide ______ __ 

Hep tachlor ______ _ 0 . 00 0 . 0 
f 

Lindane ________ __ 0 . 00 0 . 0  f 

PCBo ______ _ 0 . 0 4 f 

0 . 0 
f 

0 
f 

PCN ____________ __ 

Toxaphene ______ __ 0 0 
f 

D . 4 - 3 7  



Tab l e  D . 4 -24 . E lut r i at e , Surface Wat e r , and Bot t om 
Sed iment D at a  for St at ion 7 ,  Calcas ieu 
River at Hackb erry . ( Conc luded ) 

( US Army CE , New Orleans , 1 97 5 ) 

PESTICIDE ANALYSIS 

Sample Location : Calcasieu River at Hackberry - Station 7 
Samp le No . :  2 
Dat e :  04-06-7 5  
Time : 1000 

Parameter 

2 
04-06-7 5  

1000 

Concentrat ion 

Surface Wat er Bot tom S ediment 
ug/ l  ug/kg 

Aldrin� ________ _ 

Chlordane ______ __ 

DDD ____________ __ 

DDE ____________ _ 

DDT ____________ _ 

Dieldrin� ______ _ 

Endrin __________ _ 

0 . 00 0 . 0  f 

0 . 0  o f 

0 . 00 f 0 . 0  f 

0 . 00 f 0 . 0  f 

0 . 00 0 . 0  f 

0 . 00 0 . 8  f 

0 . 00 0 . 0  f 

Heptachlor 
epoxide ______ __ 

Heptachlor ______ _ 

Lindane ________ __ 

PCB ____________ __ 

PCN ____________ __ 

Toxaphene ______ __ 

0 . 00 f 0 . 0  f 

0 . 00 0 . 0  f 

0 . 00 0 . 0  f 

0 . 0  0 f 

0 . 0  f 0 f 

0 f 0 

D . 4 - 3 8 



Tab l e  D . 4- 2 5 . E lut r i at e , Sur face Wat e r , and Bot t om 
Sed iment Dat a , S t at ion 8A , Calcas ieu 
River at M i l e  1 5 . 0  

( US Army CE , New Or l e an s , 1 9 75 ) 

Sample No . :  1 1 1 

Lab L D .  No . :  1 0 1 06 9  1 0 1 048 1 0 1 048 

Record No . :  2002 1 9 60 1 960 

Dat e :  04-04-75 04-04-75 04-04-7 5  

Time : 1 1 0 1  1 1 00 1 1 00 

WATER QUALITY BOTTOM SEDIMENT 

SOURCE ELUTRIATE SURFACE SAMPLE 
WATER CONCENTRATION 

* 
UNITS (ug/l) (ug /l) (mg /kg ) 

As 6 1 7 > f 

Cd 0 0 2 f 

Cr 1 0  0 1 2  f 

Cu 2 3 2 1  f 

Pb 0 1 3 0 

Hg 0 . 0  0 . 1  0 . 99 

N i  0 0 1 5 0  

3 0 f 30 f 
54 e 

Zn 

Phenols 1 5  e 1 5  d --

UNITS (mg/l) (mg/l) 

0 . 00 0 . 00 0 
f 

Cn 

COD 250 f 4 00 f 45 , 000 

TKN 3 . 2  f 0 . 49 f 1 , 900 > f 

TVS 1 2  f 7 3  , 600  f ---

Oil & Grease --- 2 e < 1  

* 
dry weight 

D . 4 - 3 9  



Tab l e  D . 4 -25 . E lut r iat e , Surface Wat er , and Bot t om 
Sed iment Dat a , St at ion 8A , Cal c a s i eu 
River at M i l e  1 5 . 0  ( Cont inued ) 

Sample No . :  

Lab I . D .  No . :  

Record No . :  

Dat e :  

Time : 

SOURCE 

UNITS 

As 

Cd 

Cr 

Cu 

Pb 

Hg 

Ni 

Zn 

Phenols 

UNITS 

Cn 

COD 

TKN 

TVS 

Oil & Grease 

* 
dry weight 

( US Army CE , New Or l e an s , 1 9 7 5 ) 

2 

1 05062 

3 2 1 7  

04-04-75 

0946 

WATER QUALITY 

ELUTRIATE 

(ug / l) 

2 

o 
1 0  

2 

o 
0 . 1  

2 

30 f 

8 e 

(mg / l )  

0 . 00 

4 1 0  
f 

f 2 . 4  

2 

1 05048 

3 1 89 

04-04-75 

0945 

SURFACE 
WATER 

(ug / l) 

1 

2 

1 0  

6 

o 
d 0 . 2  

2 

30 f 

8 d 

(mg / l) 

0 . 00 

450 f 

f 0 . 6 1  

8 f 

1 

D . 4 - 4 0  

2 

1 05048 

3 1 89  

04-04-75 

0945 

BOTTOM SEDIMENT 

SAMPLE 
CONCENTRATION 

* 
(mg/kg ) 

9 f > 
< 1  f 

1 3  f 

1 5  f 

20 

0 . 1 0 

1 0  f 

53 f 

--

0 f 

e 

57 , 000 > e 

2 , 300 > e 

8 1 , 500 > e 

1 f 



Tab l e  D .  4 -2 5 .  Elut riat e , Surface Wat er , and Bo ttom 
Sed imen t Dat a ,  Stat ion 8A , Ca l cas ieu 
River at Mi l e  1 5 . 0  ( Cont inued ) 

( US Army CE , New Or leans , 1 97 5 )  

PESTICIDE ANALYS I S  

Sample Locat ion : Calcasieu River - Calcasieu Lake Mile 1 5 . 0  - S tat ion SA 

Sample No . :  1 

Dat e : 

Time 

Parameter 

Aldrin 

Chlordane 

DDD 

DDE 

DDT 

Dieldrin 

Endrin 

Heptachlor 
epoxide 

Hep tachlor 

Lindane 

PCB 

PCN 

Toxaphene 

04-04-75 

1 1 00  

Surface Water 
ug/ l 

0 . 00 

0 . 0  

0 . 00 f 

0 . 00 f 

0 . 00 

0 . 00 

0 . 00 

0 . 00 f 

0 . 00 

0 . 00 

0 . 0  

0 . 0  f 

0 

04-04-75 

l l OO 

Concent ration 

D . 4 - 4 1  

Bot tom Sediment 
ug/kg 

0 . 0  f 

o f 

0 . 0  f 

0 . 0  f 

0 . 0  f 

0 . 9  f 

0 . 0  f 

0 . 0  f 

0 . 0  f 

0 . 0  f 

3 f 

0 f 

0 
f 



Tab l e  D . 4 -25 . E lut r i at e , Sur face Wat er , and Bot t om 
Sediment Dat a ,  St at ion SA , Cal c as ieu 
R iver at M i l e  1 5 . 0  ( Conc lude d ) 

( US Army CE , New Orl ean s , 1 975 ) 

PESTICIDE ANALYSIS  

Samp le Locat ion : Calcasieu River - Calcasieu Lake Mile 1 5 . 0  - Station 8A 

Samp le No . :  

Dat e :  

T ime : 

Parameter 

Aldrin 

Chlordane 

DDD 

DDE 

DDT 

Dieldrin 

Endrin 

Heptachlor 
epoxide 

Heptachlor 

Lindane 

PCB 

PCN 

Toxaphene 

2 

04-06-75 

0945 

Sur face Water 
ug/ l 

0 . 00 

0 . 0  

0 . 00 f 

0 . 00 f 

0 . 0  

0 . 00 

0 . 00 

0 . 00  f 

0 . 00 

0 . 00 

0 . 0  

0 . 0  f 

0 

2 

04-06-75 

0945 

Concentrat ion 

0 . 4 - 4 2  

Bottom S ediment 
ug /kg 

0 . 0  f 

o f 

1 . 3  f 

0 . 0  f 

0 . 0  f 

0 . 4  f 

0 . 0  f 

0 . 0  f 

0 . 0  f 

0 . 0  f 

0 f 

0 f 

0 f 



APPEND I X  D . 5  

SABI NE-NECHES R I VER BAS I N  

I NCLUD I NG 

COW BAYOU HYDROLOG I C  DATA 

Th i s  appendix con s i st s  o f  volumet ric f l ow dat a and 

wat er qu al i t y  dat a for t he Sab ine -Ne c hes River Bas i n . F i gure 

D . 5 - 1  is a map o f  t h i s  basin w i t h  s amp l e  st at ion s . Tabl es are 

l i s t ed b e l ow . 

Tab l e  D . 5 - 1  Vo l ume t r i c  Flow Dat a , Sabine River 
near Rul i f f , Texas 

Tab l e  D . 5 - 2  Vo lume t r i c  Flow Dat a ,  Cow Bayou 
near Mauricev i l l e , Texas 

Tab l e  D . 5-3  Vo l ume t r i c  Flow Dat a ,  Neches River 
at Evadale , Texas 

Tab l e  D . 5-4 Wat er Qua l i ty Dat a ,  S ab i n e  River 
near Rul i f f , Texas 

Tab l e  D . 5-5  Wat er Qual i t y  in Area of Dredging 
in S abine River - SN 1 5  

Tab l e  D . 5-6 S ab ine River Wat er and S ediment Qual ity 
Dat a SN- 1 5 , SN- 1 6 , and SN- 1 7  

Tab l e  D . 5-7 Cow Bayou Wat er and S ediment Qual ity 
Dat a CB 3 and CB 4 

Tab l e  D . 5-8  Water Qua l i ty Dat a ,  Neches River , 
Evadal e , Texas 

Tab l e  D . 5-9  Neches River Wat er an d Sediment Qual i t y  
Dat a NR-2 , NR-3 and NR-4 

0 . 5 - 1 



EVADALE 

CB-4 ------_.l1 

CB-3 ------I�� 

• 903 

GU L F  OF MEXICO 

ICW 

SN·17 

SN·16 

SN·15 

DEI ======3=======310 MILE 5 

Figure D . S-l . Location of Sample S tation s in the Sabine-N e ches River Basin 
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Tab l e  D . 5 - 1 . Vo l umetr i c  Flow Dat a ,  Sabine River 
near Rul i f f , Texas 

( US GS , Texa s , 1 9 75 ) 

LOCAT ION. - -Lat 30°18 ' 13" , l ong 93"44 ' 37 " ,  Ca lcas ieu Pari s h ,  L a . -Newton (CUlty, Tex . State l i n e ,  at downs tream s i de of bri dge on Texas 
State Highway 1 2 .  2 . 4  mi l es ( 3 . 9  km) north of Rul i ff .  4 . 2  mi l es ( 6 . 8  km) ups tream from the Kilnsas C i ty Southem Rai l .... ay Co. bridg e ,  
4 . 5  mi les ( 7 .2 km) downs tream frcrn Cypress Creek . a n d  at m i l e  40 . 2  (64 . 7  km) . 

DRAINAGE AREA . --9 ,J29 mi' (24 , 1 62 ,me ) .  

PERIOD O F  RECORD , - -Di s charge : October 1924 to current year. 
Water qua l i ty :  Chemical analyses : October 1945 t o  Septenter 1946 . October 1947 t o  current year .  Chemical and biochemical analy

ses : October 196 7 to current year. Pesticide analyses : January 1 968 to current year. Water temperature s :  October 1947 to current 
year. 

CiAGE . --Water-stage recorder. Datum of gage is 4.08 ft ( 1 . 244 m )  above mean sea l eve l .  Prior to Mar. 1 ,  1 94 1 .  nonrecording gage at Kansas 
C i ty Southern Rai lway Co . bri dge , 4 . 2  mi les ( 6 . 8  km) downs tream and at datum 2 .02  ft ( 0 . 6 1 6  m) lower. Mar. 1 ,  1941 . to Dec. 8, 1948. 
nonrecord i ng gage at present s i te and datum. 

AVERAGE DISCHARGE . --42 years ( 1924-56 ) prior to cClT1p letion of Toledo Bend Reservo i r .  8 , 422 ft3/s (238 . 5  m.1/s ) ,  6 , 102 .000 acre.ft/yr ( 7 . 52 
km'/yr) ; 9 year, ( 1 966-75 )  re9u l a ted , 7 ,969 ft'I, (225 . 7 m'I' ) ,  5 ,774 ,000 acre-ft/yr ( 7 . 1 2  <m'/yr) . 

EXT�;�i�
:
- 7�ls;��I;e (

21
��r�;I; )

Y���� 
l
��XirT1Jm d i scharge , 40 ,700 ft3/s ( 1 , 150 rn:l/s ) May 14 (gage hei ght. 1 5. 33 ft or 4 .673 m ) i  minimum 

Period of record : Maximum d i s charge . 1 2 1 .000 fV/s { 3.430 m3/s } May 22. 1953 (gage hei gh t ,  1 9 . 98 ft or 6 . 090 m ) .  minirrum, 270 ft:l/s 
; 7 .65 m'I , )  5ept. 27-30 , Oct. 1 - 3 ,  1 7-20 , 1956 .  

H i s tori c :  Maxirrum s tage s i nce at least 1 83 5 .  22 . 2  ft ( 6 . 7 7 m )  i n  May or June 1884 (adjusted to present s i te and datum on baS i s  of 
s l ope of f l ood of June 8 ,  9 , 1950 ) ;  flood of �r. 26-29. 1 9 1 3 ,  reached a stage of 1 9 . 5  ft (5 .94 m ) , present sHe and datum. from infor
mation by l ocal res ident .  

Water Qua l i ty: Current year : Maximum da i ly speci fi c  conductance. 165 mi croot1os Jan . 31 . Feb . 1 7 ;  minilTlJm dai ly. 63 mi cromhos Aug. 
8 . Maxlmum water temperatures . 31 .0°C July 24 ; P1i n irrum. 9 . 0°C Jan . 1 3 - 1 6 .  

Period of  record : Maxirrum dai ly speci f i c  conductance, 779 microot1os Aug . 31 . 1966 . minimum da i ly .  28  micrcrnhos Sept . 19 . 1963. 
Maximum water temperature s .  36.0°C Aug. 1 4 , 1962 ; min irT1Jm, I . O°C Jan .  28. 1 948. 

RfMARKS . - -Di s charge records fa i r .  Flow i s  partly regu l a ted by Toledo Bend Reser.o oi r  (station 08025350) 1 1 6 . 3  mi l es ( 1 87 . 1 km) upstream. 

REVISIONS (�ATER YEARS ) . - -�SP 1 282: 1941 (M) , 1942 .  �SP 1442: 1925-29 , 1 9 37-39 , 1943. �SP 1 732 : Dr.inage .rea. 

D I S C H A R G E ,  I N  C U B I C  F E E T  P ER SECOND , W A T E R  YEAR O C T O B E R  1 9 14 T O  S E P T EM B E R  1 9 7 5  

DAY O C T  N O V  DE C JAN F U ,  " A "  A P R  MA Y JUN JUL AUG SEP 

1 , 4 6 n  .1 . 6 0 0  1 4 . 6 0 0  32 , 1 0 0  1 1 . 5 0 0  2 5 , 2 0 0  l 1 t l o O  'i . 520 24 . 2 0 0  1 2 , 4 0 0  7 . 2 6 0  7 , 060 
2 , 5 5 0  3 , 2 1 0  1 3 . 6 0 0  ] 0 . 8 0 0  1 7 . 2 0 0  24 , 1 0 0  l 1 d O O 1 1 . 5 0 0  2 5 . 7 0 0  1 2 . 8 0 0  9 , 9 1 0  5 , 3 8 0  
2 , 1 4 0  2 . � 1  0 1 2 , 7 0 0  2 9 , 8 0 0  1 7 . 0 0 0  2 ] , 5 0 0  1 7 , 1 0 0  1 4 . 4 0 0  24 . 1 0 0  1 ] . 0 0 0  1 0 , 6 0 0  4 , 1 3 0 
1 , 94 0 3 . 0 2 0  1 2 . 7 0 0  2 7 . 4 0 0  1 6 d O O  2 2 , 6 0 0  1 7 t l o O  1 6 . 0 0 0  2 1 , 4 0 0  1 3 . 4 0 0  1 1 . 0 0 0  5 . 1 6 0  
1 , 3 1 0  3 . 0 9 0  1 3 . 3 0 0  2 f1 . 2 0 0  1 6 , 9 0 0  2 1 . 6 0 0  1 7 t l O O  1 6 . 3 0 0  1 8 , 3 0 0  1 3 . 8 0 0  1 1  t l  0 0  6 , 4 3 0  

6 1 . 1 0 0  2 . 6 1 0  1 4 , 3 0 0  2 " , 2 0 0  1 1 . 8 0 0  2 0 . 2 0 0  1 6 , 9 0 0  1 6 . 2 0 0  1 6 . 7 0 0  1 4 , 4 0 0  9 . 6 1 0  1 . 1 3 0 
1 1 , 0 0 0  2 , 2 0 0  1 5 t l o o 2 9 . 1  00 1 9 , 5 0 0  1 9 , 2 0 0  1 6 , 6 0 0  1 8 . 0 0 0  1 5 . 5 0 0  1 4 , 4 0 0  8 . 5 8 0  1 . 350 
8 9 2 6  2 . 1 2 0  1 5 , 8 0 0  3 1 . 4 0 0  2 1 , 5 0 0  1 8 . 5 0 0  1 1 , 6 0 0  2 4 , 7 0 0  1 4 . 4 0 0  1 4 , 0 0 0  9 , 0 1 0  1 . 1 8 0 
9 8 8 8  2 . l b O  1 7 , 2 0 0  2 9 t 1  0 0 2 2 . 2 0 0  1 8 , 4 0 0  1 8 . 2 0 0  3 J . 0 0 0  1 4 . 6 0 0  1 3 . 3 0 0  9 . 66 0  5 , 3 1 0  

1 0  8 S 0  2 . 2 6 0  1 9 . 2 0 0  2 8 , 0 0 0  2 1 . 5 0 0  1 8 . 2 0 0  1 7 . 9 0 0  34 . 8 0 0  1 3 , 4 0 0  1 2 . 4 0 0  9 . 3 8 0  4 , 0 0 0  

1 1  822 2 . 4 0 0 2 0 . 5 0 0  2 1 . 2 0 0  2 0 . 5 0 0  1 1 , 9 0 0  1 7 . 8 0 0  3 6 , J 0 0  1 0 . 3 0 0  I l t O O O  8 , 1 0 0  5 , 0 3 0  
1 2  8 0 1 2 , 7 0 0  1 9 , b O O  2 5 , 8 0 0  1 9 , 5 0 0  1 1 . 6 0 0  1 7 . 9 0 0  3t h  0.00 1 1 . 4 0 0  9 , 160 7 . 9 3 0  5 . 8 6 0  
1 3  192 3 , 4 4 0  1 6 1 3 0 0  2 6 . 0 0 0  1 8 . 9 0 0  1 1 . 4 0 0  1 8 . 4 0 0  3 9 . 3 0 0  1 4 , 4 0 0  9 . 3 0 0  6 . 69 0  6 . 3 1 0  
1 4  1 7 4  ] . 7 4 0  1 7 , 5 0 0  2 6 . 7 0 0  1 8 , 6 0 0  1 1 . 5 0 0  1 8 . 4 0 0  4 0 , 6 0 0  U � , 6 0 0  9 , 3 0 0  6 . 7 1 0  6 . 550 
15 186 3 d � o  1 7 . 8 0 0  25 , 1 0 0  1 6 , 9 0 0  1 8 . 5 0 0  l t h  2 0 0  3 " . 5 0 0  2 0 . 1 0 0  8 , 4 0 0  1 . 2 6 0  6 . 280 

16 8 1 6  2 . 5 0 0  1 7 , 7 0 0  2 3 , 4 0 0  1 9 . 0 0 0  1 9 . 6 0 0  1 6 , 9 0 0  35 . 3 0 0  1 9 . 1 0 0  6 . 8 0 0  7 . 4 1 0  4 , 320 
1 1  1 , 2 3 0  2 . 1 2 0  1 1 . 7 0 0  2 2 . 2 0 0  1 9 . 0 0 0  2 2 , 1 0 0  1 5 . 9 0 0  2 8 , 60 0  1 8 . 5 0 0  6 , 4 8 0  1 , 6 50 3 . 4 4 0  
1 8  1 . 6 2 0  2 . 0 1 0  1 7 . 9 0 0  2 0 . 8 0 0  1 9 t 1 O O  2 2 , 6 0 0  1 4 . 8 0 0  2 2 , 9 0 0  1 7 , 4 0 0  6 . 1 3 0  7 , 8 3 0  5 , 38 0  
1 9  1 , 4 0 0  2 . 2 2 0  2 0 , M O O  2 0 , 1 0 0  2 1 , 5 0 0  2 2 . 6 0 0  1 3 . 8 0 0  1 " , 8 0 0  1 6 . 2 0 0  6 . 860 1 , 7 5 0  6 , 9 50 
2D 1 . 1 3 0 4 , 4 1 0  2 4 . 4 0 0  1 9 . 7 0 0  26 , 8 0 0  2 2 , 9 0 0  1 2 . 5 0 0  1 8 , 4 0 0  1 4 , 5 0 0  6 , 8 60 6 . 8 5 0  1 . 95 0  

2 1  1 . 0 0 0  7 . 3 6 0  2 6 , 5 0 0  2 0 . 2 0 0  3 3 , 4 0 0  24 . 1 0 0  1 1 . 6 0 0  1 7 . 4 0 0  1 2 . 9 0 0  6 . 3 8 0  6 , 1 4 0  8 . 1 6 0  
2 2  9 0 9  9 . 1 6 0  2� . 4 0 0 2 0 . 3 0 0  3 7 , 3 0 0  2 5 . 5 0 0  1 J , 2 0 0  1 6 , 1 0 0  I l t 4 0 0  4 , 6 0 0  7 ' )  9 0  7 . 620 
23 8 64 1 1 . 9 0 0  24 . 9 0 0  2 0 . 3 0 0  3 8 . 4 0 0  24 . 4 0 0  1 1 . 2 0 0  1 3 , 9 0 0  1 1 , 0 0 0  3 , 9 1 0  1 , 7 5 0  5 . 1 9 0  
24 8 2 2  1 4 t l o O 24 , 9 0 0  1 9 . 7 0 0  38 , 0 0 0  2 2 . 1 0 0  1 2 . 1 0 0  1 1 , 2 0 0  1 0 . 6 0 0  5 , 5 7 0  7 , 8 6 0  2 . 8 6 0  
25 19A 1 5 . 5 0 0  24 . 7 0 0  1 9 . 0 0 0  3 5 , 9 0 0  2 0 . 3 0 0  1 ) . 3 0 0  9 , 94 0  1 0 , 4 0 0  7 , 2 0 0  7 . 320 2 . 1 8 0  

26 8 1 3  1 5 . 4 0 0  2 4 . 4 0 0  l FJ. 5 0 0  3 2 , 8 0 0  1 9 , 2 0 0  1 3 . 7 0 0  9 , 7 6 0  1 0 , 6 0 0  8 , 4 9 0  6 , 8 4 0  4 . 4 6 0  
2 1  9 2 0  1 4 . 2 0 0  2 4 . 2 0 0  1 1 . 8 0 0  2 9 . 4 0 0  1 8 , 6 0 0  1 3 . 2 0 0  1 0 . 2 0 0  1 t .  2 0 0  9 , 2 1 0  5 . 6 1 0  5 . 4 2 0  
28 895 1 4 . 2 0 0  2 6 , 2 0 0  1 7 , 8 0 0  26 . 7 0 0  1 8 . 0 0 0  I h 9 0 0  1 1 . 7 0 0  1 1  t 6 0 0  9 , 0 8 0  5 , 8 1 0  5 , 8 7 0  
2 9  9 2 0  1 5 . 0 0 0  2 9 . 6 0 0  1 7 . 8 0 0  1 7 . 8 0 0  9 , 0 0 0  I ct , 8 0 0  I h 7 0 0  7 . 3 )  0 6 . 1 1 0  5 . 68 0  
3 0  1 , 1 4 0  1 5 . 6 0 0  32 . 5 0 0  1 7 , 6 0 0  1 7 , 5 0 0  7 . 8 2 0  1 8 . 0 0 0  1 2 , 2 0 0  5 . 5 9 0  7 . 2 8 0  3 . 8 1 0  
3 1  2 . 9 2 0  3 3 . 4 0 0  1 7 . 4 0 0  1 7 . 20 0  2 1 , 0 0 0  6 , 2 4 0  7 . 2 7 0  

T O T  A L  J l h 942 1 8 8 . 8 9 0  6 3 1 , 4 0 0  1 34 , 1 0 0  6 6 h  7 0 0  635 , 4 0 0  4 5 � .  320 666 . 9 20 463 , 6 0 0  2 8 8 . 9 1 0  2 4 7 , 4 5 0  1 6 9 . 1 7 0 
M E A N  1 . 25 6  6 . 2 1i6 2 0 , 56 0  2 3 . 6 8 0  2 J , 6 3 0  2 0 . 5 0 0  1 5 . 0 8 0  2 1 , 5 1 0  1 5 . 4 5 0  9 . 3 22 7 . 9 8 2  5 , 63 9  
"U 3 , 460 1 5 , 6 0 0  J J  , 4 0 0  32 t l O O  3 '1 , 4 0 0  2 5 . 5 0 0  1 8 , 4 0 0  4 0 . b O O  2 5 , 7 0 0  1 4 , 4 0 0  1 1 0 1 0 0  8 . 1 6 0  
M I N  1 1 4 2 , 0 1 0  1 2 . 7 0 0  1 7 . 4 0 0  1 6 . 9 0 0  1 7 . 2 0 0  1 .. 8 2 0  � , 52 0  1 0 . 3 0 0  3 . 9 1 0  5 , 6 1 0  2. 1 8 0  
AC-f"T 1 7 . 2 4 0  3 74 . 10 0  1 . 264101 1 . 4 56101 1 . 3 1 2101 1 . 26 0 M  8 � 7 . 2 0 0  1 , 323101 9 1 9 . 6 0 0  5 7 3 . 2 0 0  4 9 0 . 8 0 0  3 3 5 , 5 0 0  

C A L  Y R  1 9 7 4  T O T AL 4 . 26 8 . R62 M E A N  1 1 1 7 0 0  M A ;c.:  84 . 0 0 0  _ I N  714 AC - f" T  8 , 4 6 7 . 0 0 0  
w T R  YR 1 9 15 T O T AL 5 . 1 8 4 , 8 62 MEAN 1 4 . 2 1 0  M A ;c.:  4 0 . 6 0 0  " I N  774 AC-FT 1 0 , 28 0 . 0 0 0  

D . S - 3  



Tab l e  D . 5-2 . Volumet r i c  Flow Dat a , Cow Bayou 
near Mauricev i l l e , Texas 

( USGS , Texas-;-1 97 5 ) 

LOCA.TlON. --Lat 30°1 1 ' 10 " ,  long 93°54 ' 30 " ,  Orange County, near center of span at dc,.,mstreatn s i de  of bridge on State Highway 1 2 .  0 . 4  mi le  
( 0 . 6  km)  upstream from to::ansas C i ty Southern Rai lway Co. bridge. and  �.7  mi les ( 4 . 3  km)  southwest of  Mauricevl 1 l e .  

llVIINAGE AREA.--83.3 mi ' ( 1 1 5 . 7  km' ) .  

PERIOD OF RECORO . - -March 1 952 to current year (October 1956 to Septeriber 1 957.  monthly discharge only) . 

GAGE .--Water-stage recorder .  Datum of gage is 4 . 73 ft { 1 . 442 m} above mean sea leve l .  Prior to Oct.  23.  1957.  nonrecording gage at stme 
s i te Ind datum. 

AVERAGE DISCKARGE . --13 y.ars . 9 6 . 6  ft'ls ( 1 . 736 m'/s ) .  1 5 .75 in/yr (400 mm/yr) . 69.990 acre-ft/yr ( 86 . 3  hm'/yr) . 

EXTREME S . --Current year: Ma:drrum d i s charge, 2 ,060 ftJ/s ( 5 8 . 3  m:l/ s )  June 10 (gage height,  1 5 . 77 ft or 4 . 80 7  m) . minimlJ'l'l. 0 . 05 ft3/S 
(0. 001 m'/ s )  Oct. 18-1 1 .  

Period o f  record : Maximum d ischarge . 4,600 ft:l/s ( 1 30 m:l/ s )  Sept . 1 9 ,  1 9 6 3  ( gage height., 1 8. 1 5  f t  or 5 . 532 m) . n o  flow at times. 
Maximum stage since at least 1940, 1 8 . 1 6  ft ( 5 . 5 35 m )  Oct. 28. 1970 . 

REAARKS . --Records fa i r .  No large di vers i on  above stati on . Base fl CIIW is partly sustained by springs . 

REVlS IONS, --WSP 1732 : Drainage areA. 

D I S CHARGE . I N  CUBIC FEET PE� SECOND, � U E R  y E  .... R OCT O BE� 1974 T O  SEPTEMBER 1975 

D Ar 

6 

1 
8 

9 

1 0  

I I  
1 2  

1 3  

1 4  

1 5  

1 6  

1 7 

1 8 

1 9  

2 0  

1 6  

2 7  

1 B  
2 9  
3 0  

3 1  

TOTAL 

MEAN 

MU 
M I N  

C F SM 

I N .  

A C - F T  

OCT 

. O B  
• O J?,  
. O A  
. 1 0  

. I I  

. 1 1  

. I I  

. I I  

. 1 1  

. 0 9  

. 0 6  

. 0 6 

. 0 7  

. 0 6  

. 1 7  

. 0 5 

. 0 5 

_ 0 6  

. 0 6  

. 0 6  

. 0 6 

. 0 6  

. 3 3 

2 . 2  

1 . 5  

1 . 1  

7 . 2 3  

. 2 3  

2 . 1  
. 0 5  

. 0 0 )  
, 0 0  ') 

1 4  

2 , 3 

2 . 1  

1 . 4  

4 8  

6 3  

25 

1 1  

21 

IS 
1 2  

25 
1 7  

1 6  

1 5  

1 0  

6 . 7  

74 

53 

4 7  

1 1 1  

1 0 2 

98 

I I 9 

1 3 7  

1 4 3  

1 1 5 

9 1  

79 

65 

5 1  

1 . 5 7 6 . 5  

5 2 . 6  

1 . 3  

1 . 4 

. 6 3  

. 7 0  

) , 1 3 0 

DE C  

3 8  

1 8  

1 1  

1 5  

1 1  

1 6  

2 3  

20 

1 1  

26 

' 3  
49 

47 

53 

221 

1 4 7  

1 22 

1 2 9  
1 4 5  

1 34 

I I I  
85 
6 5  
53 
8 1  

3 1  U 
4 8 4  

5 0 9  

� 3 1  

523 

4 8 4  

4 . � 4 7  

1 4 7  

5 ) 1  
1 2  

1 .  7 6  

2 . 0 3  

0;,- . 0 2 0  

JAN 

4 0 6  

J I 9  

2 8 1  

221 

1 7 0  

1 1 8 

468 

883 

830 

8 7 0  

9 3 7  

9 4 1  

8 9 4  

7 7 2  

5 8 6  

4 1 3  

2 9 7  

353 

269 

1 4 3  

9 6  

7 1  

5 3  

5 7  

7 6  

5 6  

4 3  

3 3  

2 7  

2 2  

1 8  

1 0 . 7 4 0  

346 

,,2 

1 8  

4 . 1  � 

4 . 8 0 

2 1 . 3 0 0  

F E 8 

1 7  

22 

34 

260 
24" 

2 1 1  

1 8 B  

1 6 1  

1 3 1  

1 0 2  

7 7  

6 0  

45 

3 5  

26 

4 7  

1 0 6  

8 7  

7 4  

5 .  

36 

2 7  

25 

2 1  

1 7  

1 4  

1 2  

1 1  

2 , 1 5 0  

7 6 . d  

1 b O  

1 1 

. q.2 

. 9 6 

4 . 2b O  

MAR 

I I  

9 . 2  

7 . 9  

3 0  

. 3  

35 

J8 

40 

3 7  

3 5  

3 2  

2 7  

34 

53 

73 

93 

9 5  

l I b  
1 14 

1 36 

1 4 4  

1 4 3  

1 2 6  

9 3  

6 3  

4 2  

2 "  

1 0  

1 5  

1 2 

9 . 6  

1 .  7b4 . 7 

5b , 9  

144 

7 . 9  

. b A  

. 7 9 

3 , 5 0 0  

APR 

7 . 7  

6 . 6  

5 . 6  

' . 8  

3 . 8  

3 . 1 

2 . 5  

9 9  

2'3 

297 

.22 
3 5 3  

2 6 0  

5 5 0  

659 

625 

6 1 0  

5 4 5  

4 1 5  

2 9 1  

205 

1 5 1 

l O B  
8 3  

6 1  

39 

2 3  

1 5  

1 2  

2.9 

b . 350 , 1  

2 1 2  

659 

2 . 5  

2 , 5 5 

2 . 84 

1 2 . 6 0 0  

MAY 
4 8 1  

3 9 1  
' 3 '  
4 4 6  

3 •• 
3 0 3  
2 1 4  

2 1 5  

226 

1 8 4  

2 0 5  

2 4 2  

226 

1 9. 

1 5 6 

1 2 7  
8 9  

8 6  

1 0 3  

I I 2  
9 7  

6 3  

3 6  

1 9  

1 3  

8 . 9  

5 . 9  

1 4 8  

750 

8 4 8  

. 3 3  

7 . 8 0 9 . 8  

252 

9 3 3  

5-. 9  

3 .  O J  

3 , 4 9  

1 ':) . 4 9 0  

C A L  l �  1 9 1 4  T O T AL 2 9 . 7 7 4 . 5 1)  M E tlN A l . 6 M A X  l t 24 0  M I N  . 0 5  C F S M  . q A  
II' T R  'fR 1 9 7 5  T O T AL b I . l 1 � , O A  M E A N  It-B  M.\;I. 2 . 0 2 0  MIN  . 0 5  C F S ftot  l . 0 2  

PEAK DI SCHARGE ( 8ASE . 900 FT '/S)  

DATE 

1 - 1 1  
6 - 1 
6-10 

TIME 

1 300 
0900 
0500 

G . H] . 

1 ,  . 1 3 
1 1 .56 
1 5 . 7 7  

DISCHARGE 

946 

1 .040 
1 .060 

D . S - 4 

jUN 
999 

1 . 04 0  

9 8 0  

822 

525 

282 

1 5 2  

6 1  

7 1 9  

2 , 0 2 0  

i t  7 8 0  

1 . 4 2 0  

1 . 1 2 0  

869 

5 5 1  

2 8 3  

1 ' 1  

4 3  

1 5  

1 3  

28 

2 5  

28 

7 9  

7 3  

1 ' 5  
1 5 4  

1 3 7  

1 2 0  

1 5 0  

1 4 . 775 

4 9 3  

2 . 0 2 0  

1 3  

5 . 9 2  

6 . 6 0  

29 . 3 1 0  

jUL 
2 0 0  

250 

3 0 0  

3 2 0  

3 0 0  

2 5 0  

1 5 0  
7 0  

4 0  

25 

15 

1 0  

8 . 0  

1 2  

2 5  

3 5  

3 1  

1 7  
1 0  

8 . 6  

7 . 5  

7 . 2  
39 

1 25 

1 7 8  

1 8' 

1 52 

1 4 7  

1 . 3  

I I O  
92 

) . 26 1 . )  

1 0 5  
320 
7 . 2  

1 . 2 6  

1 . 4 6  

6 , 4 7 0  

AUG 
1 0 0  

1 5 3  

2 ' 5  

. 5 1  

6 ' 3  

6 ' 9  

.69 

. 6 1  
•• 5 

3 1 6  

269 

227 

1 6 5  

8 3  

'5 

J2 

29 

1 7  

1 0  

7 . 0  

5 . 7  

5 . J  

5 . 9  

1 8  

3 0  

6 0  

1 0 .  

1 0 2  
7 5  

5 8  

' 6  

5 , ) 25 . 9  

1 7 2  

649 

5 . 3  

2 . 0 6  

2 . 3 8  

1 0 , 5 60 

I N  1 3 . 30 AC-FT 59. 060 

I N  2 7 . 3 8  A C - F' T  1 2 1 . 6 0 0  

SEP 
31 

2 0  

1 3  

3 7  

228 

375 

3 92 

4 0 8  

4 0  .. 

3.8 

2 6 3  

1 7 3  

92 

5. 

J O  

2 0  
2 6  

2 3  

1 7  

1 3  

9 . 9  

8 . 0  

6 , 7  

5 . 1  

3 . 6  

2 . 7  

1 . 8  

1 . 3  

. 8 6  

.59 

) , 0 0 7 .55 

1 0 0  

' 0 8  

. 5 9  

1 . 2 0 

1 . )4 

5 , 9 7 0  



Tab l e  D . 5 - 3  Volumetr ic F low Data , N eches River a t  Evadal e ,  Texas 

( USGS ,  Texas , 1975 ) 

NECHES RIVER BASIN 
08041 000 Neches River at E .... adale. Tex. 

(Nat 1 ana 1 s tream-quiil 1 i ty account1 n9 network ) 

LOCATI Ctt . - -Ll,t ))°21 ' 22 " , long 94°05 ' 36 " ,  Jasper-Hardi n  County l i ne .  near center of channel on downstream side of p i e r  of bri dge on U . S .  
Hi ghway 9 6  a t  Evada l e .  0 . 8  m i l e  ( t . 3  k.m) ups tream from M.i l l  Creek. 1 6 1111 1es ( 2 6  k m )  upstream fr()'ll Vi l l age Creek. and at mi l e  55.6 
( 8 9 . 5  km) .  

[l(A!NAGE AREA . - - 7 .951 m i '  (20 .593 km' ) .  

PERl OO OF RECORD . - -Di scharge : July 1 904 to December 1906 . Apri l 1921 to current year. Monthly d i s charge only for SQ'IIt pe r i od s .  pub l ished 
1 n  WSP 1 3 1 2 .  

Water qual i ty :  Chemi c a l  a n d  biochEmical analyses : October 1 9 4 7  t o  current y e a r .  Pesticide analyses : January 1968 t o  current 
year. Wa ter temperatures: October 1 9 4 7  to current year. Sediment records : October 1 9 74 to September 1 97 5 .  

�GE . � ��ater�s tage recorder. Datum of gage i s  8 . 2 5  f t  ( 2 . 515 m)  a b o  .... e IT'e a n  sea l e  .... e l .  July 1 .  1 9 0 4 .  to De c .  31 , 1 906 .  nonrecordfng gage 
on Gul f .  Colorado. and Sdnta Fe Rai h,ay Co. bridge at s i te 1 . 2  mi les ( 1 . 9  km) downs tream at datum 5 . 50 ft ( 1 .676 m) lower; Apr. 1 .  
1 921 . to Dec. 7 , 1948. nonrecording gages a t  s i te 1 . 2  mi les ( 1 . 9 km) downstream at present datum. Dec. 8 .  1948. to No .... . 8 ,  1 9 6 3 .  water
s tage recorder at s i te 1 . 2  mi les ( 1 . 9  km) downs tream a t  present datum. 

AVERAGE DI SCHARGE . --45 years ( 1904- 6 ,  1 9 2 1 -64) prior to regu l ation by Sam Rayburn Reser .... o i r .  6 .308 ft3/s ( 1 78 . 6  m3/s ) ,  4 .570 .000 acre
ft/yr ( 5 . 63 km'/yr) ; 11 years ( 1 964-75) regul ated. 5 .184 ft'/s ( 14 6 . 8  _'Is ) .  3 . 756.000 acre-ft/yr ( 4 . 6 3  km'/yr) . 

EXT�;�; :-1�j80hf�1j� {���;e��
/

�)a��
p

tag�m d i s charge . 1 9 .800 ft3/s (56l m3/s ) Jan.  26. 2 7  (gage height, 1 6 . 74 ft or 5 . 102 m ) ;  min imum 

Period of record: rota)' imum d i s charge . 9 2 , 1 00 ftJ/s ( 2 ,6 1 0  m3/s) Hay 1 1 . 1944 (gage he i g h t .  2 3 . 58 ft or 7 . 187 m.  frem f loodmark ) .  at 
s i te then in use ; mini mum d a i 1y . 63 ftJJs ( 1 . 78 rn.l/s ) No .... . 26-28. 1956. 

H i s tori c :  Fl ood in May 1884 ( s tage 26 . 2  ft or 7 . 99 m at former s i te .  d i s charge about 125 ,000 ft3/s o r  3.540 m.l/s) and flood i n  Aug
ust 1 9 1 5  ( s tage 24 . 5  ft or 7.47 m at former s i te ,  d i s charge about 1 02 .000 ft3/s or 2 ,890 m3/s) are the hi ghest since at least 1 884 .  
Stages by G u l f ,  Colorado. and Santa Fe Ra i lway Co. 

Water qual i ty :  Current year: Ma), lmum dai ly speci fi c conciJctance . 1 7 7  micr�os Sept. 3 0 ;  mi n i mum dai ly . 9 8  mi cromhos June 1 .  Max
imlJlll water temperatures. 3O . 0°C on se .... eral days duri ng Augus t ;  m i n i fl1.jm . 8 . 0°C Dec . 4 ,  Jan. 1 3 ,  1 5 .  

Period o f  record: rotaximum daily speci fi c conductance, 422 mi crcwnhos J a n .  2 5 .  1 9 5 7 .  minirTlJm d a i l y .  2 3  micrormos Sept. 1 9 ,  1963.  
Maximum \liater tempera tures . 34. 0"C June 29. 1 953 ; m i n i fl1.jm. 3 . 0°C Jan .  30 . 31 . 1 948,  J a n .  31 . 1 9 4 9 .  and Jan. 24 . 1 96 3 .  

REMARKS . --Di scharge records fa i r .  F l ow  regulated b y  B.  A .  Stei nhagen Lak.e ( s tation 08040000) 58 . 1  mi les ( 9 3 . 5  k m )  ups t ream (capacity. 
1 2 4 . 7 00  acre-ft or 154 hm3) and Sam Rayburn Reservo i r  (station 08039300) 9 5 . 7  mi les ( 1 54 . 0  km) upstream (capac i ty .  4 .442 .000 acre-ft 
or 5 . 48 kmJ ) .  Scme d i vers i ons ups tream for rru n i c i p a l  use. 

REV!SIOHS (WATER YEARS ) . --WSP 7 1 8 :  1929 . IISP 1342 : 1 905-7 . 1 924 . WSP 1 71 2 :  Ora1nage area at fonner s i t e .  

D I SCHARGE. I N  CUB I C  fEET PER SECOND. _ _  TER r E A R  O C T O  BE" 1974 TO SEPTEHBER 1 9 75 

DAY OCT NOV DEC JAN fE� HAR .PH HA' JUN JUl AUG SEP 

4 , 7 1 0  ) . 0 50 7 , 6 50 9 , 540 1 ) , 8 0 0  1 8 , 9 0 0  9 , 6 3 0  .8.420 1 6 . 60 0  8 . 290 8 . 0 2 0  8 , 4 7 0  

4 . 1  9 0  ) . 25 0  7 . 6 1 0  8 , 4 1 0  l l , 3 0 0  1 8 . 8 0 0  9 . 2 1 0  9 , 0 50 1 6 . 2 0 0  8 , 770 7 , 990 8 , 90 0  

) . 1 5 0  4 . 5 2 0  7 . 5 7 0  7 , 64 0  1 0 . 5 0 0  1 8 , 7 0 0  8 , 7 1 0  � .  860 1 5 , 90 0  9 . 450 7 , 960 8 . 1 90 

2 . 6 1 0  6 . 3 1 0  7 , 4 7 0  7 ,  0 8 0  1 2 . 7 0 0  1 8 , 8 0 0  8 , 520 1 0 . 5 0 0  1 5 . 0 0 0  9 . 470 8 . 04 0  6 , 7 9 0  

2 , 4 7 0  7 , 4 1 0  7 . 0 ) 0  6 , 8 50 1 5 , 7 0 0  1 9 . 2 0 0  8 . 69 0  1 0 . 7 0 0  1 2 . 2 0 0  8 , 9 3 0  8 . 220 6 . 0 0 0  

6 2 , 3 5 0  7 , 84 0  6 . 7 50 7 . 3 8 0  1 6 . 5 0 0  1 9 , 2 0 0  8 , 9 ) 0  1 0 . 8 0 0  7 . 7 9 0  8 , 560 8 . 0 9 0  5 , 65 0  

7 2 . 3 1 0  7 . 6 7 0  7 , 250 9 , 220 1 6 , 4 0 0  1 9 . 5 0 0  8 , 9 7 0  1 1 , 7 0 0  7 . 4 0 0  8 , 3 7 0  8 r t  00 5 , 49 0  

8 2 . 2 "l (l  7 . 3 8 0  8 , 540 1 1 , 7 0 0  1 6 . 0 0 0  1 9 , 5 0 0  Ioj ,  020 } 4 . 6 0 0  7 , 360 8 . 260 8 . 5 1 0  5 , 420 

9 2 . 2 7 0  7 , 1 5 0  9 , 4 7 0  1 3 , 9 0 0  1 5 . 6 0 0  1 8 , 4 0 0  8 , 7 7 0  1 6 , 6 0 0  7 . 3 60 8 . 2 1 0  8 , 9 1 0  5 , 3 9 0  

1 0  2 , 1 2 0  6 . 8 4 0  9 . 6 3 0  1 6 . 4 0 0  l � ,  3 0 0  1 6 . 7 Q O  8 . 1 2 0  1 7 . 3 0 0  8 , 1 9 0  8 , 1 6 0  9 , 050 5 . 37 0  

1 1  2 .  O R O  6 . 6 3 0  9 . 58 0  1 7 , 6 0 0  1 5 . 4 0 0  1 5 , 1 0 0  6 , 520 1 7 , 8 0 0  9 , 34 0  8 , 2 0 0  9 , 0 40 5 , 3 7 0  

1 2  2 . 24 0  6 t l  0 0  1 0 . 0 0 0  1 8 , 2 0 0  1 5 , 6 0 0  1 4 . 1 0 0  5 . 4 9 0  I d , 6 0 0  l I t 2 0 0  8 , 24 0  8 , 530 5 . 3 9 0  

1 3  2 , 3 0 0  5 , 5 2 0  1 1 . 3 0 0  1 7 , 2 0 0  1 5 , 9 0 0  1 4 , 1 0 0  6 , 1 6 0  1 8 . 8 0 0  1 3 , 4 0 0  8 , 240 7 , 9 0 0  5 , 540 

14 2 , 3 1 0  5 . 6 3 0  1 3 . 2 0 0  1 7 , 5 0 0  1 6 , 9 0 0  1 4 , 2 0 0  7 , 350 1 � , 8 0 0  1 2 . 4 0 0  8 . 290 7 , 550 5 , 570 

1 5  2 0 3 9 ('1  5 , 65 ('1  1 5 , 4 0 0  1 6 . 1 0 0  } 8 . 0 0 0  1 4 . 2 0 0  7 . 750 l ' h O O O  8 , 1 2 0  8 . 250 7 . 38 0  5 , 0 50 

1 6  2 , 4 2 0  � , 65 ('1  ) 6 , 4 0 0  1 5 , 0 0 0  1 8 , � 0 0  1 4 , 8 0 0  t:l l 4 7 0  1 � , 2 0 0  6 , 920 8 , 0 1 0  6 , 9 30 3 , 270 

) 7  2 , 4 1 0  5 , 8 5 0  1 6 . 8 0 0  1 4 , 4 0 0  1 9 . 3 0 0  1 5 , 7 0 0  9 , 260 1 9 . 1 0 0  6 , 1 6 0  7 , 1 0 0  6 , 440 2 . 1 3 0  

1 8  2 . 37 ('1  6 . 2 3 0  1 6 , 6 0 0  1 4 , 2 0 0  } l h 4 0 0  1 6 . 3 0 0  9 , 7 5 0  1 9 , 0 0 0 6 , 0 8 0  6 , 3 1 0  6 , 20 0  1 , 8 50 

19 i? 3 3 0  7 , 1 3 0  1 5 . 6 0 0  } .. , 5 0 0  1 9 . 4 0 0  1 4 .  � O O  1 0 . 3 0 0  ) 8 , 8 0 0  6 , 430 6 , 1 9 0  6 .  ) 5 0  I t  7 8 0  

2 0  2 . 3 1 0  7 , 7 7 0  } 4 , 4 0 0  1 4 , 9 0 0  1 9 . 4 0 0  1 3 , 2 0 0  1 0 , 5 0 0  1 8 ,  b O O  7 , 230 6 , 330 6 , 520 l t 920 

2 1  2 . 290 8 , 4 2 0  1 3 . 5 0 0  1 5 , 5 0 0  1 9 , 4 0 0  1 2 , 0 0 0  1 0 , 3 0 0  I t h 3 0 0  8 , 48 0  6 , 330 6 , 8 7 0  3 , 280 

22 2 . 28 0  8 , 9 7 0  1 2 , 2 0 0  1 5 , 9 0 0  1 9 , 5 0 0  I h O O O  1 0 , 3 0 0  1 7 , 5 0 0  9 , 520 6 , 090 6 . 330 3 , 920 

2 3  2 . 2 8 0  9 , 2 0 0  1 0 , 5 0 0  1 6 , 0 0 0  1 9 , 6 00 1 0 . 3 0 0  1 0 . 0 0 0  1 6 . 9 0 0  1 0 . 1 0 0 5 . 8 1 0  5 . 420 4 , 0 9 0  

2 4  2 . 2 7 n  8 , 9 7 0  8 . 6 7 0  1 7 . 0 0 0  1 9 , 5 0 0  1 0 . 0 0 0  1 0 . 1 0 0 1 6 . 6 0 0  1 0 , 3 0 0  5 . 720 4 , 9 20 4 , 040 

25 i? 2 7 0  8 , 5 0 0  7 . 4 2 0  1 8 . 4 0 0  1 9 . 6 0 0  9 . 8 3 0  1 0 . 1 0 0  1 6 . 7 0 0  9 , 750 5 , 8 3 0  4 , 69 0  ) , 8 1 0  

2 6  i? 2 70 8 , 1 8 0  7 d 7 0  1 9 , 5 0 0  1 9 , 4 0 0  9 , 720 9 , 3 0 0  1 6 , 3 0 0  8 , 8 6 0  6 , 550 4 , 6 0 0  3 , 580 

27 i? 2 6 ('1  8 t l  0 0  7 , 4 60 1 9 , 8 0 0  1 '1 , 2 0 0  9 . 690 8 . 2 1 0  1 5 , 4 0 0  8 , 3 7 0  7 , 540 4 , 5 7 0  3 , 1 7 0  

2 8  2 . 3 3 0  7 , 9tl O  8 ' ] 7 0  1 9 , 3 0 0  I t h 9 0 0  9 , 69 0  7 , 740 1 5 , 0 0 0  8 , 2 1 0  8 , 290 4 , 550 2 , 8 1 0  

2 9  2 , 66 0 7 , 84 0  9 . 2 8 0  1 8 ,  i? 0 0  9 . 690 7 , 3 3 0  1 6 , 0 0 0  8 , 1 8 0  8 . 37 0  4 , 7 3 0  2 , 730 

3 0  ) . 0 9 0  7 . 7 0 0  9 , 82 0  1 7 , 0 0 0  9 . 69 0  7 . 620 1 7 . 0 0 0  8 , 1 9 0  8 , 0 60 5 , 920 2 , 68 0  

3 1  3 . 2 S, o  1 0 t t O O 1 5 . 7 0 0  9 , 690 1 7 , 0 0 0  7 , 990 7 , 4 1 0  

TOT Al 7 8 . 8 8 0  2 0 7 . 4 4 0  322 , 74 0  4 5 0 . 020 4 7 7 , 0 0 0  445 , 50 0  26 1 t l 2 0  489 , 9 3 0  2 9 1 , 2 4 0  2 38 . 2 1 0  2 1 5 , 540 1 3 7 .650 
ME.AN 2 . 54S 6 . 9 1 5  1 0 , 4 1 0  1 4 , 52 0  1 7 , 0 40 1 4 , 3 7 0  8 . 704 1 5 . 8 0 0  9 , 7 0 8  7 , 6 84 6 . 9 5 3  4 , 588 

"AX 4 , 7 1 0  9 , 2 0 0  1 6 . 8 0 0  1 9 , 8 0 0  1 9 , 6 0 0  1 9 , 5 0 0  1 0 , 50 0  1 � , 20 0  1 6 . 6 0 0  9 , 4 7 0  9 . 050 8 , 9 0 0  

HIN i? 080 3 , 0 50 6 . 7 5 0  6 , 850 1 0 , 50 0  9 , 69 0  5 , 4 � 0  d . 4 2 0  6 , 0 8 0  5 , 720 4 , 550 1 . 7 8 0  

AC-n 1 5 6 . 5 0 0  4 1 1 . 5 0 0  640 . 2 0 0  892 . 6 0 0  44 6 , 1 0 0  8 8 3 . 6 0 0  5 1 7 , 9 0 0  9 7 1 . 8 0 0  5 7 7 . 7 0 0  4 7 2 , 5 0 0  427 , 5 0 0  27 3 . 0 0 0  

C A L  y� 1 9 74 T O T AL 3 , 32 7 , 030 MEAN 9 , 1 1 5 MAX 2 6 . 9 0 0  " I "  2 , 0 8 0  AC-F"T 6 . 599 , 0 0 0  
w T R  YR 1 9 7 5  T O T  Al 3 . 6 1 5 , 2 7 0  M E A N  9 , 905 HH 1 9 , 8 0 0  " I N  I t  7 8 0  AC-n 7 t l 7 I t O O O  

Note : S amp l e  s tation locations are shown in Figure 0 . 5-l . 

Explanation o f  the superscripts i s  found in Table 0 . 3 -3 _ 
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Tab l e  D . 5 -4 .  Wat er Qua l i t y  Dat a ,  Sab ine River 
n e ar Rul i f f . Texas 

( US GS , Texas , 1 975 ) 

. A T E R  QUAL I T Y  D A T A ,  . A T E R  YEAR OCTOBER 1 9 74 TO SEPTEMBER 1 9 75 

D I S -

T I M E  
D A T E  

D I S 
S O L v E D  
ALUM
INUM 

( AU 
( U G / l )  

T O T  A L  
ARS E N I C  

( A S )  
(UG/l ) 

D I S 
S O L V [ U  

ARS E N I C  
( A S )  

( uG/L ) 

D I S 
SOL \l E D  
BORON 

( B )  
( UG/l ) 

T O T AL 
CAD
M I UM 
( CO l  

WG/ L I  

SOLvED 
CAD
M I UM 
( C D )  

( U G / L J  

T O T  A L  
CHRO
M I UM 
( C R )  

( u G/Ll 

D I S
SOLVED 
CHRO

M I UM 
( C R )  

( U G/U 

TOTAL 
CaBAL T 

( C O )  
W G / L I  

OCT . 
2) • • •  

F E B .  
1 645 

1 2  • • •  

APR . 
0 9 0 0  

0 9 • • •  

AUG . 
1 4 2 0  

1 ) 0 0  

D A T E  

O C T . 
2 3  • • •  

F E fi .  
1 2 • • •  

A P R .  
0 9  • • •  

AUG . 

0 6 ,  • •  

D A T E  

O C T . 
2) • • •  

F E H .  
1 2  • • •  

A P R .  
o q  • • •  

A U G .  

0 6  • • •  

0 6  • • •  

D A T E  

O C T .  
2 3  • • •  

F T R .  

1 2  • • •  

A P R .  
0 9  • • •  

AI IG . 
n!'. • • •  

n A T E  

O r r . 
73 • • •  F" F H o  
1 2  • • •  

A P R .  
fl9 • • •  

A ( I G .  

(\ 1'> " ', 

T l Mf 

1 6 4 5  

0 9 0 0  

1 4 2 0  

1 ) 0 0  

T n T  A L  

n 1 -
E L OR I f'.I 
(UG/L ) 

. 0 0  

. 0 0  

. 0 0  

fJ I S 
S O L V E D  
COBAL T 

( C O )  
CUG/U 

n I S -

T O T  AL 
COPPER 

( CU )  
( u G / l )  

< 1 0  

< 1 0  

< 1 0  

< 1 0  

D I S
SOL \l E D  
COPPt:.R 

( e U )  
( U G / L )  

S OL \l E D  0 1 5-
MAf'.I- T O T AL S O L V E D  

G A. N E S E  M E � C u Q y  ME�CURY 

( "'IN ) P"Hj )  ( � G )  

( UG/L ) ( lJG/U (UG/L ) 

I N S  T AN
TANEOuS 

D I S 
CHARr.E 
r e F S )  

B57 

1 6 0 0 0  

1 7 5 0 0  

8 4 0 0  

D I 
EL DR I N  

I N  
B U T T O M  

M A 
T E t"<  I o..L 

( I  G /r< G )  

. 0  

. 0  

. 0  

. 0  

e 
. 1  

. 0  

. 0  

T E M P E R 
A T U H E  

( OE G  C )  

2 2 . 5  

1 2 . 5 . 

1 7  . 5  

2 7 . 0  

T O T  Al 
ENOR I N 
< uG/U 

. 0 0  

. 0 0  

. 0 0  

. 0  
e 

. 1  

. 0  

. 0  

T O T  AL 
ALDR I N  
WG/U 

. 0 0  

. 0 0  

. 0 0  

. 0 0  

E N D R  I N  

I N  

B O T T OM 
M A 

T E �  I A L  
( U G / K G )  

. 0  

. 0  

. 0  

. 0 0  

CHLOQ
D A N E'  

I N  

. 0  . 0 0  . 0  

PCB 

TOT AL 
I R O N  
( F E )  

( UG / L I  

e 
1 7 0 0  

,..960  
1 ) 0 0  C 

e 1 8 0 0  

D I S
S O L v E D  
N I CK E L  

( N I l  

( U G / U  

I I  

ALD� I N 
I N  

A O T T O"'l 
" A 

T H n A L  
( U G / K G )  

. 0  

. 0  

. 0  

. 0  

T O T  AL 
H E P T A 
CI1LOR 
I U G / l )  

. 0 0  

. 0 0  

. o u  

. 0 0  

5 0  

4 0  

) 0  

5 0  

D I S 
SOLVED 

IRON 
( F E )  

(UG/L ) 

250 

1 0 

1 2 0  

1 . 0  

T O T AL 
S E L E 

N I UM 
( S O  

( U G / L I  

T O T A L  
DOD 

< U G / l )  

. 0 0  

. 0 0  

. 0 0  

. 0 0  

HEPT A
CHLO� 

I N  
B O T T O M  

M A 
T ER I 4.L 

I U G / K G )  

. 0  

. 0  

. 0  

. 0  

" 1 0 . 

r O T  AL 
L E A D  
{ P B I  

(UG/L ) 

• 
< 1 0 0  

I O O e 

< 1 0 0  a 
< 1 0 0  • 

D I S 
SOL \l E O  
SELE

N I U M 
( S f )  

(UG/U 

DOD 
I N  

'l O T  T O M  
M A 

T E R I A L  
I U G / K G )  

. 0  

. 0  

. 0  

. 0  

T O T  A L  
HF.:P T A
CHLOR 

EPOX I DE 
WG/U 

. 0 0  

. 0 0  

. 0 0  

. 0 0  

D I S 
SOL v E D  

L E A D  
( P A l  

(u6/L ) 

Ll I S 
S U L V E D  
S T I-(ON

T I U M  
( � h' )  

( U G / U  

T O T  A L  
D O E  

( uG/l )  

. 0 0  

. 0 0  

. 0 0  

. 0 0  

H E P T  A
CrlLC)Q 

Ep u . q D E 
I N  tif) T 
T O M  ""A-

T [ r< I Al 
I U li / t< G ,  

. 0  

. 0  

. 0  

. 0  

D I S 
SOLVED 

L I T H I UM 
( L i )  

(UG/L ) 

T O T  AL 
Z I N C 
( Z N )  

( U G/ U 

• 
1 9 0  

1 0  

) 0  

2 0  

DOE 
I N  

I::IU T T  0 ""  
M A 

T E R I AL 
( U G / K G )  

. 0  

. 0  

. 0  

. 0  

T O T A L  
L I N D A N E  

( U G / U  

. 0 0  

. 0 0  

. 0 0  

. 0 0  

1 0  

1 0  

T O T  A L  
MAN

GANESE 
( M N )  

WG/U 

D I S 
S O L v E D  

Z I NC 
( Z N )  

( U G / L I  

• 
1 2 0 

1 0 0  

) 0  

) 0  

T O T A L  
O D T  

(UG/L ) 

. 0 0  

. 0 0  

. 0 0  

. 0 0  

L I N DANE 
I N  

BO T T OM 
MA

T E R I AL 
( U G / rc.: G )  

. 0  

. 0  

. 0  

. 0  

< 50 

f 
<50 

<50 
f 

<50 
f 

D D T  
I N  

tl O T T O M  
MA

T E R  I AL 
( U G / K G )  

. 0  

. 0  

. 0  

. 0  

T O T AL 
CHLOR

OANE 
(UG/U 

. 0  

. 0  

. 0  

. 0  

D A T E  

R O T T Q M  
M A 

TER UL 
< u G / rc.: G l  

T O T  A L  
P C B  

( U G / l )  

I N  
BOTTO"" 

MA
T E R I AL 

( u G I1'I G )  

T u T  AL 
D I -

A l  I NON 
( u G / L ) 

T O T  AL 
M A L A 
T H I ON 
(UG/L I 

T O T  .AL 

ME T H fl 
PA�A
T H I O� 
( U G / L )  

T O T  AL 
PARA
T H I O N  
(UG/ L )  

T O T A L  
2 , 4-0  
( UG/L ) 

T O T  AL 
S I L \l E .x.  

( U G/L ) 

T O T  AL 
2 . 4 , 5-T 

( U G / U  

a c r .  
2 )  • • •  

F E B .  
1 2  • • • 

APQ . 
09 • • • 

AUG . 
(l 6 ,  • •  

. 0  

. 0  

. 0  

. 0  

. 0 0  

. 0 0 

. 0 0  

. 0 0  

. 0 0  

. 0 0  

. 0 0  

. 0 0  

. 0 0  

. 0 0  

. 0 0  

. 0 0  

. 0 0  

. 0 0  

. 0 0  

. o u  

. 0 8  

. 0 0  

. 0 0  

. 0 0  

f 
. 0 0  . 0 0  

. 0 0  . 0 0  

. 0 0  

. 0 0  

Note : S ampl e  stat ion locations are s hown in F igure D . 5 - l . 

Expl anation of th e supers cripts i s  found in Table D . 3 - 3 . 
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Tab l e  D . 5 -4 Wat e r  Qual i t y  Dat a ,  Sabine R iver 

T I ME 
DATE 

O C T .  
0 1  • • • 0102 
08  . .. ..  0 7 00  
1 4  . .. .  0608 
22 • • •  0705 
23 • • •  1 645 

NOV .. 
07 • • •  0650 
13 • • •  1330  
1 5  • • • 0640 
22 • • •  0100  
]0 . .. .. 0 6 1 0  

DEC . 
07 • • •  0630 
1 1  • • • 0945 
14 . .. ..  0635 
2 1  • • • 0605 
30 • • •  0700  

JAN . 
07 .. .. .. 0644 
08 . .. .. 1 1 00  
1 4  • • •  0645 
21 • • •  0651 
29 . .. ..  065S 

FEIi. 
07 .. .. .. 0 7 00  
1 2  • • • 0900 
1 4  • • •  0100  
2 1  • • • 0700  
2R  . .. .. 0645 M b R  .. 
01 • • • 0700  
14  . .. ..  0 7 00  
19  • • •  01:130 
2 1  • • • 0100  
28  • • • 0700  

APR .. 
08 . .. ..  0645 
09 • • •  1420  
1 5 • • • 0645 
22 • • • J645 
29 • • • 0640 

"AY 
07  • • • 0638 
1 3  • • • 1 330  
1 4  • • •  0643 
2 1  • • •  0643 
28 • • •  0640 

JI INF. 
01 • • • 0648 
04 • • •  1 345 
08  • • •  0 6 1 1  
1 4  • • •  0 6 1 3  
2 1  • • • 0650 

JUL 'r' 
0 7  • • • 064 ) 
09 • • • 1245 
1 4  • • • 0644 
2 1  • • •  064) 
21 • • • 1 1 15 
28 • • •  0641o 

AllG. 
06 • • • 1 300  
n 7 • • • 0 6 1 1  
1 4  • • •  0642 
2 1 • • •  0640 
28 • • •  0640 

5f P . 
0 1  • • •  0700  
1 0  • • •  1 3 1 5  
) 4 • • • 0645 
2 1  • • • 0 7 0 3  
2 9  • • •  06415 

Note : 

near Ru l i f f , Texas ( Cont inued ) 

( USGS , Texas , 1 9 7 5 ) 

WATER QUAL I T Y  O A T A ,  WATER lEAR OCTOBER 1 � 14 10 SEPTEMBER 1 9 15 

D ! S - 0 1 5-0 1 5- SOL ..... [0 SOL 'lEO 
INS T AN- D I S- SOLVED MAG .. 0 1 5- po- O l S -f ANEQUS SOLVED CAl- "E- SOLVED TAS- S I C.R- CAR- SOLVED o I S - S I L  l e A  C I U M  S l UM SOD I UM S I UM BONATE BONATE SULF ATE CHARGE ( 5 1 02 )  ( C A )  (Pr1G I  I N A )  ( < I  ( H e O )  ( C03 ) ( 504 )  ( C F S )  (�G/l ) (�G/U (HG/L )  (MG/L) ( MG/L ) (MG/L) (MG/U (MG/L ) 

f f 
2 . 2  f 1/ f 23 f 3100  1 . 4  8 . 0  2 . 6  1 3  850 7 . 2  760 3 . 2  890 --f --f --f 1 2i

- --1 
;; f 4 . 0  857  15 1 .5  1 . 3  2 . 1  1 0  

l l f 5 . 0: 1 . 0� 1 0f 2 . 2: 1 7f 2200 1 2  4450 1 I f 4 . 5  1 . 1  l I f 2 . 4  1 6 t  1 1  3 1 0 0  7 . 2  8500 1 . 6  1 5500 1 2  
f f 2 . 8f 1 3f 3 . 4� 2/ 16200  6 . 4
f ! :�f 1 3  1 8 0 00  1 . 0  1 . 7f l lf 2 .2  19f 1 1  22500 1 1  25500 12 33000  1 0  
f f 2 . 9f 1 /  f 24f 260011 5 . 8f 1 . 5f 3. 1 ,  1 2  29000 6 . 4  7 . 3  2 . 1  f l lf 2 . :3  2 2  f 1 0  27000  9 . 6  2 1 000  12  1 8500 1 3  

6 . 8 f f 
3 . 0  f 1 3 f 

, 
24f 1 8000  1 . 7 f 1 . 5f 1 1  1 6000  6 .5  8 .5 2 . 1 f 1 5  f 2 . 5  28f 1 5  1 7800  13  29000  8 . 8  25000 1 5  

18500  11  1 1000  --f 5:� f --f 127 2:�f ��f 1 6  2 0000  1 . 8  2 . 2  1 3  22000 J ]  1 7500 1 3  
1 6500 --f -- , --f 

1 2  -,-
-- f -- f 1 3  1 7500 7.3 7 . 1 2 . 8  1 . 6  2 1  1 5  ) 7200 

1 ';'  1 2000  1 8  1 0200  I_  
1 6 750 

5:� f 
-- f 2:� f l or 

-- f 
��f 9.2  38000  5 . _ 2 . 4  I _  40520 I b 1 1330 I H 1 1 250 1 3  

2]750 --
f -- f --f --f -- f -- f 1 2  1 . 0 0 0  6 . 4  5 . 1  2 . 2  9 . 9  1 . 8  1 4  1 2  1 4350 

1 4  1 8350 1 0  1 4 1 0 0  1 4  
15000  -- f -- f --f 1 1  ,

- -- f 
;;f 1 0 1 3700  7 .4  6 . 2  3 . 2  2 . 0  1 4  1 0400  I n 6900 23 

1 0 300 1 3  
f 

4 . }  1 . 2f J . 1' 1 . 4  f 1 /  8400 8 . 3  ' . 4  81060 ' . 0  6680 I' 6590 l' 5440 22 
7 360  

1 0  
--f --f -- f 1 2r 

--f --f I '  4 0 1 0  7 . 0  3 . 0  2 . 0  24 1 1  6560 
1 1 7720 I, 6000 I "  

S ample s ta tion locat ion s are shown i n  F igu re 0 . 5-1 . 
Explanation of the superscripts i s  found in Table 0 . 3 - 3 .  
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Tab l e  D . 5-4 Wat e r  Quality Dat a , 
near Ru l i f f , Texas 

Sabine River 
( Cont inued ) 

( US GS , Texas , 1 97 5 ) 

W "' T E R  QUAL I T Y  D A T A .  'W A T E R  YEAR OCTOBER 19 14 TO SEPTEMBER 1 975 

O l S-
SOLVEO 
CHLO-
R I D E  
( C L l  

r'l A T E  04G/U 

OCT . 
n l  • • •  1 6  

O P  • • •  Z O 
1 4  • • •  1 8 
2Z . . .  l '  
Z 3  . . .  1 1  

NOV ,  
0 7  • • •  1 1  
1 3  • • •  1 1  I S  • • •  l '  
Z Z  . . .  Z O  

"10 • • •  ZZ 
D E C .  n 1  • • •  1 9  

1 1  . . . 1 6  
1 4  • • •  Z 3  

2 1  • • •  ZS 

In • • •  Z I 
J A N . 

!'I 7  • • •  1 9  
o f'  • • •  1 8  
1 4  • • •  Z O  

Z I  . . .  ZS 

?9 • • •  Z9 
n=:FJ. 

n 7  • • •  Z O  
, 2  . . •  Z Z  
1 . ,  " Z7 
ZI . . .  ZS 

2ft • • •  Z6 
M A R .  

{'I 7 • • •  ZS 

1 4  • • •  Z 3  
J 9 • • •  1 6  
Z I  . . .  1 8  
2 8  • • •  Z I  

APR . 
0 8 • • •  Z I 
09 • • •  19  
I S  • • •  1 7  
Z Z  . . .  1 9  
2 9  • • •  1 8  

M A Y  
11 7  • • •  1 3  
1 3 • • •  1 5  
l it ,  • •  1 6  
ZI  . . .  'ZO 
28 • • •  1 9  

JtINF. 
I'll • • •  1 5  
0 ·  • • •  l J  
nB • • •  1 8 
1 4  • • •  n 
Z I  . . .  1 8  

JllLY 
01 • • •  1 8  

09 • • •  1 5 
t 4  • • •  I Z  
2 1  • • •  1 9  
Z I  . . .  
2 8  • • •  1 7 

AtJG. 
0 6  • • •  9 . Z  
0 1  • • •  1 0  
1 4  • • •  1 7  
2 1 • • •  1 9  
2 8  • • •  19  

SEP . 
0 7  • • •  Z O  

1 0  . . .  1 6  
1 4  • • •  zo 
Z I  . . .  1 8  
29 �··.· . ZI  

Note : 

TOT �L 01 s-
a I S - r O T  AL K"';c.L- SOLVED 

SOLvED AJotMQN I A  ORGAN I C OAHL T O T AL SOL I I ) S  

FLUO- T O T  AL TOT .lL N I T RO- N I T  RO- NI TClO- PHQS- ( R E S I -

R I C E  N I T R A T E  N I T R I T E  GEN GEN GE...: P�ORU5 OUE A T  

( F )  ( N )  ( N )  ( N )  I N )  ( N )  ( P )  1 8 0  C l  

IMG/Ll ("'GIL) IMG/Ll (MG/L '  ( "'GIl ) 04G/U IMG/Ll ("'GI L )  

o l  
-- , --, -- C -- , 

. 0 1  . 0 0  . 76 . 8 7 • os 9 1  

. 0' - • --, -- , -- C -- , 
. 0 6 . 0 0  . 0 9  1 . 1  1 . 2  . 0 1  7 7  

. I� • -- , --, -- C -- , 

. 1  . 08 . 0 0 . 1  .'3  . 6 1  . 0 6 8Z 

. I f -- . --, --, -- C ;� , 

. 0  . I Z . 0  I . 0 8  . 68 . 76 . 0 7  

. I� --, --, -- C -- , . 1  . 1 8  . 0 0  . 0 3  . 6 Z  . 65 . 0 1  1 0 5  

--, --, --, -- c ;; , . 1  . 1 1  . 0 0  . O Z  . 3 8  . ' 0  • O .  

--, - - , .;� , -- C - -, 
. 1  . 1 ' . 0 0 . 0 3  . 5 3  • O . 8 1  

- - , -- , -- , -- c -- , 
. 0  . 1 1  . 0 0  . 0 3  . 6 0  . 6 3  . 0 3 75 

--, --, -- , -- c -- , . 1  • o. . 0 0  . 0  I . 6 '  . 65 • O. 77 

--, 
. 1  . O Z  . 0 1  . 0 3  

-- , 
• • 7 

-- , .50  
-- c 

• O. ;i ' 
.
;;, --, --c 

. O Z  . 0 0  . O Z  . '0 . 0 3  , 
1 . 1  ' 1 . 1  ' C r z '  . 1  . 0 9 . 0 1  . 0 '  . 0 3  

--
, 

-- , -- , -- c -- , 
. 1  . 0 '  . 0 0  . 0 3 . 6' . 6 7  . 0 '  7 9  

Samp l e  station locat ion s are shown in F igur e 0 . 5 - 1 . 

Exp lanat ion of the superscripts i s  found in Tabl e  0 . 3 - 3 . 

D . S - 8  



Tab l e  D. 5 - 4 . Wat er Qual i t y  Dat a ,  S ab i ne River 
near Ru l i f f , Texas ( Cont inued ) 

( USGS , Texas , 1975 ) 

• A TER QUAL I TV o ... r ... . .ATER YEAR OCTOBER 1 9 /. TO SEPTEMAER 1975 

OIS- TOT AL vOL. SPE-
SOLvED NaN- NON- NON- SOOIUM C I F i C  
SOL I O S  F ILT- F ILT- CAA- AO- CON-

( SUM OF RABLE RABLE HARD- BONA TE SORP- OUCT-
CONST I - RES IDUE R E S I DUE NESS HAAO- T I ON ANCE PH TEMPER-
T U E N T S )  ( e A , MG, NESS RAT I O  ( M I CRO- lTURE 

DATE ("'GIL ) ("'GIL) ( "'GIL) ("GIL) (""GIL) MHOS' ( UN I TS )  ( DEG C )  

OCT . f f 
I . qf 0 1  . . .  73  Z9 10 1 36 6 . 7  24.0 

O B  • • •  155 Z'.O 
t .. . . .  1 ' 1  24 .0  
22 • • •  :; f 

--, -- f --f --, 96 19 . 0  
23 • • •  74 15 Z, I 1 . 1  1 1 9  6 . 7  ZZ.5 

N O v .  
I 7 f 3 f f c 

('1 7  • • •  , I  --f 
:� f : :� f 95 6 . 3  l e . o  

1 3  . . .  6 0  86 16 f 3 f ge 6.8  1 7 .5  
t 5 .  f '  82 1' . 0  
2 2  . . .  10Z 1 8 . 0  
':-0.  " 1 3Z 1 5 . 0  

DEC. f I If 1 .0 f ('>7  • • •  77 
:;f ;�f ��f 1 ' 1  6 . 7  1 3 . 0  

I I  . . .  65 1 . 0 f 1 19 6.6  1 0 . 5  
1 .. . . . Ize 1 1 . 0  
il l  • •  , 1 3e  IZ . O  
30  • • •  loe  1' .0  

J A N ,  
31  f I I f 1 . 0  f [17 • • •  75 -- f -- f 1 37  7 . 1  1 3. 0  

08 • • •  68 Z' • Z7f 9 f .9 f IZ I  6.9  1'.5  
1 .. . . .  1 1 3 9 . 0  
2 t  • •  , I"  I Z . O  
?GI • • •  16Z 16 .0  

F E 8 .  
JZ f I Z'  

f 
07.  _ ,  75 

�; f --f 1 . 0  
f 

1 . 1  6 . 8  1 ' . 0  
1 2  • • •  86 9 33 f l of 1 . 1  1 56 7 . 0  lZ.5  
, .. . . . 1 6Z 1 3 . 0  
2 1  • • •  I'e 1 ' . 0  
? A  • • • 159 1 3 . 0  

Jll( o\�.  
07  • • •  157  ... 1 1 . 0  
1 4 ,  • •  

;; f ;;f ;;f -; f  -- f 157 1 7 , 0  
1 9 .  _ ,  68 1 . 1  lZ8 7 . 0  1 5 . 0  
Z I  . . .  1 1 5  1 ' . 0  
7 8  • • •  1 . 1  1 7 . 0  

A P A ,  

08 • • •  --f --, -- f �;t -- f 1.2 1 7 . 0  
1'19 • • •  7 6  • •  1 6  Z9 1 . 0  1 39 7 . 1  1 7 . 5  
1 5  • • •  1 1 7 1 ' . 0  
2 2  . . .  1 3' 1 8 . 0  
?9 • • •  lZ3 ZZ . a 

" ' Y  

,'1 7 • • •  
;;f -;f ;; f --f --f 88 Z'. a 

1 3  . . .  6Z I I  .9 1 1 7  6 . 7  22.5 
1 .. . . .  l i S  Z3.0  
Z I  . . .  l Z9 Z6.0  
7 Ft ,  • •  l Z9 Z6.0 

JtlNE 
I'l l • • •  

1 ;;f -- , -- f --f --, 9. Z'.O n 4  • • •  5e 167 Z3 lZ  .9  106  6.6  Z'.5 
Cl 8 .  _ ,  1 19 Z6.0 
, 4 . f • 80 Z6.0 
Z I  . . . I I' Z6.0 

JlIL'f 
(17 • • •  ; ;  f -- f ;;r �; f -- , 1 1 7  Z6.0 
1'19 • • •  68 3 .9  (Z. 6.6  Z9.5 
1 .. . . .  86 29. 0  
2 1 .  _ ,  1 3 1  30.0  
? l  • • •  29 .5  
;::OR ,  • •  1 05  28.0 

AuG. f 
3 f 16 f s f .8 f 

C 
Ob • • •  .8 1'0 75 6.' 27.0 " 1 ,  • •  76 26.0 1 4 . " 123 ze.o  
Z I  . . .  1 3' 29.0 ?q • • •  152 27.0 

SF P .  
('1 7  • • •  -- f -- f 

;� f -- f -- , I'Z 28 .0  
1 �  . . .  7J 57 10 10 1 . 0  1 33  6 .7  27.5  
l it  • • •  1. 1  27,0 
2 1  . . .  1 23 Z5.0 
?GI • • •  1'7 Z2.0  

Note : S amp l e  stat ion locat ions are shown in Figure 0 . 5-1 . 

Explana t i on of the super scripts is found in Tab l e  0 . 3 -3 .  

0 . 5 - 9  



Tab l e  

fl A T E  

ocr.  
0 1 . . . 
CA • • •  

1 4  • • •  

Z2 • • •  

ZJ • • •  

� O l/ .  
(17 • • •  

I )  • • •  

I S  • • •  

'22 • • •  

3 0  • • •  

D E C .  
07 • • •  

1 1  • • •  

} 4 ,  • •  

2 1  . . .  
30  • • •  

J IJN . 
07 • • •  

0 8  • • •  

1 4  • • •  

l l  • •  , 

�9 • • •  fr:�.  
(' 7  • • •  

1 2  • • •  

1 4  • • •  

2 1  • • •  

28 • • •  

M A R .  
0 7  • • •  

1 4 ,  • •  

1 9  . . .  
l l  • • •  

2 8 .  " 
AP R .  

0 8  • • •  

0 9  • • •  

I S  • • •  

22 • • •  

{,'iI • • •  

M A Y  
0 7  • • •  

1 3  • • •  

1 "  • • •  

2 1  • • •  

2B • • •  

J!tNE 
01 • • •  

04,  • •  

08 • • •  

1 4  • • •  

l l  • • •  

JULY 
01 • • •  

0 9  • • •  

1 4  • • •  

2 1  • • •  

Z I  • • •  

2 8  • • •  

AI l e; .  
06 • • • 

07 • • •  

1 4  • • •  

2 1  • • •  

lB • • •  

S l: p .  
07 • • •  

1 0  • • •  

1 4  • • •  

2 1  • • •  

2q • • •  

Note : 

D . 5 - 4  Wat er Qua l i t y  Dat a , S ab ine River 
n e ar Ru l i f f , Texas ( Conclude d ) 

( U.SGS , Texa s , 1 975 ) 

.. A T E R  QUAL I T Y  D A T A ,  W A T E R  Y E A R  O C T O B E R  1 9 74 T O  S E P T E M� E R  1 975 

� I O - J !04"1[-
CHEM- O I A T E  r E C  o. L  S T R E o .  

C O L O R  P E R - leAL COL l - COL l - Toeae e I  T O T  A L  
( P L  a T - TUQ- D I S- C E N T  O X YGEN FORM FO�M ( COL- O R G AN I C  
I NU,IOI- B I D- SOLVED S A T UR - DEMAND ( CO L .  ( CO L .  ON I E S  CARBON 
C08Al T I T Y  Ox.YGEN AT I O N  � D A Y  P E R  P E R  PER I C '  
UN I T S )  ( J T U )  ( MG/U ''"'GIL ) 1 0 0  MU 1 0 0  MU 1 0 0  "U ( ""GIL ) 

30 f 
40 f 
4 0 f 
70 f 

;� f 
-- f 

I��f loT 80 f 9 . 4  1 01  1 .6 60 29 f 

80 f -- f --f 
18��f 4��

a 
8;;f Il

-
40f _5 1 0 . 2  1 0 6  1 . 8  
90 f 
80 f 
so f 

.o f ;� f --f 31 ;� f 2;�· 3��f 
,-

s o l  1. 9  1 1  1 . 0  1 2  
�� f 
10 f 
oof 

;� f 
-- f I_��f R;; a -'1 --, 

I��f 
1 0 .0 97  1 . 2  1 1 0  9 . 0  

60 f 
55 f 

1 0� f ;�f --f 
I��f ;;f --, 

20f 9 . 0  8_ . 1  91 8 . B  
6 0  f 

1 0 0  f 
70 f 
Bof 
10J �� f -- f 

- -, 
I ;�f ,-

60 8 . 5  B 3  1 . 2  620 130 10 
80f 
7 0 f 

10f 
;�f --f --f 3;�· 20��f --f 60 f B . 9  93 1 . 0  1400 6.9 

Bof 
10f 
80  f 

1 2 0  f ;� f 
- -, --f --f -- f 10 f 6 . 9 1B I . - 7 1 0 0  1 1 0  1 3 0  6 . _  

101 
60 
10  f 

70f ;�f --f 5��f -- 8 
�� f 

--, 
60f 6 . B  B I  1 . 1  201 9 . 9  
70f 

l oot 
80 

70l ;�f --, 
_��f 

-- a --f -- , 
10 6 . 5  B_ 1 . 0  2 1 0  62 7 . 2  

I I  o f  
sof 

;�f 

1 2 0f 4sf 6 .4  1 9  1 . 3  f 2 1 0 0f 1 3 0  150 f l l f 
1 4

°l 
�� f 
60f 

30 f 
;� f 1:� f le��f --f -""f 

60 f 6 .2  1B  64 1B 1 3  
s o f  
10  f 
40 f 

Sample s tat ion lacations are shown in F igure 0 . 5 - 1 . 

Explanat ion o f  the superscripts i s  found in Table 0 . 3 - 3 . 

0 . 5 - 1 0  



Samp l e  
N o .  

S edi 
ment S N 1 5  
Water SN 1 5  

Water SNW-75B-
1 5W 

t:1 
VI I I--' I--' 

Sample 
No . 

S edi-
ment SN 1 5  

Water SN 1 5  

WRter S N 1 5  

Tab l e  D . 5 - 5  

Water 
Date Dis t-Ft Dep th 

Sampled From C MLT-Ft 

3 / 2 7 / 7 5 0 39 . 3  
3 / 2 7 / 7 5  0 39 . 3  

5 7 0+00 
7 / 2 4 / 7  5 0 4 1 . 5  

Chemical 
Oxygen 

O i l  & Grease Demand 
mg /l mg/kg mg / l  mg/kg 

3 2 , 000
f 

590 
8 1

f 
0 

0 . 0  69
f 

Wat er Qua l it y  i n  Area of Dr edging 

( US Army CE , Galve ston , 1975 ) 

PART (A) 
Water D i s s o lved Conduc- Air 
Temp Oxy gen S alinity tivity Temp 
°c mg / l  pH ppt umhes / cm °c 

AREA NO . 1 2  

Be fore Dredging-Channel Area 

2 1 . 0  9 8 . 5  5 . 0
f 

8 , 700
f 

2 4 . 5  

During Dredgin g-Channel Area 

3 1 . 0  5 8 . 5  1 4 . 0
f 

2 3 , 000
f 

2 9 . 0  

PART ( B )  

Chromium 
Chlorides Arsenic Cadmium ( T o t a l )  

in Sabine Hiver 

Wind Mo i s ture 
Direc- Content 
tion % Dry Wt 

56 
SE 

- SN 1 5  

Total 
Solids 

Total 
Vola t i le 

S o l ids 

Total 
Kj eldahl 
N i trogen 

m g / l  % By Wt mg / l  % Dry Wt mg / l  mg/ kg 

4 1 3 0
f 64 

640
f 3 . 4  f 1 000 

0 . 2  

NW 1 4 , 200
f 

2520
f 

2 . / 

Copper Lead Mercury Nickel Zinc 
mg / l  � g / l  mg/kg mg / l  mg / kg mg / l  mg/kg mg/kg mg / l  mg / kg m g / l  mg/kg mg / l  mg/kg mg / kg 

AREA N O .  1 2  

Be fore Dredging-Cha nnel Area 

3 . 3  0 . 4  1 4  9 24 <0 . 1  9 3 4  

1 , R3 0
a 

5 0 . 003 0 . 0 1  0 . 0 2 
0 . 4 9 0 . 05 

During Dredging-Channel Area 

7 , 600a S
f 

<0 . 002 0 . 0 3 0 . 0 1  0 . 3
d 

0 . 1 1  

Not e : S ampl e stat ion locations arc shown in Figure D . 4 - 1 . 
Expl anation of the super scripts i s  found in Tab l e  D . 3 - 3 . 



Field 
Sample 
No . 

SN- I S  

SN- 1 6  

SN- 1 7  

F i e ld 
S ample 
No . 

SN- I S  

SN- 1 6  

SN - 1 7  

Field 
S amp le 
No . 

SN- I S  

SN- 1 6  

SN- 1 7  

Field 
S amp l e  
No . 

SN- I S  

SN- 1 6  

SN- 1 7  

Tab l e  D . 5-6 Sab ine R iver Wat er and Sediment Qua l it y  Dat a SN-15 , 
SN- 1 6 , and SN-17 

( US Army CE , Galveston , 1 975 ) 

RESULTS OF TESTS OF WATER 

Total Total Total 
T o t a l  Volat ile Ch lorides Kj edahl Ammonia Organic Total 

Residue Residue Cl N i t rogen N i trogen N i trogen Carbon 

1 1  , 4 00 2 , 5 00 5 , 4 0 0  0 . 4 3
f 

0 . 2 Se o . 1 8 f 
3 l

f 

8 , 5 00 1 . 7 00 4 , 000 0 . 4 S
f 

0 . 2 0e 0 . 2 S
f 

3 1 f 

7 , 900 1 , 5 00 3 , 6 00 0 . 6 2
f 

0 . 3 8e 0 . 2 4 e 3 2
f 

( a )  ( a )  
Arsenic ( b )  Chromimum ( a )  ( a )  Mercury ( a )  

a s  Cadmium ( T o t a l )  Copper Lead Hg N i ckel 
]Jg/ l Cd C r  C u  Pb ]Jg / l  N i  

2 0 . 0 1 2d 0 . 03 0 . 3 0e O . O l e 0 . 9d 0 . 07 

O . O l l d 0 . 04 0 . 3 4 e O . O l e 0 . 7 d 0 . 0 6 
d 0 . 0 5 0 . 6 1 e O . O l e 0 . 2d 0 . 03 0 0 . 0 1 2  

RESULTS OF TESTS OF BOTTOM SEDIMENT 

Total 
Mo i s t ur e  T o t a l  V o l a t i l e  T o t a l  Total 
Content S o l i d s  S o l i d s  Kj e ldahl Ammonia Organic 
% Dry Wt . % by Wt . % Dry Wt . N i trogen N i trogen Nit rogen 

2 2 2  

7 2  

2 5 7  

( a )  
Cadmium 

Cd 

1 .  7 f 

0 . 9
f 

1 . 4 f 

3 1 f 7 . 3 f 
2 1 80 ( b ) g 

200
f 

S 8 f 3 .  I f 800 8S f 

28 f 8 , S f 
2 3 6 0 ( b )

g 200f 

Chromium ( a )  ( a )  ( a )  
( T o t a l )  C o p p e r  Lead Mercury N ickel 

Cr Cu Pb H g  N i  

4 S f 4 0 f 3 9 f 0 . 2 S f 2 9 f 

1 0 f 6 f 1 4 f < 0 . 1  f 1 0 f 

2 7 f 
2 3 f 3 9 f 0 . 2 2 f 2/ 

( a) Retes ted 

(b)  Insuffi cient samp le availab le for 

retest . 

1 98 0f 

7 9 S f 

2 1 6 0f 

( a) 
Z inc 

Zn 

1 0 2g 

2 9  

7 7 g 

N'otes : All results are in mg/ l except as noted . 

Total 
Organ i c  
Carbon 

1 1 , 000 f 

9 , 400 f 

1 0 , 000 f 

Total 
Inorganic 

Carbon 

I S f 

1 3
f 

1 4 f 

( a )  
Z inc 

Zn 

0 . 1 3 

0 . 1 9  

O .  I S  

O i l  
& 

Grease 

3 1 00g 

1 1 00 

2400g 

S ample s ta t ion locat ions are shown in F igure D . 5 -1 . 

Explanation of the superscripts i s  found in Table D . 3 -3 . 

Chemical Oil 
Oxygen & 
Demand Gr ease 

S 2
f 

1 3
e 

3 1
f 

1 2 e 

4/ 1 2 e 

Chemi cal ( a ) 
Oxygen Arsenic 
Demand As 

7 3 , 0 0 0g 4 .  I f 

3 2 , 000 4 . 3 f 

7 4 , 000g 4 . S f 

D . 5 - l 2  



Field 
Sample 
No . 

CB-3 

CB-4 

Tab l e  D . 5-7 Cow Bayou Wat er and Sediment Qual i t y  Dat a CB 3 and CB 4 

( US Army CE , Galveston , 1 97 5 ) 

RESULTS OF TEST OF WATER 

Total To tal To tal To tal Total 
Total Vo latile Chlorides K j eldahl Annnonia Organic Total Inorganic Organic 
Residue Residue Cl N i trogen Ni trogen Nitrogen Carbon Carbon Carbon 

2 , 3 00 f 4 6 0 f 1 ,  1 0 0 f 0 . 3 S f 0 . 2Be 0 . 0 7 f 4B f Bf 
40

f 

3 , 4 00
f 

B 3 0 f 
1 , 7 00 f 

0 . 7 0 f 
0 . 4 S e 0 . 2 S f 

S / 7
f 

44
f 

( a) ( a) 
Chemical O il Arsenic ( a) Chromium (a) ( a )  Mercury ( a )  ( a )  
Oxygen & As Cadmium (Total) Copp er Lead Hg N ickel Z inc 
D emand Grease Ilg/ l Cd C r  C u  Pb Ilg / l  N i  Z n  

1 7 f 
1 3

f 
O . O l O

d 
O . OS 0 . 3 9 0 . 0 1 0 . 6

d 
0 . 0 3 0 . 1 0  

39
f 

1 / 2 O . 0 1 3
d 

0 . 03 0 . 3 6 0 . 0 1 0 . 3  
d 

0 . 04 O . l B 

RESULTS OF TESTS OF BOTTOM SEDIMENT 

Total 
Mo is ture To tal Vo latile Total Total Tota l  O i l  Chemical ( a )  
Content S o l id s  S o lids Kj eldahl Annnonia Organic Organic & Oxygen Arsenic % Dry Wt . % by wt . % Dry Wt . N i t rogen N i t rogen Nitrogen Carbon Grease Demand As 

2 4 4 f 
2 9

f 
1 0 . 4 f 

3 7 0 0 g 2 00 f 
3S00 f 

1 3 , O OO
f 

3 1 6
f 

24
f 

1 3 . / 4 3 1 0 g 
3 7 0

f 
3 9 4 0

f 
1 6 , 000

f 

( a )  Chromium ( a) ( a )  ( a )  ( a )  
Cadmium (Total) Copper Lead Mercury N ickel Z inc 

Cd Cr Cu Pb Hg N i  Z i  

O . B  4 6 1 4  7 Bg 0 . 2B 1 B  7 2g 

O . B  34 13 S 2g 0 . 1 6 3 S  6 2g 

(a) Retested 

Notes : All results are in mg/1 except as noted . 

No state criteria available for this water body . 

Sample station locat ion s are shown in F igure 0 . 5-1 . 

Explanat ion of the superscripts is found in Tabl e  0 . 3 - 3 .  

2 600
r 1 1 0 , 000g 

7 . 1  

1 30 , 00 0g 
6 . B  

0 . 5 - 1 3  



'l'ab 1 e  D. 5 - 8  Water Qua l i ty Data , Neches River , Evada l e , Texas 
( US GS , Texa s , 197 5 )  

_ U E R  QUAL I T Y D A T A .  III A T E R  Y E A R  D e T O P E R  1 9101t T O  S E P T E M "'I E R  1 9 7 5 

O I S- D I S -
n 1 5 - SOL V E D  S O L  ..... [0 

I N 5 T  A N - D I S- S O l l/ E U  ", .a G - 0 1 5 - PO- DJ 5-
C A L - N[ - SOLVED T A S - B I CAR- C A R - S O L I/ E D  T ANt. O U S  S OL VE D 

0 1 5 - S l u e A  C I UM S I U� sao I UM S lUM eO"'lA.lE B O N A T E c:.Ul F A T E  

T I ME C H A R G E  j <; I O ? )  ( C A l  ( M G )  ( N A )  « )  I HCO ) )  ( C O ) )  ( �O � )  
( MG/L 1 ( MG / L ) 

D A T E  ( C f S )  ( MG / U ( M G /L ) ( M G / L )  ( MG/ L )  ( MG/L ) ( M G/L ) 

orT . , , 
2 . 9 '  

, f , 
2 3  • • • 1 84 5  2 2 0 0  I I  8 . 5  I _  2 . 7  2 6 1 0  

NO V .  
1 1' 6 . / , , , , 

1 3  • • •  I S I S  5 2 0 0  2 . 6  9 . 7  2 . 5  I - 1 3  
D E C .  , 7 . 5  , 1 . 7 ' 1 1 ' , 

I I  • • •  1 1 3 0 1 0 0 0 0  1 2 2 . 5  1 6  I S  
J A N .  

1 / 7 . 6' 2 . 5 ' I Z '  2 . 1  ' 
, 

0 9 • • •  0 9 )0 1 3 0 0 0  2 2  1 7  
F F.: H .  

7 . 1  ' Z . 5  f , 
2 . 5 f , 

1 2 • • •  
1 0 4 5  1 5 0 0 0  7 . 7  I I  1 9 I S  

M d R .  , , , 
1 3' 

, , 
1 9  • • •  t flJa  1 4 5 0 0  6 . "  6 . 5  Z . 9 2 .  j 2 0  1 7 

,l D R . , , , , , , 
0 9  • • • 1 6 40 8 b O O  6 . _  8 . 3  3 .  a I .  3 . 0  Z Z  2 1 

M o Y  
1 4 , , 

2 . 0 ' 
, Z. 5 f , 

14 • • • 0 9 1 5  1 9 0 0 0  ' . Z  9 . 5  I '  1 4  
JI INE 

8 . 9  ' 7 • • ' Z . 8  , 1 2 ' 
, 

2 3' 04 • • •  1 5 3 0  9 b O O  2 .  I I -
JllL '( 9 . 8  ' 7 . 7 ' , 

1 3 ' 
, , 

(1 9 • • •  1 " 3 0  8 3 0 0  Z . 7  2 . 3
, 

22 I P 
A I , G .  

9 . 7' 7. r.' , 1 / , 
06 • • •  1 5 3 0  8 } 0 0  3 . 2  2 . 3  2 0  I ,  

S f P .  , 
8 . Z ' f f f , 

1 0  • • •  1 5 1 5  5400 1 0  3 . 3  I - 2 . _  25 1 7 

TOT  ·' L 0 1 5 -

0 1 5 - 0 1 5 - l O T  AL KJE L - S OL vE D 

SOLVED SOLVED AMMON I A ORGAN I C  D AHL T O T  .a.L SOL l D 5 

CHLO- F LVO- T O T AL T OTAL N I T R O - N I T RO - N ( T R O  .. Pt-tOS ... I RES 1 -
R I DE R I DE N I T R A T E  N I T R I T E  G E N  GEN G[, PHORUS DUE " 

t eu , F )  'N)  ( N )  I N )  I N )  ( N )  ( P )  1 8 0 C )  

r')A T E  ( � G / L  ) ( M C, / L )  ( MG/ U I MG/L ) P04G/U ( MG/U ( M G / U  ( MG/L ) t M G / U  

O r T . , . 65 f • 
2 3  • • •  Z I  . 0 0  . 0 0 . 0 3  . 6 2 • 0 1 1 1 2 

NO V .  
1 3  • • •  I .  . 0 _  . 0 0  . 0 7  

• 1 . 0 '  1 . 1 f • 
• 0 7  8 7  

D E C .  • I . _ t 1 . 5 '  . 0 5 • 
I I  • • •  1 7  . 0  . 0 1  . 0 0  • 0 ,  I o Z  

J A N .  • . 79 , , • 
09 • • •  1 8 . 0  . 0 3  . 0 1 . 0 5  . 8_ • as 1 0 1  

F F: � .  
• I f , , • 

l Z  • • •  1 7 . 0 _ . 0 0  • 0 3  .64 .67 . 0 4 1 39 

M fl R .  
. Z  f , , 

• 
(H. e 

1 9  • • •  1 8 . 0 5  . 0 0  . 0 3 . 3 '  . 3 9  9 5 
A P R .  f • 

. 4 Z f , • 
n Q  • • •  2 0 . 1  • as . 0 0  . 0 _  . _ 6  . 0 5  1 0 ' 

M A Y  f . 0 5  e f f • 
l it  • • •  1 3  . 1  . 1 _ . 0 0 1 . 0  1 . 1  • 0 5  

J\!NE f f f • 
flit • • •  1 7  . 1  • 0 7 . 0 0  . 0 0  . 5 7  . 5 7  • 0 7  9 8  

Ji lL Y f . 0 8  e f . 7 5 f • 
09 . .. .  1 7  . 1  . 0 5 . 0 1  . 6 7  . 0 5  9 8  

AI J G .  f f f • 
nt- • • •  I .  . 1  . 0 8  . 0 0  . 0 1  . 5 6  . 5 7  • 0 2 9 6 

S f P .  f , 
. 55' • 

1 0  • • •  2 0  . 1  . 0 1  . 0 1  . 0 0  . 55 . 0 _ 8 3  

Note : S ample stat ion locat ions are shown in F igure 0 . 5- 1 . 

Explanat ion o f  the superscripts is found in T able 0 . 3 - 3 . 

0 . 5 - 1 4  



Tab l e  D . 5- 8  

\l A T E R  

D I S -
S O L  V£O 
SOL IDS 

(SUM O f  

Water Qual i ty Data , Neches River , Evadal e ,  Texas 
( Continu ed )  
(USGS , Texa s , 197 5 )  

NECHES RIVER BASIN 

08041000 Neches River at Evadal e .  Tex. --Cont1nued 

QUAL l T V  OAT A ,  w A T E R  Y E A R  OCTOBER 1 9 14 T O  S E P T E "'-H E R  1 9 7 5  
T O T  .1.L V O L .  S P t: -

NO�- NON'" NON- SOD IuM C I F  I C  
f l L  r - f I L T - CAR - A D - COt�-
R A B L E  RABLE HARD- i30NA T E  SOR P - OveT-

CO�jS T I - R E S I D u E  R E S I DU E  N E S S  H A R D - T I ON A t-I C E  P H  T ( "'PE R -
I C A , MG )  N E S S  Q A T  1 0 ( .... l eRQ- ATU""F T U E  � T S )  

( MG / L ) M H U S }  ( UN I T S )  ( ['l E G  l )  n A T E  { M G / l l  ( MG / L . ( �G/L ) ( M ij / L l 

o (- r .  f 
1 . 1  1 6 2  6 . 6  2 1 . 5 2 3  • • •  "9 4 5 1 5 33 1 2  

f\(Q,' . f f f f f 1 b . :)  9 9 35 2. 1 6  . " 1 0 9 6 . 9  1 3  • • •  6 8  
f f C D E C .  

64 f 2l 26 1 3  . 9 f 1 3 1  6 . 3  1 l . 0  1 1  • • •  75 
J A N .  f f f f 1 . 0 f 

1 3 7 6 . 6  1 "+ , 5  (19 • • •  82 .. 5 .. 2-< 1 1  
f �  q .  f f f 

1 / f 
1 2 3  7 . 1  1 2 . 0 7 J  56 1 9 2 "  . 9  1 2  • • •  f f IoI - R .  f f 1 2 f 1 1 0  30 20 1 . 1  1 4 5  7 . 0  1 5 . 5  1 9  . . .  7 7  

A ,.> R .  f 
2/ f 

1 5 f f 1 9 . 0  33 1 . 2 1 63 6 . 9  1 , 9  • • •  8 9  5 3 
M H  

5} f f f f 6 . 6  2 3 . 5  4 24 9 . " 1 1 5  1 4  • • •  7 0  
Jl lt..jE f f f f 

. 9  f 6 . 6  2 6 . 5  " 3 1  1 2  1 39 04 • • •  76 50 
Jl!l Y f f f f 

1 .  o f 1 4 7  6 . 7  2 9 . 5  ')9 • • •  " 1  5 2  7 3 0  1 2  
A I IG .  f 1 5 f f f .9 f 

1 34 6 . 6  2 H . O  r 6 • • •  7 6  4 9  3 1  1 4 
S � p  • f f f f f 

1 5 .. 6 . 7  2 7 . 5  1 ,) • • •  8 7  33 3 34 1 4 1 . 0  

� I O - {""ME-
CHE �- 0 1  A T E  F E C A.L S TR( P -

PER- l e A L  COL l - eal r - TOCOCC I T O T  .6.l COLO R 
C E N T  O X Y G E N  f O R M  FO Q"1 ( COL - ORGAN I C ( P L A  T - T U R - D I S-

B I D- S O L V E D  S A, T U R - DEMAND (COL . ( COL . aN t E S  CARBON I NU"'i-
PER P E R  , C )  COBAl T ! T V  O x Y G E N  A T  I O N  5 D A Y  PER 

( J T U )  ( MG / U  ( MG / L ) 1 0 0  "'iU 1 0 0 MU 1 0 0 "'iU ( t04.(;/ L )  r t. T E  U N  I T S )  

on . 
6 0  f f 1 0 8  1 . 2  f 2 7 0f 73 4 7  1 0  2 3  • • •  3 0  9 . 6  

f f Ne W .  
1 0 0  f f 1 0  .. 2 0 f 1 7 0 0f 1 90 5 5 0  1 6  4 0  1 0 . 2  1 3  . . .  • 

f a f f D E C . 
8 0  f f 

79 1 . 2  7 0 0 0f 2 1 0  2 7 0  2 0  35 8 . 8  1 1  . . . 
f f f .J � N .  

1 0 0  f f 
7 0 0 f 280 • 1 ' 0  I I  2 5  9 . .. 9 1  1 . 1  (l Q  • • •  

f f f f 8 2 0  f F f'� .  
25 f 9 . 2  " 5  1 . 1  1 20 1 1 0  1 4  1 2 . . .  1 0 0  

f 8 5 0f a f M A R . f f 
230 1 2 0  3 . 2  35 8 . 7  8 6  . 5  1 9  • • •  6 0  

1 4 0 0f f APR . f f 
. 6  f 7 8 0f 1 50 9 . 5  0 9  . .. ..  1 2 0  30 8 . 8  94 

M H  

35f 1 . 9 f 1 9 0 0 0 f a 1 4 0f 3 . / 1 2 ,1 6 . 2 7 2  2 6 0  l �  • • •  

JuNE 
1 0 0  f 35

f 7 7  1 . 6  f 2 1 0 0  f 1 9 0  74f 9 . 7  f 04 • • •  6 . 3  
JI lL Y 

1 6 0f 3 5f 6 . 8  8 8  . 9 f 1 5 0  f 1 3 0 5 2f 0 9 . .. .  
f 

5 . 8  f A I IG . f f 86 1 . 0  f 3 5 0 0  f 7 8  1 7 0 06 . . ..  S O  4 0  6 . 8  
f 

3 7 0 f l If S j:' p .  f f 88 . 8  f 2 0 0 0  5 6  \ 0  • • •  8 0  2S 7 . 0  

Note : S amp l e  stat ion locat ions are shown in F igure 0 . 5 - 1 . 

Exp l anat i on of the sup erscript s i s  found in Table 0 . 3 -3 . 

D . S - I S  



Tab l e  D . 5- 8  Water Qua l ity Data , Neches River , Evada l e , Texas 
( COll1t inued) 
( US GS , Texas , 197 5) 

w ol TER QUAL I T Y  D A T A ,  .... A T E R  Y E A R  O C T 0 8 E '"  1 9 7 4  T O S E P T I::.�I3ER 1 9 1 5  

D I S -

T I Mf 

D I S 
SOLVEO 
ALUM
I NUM 

( AL I  
I U G / U  

T O T A L  

ARSE N I C  

( A S )  
( U G / L . 

D I S 
SOLvE0 

A � S E N I C  
( A 5 )  

( uG/L ) 

D I S 
SOL v E O  
liO�ON 

1 " '  
IUG/U 

TOT AL 
C A O 

"' I u '"  
( CO I 

( UG / L ) 

SOL vEt) 
CAO
" H UM 
( C O )  

(UG/U 

T O T AL 
CHPO
M I U M  
t C I.i: )  

( U G / L l  

0 1  S 
S O L v E D  
CHRO

M I U M  
( CR I  

( u G / L I  

T O T  l L  
C 0 8 A L T  

I C O )  
( U G / U  

DATE 

OCT . 

23 . . .  
r E B .  

1 84'5 

12 . . .  1 0 4'5 

APR . 
09 . . .  1 6 4 0  

M I V  
1 4  • • •  

AUG. 

06. IO .  1 53 0  

n A T E  

arT . 
2 1  • • •  

r F � .  
1 2  . . .  
n 9 • • • 

Mo f, Y 
1 4  • • •  

AoG. 

(1 "'  • • • 

r u n :  
O C T . 

7 J .  IO .  
F ': � .  

1 2  . . .  

1 4 .  IO .  
AI ,(,; . 

f1 I S 
SOL liED 
COHAL T 

( C O ) '  
( U G / U  

ill S -

T Q l ta l  
C O P P E iol  

{ C u I  
( U G / U  

< I n  
1 U 

< 1 0  

< 1 0  

I) I 5 -

,:>OL 'YEO 
COPl-'t� 

( C U )  

(UrdU 

SOLVEO o r s-
M6.N- T O T A L  S U L v E D  

G A ' � E 5 E  MEQCU�Y MER C U� Y  
(MN) ( HG )  ( H G )  

(U'j / L l (lJG/U ( U r. / L l 

. /) . 0  

. 0  ' . !) 

. 0  . 1' 

f 1 n • u • u 

T O T  AL 
l iol UN 
I F U  

W(,/L I 

D O OC 

1 9 0 0C 

2 0 0 0C 

C 2 0 0 0  

n 1 S 
SOL v E i l  
r" I C t<: E L  

( ,,, 1 )  
I UG/L)  

5 0 f 

10 f 

10 f 

30 f 

30 f 
O I  S-

�OL VEl) 
I � ON 
( f E )  

WG/U 

• on 

T o r  6.L 
SELE

N I UM 
( S f )  

IUG/U 

• < \ 0  , C 
20 

C 1 0  

rOT AL 
L E A l> 
( P � )  

( UG /U 

• .( 1 0 0  
O I S 

SOLVEIJ 
SELE

q I U �  
( S f )  

I t/GIL ) 

DOD 

• 
< I  

0 1  <; 

S O L I/t.O 

L E A D  
( � >1 )  

( u l.J / L )  

0 )  1 5 -
SuL v E O  
S T iolON

T tUM 

( ::> � )  
( U lJ / U  

f 1 1 0  
f , 0  
f 1 2 0 

f 
1 1 0  

0 1  �
S O L v E o  

L I T H l U'" 
I L  1 )  

(U&/U 

o 

f 
1 0  

T O T  A L  
l I N C  
( I N )  

luG/L ) 

• 220 

20 

1 0  

DOE 

T O T  AL 
MAN

G A N E S E  
( M N )  

l U G  I I I  

D I S 
SOLvElJ  

I I NC 
U N )  

I U G / L  I 

30 

4 0  

< 5 0  f 

D D T  
I N  

t NS T 6.N 

T ANEOUS 
D I S 

CHA�C;E 
( C F S ) 

T E M P E R 
A T UIJ E  

( O E G  C I  

l O T  AL 
AU)Q I N  
( t JG/U 

ALOH I N  
I N  

B O T T O,.... 

MA
T E Q  I A L  

l U u / r< G )  

r O T  AL 
000 

(lJG/U 

IN 
') O T T O'" 

M A 
TE� I lL 

( l)G/I< G ) 

T O T  AL 
uDE 

l u G / U  

I N  
daT T O'" 

M A 
T E R I II.L 

I UG /K G ) 
T O T  AL 

D O T  
( U G / U  

8 0 T T O M 
M A 

T E F-I I AL 
I UG / K G )  

D A TE 

O C T . 
2 3  . . .  

r E " .  
1 2  . . .  

A P R .  
0 9  • • •  

AUG . 

O b  • • •  

D A T E  

OCT . 
23 . . .  

r E f.<  • 

1 2  . . .  
AP Q .  

Q 9  • • •  

ALlG. 

O A  • • •  

1 8 4 5  

1 0 45 

l S30 

TOT AL 
0 1 -

E L D R I N  
(tlG/L ) 

. 0 0  

. 0 0  

. 0 0  

. 0 0  

2 ? 0 0  
1 5 0 0 0  

8 6 0 0  
e l O O  

0 1 -
EL()� I N 

I N  
A O T T O M  

MA
T E � I  AL 

( I ft / K G )  

. 0  

. 0  

. 0  

. 0  

2 1 . "  
1 2 . 0  

2 8 . 0  

T O T  AL 

E N O � I N  
( U G / L )  

• 0 0  
. 0 0 

. 0 0  

• 0 0  

. 0 0  

. 0 0  

. 0 0  

. 0 0  

ENf)� It� 
I" 

�OT l l ).� 
M ' 

T f l-<'  I AL 
t u G / ":  C d  

P C B  

I N  

. 0  

. 0  

. 0  

. 0  

. 0  

. 0  

. 0  

. 0  

T O T AL 
Ht I-1T A.
C�LO� 
( U (. / L )  

. 0 0  

. 0 0  

. 0 0  

. 0 0  

. 0 0  

. 0 0  

. 0 0  

. 0 0  
HE�T A 
CHLOo-l 

l '  
t:iOT T OM 

MA
T ER I AL 

WG/ r< G )  

. 0  

. 0  

. 0  

. 0  

. 0  

. 0  

. 0  

. 0  

r O T  AL 
11t-. P T  11.
CHLOo-f 

E R O . I ·)E 
(UG/U 

. 0 0  

. 0 0  

. 0 0  

. 0 0  

. 0 0  

. 0 0 

. 0 0  

. 0 0  
H t  .... T A

CrlLf")iol 
E P U � I O E  
I N  tl O T 
T O �  � A -

T l ""  t AL 

( U b / '<" G I  

. 0  

. 0  

. 0  

. 0  

. 0  

. 0  

. 0  

. 0  

T O T AL 
L I NIlA"lE 

W (, / L  I 

. 0 0  

. 0 0  

. 0 0  

. 0 0  

. 0 0  

. 0 0  

. 0 0  

. 0 0  

L t N O A N E  
I N  

Ho-TTOM 
MA

T E I-l I A L 
( U G / !( G )  

. 0  

. 0  

. 0  

. 0  

. 0  

. 0  

. 0  

. 0  

T O T  A L  
CHLU�

L) A�E 
( u G / U  

. 0  

. 0  

. 0  

. 0  

D A T E  

C H L O P 
O A N E  

I N  
M O l T Q M  

MA
T E Q I  AL 

l U G / K G )  

T O T  AL 
P C "  

( U G / U  

t=l O T T O M  
M , 

T E H  I A l  
( U G / t<: G ) 

T O T  AL 
1 1 1 -

6. /  {NON 
( I)G / L ) 

T O T A L  
M A L  A -
T H I O�J 
tUG/ L )  

T O r  A L  

ME:: T I"« L 
P A � A -
T H I IJ�' 
lUu/U 

T O T  AL 
P 6.� A 
T H I ON 
I UG / L I  

T O T  AL 
2 . '<-0 
( uG / U  

T O T AL T O T A L  
'::) l L V E �  (' . 4 . 5 - T 

( U G / L ) ( U G/ L )  

OCl . 
2 3  . . . 

Ff�.  
1 2  . . .  

APR . 
0<;1 • • •  

AOG. 
0 "' • • •  

Note : 

. 0  . 0 '1 

. 0  . o r, 

. 0  . O l' 

. 0  . o u  

. 0 0  

. 0 0 

. 0 0  

. 0 0  

. 0 0  

. 0 0  
• u o  

• 0 0  
. 0 0  
. 0 0  
. o u  

. n o  
f . 0 2  

. 0 0  
f . 0 1  

. 0 0  . 0 0  

. 0 0  . 0 0  

. 0 0  

. 0 0  

S ample sta t ion locat ions are shown in F igure 0 . 5-1 . 

Exp lanat ion of the superscripts is found in Tab le 0 . 3 - 3 .  D . S - 1 6  



Tab l e  D . 5 - 8  Water Qua l i ty Data , Neches River , Evadale , Texas 
( Conc luded) 
( US GS , Texas , 1 9 7 5 )  

.ATER QUAL I T Y  DATA, .ATER YEAR OCTOBER 1 9 7 .  T O  SE�TEMBER 1 9 7 5  

D A T E  

OC T .  
2 3  • • •  

NOV. 
1 3  • • •  

DEC. 
1 1  • • •  

J A N .  
0 9  • • •  

f E A .  
1 2  • • •  

1 9  • • •  

APR. 
09 • • •  

MAY 
1 • • • •  

JUNE 
04 • • •  

JULY 
0 9  • • •  

AUG. 
06 • • •  

S E P .  
1 0  • • •  

T I ME 

INSTAN
TANEOUS 

D I S
CHARGE 
( C f S '  

1 e.s 2200 

1 5 1 5  5200 

1 1 3 0  1 0 0 0 0  

0 9 3 0  1 3 0 0 0  

1 0 '5 1 5 0 0 0  

1 0 3 0  1 45 0 0  

1 6'0 8600 

0 9 1 5  1 9 0 0 0  

1 53 0  9600 

1 4 3 0  6 3 0 0  

1 5 30 8 1 0 0 

1 5 1 5  5'00 

TEMPER
ATURE 

( DEG C .  

2 1 . 5  

1 6 . 5  

1 1 . 0  

1 ' . 5  

1 2 . 0  

1 5 . 5  

1 9 . 0  

2 3 . 5  

2 6 . 5  

2 9 . 5  

2 8 . 0  

2 7 . 5  

SUS
�ENOED 
SE0 1 -

MEN T 
( H G / l )  

SUS
�ENOED 

SED I
MENT 
D I S

CHA�GE 
( TlDAn 

2 1  1 25 

2J 323 

• •  1 1 9 0  

22 172 

3e 1 5 ' 0  

2 5  9 7 9  

2 7  6 2 7  

1 6  8 2 1  

48 1 2 4 0  

26 5 8 3  

38 8 3 1  

1 7  2 ' 8  

SUS. 
SED. 

S I EVE 
O I AM .  

• f i NER 
lHAN 

. 0 62 HH 

1 0 0  

92 

90 

98 

52 

76 

90 

95 

82 

96 

93 

97 

MONTHLY AND ANNUAL MEANS AND LOADS rOA "ATE� Y E A A  OCTOBER 1 9 74 To SEPTEMBER 1 9 7 5 

D I SCHARGE 
"'ONTIi ( C f S - D A Y S J  

C. C: T . 1 9 7 4 ., . . . .  7 8 8 8 0  

Af ;� .  1 9 7 5  • • • • 

MAY 1 9 7 5  • • • • •  

JUNf 1 9 75 • • • • •  

JUl'( IQ7S • . •  , 

AUG . 1 9 75 • • • • •  

SEPT 1 9 7 5  • • • • •  

TOT �t . . . . . . ..  . 

.. T D  . ... VG . . .. . .  . 

2 0 7 40 4 0  

3 2 2 7 4 0  

4 5 0 0 2 0  

4 7 7 0 0 0  

445500 

2 6 1) 2 0  
4 8 9 9 3 0  

29 1 2' 0  

238 2 1 0  
2 1 554u 
1 3 7 6 5 0  

3 6 1527 U 
9 9 0 40 . 8 5  

SPE C i f i C  
CONDUCT

ANCE 
( M ICl1v

MHOS) 

1 5 8  

1 1 4  

1 26 

1 26 

1 2 9  

1 ' 3  

1 5 5  

1 3 0  

1 3 1  

1 ' 5  

1 4 0  

1 ' 9  

1 35 

D I S 
SOLVED 
SOL I D S  
(MG/l) 

8 8  

6 3  

7 0  

7 0  

7 2  

8 0  

86 

72 

73 

8 1 

78 

83 

75 

D I S
SOLV'-O 
SOL I as 
( lONS) 

! 5 i O O  
35300 

6 1 0 0 0  

8 5 1 0 0  

92700 

96200 

60600 

95200 

57400 

5 2 1 0 0  

3 0 8 0 0  

7 3 0 0 0 0  

D I S 
SOLVED 

C"LOR I D E  
( M G / U  

2 1  

1 3  

1 5  

1 5  

1 6  

1 8  

2 0  

1 6  

1 6  

1 9  

1 8  

1 9  

1 7  

D I S
SOLVED 

CHLORIDE 
( IONS' 

4470 

7280 

1 3 1 0 0  

1 82 0 0  

20600 

2 1 7 0 0  

1 ' 1 0 0 

2 1 1 0 0  

1 26 0 0  

1 2 2 0 0  

1 0 500 

7060 

1 6 3 0 0 0  

0 1 5-
5QLVED 

SUlf ATE 
(MG/U 

16 

l' 
1. 

15 

15 

16 

1 5  

1 5  

1 6  

1 5  

1 6  

1 5  

D I S 
SOLVED 

SULfATE 
( T ONS' 

3 ' 1 0  

78'0 

1 2 2 0 0  

1 7 0 0 0  

1 9 3 0 0  

1 8 0 0 0  

1 1 3 0 0  

1 98 0 0  

1 1 8 0 0  

1 0 3(1'0 

e 7 3 0  

5 9 5 0  

1 ' 6 0 0 0  

MAAONESS 
( C A , IiG )  
(MG/L) 

31 

25 

27 

27 

2 7 

29 

3 1  

2 7  

2 7 

29 

29 

30 

28 

Note : S ample stat ion locations are shown in Figure D . S-l . 

Explanation of the superscripts i s  found in Table D . 3 -3 .  

D . S - 1 7  



Tab l e  D . 5-9 . Neches R i ver Wat er an d Sed iment Qual ity Dat a NR-2 , NR- 3 

an d NR-4 ( US Army CE , Galvest on , 1 9 75 ) 

RESULTS OF TESTS OF WATER 

Field Total Total Total 
Sample Total Vo latile Chlorides Kieldahl Ammonia Organic Total 
No . Residue Residue Cl Nitrogen N i trogen Nitro gen Carbon 

NR-2 1 2 , 60 0
f 

2 , 400
f 

6 , 6 00 0 . 5 8 0 . 3 8 e 0 . 2 0f 
5 6

f 

NR-3 1 1 , 2 00
f 

2 , 1 0 0 f 
5 , 600 0 . 85 0 . 2 2 e 0 . 6 3 f 62

f 

NR-4 1 0 , 800
f 

2 , 000
f 

5 , 3 00 1 . 0 0 . 3 0e 0 . 7 0
f 

5 1
f 

(8.)  ( a )  
Field Arsenic ( a )  Chr omium ( a )  ( a )  Mercury ( a )  
S amp le As C admium (Total) Copper Lead Hg Nickel 
N o . ).l g / l  Cd Cr Cu Pb ).lg / l  N i  

NR-2 0 . 0 1 4 e 0 . 04 0 . 5 0 0 . 0 2 0 . 2  0 . 0 6 

NR-3 0 0 . 1 3 e 
0 . 03 0 . 40 0 . 0 1 0 . 4  0 . 07 

NR-4 ( b )  ( b )  0 . 03 0 . 54 0 . 0 2 0 . 2  0 . 07 

RESULTS OF TESTS OF BOTTOM SEDIMENT 

Field Moisture 
S amp le Content 
No . % Dry Wt . 

NR-2 1 7 0  

NR-3 2 2 2  

NR-4 2 4 4  

Field ( a )  
Sample C admium 
No . Cd 

NR-2 0 . 6 f 

NR-3 0 . 2 f 

NR-4 0 . 3 f 

Total 
S o lids 
% By Wt . 

3 7 f 

3 1 f 

29 f 

Chromium 
(Total) 

C r  

(a)  Ret e s t ed 

Total 
Vo lat ile 

S o l ids 
% Dry Wt . 

6 . 4
f 

8 . 2
f 

9 . 3 f 

Copper 
Cu 

Total 
Kj eldahl 
N i trogen 

1 7 5 0g 

2 1 80g 

2 1 3 0g 

( a )  
Lead 

Pb 

Ammonia 
N it rogen 

1 5 0
f 

1 7 0f 

1 8 0 f 

( a )  
Mercury 

Hg 

0 . 1 7 

0 . 1 6 

0 . 20 

( b )  Insu f f i c ient samp le availab l e  f o r  

retes t . 

Total 
Organic 
N itrogen 

1 6 0 0
f 

2 0 1 0f 

1 95 0 f 

( a) 
N ickel 

N i  

N'otes : All results are in mg / l  exc ept as noted . 

Total 
Organic 
Carbon 

1 1  , 000 f 

1 3 , 00 0 f 

1 6 , 000 f 

( a )  
Zinc 

Zn 

Total 
Inorganic 

Carbon 

1 5f 

1 3 f 

1 4
f 

( a )  
Zinc 

Zn 

0 . 2 3 

0 . 2 3 

0 . 1 8 

O i l  
& 

Grease 

2 400g 

2 6 0 0g 

3 4 0 0g 

S ampl e  stat ion locations are shown in F igure 0 . 5 -1 . 

Exp l anation of the super scripts i s  found in Tabl e  0 . 3 -3 . 

Chemical Oil 
Oxygen & 
Demand Grease 

56 f 1 0e 

3 7 f 1 1 e 

2 9
f 

1 6e 

Chemical ( a )  
Oxygen Arsenic 
Demand As 

6 2 , 000g O . Of 

82 , 000g 4 . 9
f 

96 , 000g 5 . 9f 

0 . 5 - 1 8  



APPEND IX D . 6  

HYDROLOGIC DATA 

FOR THE 

I NTRACOASTAL WATERWAY 

Thi s  appendix contains water , sed iment , and pestic ide 
qual ity for the Intracoa stal Waterway . F igures D . 4 - 1 , D . S - I , and 
D . 8 - 1  give the sample station locations for the s e  s i tes . The 
fol lowing tables are inc luded in thi s  appendix : 

Table D . 6 - 1 . Water Qual ity Data for ICW at Junc tion 
o f  ICW with the Sabine-Neches Canal 
(Line 3 3 9 )  and ( Line 3 S 3 ) . 

Tab le D . 6 - 2 . Water Qual ity for ICW near Black Lake 

Table D . 6 - 3 . Pestic ide Ana lys i s  for ICW near Black Lake 

Table D . 6 - 4 . Water Qual ity Data for the ICW at Big 
H i l l  Road ( S amp le Station B )  

Table D . 6 - S . Sed iment Qua l i ty Data for the ICW at Big 
Hill Road ( S amp le Station B )  

D . 6 - 1  



Tab l e  D . 6 - 1 . Wat er Qua l it y  Dat a for I nt racoast al Wat erway near 
t he Junct ion with t he S ab i ne -Neche s Can a l  

( Texas Wat e r  Deve lopment Board , 1 97 1 ) 

T A B L E  1 . - - Q U A l l T Y  Of w A T � R  I N  T H l  5 A B I N [ - N[ C H E S  E S T U A W Y ,  

f l � L U  u t T t K H I N A T I O � �  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . -

, , 
I S P E C l f l C I  
I (' O N u U ( T - 1  
l A N C E  I 

[J A T l I t M l ( R O - I T E M P E R -
O f  f O l P T H  I M H O S ) I A T U � [  

P H  

I T R A- hl S - I 
t D I S - I P A R E r� C Y  I 
I S U l � [ D  I P l � C l N T  T U � - I S E C C H J  I 
I u X Y G E N  I S A T U R - u l O I T Y I D I S � 
I I H " / L l I A l i o N I I J T U J ( e M '  C O L L E C T I O N  I T I H E I S I T E I  ( H E T t R S )  I t F J E L l) )  I ( Q E C u  ( ,  I 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - . -

M A Y  2 0 ,  7 , 1 5 3 5 

H A Y  2 U .  7,1 

. 3  
3 . a  

• •  I 

1 0 . 7  

2 .3 u Q U  
2 7 0 0 0  

2 6 0 0 0  
l b O O O  

1 9 U O O  
2 1 0 0 0  
2 J [) U Q  

ol'o\ 0 0 0  

2 6 . 2  
2 6 . 0  

2 6 . 0  

2 b . O  

2 7  . s  
2 6 . b  

2 b . �  

2 6 . 1  

L I N E  

7 . 9  
7 , . 

7 . 8  

7 , 9  

L I N t. 

7 , 2  

7 . 3  

7 . 7  

7 , 7  

3 H  

0 5  J 

. . . 
5 • •  
5 0 l  

5 , '  

. 0: 
2 . 5  

5 • •  
. . .  

. 7  
H 
1 2  

7 5  

T A B L E  I B - - Q U A L I T Y  O f  . ... T E R  I N  T H E.  S A B I N E - N E C H E S  E S T U A R Y ,  

1 9 7 1  ,.. A T E R  Y E A �  

N U T R I E N T A N U  O T H E R  E N v l H O N M ( N T A L C H A R A C T E R I S T I C S 

8 1 
f 

- - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
0 1 5 - , 

. .  , SO L V E D  8 1 0 - I , 
0 1 5 - , P H O S - , T O T A L  , C H E M I C A L . C H E M I C A L I 

S O L V I:: D , T O T A L I A M M O N I A  , T O T A L  ,lH O R u S  , P H O S - , O X Y G EN , O " YG E N , T O T A L  
D A r l  S I L  l e A  t N t T rt A T [  I H I T R O G t N t N I 1 R I T E O R T H O  P H O H U S  , DE M A N D  , D l P1 ,4, N O  I O R G A N I C  

U f  , , U t. p T H  , 5 1 0 2 '  , no , ' " , , ' N  I , P  I ' P  I , ' B O O '  I I C U D  I , C A R 8 0 N  
I T 1P' H I S I T E I ( H E. T E. � S } 1  ( M G / L l  I I M G / L )  , ( P1 G / L l  , " ,  .. G I  L .  , ( M G / l )  , ( M G / L )  , 0 1 G / L )  , ( P1 G / L ) , ( M G / L )  C UL l l ( T I O N 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

,.. ... Y 2 0 , 1 1  . 3  

' 0 . 7 
. .  

. 2  

L l  N E  3 J 9  

T A B L E  l C - - Q U  ... L l T Y O F  W A T l R  I N  T H E  s ... S l N E - N ( C H l S  E S T U "' � Y ,  

1 9 7 1  ", A T Ui: Y l A R  

C H E � ' C A L  A N A L Y S E S  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

, U I S -, , 

I s P E C l F J C . 

I C O N - I D I S 

I D U C T A N C [ I  s O L v E O  

O A T E  I ( H I C f< O - I C A L C t U '" I 
O f  I D E P T H  I M H O S ' I ( C A )  

D I S -

S O L Y [ IJ 
M A <; N E -

S l U M  
( M G '  t M G / L ) 

, D I S -

, <;. U L V U )  

I s O D I U M  

, !-, U T A 5 -
s l U M  

I N A . j( ) 

I M Go I L ) 

, 

, 
. , 

, B l e A k -

, B O N k- T E  
, ( H e LJ ) )  

, I H G / L )  

D I S -

, �U L v E O 
I S U L F  ... T E  
, l S O if  I 
, I M G / L )  

I S G L V l u  

0 1 5 - I S LJ L I D s I 
i 5 0 L 't [ L) l ( s U M  UF I 

I C H L O k J O l I C O N 5 T l -
( C l )  I T u l N T s l  

I ( " G I L )  I ( M u l L ) I C O L L E C T I O N I T I M E I 5 I T E I ( M E T E R S I I ( L A B , I , M G / L ) 

- - - - - - - - - - - - - - - - - - - -� - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - . -

!"l A Y  2 0 .  7 1  

- " 

1 5 3 5  . 3  

, a . 7  

2 2 lf O O  

l 5 , a o  

L I N E ) 3 9  

D _ 6 - 2  



tJ 
0"\ I 
w 

Tota l 

Tab l e  D . 6 -2 . An a l YS i s  o f  Wat er S amp l e s  Taken From The I n t racoastal 
Wat erway Dur i n g  The Period 23  - 2 8  March 1975 

( US Army CE , New Orl eans , 1975 ) 

Dissolved To t a l  D i s so lved Sol l ub l e  
D i s solved 

To t .  Tota l Organ i c  Gre ase To t .  Susp . Vo l a t i l e  
Samp l e  COD COD TICN TICN NO NO Ortho P P P Carbon Sta tion (mg/ l ) (mg/l )  (mgNlI )  (mgNll )  

13  

To t .  
Sampl e Zn 
S ta tion (�g/ l )  

13 235  , 

Sample 
S tation* 

13 

, 3 3 . C  

Sol . 
- Zn 

(�g/ l )  

, 13 

Date 

3 / 25 

, 3 3 . 0  

To t .  
Cd 

(�g/ l )  

0 . 6  

Depth 
(m) 

5 . 6  

(mg/ l )  

1 . 8<: , 

Sol . 
Cd 

( �g/l ) 

<0 . 2  

Temp 
( ° C) 

19 . 5  

, 

(mg/l ) 

0 . 89 

To t .  
Cu 

(�g/ l )  

10 

DO 
(mg /l) 

8 . 05 

, 

(mgP/l )  (mgp/ l )  (mg/l ) 

<0 . 10 ' 0 . 1 2 '  , 
0 . 2 4  ' d <0 . 01 2 9 . 0  

Sol . To t .  So l .  To t .  So l .  To t .  
Cu 

(�g/ l )  

, 9 

pH 

6 . 75 

Cr Cr 
( �g/l ) ( � g/ l )  

6 <0 . 5  

Cond o 
(umho/cm) 

270  

j 

N i  Ni Pb 
(�g/ l ) ( �g/ l )  ( � g/ l )  

• 9 1  

Salinity 
(ppt)  

0 . 17 

18 ' 2 . 0  

ORP** 
(mv) 

+82 0  

* I n  S itu parameters measured in the Gulf Intracoastal Waterway during the period 23-28 March 1975 . 

** Oxidation-reduction potential . 

(mg/ l )  

, 2 9 . 0  

So l .  
Pb 

(�g/ l )  

1.  0 ' 

S ed .  
pH 

7 . 30 

& O i l  So l i d s  Susp . 
(mg/l) (mg/ l )  So l i d s  

(mq/ l )  

• , , <5 . 0  4 3  30  

To� . Sol . To t .  So l .  
As As Hg Hg 

( �g/ l )  (�g/l ) (�g/i )  (�g/l ) 

d 
60 60 ' 

Direc tion 
of Flow 

E 

d , . 9 . 9  9 . 9  



Tab l e  D . 6 -3 . 

Toxaphene 

Lindane 

Heptachlor 

Pest ic i de An alysis  of Wat er S amp l e s  Taken from 
t he I n tracoast al Wat erway during t he Per iod 
23 - 29 Mar ch 1975 
( Al l  concentrat ions expr essed as � g / l ) 

( US Army CE , New Or l e an s , 1 97 5 ) 

Station\ 1 3  
Near Black. Lake 

d 
< 5 0  

d 
5 1  

d 
< 1 . 0  

• 
Heptachlor Epoxide < 1 . 0  

d 
Aldrin < 1 . 0  

d 
Chlordane 1 0  

d 
Dieldrin < 2 . 0  

Ethion NO 
• 

Methoxychlor < 1 . 0  
d 

Endrin < 3 . 0  
d 

O , P ' -DDT 3 . 2  
• 

P , P ' -DDT < 3 . 0  
• 

O , P ' -DDE < 1 . 0  
• 

P , P ' -DDE < 2 . 0  

O , P ' -DDD < 2 . 0 · 

P , P ' -DDD < 3 . 0  
• 

0 . 6 - 4  



Table 0 . 6 - 4 . Water Qua l i ty Data for the lCW at 
Big H i l l  Road ( S ample Station B ) * *  

F i e ld Measurements 

pH 
Temp ( O C )  
DO (mg/l ) 
Conduc tivi ty ( wmho s/cm) 
Turbidity ( JTU ) 

Lab Mea surement s  

Phen . Alk . (mg/ l )  
TSS (mg/ l )  
T-Pho s . (mg/ l )  
pH 
VSS 
Ortho-Phos . (mg/l ) 
T .  Alk . (mg/ l )  
Ammonia N (mg/ l )  
Conductivity (W mho s /cm) 
Ni trate N (mg/l ) 
Chloride (mg/l ) 
Total Co l i form ( # /1 0 0  ml ) 
Fecal Coli form ( # / 1 0 0  ml ) 
TOC (mg/ l )  
Su lphate (mg/l ) 
BODS (mg/ l )  

0 . 6 - 5  

. + Concentratlon 

8 . 7d 

2 0  
7 . 8  

1 7 0 0  
5 5  

o 
6 2  

. 0 7d 

7 . 6  
1 1  

. 0 3 
5 9  

. 2 1 
2 3 0 0  

. 1 7 f 

6 8 0 0  
1 0 0 0  

7 3  
9 

8 7 6  
< 3  



Tab le D . 6 - 4 . 

Met a l s  ( fl g/ l )  

Arsenic 
Bar ium 
Boron 
Cadmium 
Copper 
Chromium 
I ron 
Lead 
Magnane se 
Mercury 
Nickel 
Se lenium 
S i lver 
Z inc 

Water Qual ity Data for the ICW at 
Big H i l l  Road ( S amp le S tation B )  
( Continued ) * *  

. + Concentratl.on 

< 2 0  
< 5 0  

< 1 0 0 0  
< 2 0  
< 2 0  
< 2 0  
5 S 0 f 

4 0e 

l S O f 
* < . 5  

3 0  
< 2 0  
< 2 0  

7 0  

D . 6 - 6  



Tab le D . 6 - 4 . Water Quality Data for the ICW at 
Big H i l l  Road ( Samp le S tation B ) * *  
( Conclude d )  

Pesticides ( ]1g/1 ) Concentration + 

2 , 4 - D  < l O f 

2 , 4 , 5 -T < l O f 

S i lvex < l O f 

* 
Heptachlor < 0 . 0 2 

* 
Heptachlor Epoxide < 0 . 0 2 

* 
Lindane < 0 . 0 2 

* 
Malathion < 0 . 0 2 

* 
Methoxychlor < 0 . 0 2 

Parathion < 0 . 0 2 
* 

PCB < 1 .  0 

* Judgment not po s s ible with these " le s s  than " values 
as detect ion l imits were higher than EPA recommended 
criteria . 

+ Exp lanation of the supersc ripts i s  found in Tab le D . 3 - 3 . 

* *  Sampl ing and analy s i s  provided by Texas Water Qual ity 
Board upon FEA reque s t . 

D . 6 - 7  



Tab le D . 6 - 5 . Sediment Qua l i ty Data for the ICW at 
Big Hill Road ( S ample S tation B ) * *  

Metals (mg/kg ) Concentration 

Arsenic 1 0  

Bar ium 2 6  

Cadmium < . 6 9 

Copper 1 7  

Chromium 1 2  

Lead I S  

Mercury . 1 6 

Manganese 2 7 0  

Nicke l 1 0  

Selenium < . 6 9 

S i lver 2 . 4  

Z inc 3 5  

Other Parameters (mg/kg ) 

T-Phosphorous 

COD 

Kj -N 

Vo lati le Solids 

O i l  & Grea se 

D . 6 - S  

6 2 0  

4 6 7 0 0 g 

7 3 Sg 

5 2 0 0 0  

S S O  

+ 



Tab le D . 6 - 5 . Sediment Qua l i ty Data for the lCW at 
Big H i l l  Road ( Samp le S tation B )  
( Conc luded ) * *  

Pesticides and 
Re l ated Compounds ( � g/kg ) 

S i lvex 
Aldrin 
Chlordane 
DDD 
DDE 
DDT 
D i a z inon 
Dieldrin 
Endrin 
Heptachlor 
Heptac hlor Expxide 
Lindane 
Methoxychlor 
Methy l Parathion 
Parathion 
Toxaphene 
PCB 

. + Concentratlon 

< 2 0 . 0  
< 1 .  0 
< 2 0 . 0  
< 5 . 0  
< 5 . 0  
< 5 . 0  
< 5 . 0  
< 3 . 0  
< 3 . 0  
< 1 .  0 
< 1 .  0 
< 1 .  0 
< 2 0 . 0  
< 5 . 0  
< 5 . 0  
< 5 0 . 0  
< 2 0 . 0  

+ Exp lanation of the super scripts i s  found in Tab l e  D . 3 - 3 . 

* *  S ampl ing and analy s i s  provided by Texas Water Qua l ity 
Board upon FEA reque s t . 

D . 6 - 9  





APPEND I X  D . 7  

GULF OF MEX I CO HYDROLOGI C  DATA 

App endix D . 7  pre sent s Hydro logic dat a for the Gu l f  o f  Mex i co 

at t he mout h o f  t he Cal c a s i eu River Basin . Samp l e  locat ions are 

shown in F i gure D . 4 - 1 . 

Tab l e  D . 7 - 1 . Wat er Qu al it y Dat a 
M i l e  ( - 0 . 4 )  Calcasieu S h ip Channel 

Tab l e  D . 7 -2 . Wat er Qua l it y  Dat a 
M i l e  ( -2 . 9 )  Calcasieu Ship Channel 

Tab l e  D . 7 -3 . Wat er Qual ity Dat a 
M i l e  ( - 5 . 6 )  Calcas ieu Ship Chann e l  

D . 7- 1  



Tab l e  D . 7 - 1 . Wat er Qua l i t y  Dat a ,  M i l e  ( - 0 . 4 )  Calcas ieu 
Ship Channe l  

D A T E  

S E P .  
0 8 . , .  
0 8  • •  , 

� A T E  

5 E P .  
0 8 . , .  
0 8 " . 

DA T E  

SEP . 
08 . .  , 
0 8 ,  . .  

D A T E  

5EP , 
08 . .  , 
08 . . .  

( USGS , Lou i s iana , 1 976 ) 

294530093201200 GULF OF MEXICO 300 YARDS EAST OF CALCASIEL1 SHIP Qi'.NNEL AT >,jlLE - 0 . 4  

T I ME 

0 9 4 5  
1 1 5 0  

T O T AL 
N I T R A T E  

( N )  
( M G / L l  

• 0 0
, , 0  1 

N O N 
C A R 

BON A T E  
H A R D 
N E S S  
( M G / L I  

O I L  

. - 0  
G R E A S E  
( MG / L l 

W A T E R  Q U A L I T Y  D A T A .  w A T E R  Y e A R  OC T O B E R  1 9 7 ,  T O  5 E P T E �6 E R  1 9 7 6  

D I S 
S O L v E D  

I RON 
( F £ )  

( U G / L l  

T O T AL 
N I T " I T t  

( N )  
( " G i l l 

S P E 
C I F I C  
C O N 
D U C T 
A F\. C E  

( � I C" O 
� H O S ) 

) 4S 0 V� 
) l:i 4 0 0  

T O T  A L  
A L D � I N  
( U G / L l 

. 0 0  
, a u  

D I S
S O L V E D  

M A N 
G A N E S E  

l � N I  
( U ('/ L )  

T O T AL 
� M "',Of\o I A 

N I T R O 
G E I >I  
( N )  

( �G / L ) 

P H  

( UN I T S )  

8 . 1  
• • 0 

A L O M I N  
I N  

BO T T UM 
M A 

T E R I A L  
( UG / KG ) 

. 0  

D I S-
S O L V E D  

C A L 
C I UM 
( C A )  

( M G/ L )  

j 2 0� 
) 1 0  

D I S
S O L V E D  

Af'oIMON I A 
N I  T Ru

GE' 
( N )  

{ MG / L I 

0 1 5 -
SOL VU:' 
O X Y G t N  
{ M G / L I 

1 . )  
7 . 0  

T O T A L  
C H L O ri 

DANt 
( U G/ L l  

. 0  

. 0  

0 1 5 -
SOL V E O  

M A G 
N E 
S l UM 
( " G )  

( M G /L ) 

T O T AL 

K J E L 

D A H L  
N I T RO -

G E N  
( N )  

( MG /L l 

C h E M -
I C AL 

O X Y G E N  
uOI;ANO 
( H I G H  
L E V E l l  
( M G / L ) 

C H L O R 
D A N E  

I N  
B O T T O M  

t-': A 
[ ER I AL 

( U G I K G )  

0 1 5 -
SOL " E D  
S O D I U M  

( N A )  
( M G/ L l  

D I S 
S O L V E D  
I".J E L . 

N I T R O -
G £ N  
( N )  

( MGiL I 

_ , 
• id, 
. 4 6  

B I O 
( H l M -

I C AL 
O X Y G E N  
u E M A N D  
:> liA r  

( MG / l ) 

T O T AL 
D O D  

( UG / L l  

. 0 0  

. 0 0  

D I S -
S O L V E D  

P O 
T A�

S l UM 
( K )  

( MG/L ) 

0 1 5 -
S O L 
v E D 
P H O S -

PHORUS 
( P )  

( M G / L I 

I MM E 
D I A T E  
C O L I -

f OR M  
( C O L .  

P E R 
1 0 0  M L l 

D O D  
I N  

B O T T OM 
M A 

T E R I A L  

( UG / K G )  

. 0  

B I C A " 
e O N A T E  
( H C O ) )  
( M G / L I  

T O T A L  
""'0 ""' 

F I L r -
R A B L E  

RE S I DUE 

( M G / L ) 

F E C A L  
C O L I 
f O R M  
( C OL . 

P E R  
1 0 0  ML ) 

T O T  AL 
D O E  

( UG / L l  

. 0 0 

. 0 0  

C A f.l 
Ij O N /.I T E  
( co.,, ) 
( M G/ L )  

V O L . 
N C N 

F I U 
R A ,- L E  

R E S I UUE 

( M G / L l  

T O T ,..L 
O k G A N I C  

C AR B O N  
( C )  

( MG / L I 

D O c  
I N  

e O T 1 0M 
M A 

T E R I AL 
( U G I K G )  

. 0  

D I S
SOL V E D  

5 U L F A H  
( S04 ) 
( MGIL l 

2 0 0 0� 
2 0 0 0  

S U S 
P E ND E D  
S O L  I 05 
( MG/L ) 

c Y AN I DE 
( e N ) 

( MG / L l 

. 0 0 

. 0 0  

T O T AL 
DD T 

( U G / L l  

. 0 0  

. 0 0  

0 1 5-
S O L V E O  
C H L O 
R I D E  
( l L )  

( � G / l  ) 

1 0 0  u o� 
1 5 0 0 0  

H A H O 
N E S S  

( C A . M G )  
( MG / l ) 

P H E N O L S  

( UG / L ) 

� d  

D O T  
I N  

ti O T T O M  
M A 

T E M I A L  
( UG / K G ) 

. 0  

U A T E  

T O T A L  
D I 

A L ! N O N  
( U G/ L )  

0 1 -
A l l ,,.ON 

I I'J 
tj o n  OM 

M � 
T E R I AL 

( Uu / K G I  

T O T AL 
D I 

E LDR I N  
( U G /L ) 

0 1 -
E L O k I N  

I I< 
BO T T  OM 

M A 
T E I·H A L  

( U('/ K G ) 

T O T �l 
[ N D M I N  
( U G/ L l  

E N U " I N  
I N  

B O T T O M  
MA 

T E k l AL 
( l) G / I".{; ) 

T O T AL 
£ T H I ON 
( UG / L l 

E T H I ON 
IN 

B O T T OM 
MA

T E R I AL 

( UG / K G )  

T O T A L  
HE p T A 
C H L O R  
( UG / L l 

H E P T A 
C H L O R  

I N  
B O T T O M  

M A 
T E R I A L 

( UG / K G ) 

5 c p •  
0 8  . .  , 
0 8 ,  . .  

, 0 0  
, 0 0  • a 

. 0 0  

. 0 0  . 0  
. u o  
, 0 0  . 0  

. 0 0  
, a D  . 0  

. 0 0  

. 0 0  . 0  

Note : S ampl e  s tat ion locations are shown in F igure D . 4 - 1 .' 

Exp lanat ion of the superscripts is found in Tab�e 0 . 3 - 3 . 
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Tab l e  D . 7- 1 . Wat er Qua l i t y  Dat a ,  Mi l e  ( - 0 . 4 )  
Calcasieu Ship Channel ( Cont inued ) 

( USGS , Lou i s i an a , 1 976 ) 

294530093201200 QJLF OF MEXI OO 300 YARDS EAST OF CALCASIEU SHIP OWM;L AT MILE ,,0.4. -Contirued 

.... A T U.:.c UUAL l l Y  D A T A ,  IliA T l R  YEAR O C T 0 8 E R  1 9 15 T O  S E P T E MBER 1 9 1 b  

H t P T A - M A L A - M E T HYL METHYL 

L MlI..lR L 1 NO , " E  T H I ON PARA- T R I -

T O T AL E�U' I G E  I '  I N  T O T A L  T H I ON T O T A L  T H I ON 

H l P T A - l r� 8 0 T - 8 0 T T O M  T C T  Al 8 0 T TOM M E T H Y L  I N  80 T - ME T HYL I N  8 0 T -

( M l O R  T UM " A - T O T A L  M A - MII.L A - MA- PARA- TOM MA- MA-T R I - T O M  

E � C <  I DE T E R I Al L 1 NDANt T E H I Al T H UN T ER I Al T H I ON T E R I Al T H I ON T E R I Al 

O A T E  ( �.G / l )  ( U G / r( G )  ( UG / L I  ( U {' / K G ) ( UG / U  ( UG I < G ) ( UG/l ) ( UG / K G ) ( UG / U  ( UGI< G )  

� t. � .  
U ti  • • •  . 0 0  . 0 0  . 0 0  . 0 0  . 0 0  

0 8  • • •  . 0 0  . 0  . 0 0  . 0  . 0 0  . 0  . 0 0  . 0  . 0 0  . 0  

p A R I.4 - pal , - T O A- T R I -

T rl I 0f"oj P C "  O - l O - APHENE TH I ON 

l h  I '  R I ' A TtO I N  I N 

T O T AL tl v T T OM � O T T O M  NAPh- T O T A L  H O T  T O M  T O T AL BO T T O M  

P A H A - MA - T O T AL M . - T H /-\. - T O A- M A - T R I - MA- T O T A L  

T � I ON T l R  I Al P C d  T E R  I A l  l E ' E '  A PH E N E  T E � I A l  T H I ON T E R I Al 2 . 4 - 0  
U A T E  ( I.J G / L )  ( U G / " G )  ( U G / L )  ( U G/ I'\ G )  ( U G / L '  ( U G / U  ( UG I < G ) ( uG/U ( UG I < G ) ( uG / U  

S t P .  
0 8  • • •  

u ti  • • •  

D A T E  

SE P .  
O l:i  • • •  

0 8  . . .  

D A T t:.  

S E P .  
O b  . . .  
U b  • • •  

Note : 

. 0 0  . 0  . 0 0  . 0 0  

. u O  . 0  . 0  . 0 0  . 0 0  . 0  

0 1 5 - H E ,,14-

0 1 5- T O T A L  S O L V E D  T O T A L  I/ Al E f\; r  

T O T A L  Sal V E D  C A D - ( AD - C H R O - C H j.( u - T O T AL 

T O TAL T u T Al A R ,E N I C  AH S E N I C  M I UM M I U M  M I UM " I UM C O P P E R  

2 , ,. . 5 - T  S I l V E <  ( A S )  ( AS ) ( C O )  ( C O )  ( C R )  ( C R b )  ( C U )  

( U{'/ l )  ( UG / l ) ( UG/L ) ( UG/U ( UG/U ( UG/U ( UG/U ( UG / U  ( UG / U  

f 
. o u . 0 0  :f 30 • 

. 0 0  . 0 0  2 0 3 

u I S- U I S- 0 1 5 - 0 1 5 - D I S-

S O L V E D  T u T A l  S O L  VE D  T O T A L  , O U E O  T O TAL S O L V E D  T O T . l  S O L V E D  

C O P P E R  l E AD U :. AU �lE H C U R Y  H t R C U R Y  N I C KE L  N I C KE L  Z 1 1�C 2 1 NC 

( C u )  ( p tj )  ( P e n  ( HG )  ( H G )  I N I )  ( N I )  ( Z ,d ( 2 N )  

( lJ u / L ) ( Uu / L ) ( u (,;, / L )  ( UG/ L l  ( UG/l ) ( UG /L ) ( UGIL ) ( UG/l ) ( U G / U  

J f t' sof f 
� f . 0  . 0  ; �f J f  . 0  . 0  If SO f 

Sample stat ion locat ions are shown in F igure D . 4 - l .  

Explanation of the supersc ripts i s  found i n  Table D . 3 -3 . 
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. 0 0  

. 0 0  



Tab l e  D . 7 - 1 . Wat er Qual ity Dat a ,  M i l e  ( -0 . 4 )  
Cal cas i eu Ship Channel ( Cont i nued )  

T l ME 
DA T l 

5 l P . 

08 • • •  09 1 �  

O �  • • •  1 2 1 S  

rtE P T A -
l e l O R  

I N 
B O T T O M  

M A-

T E M I A l  
U A T E  ( UG / K G )  

,l P . 
uB • • •  . 0  
O �  • • •  . 0  

Note : 

( USGS , Lou i s i ana , 1976 ) 

194514093 103600 CALCASlEU RIVEP SHIP GlANNEL AT HILE - 0 . 4  

w A T E �  �UAl I l Y  ll A. T A .  . A l l R  Y l A R  u C T O d l k  1 9 7 �  T O SEP T l MBER 1 9 7 6  
C H L O jo( - 0 1 - 0 1 -

AlD" I N  DANE ODU D D l  D O T  Al I NON ElOR I N  E"O� IN E T H I O�, 
1 .< I N I N  I N  I N  I N I N  I N  I N  I;U I T  O M  B O T T OM B O l l  OM � O T T  UM e O T T O M  B O T T O M  BO T T OM BO T T OM B O T 1 0M 

HA- MA - MA - _ A- MA - MA- M A- MA- M A -
T c R  I Al T E R I Al T E R I Al T E R I Al T E R I Al T E R I Al T E R I Al T c R I Al T l R I Al 

( U!.J / I\ G )  ( UG / K G )  ( Uu / K G ) I UG / !\ I.J }  ( UG / K G ) ( UG/KG ) I UG /K G ) ( UU /K G ) ( UG / K G ) 

. 0  . 0 . 0  . 0  . 0 . 0 . 0 . 0  

. 0 . 0  . 0  . 0  . 0  . 0  . 0  . 0  

rt l P T A - M Al A - M l T n 't' L  ME T H YL P A. � A- T O ,( - I R I -
C H L O R  l I NDA"l T H I Or-. "' A R "",- T " I - T H I ON P C B  AP H E N E  T H I O� 

E " U '( I D l  I N HI T H l o r'll T H I ON I N I N  I N I N  
I N  00 1 - � O T T O M  B OT 1 0M I N � u l - I N B O T - BO T T OM B O T T OM BU T T OM b O T T  OM 
T O M  ;I, A - M A- MA- T OM M A- T O M  M A- M A- HA- MA- M A -

I lo; l Al T E R I Al T E R I Al T E  R I AL T E R I Al T l R I Al T l R I Al T l k i Al T E R  I Al 
( u!.J / f"(. (, )  I UG/KG ) ( U{;' / I\ (' )  ( UG / K !.J )  ( UG / K G ) ( UG/K G )  ( UG / KI» ( U!.J / I\ G )  ( UG / K G )  

. 0  . 0 . 0  . 0  . 0  . U  0 . 0  

. 0  . 0 . 0  . 0  . 0  . 0  1 6  • 
. 0 

S ampl e  station locat ions are s hown in F igure D : 4 - l . 

Explanation o f  the super scripts i s  found in Table D . 3 -3 . 
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D A T E  

S E P . 
08 • • •  
08 • • •  

UA T l  

S t. ?  
O B  • • •  
V b  • • •  

u A T t:.  

S t P .  
0 8  • • •  
u� .. . ..  

u A T t  

S E. � .  
OB • • •  
a d  • • •  

Tab l e  D . 7- 1 . Wat er Qua l i t y  Dat a , M i l e  
Cal c a s i eu Ship Channe l  

( - 0 . 4 )  
( Cont inued ) 

( US GS , Lou i s i ana , 1 976 ) 

Z945ZZ093Z05900 IJJLF OF MEXICO 300 YARDS WESf OF OO£.ASIEU SHIP OlANNEL AT MILE .0.4 

T I Mt 

1 0 0 0  
I � O O  

r U T A l  
N I T h: A T � 

( N )  
( M!3 / L )  

. O U  

. 0 0  

NOt�
t A h 

d U � . T E.  
H A I-< u 

N t S S  
( M ll / L  1 

' 8 U O� 
oIt 7 0 Q  

O I L  
A'U 

G h l A S t  
( M l d L ) 

O I S
S O L V E. U 

I �O� 

( f t !  
( 0G / L I 

TO TAL 
� i T � i T E. 

( N )  
' '''GIL ) 

S P E 
C I F I C 
C O N -
00( T 
A� C E.  

( ", I C kO -
MhO�::d 

T C T Iol L  
ALl.lf.. l r� 
( U C" / l  J 

. 0 0  

. O u  

U I S
S U L V t D  

M A N 

GAr"ES� 

I M N J  
( UlJ/L ) 

T O T A L  
toM"10f\j I A 

N i T KO
G t N  

( N )  
( M G/ L )  

( UN I T S )  

tl . I 
b . O  

A L Ll� I N  
I N  

� O T T OM 
M A 

T t- H  1 A L  
tl.I\.Jl K G )  

• U 
. 0  

G I S-
SuL vt.O 

C A L 

C I UM 
( C A )  

( MG / L . 

D I S

SOL V t D  
AMMOP'-i I A  

f\ l THu

G t N  

( N )  
( r�G / L  ) 

f . U
f • U 7 

U I S
SUL V UJ 
u X Y G HIi 

( M lI / L I  

7 .  tl 
tl . I  

u I S -
S O L V E D  

M A G 
� E 
S l UM 

( ", G )  
' ,., G/L l 

T O T A L  

K J t l 
lJ A l-I l  
N I T RO-

6[N 

. _ f  • J. 
f . 4 7  

C I-' [ M -

I C A l  
O .x: Y G E N  

w E M ANO 
( h l (,H 

lE v E L l 
( p.!(J / L l  

ChlOR
l.)At\l[ 

I N  
T O T A L  � O T T O M  
CHllJR - "" A -

VANt:. T U d AL 
( UG / L l l U G / K G )  

. 0  

. 0  
o 
a 

u l - U I -
� i.. I ·�ul\l 

I ·  
c u l l OM 

M A -

[ U )h. l r-.  
1 '1 

T O T AL b U T  T O,.. 

0 1 - M A -

E. L [J H I N  T [ H I AL 

D I S
S O L V E D  
SOD I UM 

I N A )  
( ,.,G/L ) 

D I S 
S O L v E D  
K J E l . 
N i T R O-

G E N  
I N ) 

( MoIL ) 

8 1 0-
C H E M -

I C AL 
O X Y G E �  

UEM'�D 
, Q A Y  

( M G / L )  

T O T A L  

D U O  
( U G / L l 

. 0 0  

. 0 0  

D I S-

SO l V E D  
P O 
l AS 
S l UM 

( K )  
( MG/L l 

O I S
SOl
vE.U
PhOS-

PHORUS 

( P )  
( MG/L l 

I MM E 
D I A T E  
C OL I 

fOIlM 

( C OL . 
P t R  

1 0 0  ML l 

UOO 
I N  

8 U T T O M  
M A 

T E �  I A l  
t u G / K G )  

• a 
. 0  

!I I  C AR 

� O N A T E  
( H C 0 3 )  
( M G/L l 

T O T A L  
�ON

f I L T 
R A 8 L E  

R E S I DUE 

( �G/L l 

f 2 I f 
• •  

f E C A L  
COL I 
f O R M  
( COL . 

P E R  

1 0 0  M L l  

T O T AL 
00£ 

( UG / L ) 

• 0 0  
. 0 0  

C A" 
�ON . T E 
( C 0 3 )  
( M G/ L l  

VOL . 
N\)r�-

f I L T 
RAtlLE 

R E S I UUE 

( MG / L l 

f 
I lf 
1 9  

T OUl 
ORGAN I C  

C AR�ON 
( C )  

( MG / L l  

f b . 4
f 4 . B  

�Ot 

I N  
bO T T OM 

M. 

T ER I Al 

( U G/ "- G I  

. 0  

. 0  

D I S 
S O L V E D  

S U l f A T E  
( S04 ) 
( Jo!G/L l 

2 0 0 0f 
< o o o f 

S U S 
P E N D E D  

S O l i D S  

( MG/L l 

f 
��f 

C Y A N I DE 
( C N )  

( MG / l ) 

. 0 0  

. 0 0 

T O T AL 
O Q T  

( U GIL ) 

. 0 0  

. 0 0  

D I S
S O L V E D  

C H L O 

R I DE 

( C L l  

( MG/l ) 

1 5 0 0 0� 
I b O O O  

HARO
N E. S S  

« ( A , MG )  
( MG/L l 

PHENOLS 

�O T 

I N  
B O T T O M  

MA

TU I A l  
( U G / K G )  

. 0  

. 0  

u A T t  

T C T Ioi L  
C I 

A Z I �O' 
H;c''/ L l  ( U G / L I  ( UC,,/ I'I. l d  

T O T "l 
U .· .. UK 1 N  
( LJlJ / L )  

E N O R I N  
I N  

B O T TOM 
M A 

T E " I Al 
( U(J/I\GI 

T O T A L  
E T H I O N  
( U c" / L ) 

[ T H I ON 

IN 
Bo r T UM 

M A
T E R I AL 

( UG / K G )  

T O T AL 
H E P T A 
C H L O R  
( UG/L l 

H E P T A 

C H L OR 
I N  

B O T T O M  
M A 

T E R I AL 
( U G / K G )  

S t p • 
U8 • • •  
U b  . .. ..  

Note : 

. U o  

. 0 0 
. 0  
. u  

• a u . u 
.. u u . 0  

. 0 0  

. u O  
. 0  
• a 

. 0 0  

. 0 0  
. 0  
. 0 

. 0 0  

. 0 0  
. 0  
. 0  

S ample station locations a r e  shown in F igure D . 4 -1 . 

Explanat ion o f  the superscripts i s  found in Tab l e  D . 3 - 3 . 
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Tab l e  D . 7 -1 . Wat er Qual i t y  Dat a , M i l e  
Calcasieu S h i p  Channel 

( USGS , Lou i s iana , 1976 ) 

( -0 . 4 )  
( Conc l uded ) 

294522093205900 (lJLF OF MEXIffi 300 YARDS WEST OF CALCASIEU SH I P  DIANNEL AT MILE - 0 . 4 - -Continued 

" A. T E1� Q U A L I T Y  D A T A .  " A T E "  Y E A R  O C T O ti E R  1 9 7 �  T O  S E P T E MB E R  1 9 76 
HlP T A - M A l A.- M E T H Y L  Ml T HY L  

CHLUR L I N D A N E  T H I ON P A Ii A - T R I -

T O T A L EPO X I D E I N  I N  T O T AL T H I ON T O T AL T H I ON 

H E P T A- IN 6 0 T - B O T T OM T O T AL B O T T O M  M E T H YL I N  6 0 T - Ml T H Y L  I N  B O T -

C H L O R  T O M  M A - T O T AL M A - M A L A - M A- P A FoI A - T O M  M A - T � I - T O �  M A -

EP C X I D E  T �R I AL L I N D A NE T E R I AL T t-o  I 01'1 T E R I A L T H I O N  T E R I AL T H I ON T E k l AL 

a A T E  ( U G / L ) I lJG/t\ G I  ( UG / l l ( Uu n G ) ( U u / L ) ( uG / K G ) ( UG / l l ( UG /K U )  t U G / L ) ( UG / KG ) 

SlP . U8 • • •  . 0 0  . 0  . 0 0  . 0  . 0 0  . 0  . 0 0  . 0  . 0 0  . 0  

U B  • • •  . 0 0  . 0  . 0 0  . 0  . 0 0  . 0  . 0 0  . 0  . 0 0  . 0  

P A I1 A - P O L Y - T O X - T R I -

T H I ON P C b  C r- L U - A P H E N E  T H I ON 

I ·, I N  R I " T E D  I N  I N 

T O T A L  B u T T O M  B O T T OM N Ai-' rl- T O T AL b O T T O M  T O T AL BO T T O M  

P A R A - M A - T O T AL to',A - T � A - T O X - M A - T R I - "'.- T O T AL 

T H O N  T t: R I AL P C B  T E k l A L  L E N l S  A P H E N E  T E R I AL T H I ON T t. � I AL 2 t �-O 
D A T E  ( U G / l l  ( Uu /t\ G )  ( U G 1 L l ( U G / t\ G I  ( c u / l l  ( UG / l ) ( U G / K G ) ( U G /l l  ( U G / K G )  ( U G / L l  

5EP . . 0 0  . 0  . 0 0  0 8  • • •  . 0 0 . 0  . 0  . 0 0  . 0  • v O  . 0 0  . 0  . 0 0  0 8  • • •  . 0 0  . 0  

D I S - H E X A -

O I S - T O T AL S O L V E O  T O T  A L  V ALlhlT 

T O T A L  S O L V E D  C A O- C A D - C H R O - C H R O - T O T A L  
T O T AL T O T AL A R SE N I C  A R SE N I C  M I U M M I U M  M I U M M I UM C O P P E R  

2 . 4 , 5 - T  S I L V E X  ( A S )  ( A S )  ( C O )  ( C D )  ( C R )  ( C kO ) ( C U )  

D A T E  ( UG /L l ( U G / L ) { U G / L l  ( UG / L l { UG / L l { UG/ L l  ( uG / L l ( U G / L l  ( U G / L l 

S E P . 1 f 0 8  • • •  . 0 0  . 0 0  2 0  08  • • •  . 0 0  . 0 0  1 f 2 0  

0 1 5- " I S - D I S- D I S- D I S -

S O L V E U  T O T A L  S O L V E D  T O T AL >OL V E D  T O T  AL S O L V E D  T O T A L  S O L V E D  

C O P P E "  L E A D  L E A D  M E R C U k Y  M t: R C U R Y  N I CKEL N I C K E L  2 l �C 2 I NC 

( C U )  ( P � )  ( Pb ) ( H G )  ( HG )  ( N I )  ( N I ) ( l i'l )  U N !  
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T ab l e  D .  7- 2 .  Wat er Qual i t y  D at a , M i l e  ( - 2 . 9 )  
C a l c a s i eu S h ip Chan n e l  ( Co nt i nued ) 

( USGS , Lou is iana , 1976 ) 

Z94320093Z00000 rnLF OF MEXlOO ZOO YARDS EAST OF CALCASlEU SHIP Q1ANNEL AT MILE - Z . 9 - -Continued 
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S amp l e  statio n  lo cations are shown in F igure D . 4 -1 . 

E xplanation of the superscripts i s  found in Tab l e  0 . 3 - 3 . 
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Tab l e  D . 7- 2 . Wat er Qual i t y  D at a ,  
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( Cont i nued ) 

( USGS , Lou i s i an a ,  1976 ) 
294310093200500 QJLF OF MEXICO AT CALCASI!;[) SHIP 0iANNEL AT MILE - 2 . 9  (CE 96142) 
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( UG /L l  

JUNE 
2 9  . .  . 
30 . .  . 

S E P .  
0 8  . . .  
0 8  . . .  

D A T E  

,JUNE 
2� • • •  

3 0  . . .  
SEP . 

OB . . .  

0 8  . . .  

D A T E  

,JUNE 
29 . . .  
3 0  . . .  

S E P .  
OB • • •  

D B  . . .  

Note : 

; 0 0  
. 0 0  

T O T AL 
2 , -'t , 5 - T  

( c G / L l 

. 0 0  

. 0 0 

D I S-
S O L V E O  
C O P P E R  

( C U )  
( � G / L )  

.f 
3 f 

. 0  

. 0  

T O T AL 
S I L VE X 
( UG/L l 

. 0 0  

. 0 0  

T O T AL 

L E A D  
( P B )  

( U G / L l  

• 

8 

. 0  

. 0  

T O T A L  
A R SE I'< I C  

( A S )  
( U G /L l  

� 
2 

D I S-
S O L V E D  

L E A D  
( P tl )  

( UG / L l 

3f 
0 

D I S -
S O L V E D  

ARS E N I C  
( A S )  

I U G /L l  

2 f 
2 f  

T O T AL 
M E R C U R Y  

( HG )  
( u G / �  ) 

. 1 

. 1  

. 0 0  

. 0 0  

T O T  AL 
C A D -
M I UM 
( C D )  

( UG/L l 

D I S -
, O L  V E D  

ME R C URY 
( HG )  

( U G ( L ) 

. 0  

. 1  f 

D I S -
S O L V E D  T O T AL 

C A D - C H R O -

M I UH H I UM 

( C O )  ( C R )  
I UG / U ( UG/L l 

1 0  
3 0  

D I S -
T O T AL S O L V E D  
N I CKE L  N I C K EL 

! N I l  ( N I )  
( U G ?L )  ( U G / L )  

1 0  6 

. 0 0  

. 0 0  

H l X A  ... 

V AL EN T 

C H R u -
M I U M 
( CI-<t. ) 
( UG / L l  

T O T AL 
Z I NC 
( z r..., ) 

( U G / L )  

2 0f 
4 0f 

. 0  

. 0  

T O T AL 
C O P P E R  

( C U )  
( UG / L ) 

7 6 

D I S -
S O L V E D  

Z I NC 
( ZN ) 

( c G/L ' 

f 

�� f 

S ampl e  s tation loca tions are shown in F igure 0 . 4 - 1 . 

Explanation of the supersc r ipts i s  found in Tabl e 0 . 3 - 3 . 
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DA TE 

JUNE 
�9 . .. .  
3 0  • • •  

St P . 
G �  • • •  

08 • • •  

IJ A TE 

JUNE 
29 • • •  

3 0  • • • 
SE P .  

0 8  • • •  

0 8  . . .  

IJAT E 

J u r-. E  
c 9  • • •  
3 0  . . .  

S E P .  
0 8 . . .  
0 8  . . .  

D A T t  

JUNt 
2 9  . . .  
3 0  . . .  

'E P .  

o e  . . .  
u s  • • •  

v A T l  

JUNE 
29 . . .  
3 0  • • •  

S t p . 
O B . . . 
08 • • •  

Tab l e  D . 7- 2 .  Wat er Qua l i t y Dat a , 
C a l c a s i eu Ship Channe l  

M i l e ( -2 . 9 ) 
( Co nt inu ed ) 

( USGS , Lou i s i ana , 1976 ) 
294310093200600 ruu: OF MEXlaJ 300 YARDS WEST OF CALCASIBJ SHIP 0lANNEL AT MILE - 2 . 9  

. A T E �  �UAL ] T Y O A T A ,  \l A T ER YE AR OCTOBER 1 9 7 5  TO SEPTEMBER 1 9 7 6  
O I S- O I S-

v I � - D I S- SOL V E D  SOLVED 
C I S - SUL V E O  SOL VE D  M A(,- 0 1 5- PO- O l S-

D I S-
SOL VED 

SOL II ED ""A�- C AL- "E- SCl ,EO TAS- B I CAR- CAR- SO L VED 
I RON l1�Pllt..SE C I UM ' I U" SOD I UM S l UM 

CHLO- T O T AL 
BONA TE BONATE SUl f A TE 

T I Mt ( f t: )  ( "H�) { C A l  ( � G )  ( N. I ( � I  {HC03 1 ( C 0 3 ) ( SM ) W(,/L I (u(, / L )  ( MG/L 1 { M(J/l ' ( �G/L 1 ( MG/L 1 ( MG/L 1 ( M G /L 1 ( MG/L I 

R IDE N I TRATE 
c e l l  ( N )  
(HG/L 1 ( HG/L l 

f . of 
� 3 0f f 

5 7 U O f 2 1 0f 2 0 sf 1 30 0: 1 326 ;�f 7 1 0f O B �5 5 0f 2 7 0 f 7 7 0  65 0 0 f 2 5 0 f 1 3  of 1 7 0 0  
1 0 0 0 0! ' O O f 1 2 0 0 0  . 0 2  

60 f 3 0 f ) I U: 9d Of 8 6 0 0  f 3bO f 1 36f 2 1 0 0: 0 9 0 5  
l i b  bo f . o f 3 1 0  9 � 0 f 86 0 0  f 360 f 2 1 6 f 2 1 0 0 

1 6 0 0 0f . 0 0  
1 5 0 0 0 f . 0 0  

D I S- T O T A L  D I S - D I S- T O T A L  VO L . 
T O T A L  SO L VE D f'(. .; E L- S OL VE D SOL - NQN- NON- NON-

A"'''' lJl'Ii l �  J,.ICMQ tl.i l A  u A H L  I\ J E. l . II E O - ' 1 L l - f I l  T - CAR-
T UT Al N I h lO - N [ T R O - N I T KU - � I  T RO - P H OS - k A B L E  RABL E SU,- HARD- BO NA TE 

N I T � I T E GEN G E N  GtN GEN PHORUS R E S  l UUE RE S I DUE PE NUEO NE5S HARD-{ N I  ( N I  I N I  n� ) I N I { P I SOL I DS ( C A , M G )  NE SS ( HG / L 1 t � G / L  J ( ,",GI L )  { M(j / L }  ( "'G I L )  { MG / L l ( MGI L l  ( MG /l ) ' '''GIL ) (MG/L 1 { MG/L l 

f . I of . 3 7  : . 5f d ,f 4 f 1 4 f 3 � 0 0: 3 3 0 0! • a If . O ld . 0 1  . 0 7  • •  sf . 3 8 f 
. o s 3.f 1 8 f 24 f 3B O O  3 7 0 0  

• a If l of f 
• • 2

f f . 0 3d 0 7: 1 3f f 4 B O O: 4 7 0 0f 
• I I  f . 3 1 f ;� f . o l f : I bf . O B  . Hf . 3 1 . U 3d S 2  1 0  f ' 9 0 0  4 7 0 0f 

S P E - ("EM- B I O - I ,...ME -
C I F  I C I C A L  CHEM- D I A T E f t C AL 
CON- ( OlOR O X Y G E. l'Ii I C Al C O L l - C O L l - T OT AL OUC T - ( P l A l - T u R - D I S- U E M A N D  O X Y GE N f O R M  f O R M  ORGA N I C  
A N CE PH I r-.U M- t d  u - S OL li E D  { H I G H  DEMAND { C O L .  { C O L .  C ARBO N CYAN I D E  

o · n c ;-.( o - (' O a A L T I n  U X Y G t:. N  L E V EL l  S D A Y  PE R Pt. .... { C I  { CN I MHO � l  { U � I  T S I  utl.i l T S l  I .J T lj l  ( ,", G i l l  ( "" G / L l  ( MG / L )  1 0 0  ML l  l O a  ,.,l )  { HG/L 1 ( MG /l ) 

f b f f 
� � � � � f  B . >  � f  6 . 0  

� ��f 3 . 7  f . 0 0  B . 3  1 0 f 6 . b ' . 2  . O U  
. 0 < 0 0: 1 3. f 1 . 2 f < sf 

< sf 2 . 5: e . <  7 . 8  . 0 0  
3 96 0 0  8 . 1  � . �  I I  � f 3 . S f < s

f < sf 3 . 6  . O U 

C H L O R -
A l U � I N  D A N E  0 0 0  ODE 

I N  l i, I N I N 
O I L 8 u T T v M  T O T AL tSO T T O M B O T T O M  BOTTOM 

� H E N U l S  "NO T L T A l i"', A - C HL O R - H A - T O  T AL MA - T O I Al MA- T O T AL 
G h l A S t  A l O R I N  T E. K I J.4.l D A N E  T E "  I Al DOD Tlk I Al O O t  T E R I AL D D T  

( U G / l ) ( "" G / L ) ( U G / L ) ( UG/K\.J ) t U G / l l  { VG / t\ G I  l U li / L ) W G / t\ \. J )  { UGi L I  { U (,/ K G .  ( U G / L I  

a . 0 0  • a . 0 0  . 0 0  . 0 0  
a . 0 0  . 0  . 0 0  . U O  . 0 0  
d ;d . U O  . 0  . 0  . 0 0  • a . 0 0 . 0  . 0 0  

. 0 0  . 0  . 0  . 0 0 • a . 0 0  . 0  . 0 0  

u I - e I - HE� T A -
IJD T A Z I N ON f L O k  I N t NOR I N t T H I O N C "lO R 

I N I N I N I N I N I N 
B U T T O M  T U T A l o O T T O M  T O T AL bO T T OM B u T T  OM U OT T OM T O T AL B O T T O M  

MA - 0 1 - "", A - U I - " A - T OT A L  M A - T O T A L  MA- Ht PTA- MA -
TE R I A L A l I NOI< T C R  I A l  t L uR I N T E R I Al oND" I N T l R  I A l  E l H  I ON I E� I A l  C HL O R  TER I A l  

C U G / I'\ G I  ( U G / L ) t U G /K G )  ( VG / L I { U G / r( G }  t U G/L I t UG / " "  ) ( U G / L I  ( UGh, C, )  ( UG/L I I UG / I"> G )  

. 0 0  
• 0 0 f . u u  • 0 0  . 0 0  
• a I . O U  . 0 0  . 0 0 . 0 0  

. 0  . O u  . 0  . 0 0 . 0  . 0 0  . 0  . 0 0  . 0  . 0 0  . 0  

. 0  . O u  . 0  . v o  . 0  . 0 0  . 0  . 0 0  . 0  . 0 0  . 0 

Note : S ample s tation locat ions are shown in Figure D . 4 - 1 . 

Expl anation o f  the superscripts is found i n  Table D . 3 - 3 _ 
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Tab l e  D .  7 - 2 . Wat er Qua l i t y  Dat a , M i l e  ( - 2 . 9 )  
C a l c a s ieu S h ip Channe l ( Co n c luded ) 

( USGS , Lou is i a na , 1976 ) 

294310093200600 QJLF OF MEXICO 300 YARDS WEST OF OO£ASIEU SHIP rnANNEL AT MILE - 2 . 9 - -Continued 

� ATEH aUAL I T v  n A T A ,  � A T E� yEAR O C T OBER 1 975 TO SEPTEMBER 1 976 

HEP T A- M AlA- METHYL METHYL 

C H l UR l i NDANE T H ION PARA- T R I -

T O T AL EPUX I D E  I N  I N  T O T AL T H ION T O T AL T H I ON 

H E P T A - I N  B U T - B O T TOM T O T A L  B O T T OM M E T HYL IN BO T - METHYL I N  8 0 T -

C " l O R  TOM M A - T O T A L  MA- MAlA- MA- PARA- TOM MA- T R I - TOM MA-

EPCX I D E  T E R I Al L 1 NDAI« TER I Al T H I Ol< TER l Al T H I ON TER I Al T H I O N  T lR I Al 

D A T E  I U G / l )  ' ( U G / � G I  IUG/U lUG/KG I IUG/l I l UG/KG I IUG/U l UG/KG I (uG/U lUG/KG I 

JUNE 
29 • • •  . 00 . 0 0  . 0 0  . 0 0  . 0 0  

30 • • •  . 0 0  . 0 0  . 0 0  . 0 0  . 0 0  

S E P .  
08 • • •  . 0 0  . 0  . 0 0  . 0  . 0 0  . 0  . 0 0  . 0  . 0 0  . 0  

08 • • •  . 0 0  . 0  . 00 . 0  . 0 0  . 0  . 00 . 0  . 00 . 0  

PARA- P O l Y - T O X - TR I -

T ti l CiN PCrl C�lO- APHENE T ti l ON 

I N  I N  R I N A T[D IN I N  

T O T AL rlOT TOM BO T T O M  NAPrl- T O T AL B O T T OM T O T AL tlOTTOM 

PARA- MA- T O T AL MA- THA- T O X - MA- T R I - MA- TOTAL 

T M I ON T ER I Al P C B  T ER I Al LENtS APHENE T E R I Al T H I ON T ER I Al 2 . 4-0 

D A T E  I U G / l  I lUG/KG I (UG/U lUG/KG I WG/ L I  IUG/U lUG/KG I I UG/l I l UG/KG I IUG/U 

f JUNE 

29 • • •  . 00 -. 0 . 0 0  0 . 0 0  . 1 3f 0 . 0 0  . 06 30 • • •  

S E P .  
08 • • •  

08 • • •  

D A T E  

JUNE 

29 • • •  30 • • •  
SEP .  

0 8  • • •  

08 • • •  

D A T E  

JUNE 

29 • • •  30 • • •  

SEP .  

0 8  • • •  
08 • • •  

Note : 

. 00 . 0  . 0 0  

. 0 0  . 0  . 0  0 . 0 0  . 0 0  . 0  

. o q . 0  . 0  0 . 0 0  . 0 0  . 0  

D I S - HEXA-

D I S- T O T AL SOLVED T O T AL V A L ENT 

T O T AL SOLVED CAD- CAD- CHRO- CHRO- T O T AL 

T O T AL T O T AL ARSE N I C  ARSEN I C  M I UM M I UM M I UM M I U H COPPER 

2 • • •  5-T 5 1 lVE X ( A S I  ( A S I  ( CD I ( C O l  ( C R )  ( C�6 1 ( C U I  

IUG/U IUG/L l I UG/l I (uG/U IUG/U (uGIL ) IUG/L l IUG/U IUG/U 

2f . 0 0  . 0 0  2 0 30 6 
. 0 0  . 0 0  2 2f 0 30 6 

1 f . 0 0  . 0 0  2 20 3 
. 0 0  . 00 3 0 2 0  3 

0 1 5- 0 1 5- D I S- D 1 5- D I S-

SOlVEu T O T A L  SOLVED T O T AL SOLVED TOTAL 50lVED TOTAL SOLVED 

COPPER lEAD lEAD MERCURY MERCURY N I C KEL N I CKEL I I �C I I NC 

( CU I ( Pil I ( PB I ( �G )  ( H G I  ( N i l  ( N I ) ( It. 1 ( I N I  

( UG/L l IUG/U IUG/U ( uG/U lUu/U ( uG/L l  ( uG/U ( uG/L l ( uG/U 

f f 40 ' 
�f 3 0 . 2  . 2  f 9 0 ;�, 20' 8 0 . 1  . 1  6 0 

J f • f 3' 4 0 ' 30' 2 . 0  . 0  3 
3 f 3 . ' . 0  . 0  5 2 ' 40 ' 20 ' 

S ampl e  stat ion locat ions are s hown in Figure D . 4 - 1 . 

Expl anation of the super scripts is found in Table D . 3 -3 . 
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. 0 0  

. 0 0  



DATE 

�lP .  
0 1  • • •  

U 8  • • •  

D A T E  

5lP . 
u 7  • • •  

08 • • •  

Note : 

T ab l e  D .  7- 3 .  Wat er Qua l i t y  Dat a , M i l e  ( - 5 . 6 ) 
C a l c a s i eu Ship Channel 

( USGS , Loui s i an a , 1976 ) 

294054093195000 QJLF OF lEXHll AT CM.CASIEU SHIP OWM:L AT MILE - 5 0 6  

T I I'E 

1!>4S 
oe!>o 

I1EP T A 
C,...L O k  

I �  
11 0  T T  0 1'  

. A 
TER l Al 

l UG / K G ) 

. 0  

. 0  

W A T E K  UUAl I T V  DATA • •  A T E �  VEA� uCTOBER 1 � 1� T O  �EPTEM&ER 191b 

ALDR I N  

I "  
bO T T O M  

MA
T t R I Al 

" )6 / " ,, )  

. 0  

. � 

t1�PTA CrlLO� 
EPO - I DE 
IN tl v T 
TOt"t roiA-

1 cR I Al 
(lJUo/I\ G )  

. 0  

. 0  

Ctil OR
DANE 

I N  
tlOTTOM 

MA
T E R I AL 

l UG / K G )  

L I NDANE 
I N  

tl O T T O M  

MA
T E R I AL 

I Uu/KG ) 

. u  

. u  

000 

I N  
B O T T O M  

MA
T E R I AL 

I UG h G )  

. 0 

. 0  

MAlA

T H ! Oh 
I N  

dOT T O M  
MA

T i l-d AL 
( U (,/ K G )  

. 0  

. 0  

ODE 

I" 
1I0 T I OM 

. A 
TEk l Al 

( UG h " )  

. 0 

. 0  

ME T " V l  
PAkJ.
T H ION 

I N  �oT
TO., MH

YEP I A l  
( UG/K,,) 

. 0  

. 0  

DO T 
I N  

BOT T OM 
MA

TE� IAl 
l UG / K G )  

. 0  

. 0  

M[ T ., Vl 

T R I 
T H I O N  

I N  b O T 
T O M  MA

Tlk l Al 
( U u / K u )  

. 0  

. 0  

0 1 -
A Z I NON 

I N  
B O T TOI' 

MA
T l H I Al 

( UG / K G )  

.a 

. 0  

PARA
T ti l ON 

I N  
BOT TO," 

MA
T E R I  Al 

l UG / K G )  

. 0  

. 0  

D I 
ELDR I N  

I N  
B O T T OM 

MA
T E R I AL 

( UG/Ku )  

. 0 

. 0  

PCB 
I N  

BO T T UM 

MA
T E R I AL 

( Uu / K G )  

E�O � I N  

I N  
B O T T OM 

MA
T t R  I Al 

( UGIKG) 

. 0 

. 0  

IOl
�P"ENE 

IN 
B u T T  OM 

MA
TER I AL 

( Uo / K G )  

S amp l e  stat ion locat ions are shown lO n 0 F lgure 0 . 4 - l . 

[ T H I ON 
I N  

B O T T O M  
M A 

T O I l A l  
lUG/KG) 

. 0  

. 0  

T R I 

TH I O� 
I N  

1I0 T T OM 
MA

T E W I Al 
( UG/K G )  

. 0  

. 0  

Explanation of t h e  super scrlO pts lO S f d 0 oun In Table 0 . 3 - 3 . 
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DA T E 

S E P .  
0 7  • • •  

08 • • •  

O A T E  

S E P .  
0 7  • • •  

0 6  • • •  

D A  T l  

SEP . 

0 7  • • •  

0 8  • • •  

O A T E  

S E P . 
0 7  • • •  

0 8  • • •  

Tab l e  D . 7- 3 .  Wat er Qual i t y  D at a , M i l e  ( - 5 . 6 )  
C al c as ieu Sh ip Channel ( Cont i nu ed ) 

( USGS , Lou i s iana , 1976 ) 

294054093202000 GlILF OF MEXICO 300 YARDS \',EST OF CALCASI EU  SHI P G!ANNEL AT MILE - 5 . 6  
W A T E "  QUAL I T Y D A T A ,  . A T E R  Y E A H  vC T 08 E R  I Y 7 S  T O  S E P T E M" l R  1 9 7 6  

T I M E  

1 '> 3 0  
0 8 4 0  

T O T AL 
� I T RA T E  

( N I  
( MG/ L l  

. 0 1 ' 

. 0 0 

N O N 
C A R 

" O NA T E  
H A R O 
N E S S  
( M G I L l 

O I L  
A N D  

G R E A S E  
( MG / L l 

D I S
S O l V IO D  

I RON 
( F E I  

( U G / l ' 

T O T AL 
, I T R I T E  

( N '  
( M ul L '  

S P E -
C I F  I C  
C O N 
DUC T 
A N C E  

( M I Ck O 
�HO S '  

T O T AL 
A L D " l N  
( U G / L l 

. 0 0  

. 0 0  

D I S 
S O L  'l E U  

M AN
G A N E S E  

( M N )  

( UO / L l  

T O T A L  
",,"" "' O N I A  

N I  T " O 
G E N  
on 

( >lG / L l 

PH 

( U N I  T S .  

e . 1  
8 . 1  

A L D R I N  

I N  
B O T T O M  

M A
n R I AL 

( U G / K G '  

. 0  

. 0  

u I 
A L l l�ON 

LJ I S-
S O L Y C D  

C A L 
C I UM 
( C A ) 

( M G / L ' 

D I S 
S O L V E D  

A� M O N I .A  
tH I R O 

G E N  
( N I  

( M(j / L ) 

D I S
SOL V e D  
O X YG[N 
( M G / L I  

<l . o  
7 .  '> 

T O T AL 
C H L O R 

DANE 

( Uu / L l  

. 0  

. 0  

u l S -
SOL V E D  

"' IoI G 
N E 
S l U M  
l /oI u )  

( M G / L l  

1 0 0 0� 
9 9 0  

T O T AL 
K J E L 
DAHL 
, ! T R O 

G E N  
( N '  

( �G/L l 

( !-< E M -
I C A L  

O X Y G e N  
D E M A N D  
( h I GH 

L E v E l l 
( M G / L ' 

C " L O R 
DANE 

IN 
8 0 l T OM 

M A 
T E R I AL 

( U G / K G .  

D I S 
SOL V E D  
'>O[I I UM 

I N A ) 
( � G / L I 

d O O O� 
d 6 0 0  

D I S 
S O L V E D  
I\ J E:. L . 
N I T  RO-

G E N  
( N I  

( M G / l ' 

B I O 
C H E M -

I C A L  
U ,X Y G E N  
D E MAND 
'> D A Y  
( MG/L l 

T O T AL 
ODD 

( D G/ L l  

. u O  

. 0 0  

D I S -
S O L V E D  

P O 
T AS 
S l UM 

I K .  
( M G / L ) 

D I S 
S O L 
V E D
Ph()S-

P H O R U S  
( P I  

( MG / L ) 

. 0 3 �  

. 0 0 

I MM E 
D I A n  
C O L I 

F O R M  
( C OL . 
P E R  

1 0 0  ML l 

O D D  
I N  

b O T  T O M 
M A 

T E R I AL 
( U u / K G I  

. 0  

. 0  

B I C A " 
B O N A T E  
( H C 0 3 1  
( M G I L l 

I J� 1 35 

T O T A L  
' O N 

F I l T 
" .. eL E 

"IO S I OU E 

{ M G / L l 

F E C A L  
C OL I 
F O RM 
( C OL .  

P E R  
1 0 0  ML l 

T O T AL 
ODE 

( UG / L l 

. 0 0  

. 0 0  

C A R 
"O N A T E  
( C o J .  
( M G/ L )  

VOL . 
N' t.-

F I L l 
tiA... · ... E.. 

Rl S I UUE 

( MGI L l  

T O T AL 
o"GAI. I C  

CMo?oQN 
( C I  

( MG I L l 

�OlO 
I N  

b o T T O M 
M A -

l U < l AL 
( U G / ·  G I  

. 0  

. 0  

(; I S
S O L V E D  

S U L F  A T E  
( SO "  
( M G / L l  

2 I O O! 
2 1 0 0  

SuS
P E ND E D  
SOL ! O S  
( MG / L l  

C Y AN I D E  
( e N )  

( MG/L ) 

. 0 0  

. 0 0  

T O T AL 
DO T 

( UG / L l 

. 0 0  

. 0 0 

D I S 
S U L V E D  
C H L O 
R I DE 
( C L l 
( "!G / L )  

H A � D
� E S S  

( ( A , "' G I  
( �b / L ) 

, 
4 Y O O, 4 9 0 0  

P � E N OL S  

( Ub l L ) 

DO T 
I N  

t' u T T OM 
M A - ,  

T E R  l At. 
( UG / K G I  

. 0  

. 0  

T C T AL 
0 1 -

A Z I N ON 
( U G / L l 

I "  
" U T T OM 

M A 
T E R I AL 

( U I,'/ !< G ) 

T O T A L  
D I 

E L D R I N  
( D G/L l 

0 1 -
E L D k l N  

I N  
b O T T O �  

M A 
l l R I AL 

( UG/K G .  

T O T " L 
ENDrt I N  
( Uu / L l 

ENDR I N  
I N  

BOT TOM 
MA

T [ H I AL 
(uG / K G '  

T O T AL 
U H I D' 
( U G / L l 

U H I Ut; 
I N  

B O T T OM 
M A 

T E R I AL 
I UG / K G I  

T U T AL 
HlP T A
C H L D R  
( U (, / L l 

HIO P T A 
C H L D R  

I N  
ilO T T DM 

M A 
T E R I AL 

( U G / K G I  

S E P .  
0 7  • • •  

li S  • • •  
. 0 0  
. 0 4  

. 0  

. 0  
. 0 0  
. 0 0  

. 0  

. 0  
. 0 0  
. 0 0  

. 0  

. 0  
. O u  

. 0 0  
. 0  
. 0  

. 0 0  

. 0 0  
. 0  
. 0  

Note : S ampl e  station l ocat ions are shown in F i gure 0 . 4 - 1 . 

Expl anat ion of the superscr ipts is found in T able 0 . 3 - 3 . 

D . 7 -1 4  



Tab l e  D . 7- 3 .  Wat e r  Qu a l i t y  D at a , M i l e  ( - 5 . 6 ) 
C a l c a s ieu Ship Cha n n e l  ( Co n c luded ) 

( USGS , Lou i s i an a , 19 7 6 )  
294054093202000 OJLF OF MEXICO 300 YARDS WEST OF CALO.SlEU SHIP OiANNEL AT MILE - 5" 6 - -Contitrued 

. � T E R  OUA L I T Y  D A T A . W A T E R  ¥ EA� O C T O B E R  1975 TO S E P T E MBER 1 9 76 

H e P f A - MAL A - M E T H Y L  ME T HYL 
CnL uR L I ND A N E  T H I ON P A R A - T R I -

T C T AL e P O A r D E  I N  I N  T O T A L  T H I ON T O T A L  T H I O N  
HE P T A- I N  B 0 T - El O T T O M  T O T A L  B O T TOM METHYL I N  BO T - M U H Y L  I N  B O T -
C h � O R  l UI., H A - T O T A L  M A - MA L A - M A - P A R A - TOM M A - T R I - T O M  M A -

E P a '  WE T U d AL L I ND At,l T l H I A L  T H I ON T E � I AL T H I ON T E R  I AL T H I ON IE R I A L 
G A T E  ( UG / l l ( U ll / K G )  ( UG/ L I  I U G / K G I  tl.;G/ L ) ( Uu/ KG ) I UG / L I ( u G / K G )  ( UG/L I I UG / K G )  

�E P . 
V7 • • •  . 0 0  . 0  . o u  . 0  . v o  . 0  . 0 0  . 0  . 0 0  . 0  
I.l H  • • •  . u o  . 0  . o u  • a . 0 0  . 0  . 0 0  . 0  . 0 0  . 0  

tl A R A - POL Y - T O X - TR I -
T rl I O� P C H  C t-< L U - A P H E NE T H I ON 

I ', I N P I /'.i Jo T t. D  I N  I N 
T C T AL tj u T f OM HO T T UM NAPH- TOT AL B O T T OM T O T AL B O T T O M  
P AH A - MA- T O T AL M A - Ht"'- T O X - MA- T R I - M A - T O T AL 
n " I O N T E H I A L  P C B  T E R I AL L E N l  � A P HENE T E R I AL T H I ON T E R I AL 2 . 4 -0 

O A T E  I L G / L I ( u u / r'\ G )  I UG /L l  I U G / K G I  ( UG / L l I U G/ L l  ( U G / K G I I U G/ L l I UG / K G )  ( UG /L l 

� e P . 

l oe a 1 • • •  . c o  . 0  . 0  . u o . 0 0  . 0  . 0 0  
u 8  • • •  . O U  . 0  . 0  0 . 0 0  . 0 0  . 0  . 0 0  

D I S- H [ X A -

D I S- T O T  AL S O U E D  T O T AL V AL E N T  
T O T AL SOL V E D  C A D - C A D - C H R O - C H R U - T O T A L  

TO T A L T O T A L  A H SE N I C  A R S e N I C  M I U M  M I UM M I UM M l uM C O P P E R  
c . 4 , S - T  � l l YO I A S )  ( A S )  I C D I  I C D I I C R )  I C R O )  ( CU )  

[JA T l  ( u G / l ) ( u G/ L l ( uG / l ) ( uG/ L l  ( U u/ L l  ( uG/L I ( Uu/L ) I UG/ L I ( uG/L I 

SE P .  
U 7 • • •  . O u . o u  2f 

I f 0- 2 0  3 
U� • • •  

O A T E  

S E P .  
0 1  . . .  
Ob . . .  

Note : 

. 0 "  . u o  u 2 0  

C I S - D I S - D I S - D I S -
SOL V e u  T O T A L S O U e U  T O T A L  SOL V l D  T O T A L  SOL V E D  T O T  " L  
C O P P E K  L E A U  L l A D  "" t. R C U R Y  M E R C U R Y  N I C KE L N I C KE L I I �C 

( e U  I ( P tj )  ( P S )  ( H (J )  ( H G )  I N I  I I N I  I I IN I  

I UtJ / L )  ( UG /L I I U G/L I I U G / L I ( UG/ L l  ( UG/ L l  I UG /L I I UG / L  I 

/ I f f 6 0f 3 . 0  . 0  3 if .J f  2 I f . 0  . 0  3 4 0f 

S ampl e  s t a t ion l o c a t i o n s  a r e  s hown l" n 
" 

F l g u r e  D - 4 - 1 _  

3 

D I S-
SOUED 

Z I NC 
I I N I  

( UG /L I 

4 0 f 

4 0 f 

Exp l ana t ion of t h e  s up e r s c r l" pt s " f d "  l S  oun I n  Tab l e  D . 3 - 3 . 
D . 7 - 1 S  





APPEND IX D . 8  

TAYLOR BAYOU AND TRIBUTARIES , 
SALT BAYOU , AND SPINDLETOP D ITCH 

HYDROLOG IC DATA 

i7ata ±n -thi-s append i-x ine-ludes flow and water qua l i ty 
data for the area drained by Taylor Bayou and its tributar ies 
plus Salt Bayou and Spindletop Ditch . Figure D . 8 - l  i s  a map of 
the area with water qual ity samp l ing s tations . Tab le D . 8 - l  
gives f low data for H i llebrandt Bayou , Tab le D . 8 - 2  l i s t s  f low 
data for Taylor Bayou , and Tab le D . 8 - 3  l i s t s  f low information 
for tributar ies of Taylor Bayou . Tab le D . 8 - 4  l i s t s  samp le stations 
a long Taylor Bayou and its tributaries by local landmarks . 

table s :  
Water qua l i ty data are provided in the fo l lowing 

Tab le D . 8 - 5 .  F ield Water Quality Measurements 
for Taylor Bayou and Its Tr ibutar ies 

Table D . 8 - 6 . Lab Water Quality Analyses and Other 
Misce l l aneous Data for Taylor Bayou 
and I t s  Tributaries 

Tab le D . 8 - 7 . Sediment Analyses , Phy s ical -Chemi cal 
P arameters ,  Heavy Metals and Pesticides 
for Taylor Bayou 

Table D . 8 - 8 . Water Qua l ity Data for Salt Bayou 

Tab le D . 8 - 9 . Sediment Quality Data for Salt Bayou 

Table D . 8 - l 0 . Water Qual i ty Data for Spindletop Ditch 
( S ample S tation D )  

Table D . 8 - l l . Sediment Qua l ity Data for Spindletop 
D itch ( S ample S tation D )  

D . 8 - l  
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Tab l e  D .  8- 1 .  F low D at a f or Tay lor Bayou Near LaBe l l e  

( USGS , Texas , 1 9 7 5 ) 

TAYLOR BAYOU BAS I N  

08042000 Taylor Bayou near LaBe l l e .  Tex . 

lOCAT I ON . --lat 29°52 ' 30" . long 94°09 ' 34" , Jefferson County , near center of stream at downstream s i de of bridge on county road, 0 . 7  mi le 
( 1 . 1  km) sooth of LaBe l l e .  6.0  mi l es ( 9 . 7  km) ups tream from H i l lebrandt Bayou . 7 . 2  m i l e s  ( 1 1 . 6  km) upstream from State H i ghway 73.  aod 
1 1 . 2  mi l e s  ( 1 6 . 0  km) ups tream fr(lll s a l t-water 9<1tes and barge lock s .  Di s tances are rTEasured along rec t I fied cnanflc l .  

DRAINAGE AREA. --262 mP (679 'm'l . 

PERIOD OF RECORD . --Apri 1 1 954 to current year, complete records for stonns of 1 . 0 i nch (25 . 4  rnn) or ITK>re runoff. except for the penod 
Sept. 10-22. 1 96 1 .  

GAGE . - -Water-stage recorder. Datum o f  gage i s  4 . 63 ft ( 1 . 41 1  m )  b e l ow  rrean sea le'lel , detennined by se'leral comparisons o f  water sur  faLe 
with aux i l i ary .... ater-stage recorder 7 . 2  mi les ( 1 1 . 6  k.m) downs tream during times of no flow and ideal weather conditions 

EXTREME S . -- Current year: Maximum di scharge , 5 ,520 ft3/S ( 1 56 m3/ s )  June 1;. maximum gage he i gh t .  8 . 5 0  ft ( 2 . 591  Ill) May 31 ; mi nimum d i s 
charge n o t  detennined ( a ffected b y  ti des a n d  pump i ng ) ;  mi nimum gage he i g h t ,  3 . 20 ft { 0 . 9 75 m }  De c .  1 -

Period of record : Maxi/llJm di scharge . 9 .590 ft.J/s (272 m3/ s )  Sep t .  2 2 .  1 9 6 3 ;  maximum gage hei gh t .  1 1 . 78 ft ( 3 . 59 1  m )  Sep t .  20 . H63 
(backwater from H i l l ebrandt Bayou ) ;  mi nimum d i s charge not detenni ned (affected by tides and pumpi n g ) ; mi nimum gdge h e i g h t ,  2 . 31 ft 
( 0 . 704 ml  July 1 7 .  1 9 5 4 .  

Maxi mum s tage s i nce a t  l e a s t  1 941 , t h a t  of Sept. 20 . 196 3 .  F l o o d  i n  1941  reached a s tage of 1 1 . 3  f t  { 3 .44 m} , fr(lll i nfonna t i on by 
CO'1ls of Eng i neers ; fl ood i n  1946 reached a s tage of 1 0 . 4  ft ( 3 . 1 7  m) , from county bridge plans ; flood of Sept. 1 3 , 1 96 1  (Hurricane 
Carl d ) .  reached a s tage of 1 1 . 5 1  ft ( 3 . 508 m) . 

REMARKS. - - Records poor. D i scharge i s  computed u s i ng fa l l  a s  a factor. D i s c h a rge for reces s i ons of l a rge rises with i nsuffi c i e n t  fd l l  HC: 
es timated. Sma l l  rises w i th insuffi ci ent fa l l  are not computed. low flow i s  regulated by drdinage from ricefi e l ds and upera t l on of 
s a l t-.... ater gates and barge l ocks . An unknown amoun t  of water is d i ve rted above and below gage for rice i rr i g a t i o n .  

REV I S I ONS . - -WSP 1 9 2 2 :  O r a ;  nage area.  

D I S CHARGE . I N  C U B I  C FEET PER SECOND. Jl' A TER y E AR O C T O I3 E K  1 9 7 4  TO SEPTEMBER 1 9 7 5  

O A Y  O C T  NOV OEC JAN F E 8  M A R  APR M A Y  J U N  J U L  A U G  5EP 

1 , 7 70 5. )80 b 5 2 0  
8 0 0  5 , 2 6 0  ) ,  0 4 0  
2 0 0  J . 7 3 0 2 .  0 0 0  

1 . 6 0 0  1 ,  0 0 0  

6 0 0  1 , 5 0 0  

1 .  0 0 0  
1 8 0 0  3 0 0  
8 3 , 52 0  

9 3 , z 0 0  2 0 0  
( 0  2 , 5 0 0  2 , 4 0 0  

1 1  3 , 4 7 0  4 , 2 9 0  
1 2  2 . 22 0  4 , 7 4 0  1 3 8 0 0  4 , 5 1  n 
1 - 2 0 0  3 . 9 0 0  
1 5  2 .  � 5 ;)  

( 6  1 0 0  1 , 5 0 0  
1 1  1 . 9 9 0  1 0 0  
1 8  2 . 8 7 0  
1 9  2 . 2 2 0  

2 0  2 , ) 7 0  

2 1  2 .  0 8 0  

2 2  1 .  0 0 0  

2 3  5 0 0  

2 _  

2 5  2 0 0  

2 6  1 , '+ 9 0  

2 1  3 . 2 2 0  

2 8  5 0 0  3 , 4 1 0  2 0 0  
2 9  3 .  0 0 0  2 d ,80 2 , 4 1 0  
3 0  3 , 6 5 0  1 .  0 0 0  4 .  r'J 7 0  
3 1  2 . 6 2 0  5 0 0  4 " DO _ 0 0  

M A X  3 ,  b S O  2 I 810 3 . 4 1 0 3 . 5 2 0  4 , 8 3 0 5 , 3 8 0  400 3 . 04 0  
C A L  YR  1 97 4  • • • • • • • • • • • • • • •  M A X  5 , 8 1 0  
WTR YR 1 9 7 5  • • • • • • • • • • • • • • •  MAX 5 . 38 0  

D . 8 - 3  



T ab l e  D . 8- 2 . Flow Dat a for H i l l ebrandt Bayou n e ar Lov e l l e  Lake 

( USGS , Texa s , 1975 ) 

TAYLOR BAYOU B�, IN  

08042500 H i l l ebrandt Bayou nel!r love l l  L a �e .  Tex . 

LOCAT lON , --Lat 29°55 ' 44" , long 94"06 ' 35" , Jefferson Coun ty . ncar center ct s tream at downs tream s i de of bJ"idgc on Lounty road , 1 . 3 mi lL'� 
( 2 . t  km) southea') t  of Love l l  Lalo.e , and 4 . 4  mi les 0 . 1  km) ups tream (a long recti f ied channel ) from Taylor DilYou . 

DRAINAGE AHEA . - - 1 28 m i ·' ( 332 km'· ) .  

PERIOD O F  RECORO . - -Apri l 1 954 to current year, complete records for s torms o f  1 . 0 i nch ( 2 5 . 4  mn) o r  more runo f f ,  except for trl� period 
Sep t .  1 1 - 1 8 ,  1961 . 

r.AGE . - -Water-s tage recorder. Auxi l i ary water-s tage recorder 3 . 0  mi les ( 4 .8 km) downstream. Datum of qage is 4 .63 ft ( 1 . 4 1 1  m) he l o  ..... fll:!dn 
sea level . detennined by compari sons of water surface with Taylor Bayou near LaBe l l e ,  aux i l i ary gage , 5 . 6  m i l e s  ( g . O  km) downstream, 
duri ng times of no flow and i deal weather condi t i ons . Pri or to Aug. 28 , 1963, aux i l i ary .... ater-stage recorder on Taylor Bayou 1 . 2 ml les 
( 1 . g km) downs tream from H i l lebrandt Bayou . nonrecord i ng gages on Taylor Bayou 2.3 and 5.2 mi les ( 3 . 7  and 8.4 km) do .... n s tream from 
H i l 1 ebrandt Bayou . 

EXTREME·s . --Current year: Maxirrum d i s charge , 5 ,660 fP/s ( 1 60 m.J/s )  June 10 ; maximum gage hei ght .  8 . 48 ft ( 2 . 585 m) June 1 0 ;  minimum d i s -
cha

���i��
t
o�

e
;:����

d 
�::���!

e
�i��h!��:� ���og�

m
���1� ; (�1�;�isJ

a
�:p��1��:'1�6�: �;x;���

6
�a�� �:�gh�: 1 2 . 34 f t  ( 3 . 761 m )  Sept. 19 , 

1963 ;  minilTllm di scharge not detennined (affected by tides and pumpi ng ) ;  mi nimum gage hei ght .  2 . 33 ft (0 . 7 10  m) July 1 7 , 1954 . 
Maximum stage s i nce 1941 , 1 2 . 34 ft ( 3 . 761 m) Sep t .  19. 1963. A stage of 1 1 . 56 ft ( 3 . 523 m) occurred Sept .  1 3 . 196 1  (backwater 

caused by Hurri cane Carl a ) .  

RE�RKS . --Records fai r .  Discharge computed u s i ng fa l l  a s  a factor. Discharge for reces s i ons of l arge rises ..... i th i nsu ff icient fa l l  are 
estimated. Smal l  ri ses .... i th insuffi cient fal l  are not computed. low flo ..... is regulated by drainage from ricefie lds  and operation of 
s a l t-..... ater 9ates and barge locks . An unkno ..... n amount of ..... ater is di verted above and below gage for rice i rrigat i on . 

REVISIONS. --WSP 1922 : Drainage area. 

D I SCHARGE. I N  CUB I C  FEET PER SECOND. W A T [ R  YEAR OCl08E� 1 9 74 TO SE.PTtMAE R 1975 

DAY 

• 
5 

6 
1 
8 
9 

1 0  

I I  

1 2  
1 3  
I ·  
I S  
1 6 
1 1  
1 8  
1 9 

20 

2 1  
22 
23 
2. 
25 

26 
21 
28 
29 
30 
3 1  

M A X  

OCT 

1 0 0  
! t 880 
1 . 760 
1 , 000  

1 , 880 

NOV 

500  
1 0 0  

5 0 0  

DEC J A N 

900 
2 , 150 

9 0 0  

1 , 470 

100 
1 0 0  

2 , 75 0  

C A L  YR 1 9 7 4  • • • • • • • • • • • • • • •  M A X  4 , 7 9 0  

WTR YR 1 9 7 5 . . . . . . . . . . . . . . .  M A X  5 , ) 1 0  

APH 

0 . 8 - 4  

M A Y  

200 
1 , 480 
3.040 
2 . 900  

3 , 04 0  

JUN JUl 

2 .  c O O  
1 . 000  

500  
20n 

1 , 060  
5 .  ) 10  

4 , 74n  
2 .870  
b O O O  

200 

1 0 0  

5 , 3 1 0  1 0 0  

Alffi SE P 

9 0 0  
) . 35 0  
1 , 9 J O  

9 0 0  

I d O a  
B O O  
l O a  

3 , 3 5 0  



T ab l e  D .  8-3 . F low D at a  for Taylor Bay o u  Tr ibut at i e s  

( Texas Wat er Qua l i t y  Bo ard , 19 7 5 )  

H v d ro l ( )g ica l  Dara 

S r a r iun  Discharge 
N u m he r  Loc a r i o n  M c rhod Dare Time c fs 

H PL'\' i w r  G u l l ey PM ' 7 / 2 3 / 7 4  1 6 5 0  4 . 4 7  

9 B a y ()u  D i n  PM 7 / 2 3 / 7 4  1 23 5  0 . 3 6  

1 ( ) K id d  G u l l ey PM 7 / 2 3/ 7 4  1 1 4 0  1 7 . 09 

1 1  W i l l ow Marsh Bayou PM 7 / 2 3 / 7 4  1 03 5  3 1 . 8 6  

1 6  C r.:.: n Pond G u l ley PM 7 / 2 3/ 7 4  1 2 5 0  1 4 6 . 8 6  

1 7  ( ; ru u n d  ( ; u l ley  PM 7 / 2 3 / 7 4  1 1 4 0  9 7 . 1 8  

1 ') Pign u r  G u l l e y  PM 7 / 2 3 / 7 4  1 03 0  1 4 . 7 7  

2 1  Mayhdw B,I )' O U  P M  7 1 2 3/ 7 4  1 4 1 0  1 0. 4 5  

PM · Pignl \ M L· r .:r  

Tit.:  d a r,l in Tahle- J ind icarL' rhar r h e  ma jor i r y  of i n t10w ro Tay l or Bayou is su pp l ied by 
G r.:en Pll nd G u l l e y . G ru u n d  G u l l e y .  P ign u r  G ul l e y . and W i l low Marsh Bayou .  The 
rem,l i n i n g  r r i b u raries wne small and contribu rcd less rh a n 20 c fs each .  All orher rr ibu
rar i .: s  f.:ed i n g  rhe bayou were ob served i ll a non-dischargi ng condirion or ar a level 
c ons idL'fed nor s ign i fica n r .  

0 . 8 - 5  

Note : S amp l e  s tat ion locat ions are shown i n  Figure 0 . 8 -1 .  

Explanation o f  the superscripts is found in Table 0 . 3 -3 _  



Tab l e  D . 8 - 4 . S amp l e  S t a t i on Locat i o n s  f o r  Taylor Bayou and 
T r ibu t ar i e s  

( Texas Wat er Qu a l i t y  Board , 1 9 7 5 ) 

Survey Stat ion 
Stat ion Reference 
Number Number Locat ion 

1 0 7 0 l . A O O l  Bayou - Jf4  mi le  u pstream from sal t water barrier 

2 0 7 0 1 . A 0 0 2  B a y o u  - at Highway 7 3  b ridge 

6 0 7 0 1 . A 0 0 6  H il lebrandt Bayou at  Humble  Road 

8 0 7 0 1 . A 0 0 8  Pevitot G ul ley at  La Be l l e  Road 

9 0 7 0 1 . A 0 0 9  Bayou Din at Highway 1 2 4 

1 0  0 7 0 1 . A0 1 0  Kidd G u l ley a t  H ighway 1 2 4 

1 1  0 7 0 1 . A O l 1 Willow Marsh Bayou at H ighway 1 24 

1 4  0 7 0 1 . A 0 1 4  Bayou a t  L a  Bel le  Road 

1 5  0 7 0 1 . A 0 1 5  North Fork o f  Taylor Bayou at Cou nty Road south of 
Burrell  

1 6  07 0 1 . A 0 1 6  Green Pond G u l ley a t  G i lbert  Road 

1 7  0 7 0 1 . A0 1 7  G round Gu l l ey  a t  J oh nson Road 

1 () 07 0 1 . A0 1 9  Pignut  G u l ley at  P ign u t  Road 

20 0 7 0 1 . A0 2 0  Sout l t  Fork of  Taylor Bayou at  Cou n ty Road south 
o f  l)urrell 

2 1  07 0 l . A 0 2 1  May haw Bayou at  Highway 7 3  

D . 8 - 6  

Note : S amp l e  station locat ions are shown i n  F igure 0 .8 - 1 . 

Exp l anation o f  the superscripts is found in Table 0 . 3 - 3 . 



Tab l e  D . S - 5 . F low F i e ld Wat e r  Qua l i t y  Measur eme n t s for 
Taylor Bayou and I t s  T r i b u t a r i e s  

Station_-,1,--_ 

f---

Depth 
ft. 

3 
----

6 
9 

1 2  
1 5  

Sta tion 1 
Depth D .O. 

ft. f-----,----

1 5 .0 68  -
a C 3 4 .7 64 

Temp. 
o F 

88 .7  
! 88 .7  

-+----
• C 6 3.3 44 87.8 
a C 9 2 .8  37 86.9 
• c 12  2.7 36 86 

_ .  - - --

I • c 1 5  0 .3 4 85 . 1 

( Texas Wa t er Qua l i t y Boar d ,  19 7 5 )  

Time 0720 

Time 

I Condo 
p H  umhos 

fern 

7. 0 330 

�l 3� 
6.85  330 
6.8 345 
6 .8  345 

1 905  
Alk. 

Phen. 

0 
----

I 

Tot. 

4 2 
---

-- f----6.8 3800 

D . 8 - 7  

Station 1 

Note : S ample station locations are shown in Figure D . 8 - 1 . 

Explanat ion o f  the super s c r ipts is found in Table D . 3 - 3 . 

1 035 



Tab l e  D . 8- 5 . F l ow F i e ld Wat er Qua l i t y  Mea surement s for 
Taylor Bayou a nd I t s  Tr ibut ar i e s  ( Cont i nued ) 

Station 2 
Depth D.O. 

ft. 
Temp. 

o f  pH 

( Texas Wat er Qua l i t y  Boar d , 19 75 ) 

Time 0645 Station 2 Time 

Condo I Condo 
umhos Alk. Depth D.O. Temp. pH umhos 

1 000 
Alk. 

lem r--------�--_l ft. r------.• �-----.j 0 F lem �--__ �m�n��I �%�S�a�t.��--_+---
-

4_-
-

--��P.'..'h�en�.��T�ot�. 1_----�m��1�.�o/c�oS�a�t. �--��--�-----+P�h�e'!..n.�-T�o�t�.-
• C I. e ��1--+-....:3:.:.:.2=_+--4:...:2:.....J____..:8::.:5:.:..::...1 J____..:6::.:.-7:...--+-�28::.:0:........+-0.'--�.l8- __ 1:....-+-....:3:'.: .... 1_--1. _41 � 6.8 _.1.2_0... _ 0... _ _  4_1 _ B C • e 3 3.2 42 86 6 .8 280 3 3.0 39 t 86  6 .8  ! 290 

II-----+----+-----+---+----t----· ----- r--- - .- ---- ---- -t - - - - -- - ---j- - - -- - ---- - -a e  B C  I I 1 1_�6 __ +_�2..::..8��3..:...7��8...:.6��6..:....8��1 �2�8....:0--_l__--+_-�....:6:....._+�2�.7�4-:3�6:.....�8::.:6:.....-+6::.:.�8-- 290 
• e 9 0.8 1 0 85 .  i I 6.6 290 I • e I I 9 1 . 5  19 1 85 . 1  6 . 7  I ,00 

!��1�4��0== __ �_�S�t.�ti�Qn�-=-�=2�����-r __ � ___ r-�T�im�e�;1=�=3=0==� __ -l \.-__ -2st�a�tio�n==2==::r_- .--__._---_r-Time I CQnd. \ Depth D.O. I Temp. Condo Alk. D
c
_f_t ___ �mlKL!.RII-

D

_I_

.O
'!§;,�s'�atL... --I---

T
_
e
_
m
o _  FP '-+ __ 

P
_

H 
__ 

+
_
U
_�_�_OS.;I

f-'=p;'h-
c
£!:.-n!c..-

A
_
...

,
I

+

k
-...!

·
T:(-)ht.-=--=--� __ It_. -+1-.'..'-m�.:;JII�+o'!:.%-o�s",a-t::. �+-O_F __ -t-__ P_H-t __ 

U
_�_�_o_s �::p-,�-=-e-�-"--'--�I -T-o-t. -t 

1--- 1 t--� _5.1. _ �.2��,7--1 340 i 0�L...:1=---I-_4"'::"::'�-l-_6-_..:...6�--....:..9_1_.4-l-_6_.9�+-' _3_1...:.5 
__ + __ 0 __ -!--_44 _ 

3 3·0e 40 ' 86 .9  ' 6 .7 I 320 I I 3 2.8 38 88 .7  6 . 75  300 
1---_ _  - --- -f--- ----� . 

I -r----r----tl---�-.-c+----+-----+---+-----+----6 ?\C 
I 

33_..j_--,8:.:,6�-+-'!..6.'-'--71_34 __ _ t ____ I __ 
6_-+-_1_�-7-'el---2-2-1--8-6--+---6-.7-... ' _3_1_5 ___ -+-. ____ -+-__ _ --:--- ;;1-: . 8 5 . 1 ' 6 . 7  . 1  32() ' I 9 1 .3 1 7 85. 1 6 .65 ! 320 I 

Station 2 Time 2030 SUtion 2 Time 1 Condo Condo 

01 20 
Depth D .O.  :emp. oH umhos Alk. Depth D.O.  Temp. pH umhos 

ft. r--------r---1 0 F lem f-------r--_l ft. I----�-----I 0 F lem f-----�------I I __ __+�m�g/l- J%�S�a�: .-L ____ � ____ � ____ 
-

+P�h�e�n.��To�I=--+-____ �m�.IiI��%�S�.�t.� ____ _+---+---_4�Ph�e�n�. _+�T�ot�._; 

Alk. 

• C a C 1 4 . 2  �5�6 __ �8�7..::..8=--�6� . ..:...9-+...:2..:...9..::.0-��0--� --4�2_4---1--_+-3�.-1_+--4_1 -+ __ 8_6._9_+-6-.8-5--+--29-0--�---+----� ---------r;-;- a C 3 I 3. 7 __ � _��2.. +--6_. 9_-+-_2_9_0_1-__ +-_---1�-3 -+-3-.-1 �_4_1_l---8_6_. 9--+_6_.8_5_+-_29_0--1,_+_---1 
I B C 6 2�0 C 27 1 8 6.9 6.7 290 6 1 .8 

9 a C 1 . 2  
Station 2 1 6 

Depth D.O. 

6.7 300 
Time 0700 
Condo Alk. pH ft. 

Temp. 
o f  umhos 

1�-__ �m�"��II-+�%2S�at�. _4---�---+_--/e
-
m--��p�h-e�n-'i�-T-o-t .-1 

a C 1 2.7 36 86 6 .85 I 295 , a C 3 2_7 36 
B e 6 2.7 36 86�5t��- -- -- - -- -

I 86 I 6 .85 i 295 i-- --.-
• e I 11----_9_+_1=-. 3-,-l-_1_7----1�8-6_+_6_. 7_5....;1 __ 2 9-'--__ -- ---1 ---
a C 1 2  0 .95 1 2  85. 1 6 _7 3 1 0  

0 . 8 - 3  

9 a C 1 .0 
24 
13  

86.9 6 .75  
8 5  6 .75 

Note : Sample stat ion locat i ons are shown i n  Figure 0 . 8 - 1 . 

295 
3 10 

Explanation of the superscr ipts i s  found in Table D . 3 - 3 .  



Tab l e  D . S - 5 . 

Station () 

Depth D.O. Temp. pH ft. o f  
� % Sat. 

I 5 . 1  6 6  85 . 5  7 .4 
a c  5 4 .6  60 85 . 5  7 .4 I a c  I 8 0 .0  0 82 .4 7.2<; I 

Station 6 
Depth D.O. Temp. pH ft. o f  

mgjl % Sat. 

1 1 4 . <:;  1 96  89 .6  8 .8  
ac 5 3 .8 50  86 7.4 
ac 8 0. 1 1 84 .2  7 .2  

Station 6 

F l ow F i e l d  Wat er Qua l i t y  Measurement s for 
T ay l or Bayou and I t s  Tribut a r i e s  ( Conc l ud e d ) 
( Texas Wat er Qua l i t y  Boar d , 197 5 ) 

Time 07 50 
Condo 
umhos Alk. 
lem Phen. Tot. 

320 0 I 6 6  

l-325 -- -
-380 I 

Time 1 840 
Condo Alk. umhos 
lem Phen. Tot. 

340 9 6 7  -_ . -35 5  
- ----375 

Time 1 4 35 

Station 6 Time I Condo Depth D.O. Temp. pH umhos ft. o r lem m.zll_ Yo5���t---
1 6 . 2  82 _ {Y_6_ 7 . 5  320 

--5-T�.;-� - . _-
-

-
-r- -

5 1  ; 8 5 . 1  �--1��-; - r-- - oj j 
1 I 82 .4 

Station 6 
Depth D .O. Temp. 

ft. o F "'8/1 % S"t. 

1 �G8.7 1 9.6 -. 
a c  I 5 4 .2  �� _J8!_.�_ - - -- ---_. 
a c  1 8 6 8 1 . 2  1 6  

Station l:! 

7 .3 340  
r - +- -- - -, 7 . 2  I 375  

Time I Condo 
umhos pH 

lem 
. 8 .6  340 - ---

7 . 5  360 
. ;�3----1 3;�·-- 1 

Time 

I 

1 1 00 
Alk. 

Phen. Tot. 

0 6 2 --
--

-
--

-----
�-

-
-2025 

Alk. 

Phen. Tot. 

1 6 5  -- -
---

- --- - --

Q2QQ 

i Depth 
Condo Depth D.O. Temp. Condo Alk. D.O. Temp. pH umhos Alk. ft. o f  pH umhos 

I 
I 

ft. 
rrWi O F  lem % Sat. Phon. Tot. 

I 
I 1 1 .4 1 5 4  88.7 8.3 

-i ::: I 2 6 5  . _ - t--- . -- ---- -
- ---a C  5 3.4 44 85 . 1 7.3 - - - - - +---a C  ! 380 I 8 0 .2 3 il2.4 7 .2 

Station 14  Time 1 1 30 I Condo Depth D.O. Temp. pH umhos Alk. 
ft. o F lem mgjl % 5,,1. Phen. Tol. 

1 4.8 63 86 .9 7 .6 260 0 60  ---- -
-- ----

a c  5 3.6 47 I 86 7 .6  270 � . _-

-
-

-+--
-

--_. 
�- --.+-.- - - - _ .  -- -a c 39 [ 8 5 . 1  7 . 5  3.0 7 .6  I 270 I I . 

Station H Time IZ55 

Depth D.O. Temp. Condo Alk. pH umho5 ft. ° F lem m...&L! % Sat. Phen. Tol. 

1 6 .7  91  89 . 1  7 .4 I 270 0 54 
· c  6 .95 1 5 2.9 38 86.4 270 
a c 1 0  2 . 1  27  85 . 1  6 .85 270 

D . 8 - 9  

mgjl % Sat. 
a c 1 4 . 1 5 5 5  8 6  
a c 5 3. 1 46 86 
a C 7 . 5  ' 3 . 1  40 84.2 

Station 1 4  

Depth D.O. Temp. 
fl. O F  

mR/1 % Sat. 

1 6.0 8 1  89.6 . .  
a 5 1 .4 1 8  8 6  

t---9 a 1 . 0  1 3 85 . 1  
Station l:l 

D.O. Depth Temp. 
ft. ° r mgjl % 5.1. 

1 7 .8 1 05 88.7 
• c r---5 4.3 57 86.9 --. c  1 0  2 .2 29 8 5 . 1  

lem Phen. 1 Tot. 

6 .9 : 300 0 60  .-i 6 .8  I 300 -�t-+--6 .8  I 300 . r  
Time 1 420 

I � Condo 
pH umhos Alk . 

! lem 
I 7.25 1 330 

Phcn. l I<.'L....... O _� 6 .9 
6 .75  

pH 

7 .2  --7 .0  
t-----6.9 

i 330 I 
I I I 
! 330 ! , 

Time 20 1 0  I Cond
- -

umho5 Alk. 
lem 

Phen. TOl . .. 
270 0 56  t------t----

-
-

-
-

.
_

-
_

. 

270 
270 ----- -- - - -

Note : S ample s tat ion locat ions are shown in F igure D . 8-I . 

Explanat ion of the supers cripts is found in Table D : 3 -3 . 



t:J 
OJ I I-' o 

Tab l e  D . 8- 6 . Lab Wat er Qua l i t y  Ana l y s e s  and o t her M is c e l l aneous Dat a 

( Texas Wat er Qua l i t y  Bo ard , 19 7 5 )  

Laboratory Water Anal yses (mg/1)  

Station 

Taylor Bayou 

Taylor Bayou 

Hil lcbrandt Bayou 
, Taylc,r I:layou-

North Fork 

South Fork 
Mayhaw Bayou 

c: t;  � C -"l  '':: s:: ::; 
a i  :LO u 

46 

2 39 
() 4 2  
1 4  29 
] 5 26 

20 42 
2 1  56 

u 
� -:; V> 

27  

23  
28  
23 
2 1  

2 1  
29 

T r i b u t a r y  F i e l d  Measu remen ts 

S r a t i o n  
N U lllhn Tribu t a r y  

V> c: r 

] 56 

1 4 1  
1 67 
1 2 9  
1 22 

145 
1 96 

1 5  N o r t h  F o r k  o f  T a y lor I 
2 1  I M a v h .l w  I b v ( ) u  

F c c a l  Co l i form Data 

S t a t ion Number 

Fecal Col i form 
No. / 1 00 ml  

2 0  

I 

2 
4 0  

0 
� � -" -" 
Cl. � Z 7-, � ::: 0 z 

f -" :-, .., Cl. :r: 0 0 :2 ,.:. :\ z z z 

0 .6 ]  c 0 .38 <0. ]  <0.05 0.04 1 .0 

0.6 c 0 .38 < . ]  < .05 <.03 0 .9 
2 . 0c  1 .5 0.4 0.06 0 .2 1  (J .8 
O .-74c 0 .33 < . 1  <0.05 0.1 1 . 2  
0.38c 0.07 < . 1  < .05 0.04 0.8 
0.34c 0.03 < . 1  <0.05 <0.03 0.8 
0.33c 0.08 < . 1  <0.05 0.03 1 .2  

TeJIl pna t u re Dissolved O x.  ygCll  
.o F  rng/l  I 'Ii) Satu rat ion pH 

I 
8 

I � () 5 . 9  7 7  7 . 5  

R R  7 ') 1 0 5 7 . R  

1 4 1 5  ---0--;;1 3 0  j 6 
3 0  4 0  5 0  

Note : S ampl e  station locat ions are shown in Figure 0 . 8 - 1 .  

Explanat ion o f  the superscripts i s  found i n  Table 0 . 3 - 3 . 

.,., 
g a 0 r CO 

] 8  1 .5 

] 8 1 .0 
1 5  6 .5 
17 2 .5 
1 6  3.0 
1 5  3.0 
16 5 .0 

Time 1 

( hours) 

1 0 1 5 

1 4 1 0  

." . .,., � a  til til "," 0  til til ... '" r > 

0.5 35 6 1 

0.5 32 7 I 
2 .0 20 6 1 
1 .0 3 1  

1; I 1 .0 39 
1 .0 19 : 1  2.0 32 



Tab l e  D . 8- 7 . Sediment Anal yses , Phy s i co -Chem i c a l  Parame t e r s , 
Heavy Met a l s  and Pes t i c i de s  

( Texas Wat er Qua l i t y Board , 1975 ) 

S c d i m c l l t  Ph ys ico- chem ica l  A n a l yses 

S Cl t i O I l  N u m ber  
PaLl m l' t c r  1 
CO! ) ( m g  k g  1 1 , ] ( ) ( )  
1 0 J )  ( ll1 gi l i J () C) 
Tuta l  Ph os p h a t c  : m gl k g ,  1 . 9 () () 
KJ c l N i t rogc l l  m g/ k g  1 . 7 3 0 9 

V ol a t i l e  S o l i d s  ( ';-;)j 7 . 5  
o i l  &. C re a s e  ( I l lg/ k g :  1 J . 2 0 0 9 

2 
-W , SO()  

1 () 1 . 5 
1 J ) ( j ( )  
L1 1 0 9 

4 , K  
() 3 () 

() 
7 4 . 2 ( )O u 

� -

- L 5 00 
2 . 3 7 0 9 

9 . 3 
1 . 2 1 0  

Sediment  Heavy Metal  A n alyses ( mg/ kg) 

1 4 

5 J , 4 (J () 9 

3 6 7  
1 . K O O  
J , 1 0U 9 

K . 8  
4 9 0  

Station Number 
Parameter 1 2 

I I  
6 I '  1 4  I I 

Arsenic 2 . 5  3 . 1  2 . 2  i 2 . 0  

Cadmium <1 <1 <1 I <1 

Copper 6 . 9  1 1  2 3 8 .3 I 
Chromium 43 4 4  5 6  Ii 5 '  L. 

Lead 90 u 3 9 I 7 5 9 2 5  I I Merc u ry 0. 1 1  0 . 08 I 0 . 3 6 0 .06  

Manganese 2 8 0  3 8 0  i 340 t 230 : 
Nickel  1 5  1 8  i 1 8  1 7  , iI i I 'I Silver 1 I 1 , 3 

II 
2 

Zinc 8 1 9 
! 6 8 9 ! 1 7 0 9 II 66 9 

: 1  

D . 8 - 1 1  

Note : Sampl e  stat ion locat ion s are shown in F igure 0 . 8-1 . 

Expl anation of the superscrip t s  i s  found in Table 0 . 3 -3 . 



Tab le D . 8- 7 . Sediment Ana l y se s , P hy s ico -Chem i c a l  Pa rame t e rs , 
Heavy Met a l s  and Pest i c i de s  ( Conc luded ) 

Parameter 

Silvex 

Aldrin 

Chlordane 

DDD 

DDE 

DDT 

Diazinon 

Dieldrin 

Endrin 

Heptachlor 

Heptachlor 
Expoxide 

Lindane 

Methoxychlor 

Methyl  
Parathion 

Parath ion 

Toxaphene 

PCB 

( Texas Wat er Qua l i t y  Bo ar d , 1 97 5 )  

Sedimen t Pestic ide Analyses  ( ).l gjkg )  

1 2 

* 0 . 0  

* 0 . 0  

* 0 . 0  

* 0 . 0  

* 0 . 0  

* 0 . 0  

* 0 . 0  

* 2 . 7  

* 0 . 0  

* 0 . 0  

* 0 . 0  

* 0 . 0  

* 0 . 0  

* 0 . 0  

* 0 . 0  

* (l . 0  
II 

* 1 8 . 0  

6 

0 :0 

0 . 0  

0 . 0  

3 . 9 

3 . 1  

0 . 0  

0 . 0  

1 0 . 0  

(l . (l 

(l . 0  

0 . 0  

0 . 0  

0 . 0  

(J . O  
(l . 0  

0 . 0  

� . 
) 9 . 0  

1 4  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 4  

O . (l 

0 . 0  

(l . 0  

0 . 0  

(l . 0  

(J . O  
(l. O 
0 . 0  

24 .�  

* Sample contaminated with o i l  residue - analysis n o t  possib l e .  

0 . 0  indicates none detected in sample .  

D . 8 - l 2  

Note : Sample s ta t ion locat ion s are shown in Figu re 0 . 8 - 1 .  

Explanation of the super script s i s  found in Table 0 . 3 - 3 . 



* *  
Table D . 8 - 8 . Water Qual i ty Data for S a lt Bayou 

. + Concentrat�on 

F ield Measurements 

pH 
Temp ( O C )  

DO (mg/ l )  
Conduc tivity (\lmhos/cm) 
Turbid ity ( JTU ) 

Lab Measurements 

Phen . AlK (mg/l ) 
TSS (mg/ l )  
T-Pho s . ( mg/ l )  
pH 
VS S (mg/l ) 
O-Phos . (mg/ l )  
Total Alk . (mg/ l )  
Ammonia N (mg/ l )  
Conductivity ( \l mhos/cm) 
Nitrate N (mg/ l )  
Chloride (mg/ l )  
TOC (mg/ l )  
Su lphate (mg/l ) 
Total Co li form ( # / 1 0 0  ml ) 
Fecal Co li form ( # /1 0 0  ml ) 
BOD S (mg/ l )  

Sample S tation C 

7 . 0  
2 4  

6 . 0  
18 5 0  

1 3 0  

0 
7 4  

. 1 9 c 

7 . 0  
2 3  

. 0 3 
4 8  

. 0 8 c 

1 8 3  

. 1 0 f 

2 6 0 0  
2 7  
8 2  

1 7 0 0  
1 3 6  

8 

D . 8 - 1 3  

Sample Station A 

8 . 6  
2 5  

7 . 7  
1 7 0 0  

1 8 5  

0 
1 3 9  

. 2 4 c 

7 . 9  
2 6  

. 0 2 
4 8  

. 0 1 
2 1 0  

. 1 4 f 

7 5 0  
3 2  
5 6  

1 7 0 0  
< 1  

4 



Table D . 8 - 8 . water Qua l i ty Data for Salt Bayou 
( Continued ) * *  

. + Concentratl.on 

Metal s ( \lg/l ) Sample S tation C Samp le Stat ion 

Arsenic < 2 0  < 2 0  

Bar ium < 5 0  < 5 0  

Boron < 1 0 0 0  < 1 0 0 0  
* * 

Cadmium < 2 0  < 2 0  

Copper 5 0  2 0  

Chromium < 2 0  < 2 0  

I ron 1 2 0 0  5 9 0 0  

Lead < 2 0  < 2 0  

Mangane se 2 0 0 f 3 7 0 f 
* * 

Mercury < . 5  < . 5  

Nickel < 2 0  < 2 0  

Selenium < 2 0  < 2 0  

S i lver < 2 0  < 2 0  

Z inc 7 0e l 2 0 e 

D . 8 - l 4  

A 



Table 0 . 8 - 8 . Water Quality Data for Salt Bayou 
( Conc luded ) * * 

. + Concentratlon 

Pestic ides and 
Re lated Compounds ( W g/l ) 

Sample S tation C Samp le Station A 

2 , 4 -0 < l O f < l O f 

2 , 4 , S-T < l O f < l O f 

S i lvex < l O f < l O f 

* * < 0 . 0 2 < 0 . 0 2 Hep tachlor 
* * < 0 . 0 2 < 0 . 0 2 Heptachlor Epox ide 
* * < 0 . 0 2 < 0 . 0 2 Lindane 

Malathion < 0 . 0 2 < 0 . 0 2 

Methoxychlor < 0 . 0 2 < 0 . 0 2 

Parathion < 0 . 0 2 < 0 . 0 2 

PCB < * 
1 . 0  * < 1 . 0  

* Judgment not po s s ible with these " l e s s  than " values as 
detection l imits were higher than EPA recommended c r i teri a .  

+ Explanation of the super scripts i s  found in Table 0 . 3 - 3 . 

* *  Samp ling and analys i s  provided b y  Texas Water Qua l i ty Board 
upon FEA request . 

0 . 8 - 1 5  



Table D . 8 - 9 . Sediment Qual ity Data for Salt Bayou* *  

Metals (mg/kg ) Sample 

Arsenic 5 . 7  
B ar ium 2 7  
Cadmium < . 8 7 
Copper 1 7  
Chromium 1 5  
Lead 1 4  
Mercury . 1 8 
Manganese 7 4  
Nickel 7 . 4  
Selenium < . 8 7 
S i lver < . 8 7 
Z i nc 2 8  

Other Parameters (mg/kg ) 

T-Pho sphorus 1 7 0  
COD 7 4 0 0 0g 

K j -N 1 2 3 8 g 

Vo latile Solids 6 . 9x l O  4 

Oi l & Grease 4 7 2  

. + Concentratl.on 

S tation C Samp l e  

4 . 3  
8 . 5  

< . 4 3 
5 . 9  
5 . 1  

1 0  

< . 0 5 
7 0  

4 . 9  
< . 4 3 
< . 4 3 

2 3  

4 3 0  
6 7 0 0 0g 

1 2 6 7g 

7 . 1xl O 
3 5 7  

D . 8 - 1 6  

Station A 

5 



Table D . 8 - 9 . Sed iment Qual ity Data for Salt Bayou 
( Conc luded ) * *  

Pesticides and 
Re lated Compound s ( � g/kg ) 

S i lvex 
Aldrin 
Chlordane 
DDD 
DDE 
DDT 
Diaz inon 
Die ldrin 
Endrin 
Heptachlor 
Heptachlor Epoxide 
Linane 
Methoxychlor 
Methyl Parathion 
Parathion 
Toxaphene 
PCB 

Concentration+ 

Sample S tation C S ample S tation A 

< 2 0 . 0  
< 1 . 0  
< 2 0 . 0 
< 5 . 0  
< 5 . 0  
< 5 . 0  
< 5 . 0  
< 3 . 0  
< 3 . 0  
< 1 . 0  
< 1 . 0 
< 1 . 0  
< 2 0 . 0  
< 5 . 0  
< 5 . 0  
< 5 0 . 0 
< 2 0 . 0  

< 2 0 . 0  
< 1 .  0 
< 2 0 . 0  
< 5 . 0  
< 5 . 0  
< 5 . 0  
< 5 . 0  
< 3 . 0  
< 3 . 0  
< 1 .  0 
< 1 .  0 
< 1 .  0 
< 2 0 . 0 

< 5 0 . 0  
< 2 0 . 0 

+ Explanation of superscripts i s  found in Table D . 3 -3 . 

* *  Samp ling and analys i s  provided by Texas Water Qua l i ty Board 
upon FEA reque s t . 
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Tab le D . 8 - 1 0 . water Qual ity Data for Sp indletop D itch 
( S amp le S tation D ) * *  

F ie ld Measurements 

DO (mg/ l )  

Cond o ( �mho s/cm ) 

Turb idity ( JTU ) 

Lab Measurements 

Phen . Alk . (mg/ l )  

T S S  (mg/ l )  

T-Phos . (mg/ l )  

pH 

VSS (mg/ l )  

Ortho-Phos (mg/ l )  

T .  Alk . (mg/ l )  

Ammonia N .  (mg/ l )  

Cond o ( �mho s/cm) 

Nitrate N (mg/ l )  

Chlor ide (mg/ l )  

Total Co l i form ( # / l O O  ml)  

Fecal Coli form ( # / 1 0 0 ml ) 

TOC (mg/ l )  

S ulphate (mg/ l )  

BOD 5 (mg/ l )  

D . 8 - 1 8  

. + Concentratlon 

8 . 6  

2 6  

8 . 9  

8 8 0 0  

3 2  

0 

2 2  

. 0 7 c 

7 . 5  

8 

. 0 2 

5 8  

. 0 4 c 

1 0 0 0  

. 4 4 f 

2 8 5 0  

2 0 0 0  

1 0  

1 1  

4 0 1  

4 



Table D . S - 1 0 . Water Qua l i ty Data for Sp indletop D i tch 
( S amp le Station D )  ( Continued ) * *  

Me ta l s  ( )lg/l ) Concentration + 

Arsenic < 2 0  

Bar ium < 5 0 f 

Boron < l O O O f 

Cadmium < 2 0 *  

Copper < 2 0  

Chromium < 2 0  

Iron 5 S 0  

Lead 4 0 e 

Manganese l S O f 

Mercury < . 5 * 

Nickel 3 0  

Selenium < 2 0  

S i lve r < 2 0  

Z inc 7 0 e 

D . S - 1 9  



Table D . 8 - 1 0 . Water Qua l i ty Data for Spindletop D itch 

( Samp le S tation D )  ( Conc luded ) * *  

Pesticides and 
Re l ated Compounds ( � g/ l )  

2 , 4 -D 

2 , 4 , 5-T 

Si lvex 

Heptachlor 

Heptachlor Epoxide 

Lindane 

Ma lathion 

Methoxychlor 

Parathion 

PCB 

. + Concentratl.on 

< 0 . 0 2 * 

< 0 . 0 2 * 

< 0 . 0 2 * 

< 0 . 0 2 

< 0 . 0 2 

< 0 . 0 2 

< 1 . 0 * 

* Judgment not pos s ible with the se " le s s  than values 
as detect ion l imits were higher than EPA recommended 
cr iteria . 

+ Exp l anation of the super scripts i s  found in Table D . 3 - 3 . 

* *  Sampl ing and a nalys i s  provided by Texa s  Water Qual i ty 
Board upon FEA reque st . 
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Table D .  8 - 1 1 . Sed iment Qua l i ty Data for Sp indletop D i tch 
( S amp le S tation D ) * *  

Meta l s  (mg/kg ) 

Ar senic 
Bari um 
Cadmium 
Copper 
Chromium 
Lead 
Mercury 
Manganese 
Nickel 
Selenium 
S i lver 
Z inc 

Other Parameters (mg/kg ) 

T-Phosphorus 
COD 
K j -N 
Vo latile Sol ids 
O i l  and Grease 

D . 8 - 2 1  

. + Concentratl.on 

2 . 9  

2 6  
< 1 .  2 
2 9  
2 2  
2 9  

. 2 8 
1 0 5  

1 4  
< 1 . 2 
< 1 . 2 
s s g 

5 7 0  
1 0 0 8 2 0 0g 

l S 8 Sg 

7 . 7  x 1 0 4 

1 6 S 9g 



Tab le D . 8 - l l . Sediment Qua l i ty Data for Spindletop D i tch 
( S amp le S tation D )  ( Conc lude d ) * *  

Pesticides and 
Re lated Compounds ( � g/kg ) 

S i lve r 
Aldr i n  
Chlordane 
DDD 
DDE 
DDT 
Diaz inon 
Dieldrin 
Endr in 
Heptach lor 
Heptachlor Epoxide 
Linane 
Methoxych lor 
Methyl Par athion 
P arathion 
Toxaphene 
PCB 

. + Concentratlon 

< 2 0 . 0  
< 1 .  0 
< 2 0 . 0  
< 5 . 0  
< 5 . 0  
< 5 . 0  
< 5 . 0  
< 3 . 0  
< 3 . 0  
< 1 .  0 
< 1 .  0 
< 1 .  0 
< 2 0 . 0  
< 5 . 0  
< 5 . 0  
< 5 0 . 0  
< 2 0 . 0  

+ Exp lanation of the super scripts i s  found in Tab le D . 3 - 3 . 

* *  S amp l ing and analy s i s  provided by water qua l i ty board 
upon FEA reque s t . 
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APPEND IX D . 9  

WATER UT I L IZAT ION 

Append i x  D . 9  cont a i ns data on wa t er pumpage 

in Ca l c a s ieu Par i sh and Cameron Par i sh in Lou i s iana and 

Jef fer son County in Texa s . 

D . 9 - 1  



T ab l e D . 9- 1 .  Wat er Pumpage i n  C a l cas i eu Par i s h  
Lou i s i an a  ( mg d )  

( Lou i s i an a  Geo lo g i c a l  Survey , 197 0 )  

Use Cat egor� Gro und Sur fa c e  

Pub l i c  Supp l i es 12 . 9 1 0 

I ndust r i a l  1 2 0 . 28 642 . 2 8 

Thermoe l e c t r ic 5 . 44 0 

Rura l : 

Dome s t i c  2 . 66 

L ivest ock . 12 0 . 29 

I rr igat ion : 

R i c e  6 5 . 74 167 . 7 2 

O t h er 0 0 

TOTAL 
2 0 7 . 15 8 09 . 8 0 

0 . 9 - 2  



T ab l e  D . 9- 2 . Wat er Pumpage i n  C ameron Par i s h  Lou i s i an a  ( mg d )  

( Lou i s iana Geo l o g i ca l Surve y , 1 9 7 0 ) 

Use Cat egory Groun d Surf a c e  

Pub l ic Supp l ie s  0 . 70 0 

I n dustr i al 4 . 8 3 1 1 . 75 

Thermo e l e c t r i c  0 0 

Rur a l : 

Dome s t i c  . 49 

L ivestock . 16 . 34 

Irr igat ion : 

R i c e  5 . 1 0 2 9 . 3 2 

Other 0 0 

TOTAL 1 1 . 2 8  4 1 . 4 1 

Tab l e  D . 9- 3 . App rox imat e Ground Wat er Pumpage i n  Je f f erson 
Count y ,  Tex as 

( Texas Wat er Deve lopme nt Bo ar d , 19 7 1 ) 

Use C at egory Pumpage ( mg d )  

I ndustr i a l  3 . 1  

Mun ic ip a l  1 . 0  

I r r igat i o n  . 5  

TOTAL 4 . 6  

D . 9 - 3  





APPENDI X  D . 1 0 

D I SCHARGE DATA 

FOR 

I NDUSTRI AL AND MUN I C I PAL WASTES 

This app e n d ix con s i s t s  of t wo t ab l e s . Tab l e  D . 1 0 - 1  

po int s o u t  d i s c harge dat a f o r  was t e s  emp t y i n g  i n t o  t h e  Cal c a s ieu 

River est uar i n e  region dur i n g  1 9 6 9 . Tab l e  D . 1 0 - 2  presen t s  s im i l a r  

dat a f o r  was t e s  d i sc harged i n t o  Tay lor Bayou a n d  it s t r ibutari e s . 

0 . 1 0 - 1 



Quantity and Quality of Industrial Waste Emptying 
Into the Estuarine Part of the Calcasieu River - 1961 

( Louis iana Wildlife and Fi sheri e s  Commi s s ion , 1 9 7 1 )  

Source o t  Wa ste , 
Principal Products 

Louisiana Menhaden-

Receiving Waters 

fish oil . . . • . . • . • •  :-. . • • •  Calcasieu River 
Gulf Menhaden- ' 

f i sh o i l  . • . . . . . • . • . . • • • .  Calcas ieu River 
Ocean Pro tein , Lake 
Charles-fish oil . . • . . • . .  Calcasieu River 
Olin l1athi son-
Chemicals • . . • • . . • . . . • . . •  Calcasieu River 
Petroleum Chemica l s ,  
Inc . -petrochemicals . • • . •  Bayou D ' Inde to 

Calcasieu River 
Continental Oil Co . -
complete ref inery . . . • • • .  Calcasieu River 
Tenneco Refinery -
Naval stores products . •  , Calcas i eu River 
S tauffer Chemicals -
Vinyl clorides • • • • • • • . . .  Calcasieu River 
Columbia Southern -
Chemica l s  • . . • • . . . • • • . • . •  Calcasieu River 
Herculese Corporation -
Petrochemica l s  . • • • • . • . • •  Ca lcasieu River 
Fire stone-synthetic 
rubber . . . • • • . • • . • • • • . • . •  Calcasieu River 
Louisiana Polymer Corp . -
Polyethylene . . . . • • • • . • • •  Calcasieu River 
Cities Service Refinery-
Petrochemical and 
Petroleum refi nery • • • • . •  Calcasieu River 
Davidson Chemical-
Inorganic c hemicals • • . . •  Calcasieu River 
Union Texas Petroleum-
sulphur mine (Frasch · 
proc e s s )  • • • • • • • • • • • • • • • •  Bayou D ' Inde to 

Calcasieu River 

Avg . 
Daily 2 Dis- Sewerage 
charge Disposal 
(mgd) Fac i l i ties 

Unk . Unk . 

Unk . Unk . 

Unk . Unk . 

115 . 200 Unk . 

0 . 720 Unk . 

1 2 . 960 Unk . 

Unk . Unk . 

0 . 720 Unk . 

270 . 000 L T .  

0 . 720 L .  

0 . 820 L T .  

0 . 170 Un.1< . 

288 . 000 O . P .  

0 . 576 Unk . 

Unk . Unk . 

Est imated 
Indus- Pounds 

trial BOD Dis-
Waste 3 charged 

Facilities Daily 

C . B .  Unk . 

Unk . Unk . 

Unk . Unk . 

I . R .  Unk . 

C . S . R .  Unk . 

S . B .  Unk . 

I . B . S .  Unk . 

N . R. Unk . 

R . T .  Unk . 

F . R . S .  1 ,  700 

S . B . S .  7 5 0  

S . G .  Unk . 

H . P . S .  1 , 7 5 0  

Unk . Unk . 

R . S . A .  Unk . 

l Information on source s ,  amounts , and degree of treatment of waste obtained from the Pol
lution Control Divi s ion , Louisi ana Wild Life and Fi sheries Commi s sion , 1 969 

2 S ymbo l s  f o r  degree o f  treatment : Unk . --Unknown ; P . S . P . --Primary Se ttling Pond ; I . T . -
Imho f f  Tank ; L . --Lagoon ; O . P . --Oxidation Pond . 

3 Symbo l s  for degree of treatment :  B . D . --Betz Dionodic water trea��ent ; I . W . �-Inj ection We l l s , 
separaters , and skimmers ; S . --Save , a l l  solid remova l ;  O . P . --oxidation Pond ; O . w . s . --o i l  and 
water Separato r ;  S . R . P . --Secondary Retention Pond s ;  C . B . --Cooling Basin ; H . T . --Holding Tanks ; 

0 . 1 0 - 2  



Table D.IO� l . (Continued) . ' Quantity and Qua l i ty of Industrial Waste 

W. R . P . --Water Retention Ponds ; I . R . -- Impoundment Reservo i r , solids remova l ;  C . S . R . --through 
Cities Service Re f inery ; S . B . - -Se ttling Basin and strippe r s ;  I . B . S . - - Impoundmen t  Basin and 
Skimme r ;  N . R . --Neutra lization and Removal of dissolved solids ; R . T . --Routine Testing of dis
charge water ; R . F . S . --Fac i l i t i e s  for Reduction in Solids ; S . B . S . - - S e ttling Basin and Skimmer a; 
S . G . --Sump Gathering and burning of hydrocarbon s ;  H . P . S . --Holding Ponds and Skimme r s ;  R . S . A . -
Reservoir , Spray Aeration--removal of H2 S .  

Table D .,l O-l 

Quan t i t y  a n d  Qua l i t y  of Dome s t i c  Wa s te Empty i n g  i n to E s t ua r i n e  A re a s  - 1969 1 
( Lo u i s i an a  I-li l d l i Ee and F i s he r i e s  Conun i s s ion , 197 1 . ) 

Source o f  Was t e  

Cameron 

H a ckbe r ry 

Lake Ch a r le s -

Greenwich TerraCe 

Lake Char l e s  -
A & B , P l an t  

Lake Cha r l e s  -
F i r e s tone 

We s t lake 

Map lewood 

H o l lywood 

Lake C h a r l e s  -

C i t i e s  Service 

Sulphur 

Re c e i v i n g  Wa t e r s  

Ca l c a s i e u  R i ve r  

Ca1ca s ieu Rive r 

Ca l ca s i e u  River 

Ca l ca s i e u  River 

C a l c a s i e u  R i ve r  

C a l c a s i e u  R i ve r 

C a l c a s i e u  R i ve r  

C a l ca s i e u Ri ve r 

Ca l ca s i e u  Ri ve r 

Bayou D ' I n de to 

Ca l ca s i e u  R i ve r  

Aver age 

Da i l y  

Di s ch a rge 
( mgd) 

0 . 2 0 

0 . 0 5 

0 . 35 

7 . 70 

0 . 0 5 

0 . 4 4 

0 . 30 
0 . 0 5 

0 . 60 

1 . 2 0 

2 
DegI:ee o f  
Tre a t me n t  

P . T . 

P . T . 

B . F .  

A . S  

B . F .  

B . F .  

A . S .  

B . F . 

O . P .  

B . F .  

3 
Es t .  Ave rage 

ppm B . O . D . 
in D i s cha rge 

140 

1 4 0  

3 0  

3 0  

30 
3 0  

3 0 
30 

2 5  

30 
l

I n forma t i on on source s , amo u n t s , and de gree of t re a tme n t  o f  wa s te 

the Lo u i s i an a  ' Depa rt me n t  of He a l t h , 1969 . 
was ob t a i ned f rom 

.-

2
s ymb o l s  for de gree o f  t re a tme n t : B . P .  - B i o l o g i ca l F i l t ra t i on ; O . P .  - Oxi dation Pon d ;  
A . S .  - Ac t i vated S l udge ; P . T .  - P rimary Tre at me n t . 

E s t imated
4 

Popu l a t i on 
Se r ve d  

2 , 0 0 0  

5 0 0  

3 , 5 0 0  

7 1 , 300 

5 00 

3 , 3 0 1  

2 75 

5 4 5  

5 0 0  

1 2 , 8 0 0  

3
Based on an e s t i ma t e  th a t  the ave rage B . O . D .  o f  u n t re a te d  dome s t i c  sewe rage i s  2 0 0  ppm ; 

prima ry t re a te d  is 140 ppm ; and s e condary t reatme n t  i s  20 ppm un l e s s  k n own to be h i ghe r .  

4 , .  
l '  Represe n t s the a c t ua l n wilie r o f  dome s t 1 c  sewe rage 1 n s t a l  a t 1 0 n s . 
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Tab l e  D . 1 0- 2 . Wast ewat er D i scharge i n  Tay l o r  Bayou and 
Tr i but a r i e s  

( Tex a s  Wat er Qua l i t y  Board , 1 9 7 5 ) 

Wastewater Dischargers 

Ammonia  p lus  Ortho 
f\:ap BODS Nitrate Ni tro\re n Phosphate 
Code Name Ibs/day Ibs/day3 

A Ci ty  o f  Port Arthur 8 . 9  5 . 6  2 2 . 7  

( Lakeside Park STP) 

B City o f  Port Arthur 7 5 . 0 4 3 . 0  4 8 . 0  

(Port Acres STP) 

C velsicol Chemical  Co . 3 . 9  • * 

0 Cou ntry Side Estates STP 0 . 4 0  
· * 

E J e fferson County WCID 1 0  1 8 . 6  4 6 . 4  7 1 . 4  

STP 

F City o f  Beaumont STP 1 3 9 2 . 8  1 2 6 7 . 4 2 9 6 6 . 6  

G Goodyear Tire and Rubber 2 . 9  • * 

Com pany 

H Country Club Park Estates 0 . 6  0 . 4  0 . 6  

STP 

I Texas Gu l f, I ncorporated * * * 

J Union Texas Petro leum,  1 5 5 . 1  * * 

Division o f  A l l ied Chem ical 
Company 

K Texas A&M U niversi t y  3 . 5  2 . 3  1 . 7  

Research Extension Center  
STP 

* Nutrient Data Not Avail ab le  

D . l O - 4  



APPEND I X  D . 1 1 

SUBSURFACE WATER DATA 

Five f i gures and two t ab l es pert a i n i n g  to subsurface wat e r  qual i t y  

comp r i s e  t h i s  appen d ix . F i gures D . 1 1 - 1  t hrough D . 1 1 - 3 cons ist o f  

cont our maps fo r t h e  approx imat e a l t it ude o f  t h e  1 ,  3 ,  and 1 0  ppm 

d i s s o l ved so l ids sur f a ce s . The p o t ent i a l  wat e r  y i e l d  and aggregat e 

sand t h i ckn e s s  o f  t he s l i ght l y  s a l i n e  wat e r  zone i s  present ed i n  

F i gure D . 1 1 - 4  wh i l e s imi lar i n f o rmat ion for t h e  moderat e l y  sa l in e  

wat er z o n e  i s  presen t ed i n  F i gure D . 1 1 - 5 . The re su l t s o f  chemi c a l  

ana l y s i s  o f  sub surface wat er t aken f rom wat er wel l s  in Cameron P a r i s h  

a r e  i n c luded in Tab l e  D . 1 1 - 1 . T h e  1974 sal t wat e r  d i spo s a l  report 

for t h at s ame p a r i sh is present e d  in Tab l e  D . 1 1 -2 . 

0 . 1 1 - 1 



F i gure D . l l - l  

Approximate Altitude o f  the 1000 mg/l Dissolved-Sol ids Sur face 

V I NTON S ITE 

BLACK BAYOU 
S ITE 

(Winslow , et aI , 1968) 

E X P L A N A T I O N  
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F i gure D .  11-2 
Map Showing App roximate Altitude o f  the 3 , 000 Mi l l igrams 

Per Lit er D i s s olved-Solids Surface 

w 

/ 

V INTON S ITE 

/ 
. � 

P E f. . L I -;';-; -:; _.1 . -. r. . .' /; , . . c. : - - - -; - :�.Fs>·�i· '; ( 
," . '  f :  

____ -100.-----
Water-zone contour 

JO 0 • • • • •  
Shou .. � the 0 ppro.rimate altitude of the  ;U}(}() m illiqra'11' .... )1f' r li tcr dis80{ I'('r!· 

.�olids s u rfuce wh idl define::; fhe IHlse (�( t/lf' sliu!t" .lI-.'ift { ' /u'-l{" u f , . ,  :Ofl f  
anri the top aJ the moderately-sa l i ne- wu t e r  zone. COllt fJII " ; u f nTrt t .  In 
Jed, 1:S v(f1"'iable. Datum is }UNtil :{('Il [(,I'f" 

D . 1 1 - 3  
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li'i gur e D . 1 1 - 3  

App roximate Alti tud e  o f  the 1 0 , 0 0 0  mg/ l D i s s o lved-So l i ds Surface 

V I NTON S ITE  

WEST HACKBERRY 
S ITE  

G U L F  
__ - 800 __ 

(Wins low , et aI , 1 9 68)  

OF 

Water-zone l'on lollr 

11"1C11II[J1II1[]1II1C11II':�E:==========�liO:::::::::::::2r' HILts 

Sho u's the fllJprorimrl/e a / t l f udt' vf tlil' / II,(}/ }{J I/I I/! II/ I 'I I III .<; /WI" /It (' r rl i.'i .'i/iil 't 'd • 
.'iolid.., .'1· (UJ�l("(' whir-II t/(j'i!f(l,<; t h r '  !Ju s/' 1 1/ f lu' I/l U(!,· / I I ! I ' I"·  . ..,·a l i ll (  l l 'att ' l '  
::O!(f '  a n d  tlie (up vf t lit' / '( 'rlj - s d / ," l Ie- II'Ii !( 'r ;: 1 1 1/ 1' ( '01111) /1 1' ; " tl " ' I ' ll l ,  in  
.Ii'd, is (Jl l rIHU/l', na t O Il! is 1fI1'(f /i ,"1 '(1 /1'1 '( "  
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F i gure D . 1 1 -4 
Hap Showing Es tima ted Potential Yield and Aggr egate S and 
Th ickne s s  o f  the Slightly-Sal ine -Water Zone ( 1 , 0 0 0 - 3 , 0 0 0  

mil l i grams per l i ter dis's o l ved solids ) 

(Wins low , e t  al , 1968)  

Note : The potential  yie ld of  an ind iv idua l  \\'('11 is b"spd o n  a d ,."wcloll'n of 100 f"ct a fler aile day o f  p u m ping.  I t  is " h, ''''t, nl('d t h a l  not -:=�����---+-------l 
more than �()O feet of ,and is sel"('('n('u in til(' wI ' I I .  I f  lh,' sand t h ick
ness is Jess than 200 feet.  t i J(>ll th(� f u l l  t h i c k n , ·ss i� a " s l l l lwd to l)(,  

Estimated potential yield ,  
in  gallons per min ute 

WEST HACKBERRY 

G S ITE 
VI..f:" 

___ 1 0� 0 100-500 
gSOO-2000 Lint' of  l'' 1 u,d ag:gT('g:ak salld t h i  .. k lll'.SS 

fnt(' rt" r f. l(/II/n't 
SCALE 1 ' 7 5 0,000 

J 20 • 
Control po int  

m2000-S000 
illIIIJ 5000 -8000 li"(].IC.i1[].KJ • .c°1,==========�li�==========:2il==========�3�?===========�jf Hilts 
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Figure D . 1 1 - 5  

Ma p  Showing Estimated potential Yiela and Aggregate Sand Thickne s s  o f  the Mode rate ly 

Saline-Water Zone ( 3 , 000 to 10 , 000 mil ligrams per liter dissolved s o lids ) 

Note: The 1J0tentiaI  yield of an indivitl uaI well  is b a s�tl on a dra wtlown 

of 100 feet after one day of pumping.  I t  is also assu med t h a t  not 

more than 200 feet o f  sand is screened i n  the w e l l .  If the sand thick

ness is less t h a n  200 feet,  then t h �  full  l hi l' i< n c "  is assu med to be> 
screened. The diameter of the well  screen is assumed to be 12 inches, 

and the screened section is ass u med to be 1 1;0 p p ref'nt e fficient. Th� 

y i elds shown are for indi vitlual wells, and the "stim at(', do not eonsider 
the inte rference effects of pumping fro m otl",r wells.  

The sand thicklwsses were detennined from tht· .. Iee trical logs,  and 

the hydraulic propertie� nre ass u m t�d to 1)(� :l pprox imatply the sa me as 
in the fresh-water parts of the zones 

'i.', . � . " s,. Estimated potential yield, 

'.� in g-ullons per minnte \ 0500-2000 
�2000-5000 
[IIl5000-S000 

.,,-- 100� 
Line of equ:11 ag-greg-ate ,ant! thickness 

Inter/,tli. /IJIJJi 'd 

SCALE 1 :750,000 

(Winslow ,  et ai , 1968)  

ill fret 

, I 

.- ..... � -. ::-. ---- - �-1 . .... f l! 'i,o 

1°iICICJI�[Jr5°5:5:5:5:5::310c:====::==�2�05:5:5:5:5:�==========� • • • • •  I 30 <If HI�t.'i 

10 0 
1 M . I I  1 0  

I 
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Table D . ll-l . Chemical and Phys ical Parameters o f  S everal Wells 
in Cameron and Calcas ieu Par ishes* 

' 

(Winslow , et al , 1968)  

.,. c: .... 0 -
" ... -

1 '8 � - .,. 
N - = " 

... ... 0 '" -
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Tabl e 0 . 1 1 - 2  

SALT WATER D I SPOSAL REPORT 

CAMERON PARISH 1974 

(Wins low , et al , 1 96 8 )  

Average Pressure I n j ection Cumulative 
F i e l d  Number 

Depth Range for Year I n j ection 
o f  Wel l s  ( feet )  ( p s i )  M (bbls )  

CAMERON 

B i g  Lake 1 2 , 046 2 5 0-100 210 , 900 7 21 . 9  
Cameron 1 3 , 3 2 0  700-400 3 , 7 3 8 , 2 3 6  8 , 3 02 . 2  
Chalkley 3 2 , 5 50 5 7 5 -50 1 , 788 , 7 8 9  13 , 84 9 . 7  
Cheni e r e  P erdue 1 1 , 51 5  600-0 9 4 5 , 600 3 , 5 9 0 . 0  
Crab Lake 0 0 C 0 6 9 1 . 3  
Deep Lake 1 2 , 3 7 0  5 5 -Vac 1 , 2 2 3 , 4 3 3  15 , 168 . 1  
E .  Cheniere P e rdue 1 2 , 496 0-0 54 , 7 5 0  86 . 7  
Grand Chen i e r e  2 1 , 7 2 5  5 0 0 - 0  5 3 0 , 000 4 , 000 . 4  
Grand Lake 4 2 , 200 4 50-Vac 2 , 946 , 97 9  24 , 214 . 8  
High I s land 1 10 , 3 14 90-0 1 5 , 68 0  3 5 3 . 6  
John so n s  Bayou 2 1 , 450 1 2 5 - 2 5  12 , 7 7 5  6 7 0 . 6  
Eings Bayou 1 1 , 4 5 5  5 0 - 0  14 , 8 4 0  2 , 2 89 . 1  
La c a s s ine Refune 2 1 , 5 2 3  5 3 6-0 5 8 1 , 18 2  4 , 64 1 . 5  
Lakeside 1 2 , 66 5  -Vac 50 , 6 5 3  1 , 5 9 6 . 1  
Little P ecan Lake 3 2 , 7 5 0  4 5 0 - 0  1 , 3 9 9 , 8 3 3  7 , 66 1 . 4  
Mal l ard Bay 1 1 , 900 3 00 - 2 5 0  364 , 0 2 8  5 , 00 3 . 1  
Mud Lake 0 0 0 0 4 , 0 3 0 . 0  
North Swe e t  Lake 2 3 , 2 5 0  3 5 0-0 147 , 4 5 5  7 0 7 . 4  
Pecan Lake 1 3 , 900 -Vac 1 , 7 3 1 , 441 10 , 0 5 4 . 4  
Sabine Lake 0 0 0 0 668 . 4  
Second Bayou 0 0 0 0 2 , 90 6 . 8  
S .  B lack Bayou 0 0 0 0 2 , 09 1 . 1  
S .  Grand Cheniere 1 3 , 0 22 8-0 7 , 07 6  7 . 1  
S .  Lake M i s ere 0 0 0 0 288 . 6  
S .  Pecan Lake 1 2 , 405 600-0 8 3 1 , 9 2 3  5 , 98 2 . 2  
S .  Thornwel1 1 2 , 780 3 0 0 -0 4 5 4 , 206 3 , 19 1 . 7  
SW Lake Arthur 2 2 , 5 5 0  1 5 0-0 4 1 , 440 9 76 . 5  
Swe e t  Lake 4 2 , 9 5 0  45 0 - 2 0 0  1 2 , 3 2 3 , 8 3 1  65 , 201 . 5  
Twin I s land 0 0 0 0 6 6 9 . 6  
We s t  Hackberry 0 0 0 0 7 3 2 . 0  

PARISH TOTAL 3 7  29 , 41 5 , 0 5 5  1 9 0 , 4 4 7 . 6  
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APPENDIX D . 1 2 

WITHDRAWAL OF WATER FROM BLACK LAKE 

1 .  Change o f  Surface Leve l o f  B lack Lake During Leaching 
Ope rations in the Absence of Rep lenishment Water 

If the lake is completely i so lated from any source of repleni s h
ment water a s imple con servation o f  ma s s  mod e l  can be u sed to 
c a lculate the change in the s ur face level . The governing equation 
i s : 

A dh -Q dt 0 

where 

A :::: s ur face area of B lack Lake 
h :::: s ur face height of the l ake 
t :::: time 
Qo 

:::: vo lumetric wi thdrawal rate from l ake 

Now for leaching the wi thdrawal rate would be 

Qo :::: 3 0 , 0 0 0  gpm 

5 . 7 8 x 1 0 6 ft 3/day 

The s ur face area of the l ake i s  

A :::: 3 . 4 2 5  square mi les 

:::: 9 5 . 5  x 1 0 6 ft2 

0 . 1 2 - 1  

( 1  ) 



Thus 

2 
= - 6 . 0 5 x 1 0  ft/day 

2 .  Change of S ur face Leve l of B l ack Lake During Di splacement 
Operations in the Ab sence of Repleni shment Water 

I f the lake is completely i sol ated as before , Eq ( 1 )  appl ies . 
For this case 

Then 

Qo = 4 2 , 8 7 5  gpm 

dh 
dt 

8 . 2 5 x 1 0 6 ft 3 /day 

-Q o 
-y;::-

- 2  
= - 8 . 6 4 x 1 0  ft/day 

3 .  Applicat ion o f  MIT Water Quality Network Model 

If the lake is s imultaneou s l y  suppl ied with replenishment water 
via Bl ack Lake Bayou and Alka l i  Ditc h , the governing equations 
can only be solved numer i c a l ly . The MIT Water Qual ity Network 
Mod el which is descr ibed in Appendix D . 1 4 has been used to provide 
such a solut ion . A network was developed con s i s t ing of Bl ack Lake , 
B lack Lake Bayou , and Alka l i  D itch . The dimens ions of each water 
body were con s i stent w i th those given in Table B . 3- 2 . F or the 
f ir s t  test case boundary condit ions were es tab li s hed as follows : 

D . 1 2 - 2  



Location 

Junc tion of Alkali 
Ditch and I ntra
coastal Waterway 

Junction of Bl ack 
Lake Bayou and 
Calcas i eu S hip 
Channe l 

Wi thdrawal Po int 
in B lack Lake 

Hydraul i c  

S inusoidal var iation 
of s ur face he ight 
with a range of . 9  
feet , a per iod of 1 2  
hour s , and a lag t ime 
of 6 9 . 3 8 minute s . 

S inuso idal variation 
of sur face height 
with a range of . 9  
feet , a per iod of 1 2  
hour s , and zero lag 
t ime . 

Z ero wi thdrawal for 
9 0  days fol lowed by 3 withdrawal of 9 5 . 5  ft / 
sec for 1 5 0  day s . 

Water Qual ity 

Con stant salini ty 
o f  . 8 7 ppt . 

Constant sal inity 
1 1 . 4 4 ppt . 

Zero d i f fus ive f lux 

Dur i ng an initial 9 0 -day per i od no wi thdrawal of water took place 
and the network o f  water bodies was allowed to approach equi librium .  
The resulting variation o f  water s ur face he ight and s al inity in 

Black Lake dur ing the last 3 0  day s of this start-up pe riod is pre
sented in F igure D . 1 2 - 1 . The distribution of s al inity in Bl ack 
Lake , Black Lake Bayou , and Alka l i  Ditch , at the end of the 9 0- day 
start-up period , is s hown in Figures D . 1 2- 2  and D . 1 2 - 3 . The corres
ponding distribut ion of f low ve loc i ti e s  is inc luded in F i gures D . 1 2 - 4  
and D . 1 2 - 5 . 

Following the start-up period , water was withdrawn f rom the lake for 
1 5 0  day s at a rate of 9 5 . 5  ft 3/sec corre sponding to a di spl acement 
operat ion . The res ulting var iation of wa ter s ur face he ight and 
s a l inity in B l ack Lake is also shown in Figure D . 1 2 - 1 . The dis
tribution of sal inity in B l ack Lake , B lack Lake Bayou , and Alkak i 
Ditch , at the end o f  the I S O - day wi thdrawal proce s s , i s  inc luded 
in Figures D . 1 2 - 2  and D . 1 2 - 3 . The corresponding distri bution of 
f low veloc ities i s  inc luded in Figures D . 1 2 - 4  and D . 1 2 - 5 . 
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Examination of Figure 0 . 1 2 - 1  reveal s  that a fter 1 2  days o f  water 
withdrawal Black Lake reached hydraul i c  equi librium whi le equi l ibrium 
with respect to s a l inity vari ation was achieved after 1 3 0  day s . 

For the s econd test case , the boundary condi tions were the s ame as 
for the f i r s t  except that 2 0  days a fter commencement of withdrawal 
the mean water level in both the Cal cas ieu Ship Channel and the 
Intracoa stal Waterway was depres sed 1 . 6 1 feet for a period of 3 days 
( s imul ating a wind-driven tidal ef fec t) . The resulting varia tion of 

water surface hei ght and s a l i nity in Black Lake i s  shown in F igure 
0 . 1 2 - 6 . A compari son of F i gure 0 . 1 2 - 1  and 0 . 1 2 - 6  ind i cates that the 
reduced water level at the boundary points caused a correspondi ng 
decrease in sur face height in Black Lake . Thi s  decrease lagged be
hind that at the boundary point by 1 day _ Subsequent to the return 
of the water leve l s  at the boundary points to the i r  orig inal va lue s , 
however ,  the sur face height o f  the lake behaved e s s enti al ly the s ame 
as during the corre spondi ng time period in the f i r s t  test case . 

The e f fect on the sal inity hi story wa s l e s s  noticab le , with the 
s a l inity tendi ng to increase s l ightly during the period of reduced 
water leve l . The s a l inity , s ubsequent to the return of the water 
leve l s  at the boundary points , f e l l  below the equi librium value 
ob served in the f i rs t test case , but i t  al ternate ly returned to 
e s sentially the s ame equi librium va lue ( 3 . 4 2 ppt ) . 

The location of the point in Black Lake corre sponding to F igure 
0 . 1 2 - 1  and 0 . 1 2 - 6  is indic ated in F igure 0 . 1 2 - 7 . I n  the same 
f i gure all locations of the s patial orig inas and the paths of the 
spatial coordinates are indic ated for F igure s 0 . 1 2 - 2  through 
0 . 1 2 - 5 . 

0 . 1 2 - 7  
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APPENDIX D . 1 3 

WITHDRAWAL OF WATER FROM CALCAS IEU S H I P  CHANNEL 

The equat ions governing the behavior o f  water in C alcas ieu Ship 
Channe l can only be so lved numerically . The MIT Water Quality 
Network Mode l which i s  desc ribed in Appendi x D . 1 4 has been used 
to p rovide such a solut ion . A network was deve loped con s i s t ing 
of Calcas ieu S h ip Channe l ,  Calcas ieu Lake , We st Cove , and C a lcas ieu 
Pas s . The dimens ions o f  e ach water body were cons i s tent wi th those 
given in Table B . 3 - 2 . Boundary conditions were e s tab li shed a s  
follows : 

Location 

Mile 2 1  of Calcas ieu 
Ship C hannel 

Withdrawal point on 
the C a lc a s ieu S hip 
Channe l 

Junction o f  Calcasieu 
Pass with the Gul f  of 
Mexico 

Hydraulic 

Constant f�OW rate 
o f  2 4 4 0  ft /sec . 

Zero withdrawa l for 
9 0  days followed by 
wi thdrawal of 9 5 . 5  
ft 3/sec for 1 5 0  days . 

S inusoi dal vari ation o f  
surface height with a 
range o f  2 . 0  feet and 
a period o f  1 2  hour s . 

Water Qua lity 

Constant s a l inity 
o f  6 . 1  ppt . 

Zero di spers ive 
f lux 

Ocean boundary with 
a s alinity o f  2 4 . 5  
ppt . 

During an initial 9 0- day period no withdrawal o f  water took p l ace 
and the network o f  water bodie s  was allowed to approach equi librium .  
The resulting variation o f  water depth and s a l inity in Calcas ieu 
S hip Channel near the point of withdrawal during the final 3 0  day s 
o f  the 9 0- day s tart-up period i s  presented in Figure D . 1 3 - 1 . The 
di stribution of s al inity in Calcas ieu Ship Channe l , Calcas ieu Pas s , 
Calcas ieu Lake and We s t  Cove i s  shown in F igure s D . 1 3 - 2  through 
D . 1 3-4 . The corresponding dis tribut ion of f l ow velocities is in
c luded in Figures D . 1 3 - 5  through D . 1 3 - 7 . 

D . 1 3 - 1  
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Fol lowing the s tart-up period water was withdrawn from the channel 
for 1 5 0  day s at a rate of 9 5 . 5  ft 3 / sec corre sponding to a displace
ment operation . The re su l ting var iation of water depth and salin i ty 
in Calcas ieu S hip Channe l near the point of wi thdrawal i s  a l so shown 
in F i gure D . 1 3 - 1 .  The dis tribution o f  sal inity in C alcas ieu S hip 
Channe l , Calcasieu Pas s , Calc as ieu Lake and We s t  Cove at the end o f  
the 1 5 0-day withdrawal proce s s  i s  i nc luded in F igure s  D . 1 3 - 2  through 
D . 1 3 - 4 .  The corre sponding d i stribution o f  f low veloc i ties i s  in
c luded i n  F igure s D . 1 3 - 5  through D . 1 3 - 7 . 

Examination o f  F i gure D . 1 3 - 1  reveals that after 5 day s o f  water 
w i th drawal Calcas ieu Ship Channe l reached hydrau l i c  equi l ibrium 
while equ i l ibrium with respect to salinity var i ation was achieved 
a f ter 1 0 0  day s . 

The location o f  the po int in Calcas ieu S hip Channe l corre sponding 
to F igure D . 1 3 - 1  is presented in Figure D . 1 3 - 8. .  In  the same 
f igure the loc ations of the spatial origins and the paths of the 
spatial coordinate s are indicated for F igures D . 1 3 - 2  through 
D . 1 3 - 7 . 
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APPENDIX D . 1 4 

MIT WATER QUALI TY NETWORK MODEL 

The mode l wa s deve loped by the Ra lph M .  Parsons Laboratory for 
Water Re sources and Hydrodynamic s ,  Department o f  Civi l Eng ineering , 
Mas s ac husetts Institute of Techno logy ( Harleman , 1 9 7 6 ) . In  the 
mode l  the one-dimens ional continuity and momentus equations are 
solved to generate the tempora l  and spatial variations in the tida l  
d i sc harges and e l evations . The con servation o f  spec ies equation s 
for the water quality vari ab les are so lved u s ing such hydrodynamic 
informat ion . The s o lution invo lves an inplicit finite element 
scheme to compute the temporal and spatial variations o f  c ertain 
water quality variables as follow s : 

1 )  Sali nity-coupled to hydrodynamics through a 
s tate equation , 

2 )  Temperature-coupled to trans formation rate s , 

3 )  C arbonaceous BOD-coup led to d i s so lved oxygen 
equation , 

4 )  N i trogen-cycle var i ab le s  - intra-cycle and extra
c yc le coup l ing 

Nl - Ammonia-N 

N2 - Nitrite-N 

N 3 - Ni trate-N 

N4 - Phytop lankton-N 

NS - Zooplankton-N 

N6 - Particu late Organic-N 

N 7 - Di ssolved Organic-N 
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5 )  D i s so lved oxygen-coupled to CBOD and nitri fication 

6 )  Fec al c o l i form 

The structure of the mode l is a c losed matte r f low loop for the 
e lement ni trogen and it is deve loped under the a s s umption that the 
dominant ac tivity in the e s tuarine eco system is aerobic and that 
n itrogen a lone limits the growth of organ i sms . The predominant 
characteristics of the mod e l  inc lude the fol lowing : 

1 )  Strict adherence to the mas s  convervation principle 
as app lied to the element n itrogen . 

2 )  The ecosystem model i s  coup led with a rea l- time 
hydrodynamic tran sport sys tem as opposed to a 
tidal- average or s lack-tide approximation . 

3 )  T he s tructure of the model was formulated such that 
the leve l of comp lexity would not be too comp lex to 
the point of d imini shing returns , nor too s imp l i f ied 
to the point where rate-governing parameters mus t  
b e  determined b y  curve f i tt ing the avai lab le f ie ld 
data . 

REFERENCES C ITED 

Har leman , D . R . F . , Dai ley , J . E . , Thatcher , M . L . , Naj arian , T . O .  
Brocard , D . N . , and Ferrara , R . A . , User ' s  Manual for the M . I . T .  
Transient Water Qual ity Network Model Inc luding Ni trogen-Cyc l e  
Dynamic s f o r  Rivers a n d  E stuarie s ,  Ralph M .  Parsons Laboratory 
for Water Resource s  and Hydrodynamic s , Department of Civi l 
Engineering , Mas s ac husett s  Inst itute o f  Technology , Report No . 
2 1 6 , August , 1 9 7 6 .  
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APPENDIX D . 1 S 

SEAWATER/BRINE CHEMI CAL EQUILIBRIUM 

1 .  General 
Basic water qua lity concerns for the brine di spo sal operation 
inc lude s : 

salinity increa ses 
temperature increases 
br ine compo sition 
change s in calc ium to magnes i um ratios 
heavy metal concentration increa ses 
changes in c hemical spec iation 

The first two of these have been covered earlier in a s s e s sment 

of brine holding fac i l ities ( Brine Pond Asses sment )  and in the 

NOAA reports ( FEA , Apr i l  2 2 ,  1 9 7 7 ) , ( NOAA , 1 9 7 7 ) , and pre s ently 

require no additiona l discuss ion . 

Con s ideration included in thi s append ix are concerned with 

pred iction of a brine c hemical equil ibrium ( saturated ) using 

l iterature data on leachwater and salt compo sition . This data 

served as inputs to a computer mode l  capable o f  pred iciting aqueous 

chemical equil ibrium .  Likewise , the br ine compo s ition predic ted 

in this manner wa s combined with l i terature information on sea-

water con s tituents to obtain inputs needed to pred ict the chem-

ical equil ibrium o f  seawater and seawater - brine mixture s .  

Tne se mixtures can be related to the excess  salninity contour s 

in a brine p l ume s imi lar in nature to that in Figure D . 1 S - l . 

In this manner , the free concentrations o f  components ,  the 

spec iation and abundance of bound forms , and the nature and 

compo s ition of precipitates was inve stigated . A f l ow scheme 

o f  the c hemical equil ibrium concentration study is shown in 

Figure D . 1 S - 2 . 
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2 .  Mode l Description 
* 

MINEQL , a c omputer program for cal culation o f  chemical equ i libri um 
compo s it ion in aqueous sys tems wa s uti l i z ed to solve the chemical 
equ i l ibri um (MIT , 1 9 7 6 ) . The mode l is based on the use of an equi
l ibrium c onstant approach i n  which an initial gue s s  for a set of 
c omponents is u sed for c a lculation o f  the minimum Gibbs-Free ene rgy 
compos i tion from equ i librium constants . Then mas s balance equations 
are so lved by i teration to complete a solut ion to the problem . 

The program con s i s t s  of a mai n  program (MAIN ) whi ch i n i t ia l i z e s  
program variab l e s  and cal l s  the var ious subroutine s .  Subroutine 
INPUT comb i ne s  u ser supp l i ed inpu ts w i th thermodynamic data nor
ma lly or disk s torage . INION reads ionic charge data and I ONCOR 
per forms the ion i c  s trength correc t ion . with the prob lem de fine d ,  
OUTPUT prints the se data f o r  ver i fication , IONCMP , components , and 
I ONSPC , spec ie s . SOLID modifies the problem for existence of s o l id 
pha ses then SOLVE solves the prob lem for so l ub le spec i e s . SOLIDX 
solve s  for the amounts o f  so l i d  spe c ie s ,  performs precipitation 
and d i s s o lution tes t s . I f  no prec ipitation or d i s solution occurs 
OUTPUTS prints the resu lt s . In case o f  pre c ipi tation or d i s solution 
SOLIDX restore s  the matrices to the s tate they were in be fore SOLID 
was ca l led and the solut ion sequence i s  s tarted w i th a new set of 
so l ids . 

3 .  B a s i c  As sumptions 

Several b a s i c  a s s umpt ions were made in order to run the model 
e f f ic iently wi thout loss  of rel iab i l i ty . The se a s s umpt ions were : 

• that the pH o f  the br ine s hould be fixed 
• that the pH o f  seawater and seawater-brine mixtures should 

be f ixed 
• that the ultimate repleni shment source for B lack Lake i s  

primari ly Calcasieu Ship Channe l ( "wor s t  c a se " )  

* 
MINEQL i s  a model deve loped by We s ta l l , Zachary and Morel of 

Ra l ph Parson s  Laboratory , MIT under EPA Grant No . R- 8 0 3 7 3 8 . 
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• that wi thout an accurate oxi dation-reduction potential for 
seawater in the vicinity of the disposal area , oxidation
reduction s hould not be considered . 

The fixed pH va lue s  8 . 2 7 for brine and 8 . 1  for seawater and 
seawater-brine mixture s were c hosen because the buf fering c apacity 
of these solutions is h igh enough that the minor changes in 

+ -
[ H 30 ] or [ OH ] due to c hemi cal equil ibrium changes would be 

negl igible for this di spo s al ope ration . 

Calcasieu Ship Channel data was used ( as a wors t  case ) when data 
was l ack ing for B lack Lake for two reason s : 1 )  it i s  a replen-
i shment source for B lack Lake via B lack Lake Bayou and 2 )  data 
was not avai lable for the I CW near Alkali Ditch . Thi s i s  a "wor s t  
case " a s  leve l s  o f  heavy metal s  are expec ted t o  b e  lower in the ICW 
which a lso feeds B lack Lake via Alkali D i tc h  than in the ship c hanne l .  

No spec ific oxidat ion-reduction potentials were avai lable in the 
l iterature , there fore oxidation-reduction readt ions were not con
s idered . The oxi dation-reduc tion potential at the s i te cou ld 
easily be signif icant ly di f ferent from open-ocean va lues found in 
t he l i terature due to organ ic materials from Cal cas ieu and Sabine 
estuar ies . Thus , the l ac k  of value in cons idering oxidation- reduc tion 
react ions based on que s tionab le data was the reason for not con s id
er ing that type of reaction s .  

4 .  Mode l Input s 

Model inputs con s i s ted o f  components and species type spec i fication s . 
In a l l  cases a set o f  components was used with a s ingle type speci
fica tion to s pec i fy f ixed pH or hydrogen ion concentration . Com
ponents and input concentrations for the leachwater , salt and s ea
water are given in Tab les D . 1 S - l , D . 1 S - 2  and D . 1 S - 3  respectively , 
with un it conc entrations ( actual mod e l  concentrations are in molar 
concentration s )  . 

These input concentrations came from existing literature information , 
with ( in the case o f  leac hwater and s a l t )  incomplete information 
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TABLE D . 1 5 - 1  

Concentrations o f  Leachwater Components Used as the Bas i s  
o f  Inputs f o r  the Chemi cal Equ i l ibrium Mode l ( MINEQL ) 

Component 

B arium 
Calcium 
C arbona te 
Chloride 
Copper ( I I )  
Hydronium Ion ( H 30 ) + 
I ron ( I I I )  
Lead 
Magne s ium 
Mercury 
Nickel 
Nitrate 
Potas s ium 
Sodium 
Sul fate 

1 ( USGS , Lou i siana , 1 9 7 6 ) 

Concentration 

10 )1g/ 1 
5 8  mg/l 
4 2  mg/ l  

2 6 0 0  mg/ l  
4 )1g/1 * pH = 7 . 4  

6 0  )1 g/1 
30 )1g/1 

1 7 0  mg/ l  
. 0 4 )1 g/1 

3 )1 g/1 
1 0 0  mg/ l  

5 6  mg/ l 
1 5 0 0  mg/ l  

3 7 0  mg/ l  

Re ference 

2 ( Preliminary Draft S amp l ing Report for the Bayou Choctaw and 
We st Hackberry Salt Dome Fac ilities) ( FEA , 1 9 7 7 ) 

* 
For reference only , in predict ion o f  brine composition pH f ixed 
at 8 . 2 7 .  Based on pH of brine from Olin Corp . ( O lin , 1 9 7 5 )  
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TABLE D . l S - 2  

Concentrations o f  Salt Components U sed a s  the Bas i s  o f  Inputs 
for the Chemi cal Equil ibrium Mode l ( MINEQL ) 

Componen t 

Al uminum 
Calcium 
Chloride 
Copper ( I I )  
Hydromium Ion 
I ron ( I I I )  
Lead 
Magne s i um 
Mangane se ( I I )  
Nicke l 
Pota s s i um 
S i li con 
Si lver 
Sodium 
Strontium 
Ti tanium Oxide 
Z in c  

* 

* 
Concentration s ( ppm) 

1 5 0 . 1  
9 0 . 0  

6 3 9 9 4 . 
1 .  0 3  

pH = 8 . 2 7 
9 0 . 2  

2 . 0  
1 0 9 0 . 0  

1 0 1 . 2 
. 0 1 2 

9 1 0 0 . 0  
2 0 0 . 0  

0 . 2 9 

9 8 6 8 5 . 
1 0 0 0 . 0  

* *  

3 . 0  a s  Ti tanium 
. 0 5 

Source : ( Bloomberg and Ladenburg , 1 9 5 9 )  

* *  
pH o f  br ine f ixed at 8 . 2 7 pH value from Olin Corp . 
( Olin , 1 9 7 5 )  
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TABLE D . 1 5 - 3  

concentrations of Seawater Components U sed a s  the Bas i s  
o f  I nputs for the Chemical Equ i l ibrium Mode l  ( MINEQL ) 

Component 

Aluminum 
Barium 
Bromide 
Cadmium 
Calc ium 
Cerium 
Cesium 
Ch loride 
Chromi um 
Cobalt ( I I )  
Copper ( I I )  
F l uoride 
Gold 
Hydronium Ion ( H30+ ) 
Iodide 
I ron 
Lead 
L i thium 
Magn e s ium 
Mangane se ( I  I )  
Mercury 
N i cke l 
Nitrate 
Potas s i um 
S candium 
S i l icon ( as S i0 3 ) 
S i lver 
Strontium 
Sul fate 
Thorium 
T i n  ( IV) 
Ti tanium ( as T i O )  
Uranyl I o n  (U02

2 + ) 
Z inc 

Con centration 

1 mg/l 
50 � g/l 
6 6  mg/l 

0 . 3  � g/l 
4 0 2 . 7  mg . l  

0 . 4  �g/l 
2 . 0  � g/l 

1 0 , 6 4 0  mg/ l  
1 .  0 � g/l 

1 0 . 0  �g/l 
3 . 0  � g/ l 
1 .  3 mg/ l  
0 . 0 0 6  �g/l 
pH = 8 . 1  

6 0 . 0  � g/l 
10 . 0  �g/l 

4 . 0  � g/ l  
1 0 0  �g/l 

1 3 2 4  mg/l 
1 0 . 0  �g/l 

0 . 0 3 �g/l 
2 . 0  � g/l 

1 0 . 0  �g/l 
3 8 2 . 7  � g/l 

0 . 0 4 � g/ l  
1 3 . 4  mg/ l 

0 . 3  � g/l 
9 mg/ l 

2 1 0 0  mg/l 
0 . 5  � g/l 
3 . 0  �g/l 
1 . 3 3 � g/ l  
3 . 4  �g/l 

1 0 . 0  � g/l 

Re ference 

1 
1 
1 
1 

1 , 2 , 3  
1 
1 

1 , 2  
1 
2 
2 

1 , 2  
1 
4 
2 
2 
2 
1 

1 , 2  
1 

1 , 2  
2 
4 

1 , 2 , 3  
2 
1 
1 

1 , 2  
4 
1 
1 

1 , 2  
2 

1 ( Mc I lhenny and Bal lard, 1 9 6 8 )  2 ( Horne , 1 9 6 9 )  

3 ( Fairbridge , 1 9 7 2 )  4 ( USGS , Loui s iana ,  1 9 7 6 )  
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presenting a s igni f i cant di fficulty . For seawater rather com
plete l iterature information was ava i l able but d i f ferenc e s  in 
o cean water compos ition and coastal water with thirty- foot depths 
was not de termined . 

5 .  Model Outputs 

Mode l outputs cons ist o f  free concentrations of component s , a 
l i st ing o f  spec ie s in which components are bound and the percent 
bound in each spec i e s  and a l i s t  of prec ipi tated spec ies and 
the ir concentration s . The free concentrations are pre sented in 
both tabular and graphi c form . Tab le D . 1 5 - 4  and F igures D . 1 5 - 3  
through D . 1 5 - 7  contain this in formation . Tab l e s  D . 1 5 - 5  and D . 1 5 - 6  
and F igures D . 1 5 - 8  through D . 1 5 - 1 0  contain data o n  precipitate s  and 
their concentrations .  Fina l ly Tab les D . 1 5 - 7  and D . 1 5 - 8  give the 
predi cted chemical spec iation for brine and brine- seawater mixtures 
wi th the precentage o f  each component bound in the various forms . 
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TABLE 0 . 1 5 - 4  

P redic ted Free Component Concentrations for the Various 
Exce s s  Sal inity Areas as Predicted by the MINEQL Model 

Exc e s s  S a linity in Parts Per Thousand 

Component 0 . 0  1 0 . 0  3 0 . 0  60 . 0  1 5 9 . 4  

* 
Aluminum N N N N N 

Barium 1 .  4 flg/l 1 . 6  flg/l 2 . 2  flg/l 3 . 1  flg/l 6 . 6  flg/ l 

B romide 66 . 0  mg/l 63 . 5  mg/l 5 8 . 6  mg/l 50 . 9  mg/l 3 3 . 0  mg/l 

Cadmium . 009 flg/ l . 005 flg/l . 00 2  flg/l . 0 007 flg/l . 00 0 1  flg/l 

Calc ium 3 59 . 5  mg/l 3 76 . 8  mg/l 40 4 . 8  mg/l 448 . 9  mg/l 400 . 8  mg/l 

Carbonate . 15 mg/l . 18 mg/l . 2 3 mg/l . 3 1 mg/l . 5 4 mg/l 

Cerium . 2 1 flg/l . 2 0 flg/l . 17 flg/l . 14 flg/l . 07 flg/l 

Ces ium 1 .  7 flg/l 1 .  5 flg/l 1 .  2 flg/l 0 . 9  flg/l 0 . 4  flg/l 

Chloride 19 . 3 6 gil 26 . 6 3 gil 4 1 . 48 gil 64 . 5 2 gil 1 1 8 . 06 gil 

Chromium N N N N N 

Cobalt ( I I )  6 . 1  flg/l 5 . 4  flg/l 4 . 4  flg/l 3 . 1  flg/l 1 . 4  flg/l 

Copper ( I I )  0 . 8  flg/l 0 . 8  flg/l 0 . 8  flg/l 0 . 8  flg/l 0 . 8  flg/l 

Fluoride 0 . 9 7 mg/l 0 . 9 4 mg/l 0 . 86 mg/l 0 . 7 5 mg/ l 0 . 50 mg/l 

Gold N N N N N 

Hydronium Ion 

( H
2

O
+

) 
* *  

Fixed Fixed Fixed F ixed Fixed 

I odide 5 9 . 6  flg/l 5 7 . 9  flg/l 53 . 3  flg/l 46 . 3  flg/l 30 . 1  flg/l 

I ron ( I I I )  N N N N N 

Lead 0 . 2  flg/l 0 . 3  flg/l 0 . 2  flg/l 0 . 1 flg/l . 004 flg/ l 

Li thium 99 . 3  flg/l 9 5 . 8  flg/l 88 . 2  flg/l 7 6 . 4  flg/l 49 . 8  flg/l 

Magne sium 505 . 5  mg/l 508 . 0  mg/l 503 . 1  mg/l 488 . 5  mg/l 43 2 . 6  mg/l 

Mang.anes e  ( I I )  3 . 1  flg/l 1 12 . 1  flg/l 2 0 1 . 6  flg/l 2 12 . 6 flg/l 1 4 8 . 9  flg/l 

Mercury N N N N N 

Nickel 1 . 2  flg/l 1 . 7  flg/l 2 . 6  flg/l 3 . 5  flg/l 4 . 6  flg/l 

N i trate 1 0 . 0  flg/l 9 . 5  flg/l 8 . 9  flg/l 7 . 7  flg/l 5 . 0  flg/l 

Potas s ium 37 1 . 8  mg/l 402 . 7  mg/l 465 . 3  mg/l 567 . 0  mg/l 797 . 6  mg/l 

S c andium N N N N N 

S i licon as 
Si0

3 0 . 0 2 flg/l 0 . 0 1 flg/l 0 . 006 flg/l 0 . 006 flg/l 0 . 006 flg/l 

S i lver N N N N N 

S odium 10 . 5 1 gil 1 5 . 2 4 gil 2 5 . 06 gil 40 . 2 3 gil 7 5 . 4 1  gil 

0 . 1 5 - 1 0  



TABLE 0 . 1 5 - 4  
( Conc luded ) 

P redicted F ree Component Concentration s  for the Various 
Exce s s  Sal inity Are as as P redicted by the MINEQL Mode l  

Exc e s s  S a linity in Parts P e r  Thousand 

Component 0 . 0  10 . 0  3 0 . 0  60 . 0  1 5 9 . 4  

S trontium 7 . 1  mg/l 8 . 3  mg/l 1 1 .  0 mg/l 1 5 . 9  mg/l 3 3 . 6  mg/l 

S u l fate 1 0 9 5 . 1  mg/l 9 20 . 2  mg/l 697 . 4  mg/l 4 80 . 3  mg/l 2 26 . 7 mg/l 

Thorium N N N N N 

Tin ( IV )  N N N N N 

Ti tanium Oxide 
( T iO)  N N N N N 

Uranyl I on 
( U0

2 ) N N N N N 

Z inc 1 . 4  flg/ 1 4 . 8  flg/ 1 4 . 8  flg/1 4 . 8  flg/l 3 . 2  flg/1 

* 
N spec i f i e s  zero or e s senti a l ly zero free concentration . 

* *  
Due to buffering c apac ity o f  seawater a n  assumption i s  made 
that the pH would remain essenti a l ly cons tant despite brine 
di scharge , therefore the pH i s  f ixed at a con s tant value . 

0 . 1 5 - 1 1  
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TABLE D . 1 5 - 5  

Precipitates P redi c ted to Exist i n  the Brine with Concentrations 

P recipi tate 

Aluminum Hydroxide 
Al ( OH ) 3 

Calcium Carbonate 
caC03 

Copper ( I I )  Hydroxide 
Cu ( OH ) 3 

I ron ( I I I )  Hydroxide 
Fe ( OH ) 3 

Titan ium as TiO ( OH ) 2 

Concentration 

5 5 . 4  mg/l 

4 2 . 4  mg/ l  

1 9 6 . 1 � g/l 

2 2 . 1  mg/l 

0 . 2 4 � g/l 

D . 1 5 - 1 5  



TABLE D . 1 5 - 6  

Pre cipitate s Predi cted t o  Exi s t  a t  Variou s Exce s s  S a l inity 
Contours in the Br ine P l ume with Concentrations 

Precipitate 

A luminum Hydroxide 
Al ( OH )  3 

A luminum Hydroxy
S i licate 
A 1

2
(Si0

3
)

2
(OH )

2 

B arium Sulfa te 
BaS0

4 

Ca lcium Carbonate 
CaC0 3 

Copper ( I I )  Hydroxide 

0 . 0  

4 . 44 mg/l 

8 2 . 39 flg/l 

Excess S a l inity Contours 
1 0 . 0  3 0 . 0  6 0 . 0  

1 . 3 3 mg/l 8 . 7 4 mg/l 

7 . 4  mg/l 1 1 . 5 3 mg/l 9 . 4 4 mg/l 

7 9 . 82 flg/l 7 3 . 7 5 flg/l 64 . 18 flg/l 

Cu ( OH )
2 

0 . 5 2 flg/l 7 . 2 6 flg/l 2 1 . 7 6 flg/l 4 3 . 03 flg/l 

Gold Hydroxide 
Au (OH) . 0064 flg/l . 0 062 flg/l . 00 5 8  flg/l . 0 049 flg/l 

I ron ( I I I )  Hydroxide 
Fe ( OH )

3 
. 0 2 mg/ l . 8 4 mg/l 2 . 5  mg/l 1 9 . 7 7 mg/l 

S trontium Su lfate 
s rS0

4 
7 . 15 mg/l 1 3 . 67 mg/l 26 . 8 2 mg/l 4 5 . 1 8  mg/l 

Tin ( IV )  H ydroxide 
S n ( OH )

4 
3 . 86 flg/l 3 . 7 3  flg/l 3 . 44 flg/l 2 . 87 flg/l 

Ti tanium as 
TiO ( OH ) 2 2 . 04 flg/l 1 . 9 7 flg/l 1 . 82 flg/l 1 . 6 1 flg/l 

zinc S i l icate 
znS i0

3 
1 8 . 5  flg/l 17 . 7 flg/ l 

D . 1 5 - lf)  

1 1 .  3 flg/l 9 . 6 flg/l 

1 5 9 . 4  

2 5 . 97 mg/l 

4 . 9 2 mg/ l 

3 9 . 68 flg/ l 

3 4 9 . 3  mg/ l  

9 2 . 88 flg/l 

. 7 0 flg/l 

1 1 . 1 1  mg/l 

7 4 . 76 mg/l 

2 . 26 flg/l 

0 . 09 flg/l 
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TABLE D . 1 5 - 7  

Predi cted Chemi cal Specie s Present in the Brine and the 
Percentages o f  Components Bound in Each Species 

Component 

Aluminum 
Bari um 
Calcium 

Carbonate 

Chlori de 
Copper 

Hydroni um Ion 
I ron ( I I I )  
Lead 
Magne s i um 
Manganese ( I I )  

Mer cury 

Nickel 

Pota s s ium 
S i lver 
Sodium 
S trontium 

Input Conc . in 
Leachwater-S a lt 
Mixture 

1 9 . 2  mg/ l  
1 0 . 0  ].l g/l 

7 0 9 . 9  mg/ l 

4 1 .  3 5  mg/ l 

2 1 6 . 2 6 3 3  gm/ l 
1 3 5 . 4  ].l g/l 

( pH f ixed @ 8 . 2 7 )  
1 1 .  6 mg/l 

2 8 5 . 9  ].l g/l 
2 0 8 . 7  mg/l 

1 2 . 9  mg/l 

0 . 0 4 ].l g/l 

3 1 . 5  ].l g/l 

1 2 1 6 . 0  mg/l 
3 7 . 0  ].l g/l 

1 4 0 . 2 3 9 0  gm/ l 
1 2 7 . 9  mg/ l  

0 . 1 5 - 1 9  

Speci e s  

AL ( OH ) 3 
Ba2 +  

ca2 +  

CaC0 3 
caC03 
NaC03 -
NC0 3 -
N 2co3 
MgHC0 3 
C l  
CU ( OH ) 2 
CuC1 2 
CuCl+ 
( H30+ ) 

Fe ( OH ) 3 
PbC 1 3 -
Mg 2 +  

MnC 1 3-
HnC 1 2 
MnC l+ 
[ HgC 1 4 ] 
[ HgC1 3 ] 

NiCl+ 
Ni 2 +  

Ni ( OH ) + 
K+ 
[AgC1 4 ] 

Na+ 
s r2 +  

% Bound 

1 0 0 . 0  
1 0 0 . 0  

9 7 . 0  
2 . 4  

6 1 . 5 
17 . 7  
1 5 . 6  

1 . 6  
1 . 2  

1 0 0 . 0  
9 4 . 4  

3 . 0  
1 . 6  

1 0 0 . 0  
9 9 . ] 
9 9 . 2  
5 8 . 7  
3 0 . 4  
1 0 . 3  
9 8 . 4  

1 . 6  
7 9 . 3  
1 7 . 5  

3 . 1  
9 9 . 9  
9 7 . 4  
9 9 . 9  

1 0 0 . 0  



TABLE D . 1 S - 7  
( Conc luded ) 

Predi cted Chemi cal Specie s Present i n  the Brine and the 
Percentages of Components Bound in Each Spe c i e s  

Component 

Sulfate 

T i tanium Oxide 

I nput Conc . in 
Leachwater- Salt 
Mixtu re 

3 6 9 . 8  mg/ l  

0 . 1 0 ).l g/ l  

D . 1 S - 2 0  

Spec i e s  % Bound 

NaS04 - 8 3 . 2  

S 04 
2 - 1 1 .  6 

cas04 2 . 2  
MgS0 4 2 . 0  

KSO -4 1 . 1  

T i O  ( OH )  2 1 0 0 . 0  



TABLE 1 5 - 8  

Predic ted Chemical Species Pre s ent i n  the Brine P l ume a t  Various Exces s 
S a l inity Contour s  with Percentage Dis tribution of the Species 

Percent Bound in Spe cies For : 

10 pp t Excess 30 pp t Exc e s s  60 p p t  Excess 1 5 9 . 4  ppt Excess 
Componen t Speci e s  S e awater Salinity S alini ty S alini ty S alini ty 

A lumim;m A 1
2

( S i0
3

)
2 (OH )

2 
1 00 . 0  1 00 . 0  84 . 9  4 1 .  4 11 . 0  

Al ( OH )  1 5 . 0  5 8 . 6  8 9 . 0 
3 

Barium 
2+ 

2 . 8  Ba 3 . 4  4 . 7  7 . 6 2 2 . 1  
BaS0

4 
97 . 2  96 . 6  9 5 . 3  92 . 4  7 7  . 9  

B romide Br- 100 . 0  1 00 . 0  1 00 . 0  1 00 . 0  1 00 . 0  

t:J Cadmium Cd
2+ 

3 . 0  1 . 7  
+ 

f--' CdCl 3 8 . 4  3 0 . 9  2 1 .  2 1 3 . 4  6 . 3  
Ul CdC1

2 
5 1 . 0  5 6 . 4  60 . 2  5 9 . 2 5 1 .  0 I 

N 
f--' CdC1

3 - 7 . 0  1 0 . 6  1 7 . 7  2 7 . 1  4 2 . 6  

Calcium 
2+ 

Ca 8 9 . 0  90 . 4  9 2 . 5  94 . 6  7 2 . 6  

CaS0
4 

1 1 . 0  9 . 6  7 . 4  5 . 2  1 . 9  

CaCo
3 

2 5 . 3  

Carbonclte C0
3 

2 -
2 . 5  2 . 4  2 . 3  2 . 2  

CaC0
3 

1 . 2  1 . 3  1 . 3  1 . 4  8 8 . 5  
+ 

CaHCo
3 

3 . 9  4 . 0  4 . 1  4 . 3  

MgC0
3 

4 . 5  4 . 5  4 . 2 3 . 9  
+ 

MgHC0
3 

9 . 1  8 . 9  8 . 5  7 . 8  

N aC0
3

- 4 . 2  6 . 0  9 . 5 14 . 4  2 . 8  

HC0
3

- 7 3 . 9  7 2 . 3  69 . 4  65 . 5  6 . 8  



Cl 
I-' (J1 I N N 

COIIII2onent 

Cerium 

Cesium 

Chloride 

Chromium 

Coba l t  ( I I )  

TABLE 0 . 1 5 - 8  lContinued ) 

Predicted Chemi cal Species Present in the Brine P l ume at Various Exce s s  
S a l inity Contours with Percentage Dis tribution of the Species 

Percent Bound in Species For : 

1 0  ppt Exce s s  3 0  pp t Excess 60 ppt Excess 
SI2eci e s  S eawa ter S a l ini ty S a l ini ty Salin i ty 

Ce 
3+ 

38 . 7  38 . 3  3 6 . 3  3 2 . 6  

CeSO 
4

+ 2 8 . 7  2 3 . 9  1 7 . 2  10 . 6  

CeC l  
2 -

1 5 . 2  2 0 . 7  3 0 . 6  4 2 . 7  
2 -

2 . 8  2 . 7  1 . 4  1 . 9  CeF 

Ce) OH ) 
2-

14 . 3  1 3 . 5  1 2 . 2  

+ 
82 . 5  7 7 . 6  68 . 9  58 . 8  Cs 

C sC l  1 7 . 4  2 2 . 4  3 1 . 1  41 . 1  

C l  1 00 . 0  1 00 . 0  10 0 . 0  1 00 . 0  

Cr ( OH )
2 

3 . 0  3 . 0  3 . 0 3 . 0  

Cr (OH)
4 

97 . 0  97 . 0  9 7 . 0  97 . 0  

Co 
2+ 

60 . 8  56 . 5  49 . 0  40 . 2  

COS0
4 11 . 9 9 . 5  6 . 2  3 . 5  

CoCl+ 2 4 . 7  3 1 . 6  4 2 . 7  54 . 5  

Co ( OH) + 2 . 3  2 . 2  1 . 9  1 . 6  

159 . 4  ppt Excess 
Salinity 

2 5 . 2  

4 . 1  

60 . 4  

9 . 4  

43 . 8  

56 . 2  

1 00 . 0  

3 . 0  

97 . 0  

2 8 . 1  

1 . 2  

6 9 . 6  

1 . 1  



tJ 
� 
� 

Component 

Copper ( I I )  

I F luor ide N w 

Gold 

I odide 

I ron ( I I I )  

TABLE d . 1 S - 8  ( Continued) 

Predicted Chemi cal S pec i e s  P re s ent in the Brbae P lume at Vari ous Exce s s  
S a l i n i ty Contou r s  wi th Percentage Dis tribution of the Spe c i e s  

Percent Bound in Spe c i e s  For : 

10 ppt Exce s s  3 0  ppt Exce s s  60 ppt Exc e s s  
Spe cies S e awa ter S a l i n i ty S al i ni ty S alini ty 

2+ 2 7 . 6  Cu 10 . 5  4 . 6  2 . 5  

CUC0
3 

19 . 1  8 . 7  5 . 0  3 . 6  

cuS0
4 

3 . 4  1 . 1  

CuC1+ 14 . 1  7 . 4  5 . 1  4 . 2 

CUC 12 
2 . 4  1 . 7  1 . 8  2 . 4  

Cu ( OH )
+ 

2 1 . 2 8 . 1  3 . 6  1 . 9  

Cu ( OH )
2 

1 1 . 3 62 . 4  7 9 . 7  8 4 . 5  

F 7 4 . 9  7 4 . 7  7 4 . 8  7 5 . 1  

+ 
CaF 2 . 0  2 . 1  2 . 2  2 . 5  

+ 
MgF 2 3 . 1  2 3 . 2  2 3 . 0  2 2 . 4  

Au ( OH )  100 . 0  100 . 0  1 00 . 0  100 . 0  

I 99 . 4  10 0 . 0  100 . 0  1 00 . 0  

AgI 

Fe (OH )
3 

9 9 . 9  100 . 0  1 00 . 0  1 00 . 0  

1 5 9 . 4  ppt Exce s s .  
S a l i n i ty 

1 . 2  

3 . 0  

3 . 7  

3 . 8  

8 7 . 3  

7 7 . 3  

2 . 3  

2 0 . 4  

100 . 0  

1 00 . 0  

9 . 5 

10 0 . 0  



Componen t 

Le ad 

L i thium 

tJ 
t--' 
U1 Magnesium 
I N 

.!::> 

Manganese 

Mercury 

TABLE D . 1 S - 8  ( Continued ) 

P redicted Chemical Species P re s ent in the B rine P lume at Various Exce s s  
S a l inity Contour s with Percentage Dis tribution of the Species 

Spe c i e s  

PbC0
3 

PbC1
+ 

PbC1
2 

PbC1
3

-

Pb ( OH )
+ 

L i
+ 

LiS0
4

-

2+ 
Mg 

MgS0
4 

( I I )  
2+ 

Mn 

MnS0
4 

MnC1
+ 

MnC1
2 

MnC1
3

-

HgC1
2 

[HgC13 l -

[Hgc 14 l -

Percent Bound in Spe cies For : 

S e awa ter 

2 . 0  

3 . 6  

7 . 6  

83 . 2  

2 . 7  

9 9 . 0  

1 . 0  

86 . 3  

13 . 5  

3 0 . 8 

3 . 9  

4 9 . 7  

13 . 2  

2 . 3  

3 . 3  

14 . 5  

8 1 . 9  

10 ppt Excess 
S a lini ty 

2 . 1  

6 . 0  

8 9 . 5  

2 . 2  

9 9 . 1  

8 8 . 1  

1 1 . 7 

2 3 . 0  

2 . 4  

5 1 . 3 

18 . 7  

4 . 4  

1 . 9  

11 . 2  

86 . 9  

3 0  pp t Excess 
S a1ini ty 

4 . 0  

9 4 . 3  

99 . 3  

90 . 7  

9 . 2  

1 3 . 8  

1 . 1 

47 . 8  

2 7 . 1  

10 . 0  

7 . 6  

9 1 .  6 

60 ppt Excess 
S alini ty 

2 . 7  

96 . 7  

9 9 . 5  

9 3 . 3  

6 . 5  

7 . 2  

3 8 . 6  

34 . 1  

19 . 6  

5 . 0  

94 . 6  

15 9 . 4  ppt Excess 
S alin i ty 

1 . 5  

98 . 3  

9 9 . 8  

96 . 5  

3 . 2  

2 . 3  

2 2 . 6  

36 . 5  

3 8 . 5  

2 . 8  

97 . 1  



Component 

Nicke l 

Nitrate 

Pota s s ium 

� 
� S candium 
� 

I 
N 
� 

S i licon as 
( S i0 3 ) 

S i lver 

S t rontium 

TABLE D . 1 S - 8  ( Continue d )  

Predi c ted Chemi cal Species Pre s en t  in the Brine P lume a t  Various Exce s s  
Salinity Contour s with Percentage Dis tribution of the Species 

Percent Bound in S pe c i e s  For : 

10 ppt E x c e s s  3 0  p p t  Excess 60 ppt Excess 
Spe cies S e awater S alini ty S al i ni ty S alini ty 

. 2+ 
Nl 60 . 5  56 . 8  4 8 . 2  3 9 . 5  

NiS0
4 7 . 5  5 . 9  3 . 9  2 . 2  

NiCl
+ 

2 4 . 6  3 1 . 3 42 . 0  53 . 5  
+ 

Ni ( OH )  7 . 4  6 . 8  5 . 9  4 . 8  

N0
3

- 1 00 . 0  1 00 . 0  1 00 . 0  1 0 0 . 0 

+ 
K 96 . 8  9 7 . 2  97 . 9  9 8 . 5  

KS0
4

- 3 . 2  2 . 8  2 . 1  1 . 5  

S C (OH ) 3 100 . 0  1 00 . 0  1 00 . 0  10 0 . 0 

H S i0
3

- 4 . 5  3 . 4  1 . 5  1 . 7  

H
2

Si0
3 6 9 . 3  5 1 . 4  2 2 . 4  2 5 . 9  

A 1
2

( S i03 ) 2
( OH ) 2 

26 . 1  4 5 . 2  7 6 . 2  7 2 . 5  

AgI 99 . 7  99 . 0  9 4 . 0  6 9 . 8 

AgC1
4 5 . 1  27 . 4  

AgC1 3 2 . 2  

s r
2+ 

6 7 . 5  5 5 . 9  46 . 0  4 2 . 4  

s rso
4 

3 2 . 4  4 4 . 1  5 4 . 0  5 7 . 6  

1 5 9 . 4  ppt Exc ess 
S a linity. 

2 7 . 6  

6 8 . 3  

3 . 4  

100 . 0  

9 9 . 3  

100 . 0  

2 . 6  

3 9 . 7  

5 7 . 7  

1 3 . 1  

8 2 . 7  

3 . 7  

4 8 . 5  

5 1 . 5 



0 
I--' 
VI I N 0'1 

Component 

Sulfate 

Thorium 

T in ( IV)  

TABLE 0 . 1 5 - 8  ( Concluded ) 

P red i c ted Chemi cal Species P re s ent in the Brine P l ume at Vari ous Exce s s  
S a l inity Contours w ith Percentage Dis tribut ion o f  the S pecies 

Percent Bound in S pe c ie s  For : 

10 ppt Exce s s  3 0  ppt Exce ss 6 0  ppt Excess 
Speci e s  S e awater S al i ni ty S alini ty S al i n i ty 

S 0
4 

2-
5 1 .  0 4 5 . 2  36 . 5  2 8 . 1  

Cas0
4 

5 . 1  4 . 7  4 . 1  3 . 5  

MgS0
4 

14 . 8  13 . 1  1 0 . 5  7 .. 8 

NaS0
4

- 2 7 . 5  3 5 . 3  46 . 9  58 . 0  

KS0
4

- 1 . 4  1 . 4  1 . 3  1 . 2  

ThF
2 

2-
2 5 . 6  2 5 . 2  2 4 . 3 2 2 . 2  

ThF - 38 . 8  3 6 . 8  3 2 . 7  26 . 1  
3 

3-
Th ( OH )  3 5 . 1  3 7 . 4  42 . 5  5 1 . 1 

Sn ( OH )  10 0 . 0  10 0 . 0 1 00 . 0  10 0 . 0  
4 

T i tanium Oxide TiO ( OH2 ) 1 00 . 0  1 00 . 0  10 0 . 0  1 00 . 0  
TiO 

Urany1
2
�on U02

( C0
3

)
2 

2 . 7  2 . 3  1 . 8  1 . 3  
( U0

2 
) 

U0
2

( C0
3

)
3 

97 . 2  97 . 7  98 . 2  98 . 7  

Z inc 
2+ 

13 . 7  Zn 18 . 1  40 . 4  3 4 . 7  

zns0
4 

1 . 7  1 . 9  3 . 2  1 . 9  

znSi0
3 

84 . 3  7 7 . 2  4 3 . 9  3 2 . 3  

ZnCl+ 1 . 0  3 . 5  4 . 7  

ZnC1
3

- 7 . 4  2 3 . 9  

znC1
2 

1 . 3  

15 9 . 4  ppt Exce ss 
S a l inity 

19 . 1  

2 . 1  

4 . 7  

7 4 . 0  

1 4 . 3 

1 1 . 2 

7 3 . 8  

10 0 . 0 

1 00 . 0  

9 9 . 2  

17 . 7  

4 . 4  

2 . 2  

7 4 . 8  



6 .  S ummary and Con c lus ions 

P redictions on the chemical equi librium compos ition of br ine , sea
water and brine-seawater mixtures have been pres ented in the data . 
L imitations o f  the se p redictions con s ist mainly o f  gap s  in exis ting 
data on leachwater ,  salt and seawater compo s it ion especially in the 
area of aquati c  nutrients such as various forms of pho sphorus and 
nitrogen . It i s  a l so s ignif icant that the seawater composition was 
not entirely repre sentat ive of coastal water s .  

Neverthel e s s , the chemical fate of heavy metal s  content o f  the brine 
has been predicted as we ll as the c hange in ratios of important 
metabo lic catalysts such as magne sium and calc ium . Also the formation 
o f  precipitates wa s covered . 

Important changes in chemical compos i tion ob served inc lude : 

• Ratio o f  free c oncentrations of magnes ium and calc ium 
remained relative constant with c hanges in the exc e s s  
sal inity . 

• Free c oncentrations of heavy metal s  genera l ly decl ined 
with increasing exc e s s  s alinity . 

• Spec iation of the heavy meta l s  changed with increas ing 
exc e s s  sal inity to give greater amounts of chloro-complexe s 
and other solub le spe c ie s .  

• The types o f  precipitates remained re latively constant 
acro s s  the exce s s  salinity scale with concentration s o f  
mo st prec ipitate s increas ing with salinity increase s . 

The se ob servations dictate a number o f  a s sumptions and/or 
conclusion s : 

• Changes in calcium to magne s ium ratios appear to be small 
i f  on ly ratios o f  free concentrations are cons idered . 

• The avai l abil ity of heavy meta l s  to marine organi sms may 
be increased or decreased by predic ted formation of chloro
c omplexe s at h i gher sal initie s . 

• The number and types of precipitates predicted remained 
e s sential ly constant as the exc e s s  s al inity increased with 
increas ing amount s of most precipitated compounds at higher 
s alini tie s .  
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Impac ts from the b r ine di sposal wou ld cons i s t  chiefly of the 
e f fects of the gro s s  s a l i nity increases within the brine plume , 
with the range of s a l inity increase be ing an important factor ( s ee 
discuss ion of the ecological impac t s ) .  Only minimal impact s hould 
be fe l t  from concentration or spec iation changes of the heavy met a l s . 
Free component concentrations o f  magnesium and calc ium are pred i c ted 
to vary only s l i ghtly with increas ing sal inity s ugge s t ing that the 
calc i um to magne s ium ratio woul d  not c hange appreciab ly ( a s s uming 
free forms are the most important b io logically ) . Formation of in
c reased amount s of dis solved and prec ipitated sol ids wou ld occur . 
Most of these solids would tend to have an a f f inity for the surface 
o f  exi s t ing particulants caus ing parti culate growth o f  an undeter
mined amount . Formation and pos s ible settl ing o f  these par ticulates 
could have an i n fluence on the mar ine l i fe i n  the disposal area ( see 
ecological impacts ) .  
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1 .  General 

APPENDIX D . 1 6 

CALCULAT ION OF SEDIMENT TRANSPORT 

The annual volumetric transport rate for sed iment can 
be expre s sed by the univer sal soi l - lo s s  equation (Wischme ier 
and Smith , 1 9 6 5 ) . The universal soi l - l o s s  equat ion i s  a wide ly 
u sed calculation for e stimat ing soil eros ion on both farm land 
and construc tion site s .  However , the equat ion has s everal 
l imitat ions in the Texoma area : 

1 .  The s lope f actor wi ll tend to overes timate the net 
result in l and with gentle slope s ; 

2 .  The equation does not predict soi l - l o s s  that i s  
due solely to thaw , s nowmelt , o r  win d ;  

3 .  No known value has been developed for saline 
soil s ;  

4 .  Thi s equation i s  s t i l l  be ing perfected for the 
southeastern area o f  the United S tate s . 

The soi l-lo s s  equat ion i s  

A = R K L S C P 

where A i s  the computed rate o f  soil l o s s  per uni t  
area - ( ton s per acre p e r  year ) . 
R ,  the rainfall factor , i s  the number of ero s ion- index 
uni t s  in a normal year ' s  rain . The ero s ion index i s  
a mea sure o f  the eros ive force o f  spec i f i c  rain fal l .  
K ,  the soil-erodib i l ity factor , i s  the ero s ion rate 
per unit of eros ion index for a spec i f ic soil in cul
tivated continuous fallow , on a 9 -percent s lope 7 2 . 6  
feet long . 
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L ,  the s lope-length fac tor , i s  the ra tio o f  soil loss 
from the f ield s lope length to that from a 7 2 . 6 - foot 
length on the same soil type and gradi ent . *  

S ,  the s l ope-gradient factor , i s  the ratio 
of soil los s from the f i e l d  gradient to that 
from a 9 -percent s lope . * 
C ,  the croppi ng-management factor , i s  the ratio 
o f  soi l lo s s  from a field wi th spec i f ied c ropping 
and management to that from the fal low condi tion 
on which the factor K i s  evaluated . I f  there i s  
no c ropping management factor , then C = 1 .  
P ,  the eros ion-control prac tice factor , i s  the 
ratio of soil lo s s  with contouring , s tripcropping , 
or terrac ing to that with s traight-row farming , up
and-down s lope . I f  there i s  no ero s ion contro l 
practi c e , then P = 1 .  

2 .  Calc ulations for the We s t  Hackberry s i te 

The factors associated with the universal soi l loss 
equat ion at We st Hackberry s ite are : 

Factors Jus t i f i cat ion 

R 3 5 0  (USDA ,  1 9 7 5 a )  
K = 0 . 3 8 (USDA , 1 9 7 5 b )  and s i l t  loam 

c l a s s i fi c ation ( US DA , 1 9 7 1 )  
LS 0 . 2 9 * *  s lope 0 . 6 % length 3 , 0 0 0  feet 

(USDA , 1 9 7 5 a )  
C 1 no c ropp i ng management factor 
P = 1 no ero s ion contro l factor 

* The s lope length factor , L ,  and the s lope-gradient fac tor , S ,  are 
normal ly c alc ulated together based on the relation 

* *  

LS = (_A_ )m ( 4 3 0X2 + 3 0x + 0 . 4 3 ) 
7 2 . 6  6 . 5 7 4 1 5  

where m ;= 0 . 5  i f;  S = 5 %  o r  greater , 0 . 4  i f  S = 4 % , and 
0 . 3  if S = 3% or less ; x = s i n  8 ;  and 8 = ang le of s lope 

The percent s lope and s lope length are the s ame on the northern 
and eastern s ide s of the dome . On the we stern s ide , the values 
are s l ightly d i f ferent ( 0 . 5 % - 3 3 7 5  feet ) , however , the LS value 
for the equation remains the s ame . 
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Then 

A 3 5 0  x 0 . 3 8 x 0 . 2 9 x 1 . 0  x 1 . 0  

3 8 . 6  ton s/acre/year 

The con s truction period , T ,  i s  5 months or 5 / 1 2  year . The soi l 
loss per acre , D ,  i s  

D A x T 

3 8 . 6  x 5 / 1 2  

1 6 . 1  tons/acre 

As noted i n  Section 2 . 4 ,  the area that would be d i s turbed 
due to cons truction at We st Hackberry i s  2 0 0  acre s . To approx
ima te the total amount of soil erosion , E ,  one mus t  mul tiply 
the soil loss per unit area time s  the number of acre s d i s trubed . 

E = D x number of acre s d i s turbed 
1 6 . 1  tons/acres x 2 0 0  acres 
3 2 2 0  tons 

To better i l lustrate the loss of 3 2 2 0  ton s of soil from 2 0 0  
acre s o f  nearly flat sur f ace , one could compute the depth o f  soil 
lost if  the loss is  evenly d i s tributed acros s the entire construc tion 
s ite . As sume that the den s i ty o f  soil i s  2 0 2 5  Ib/yd 3 ( Power 1 9 6 3 ) . 
Given that the depth of s oi l  lost equal s the volume of soil lost 
d ivi ded by the s ite acreage , i t  is computed--Urat 3 2 2 0  tons is approx
imate ly equi va l ent to los ing 0 . 1 2 inche s of soil over the who le s i te . 

A lo s s  of 0 . 1 2 inches of soi l over the s ite i s  not exac tly 
reali stic , because mo s t  of the lost soi l would come from a re l
atively sma l l  area of higher elevat ion on the dome . Lower e le
vations may actually exper ience an increa se in soil dep th . 

Accordi ng to the fac i l i ty de sign and the topography of the 
land on and around the dome , 1 7 1 . 3  acre s would be d i s turbed in the 
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area o f  B lack Lake and 2 8 . 7  acres would be d i s turbed in the area 
of B lack Lake Bayou . 

B lack Lake = >  1 7 1 . 3  acres/2 0 0  acre s x 3 2 0 0  tons 
2 7 5 8  ton s  

B l a c k  Lake Bayou = >  2 8 . 7  acre s/2 0 0  x 3 2 2 0  tons 
= 4 6 2  ton s 

There fore , due to con struction at we s t  Hackberry s ite , 2 7 5 8  tons 
o f  so i l  would be tran sported into B lack Lake and 4 6 2  tons o f  s o i l  
would be transported i nto B l ack Lake Bayou a s  shown i n  Figure 
4 . 3 - 1 0 . 

3 .  Calculat ions for the B lack Bayou S ite 

T he factors a s soc iated with the universal s o i l  lo s s  
equat ion a t  the B lack Bayou S a lt Dome s ite are : 

Factor s Ju s t i fi cation 

R 3 5 0  (USDA , 1 9 7 5 a )  
K 0 . 2  (USDA ,  1 9 7 5 b )  and s i l t  

c la s s i ficat ion 
LS 0 . 3 4 s lope - 2 . 4 % length 3 3 3  

(USDA ,  1 9 7  S a )  
C 1 no c ropping management 

loam 

feet 

f actor 
p = 1 no eros ion control fac tor 

Then 

A 3 5 0  x 0 . 2  x 0 . 3 4 x 1 . 0  x 1 . 0  
2 3 . 8  ton s/acre/year . 

The construction period , T ,  i s  5 months or 5 / 1 2  year . The 
soil loss per acre , D ,  i s  

D A x T 
= 2 3 . 8  x 5/12 
= 9 . 9  tons/acre 
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Also acco rding to sect ion 2 . 5 ,  the only dry land that wi l l  
be disturbed a t  Black Bayou would b e  the central p l ant facilities 
which con s i sts o f  10  acre s . To approximate the amount o f  soil 
e ro s ion , E ,  due to c ons truct ion o f  the B lack Bayou SPR fac i lity , 
multiply the s o i l  l o s s  per unit are a ,  D r  time s the numbe r  o f  
acres d i s turbed . 

E = D x number of acres disturbed 
= 9 . 9  tons/acre x 1 0  acre s 
= 9 9  tons 

To better i l lustrate the loss of 9 9  tons of soil f rom 1 0  
acres o f  nearly f la t  surfac e , one could compute the depth o f  
s o i l  lost i f  the loss i s  evenly distr ibuted acro s s  the entire 
cons truction site . A s sume that the dens i ty o f  soil is 2 0 2 5  Ibs/yd 3 

( Powe r ,  1 9 6 3 ) . Given that the depth o f  soil lost equal s the vo l
ume of soil lost divided by the s ite acreage , it is computed that 
9 9  tons is approximately equivalent to los ing 0 . 0 7 3  inches o f  
s o i l  over the whole s ite . 

A los s  o f  0 . 07 3  inches o f  soil over the site i s  p robably no t 
exactly real i stic , because mo s t  o f  the lo s t  soil would mos t ly come 
f rom a relatively sma l l  area of higher e levation on the dome . 
Lower e levations may actual ly experience an increase in s o i l  depth . 

This 9 9  acres o f  soil wou ld be redi stributed in a l l  direc tions 
back into Black Bayou as shown in Fi gure 4 . 4 - 0 3 . 

4 .  Calculations for the Vinton S i te 

The factor s a s soc iated with the universal soil lo s s  equation 
at the Vinton S al t  Dome site are ; 

Factor s  Justif�cation 

R = 3 5 0  (USDA , 1 9 7 5 a )  
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T hen 

K 0 . 3 6 ( U S DA ,  1 9 7 5 b )  and s i l t  loam 
c la s s i f ication ( U S DA ,  1 9 6 9 )  

LS 0 . 4 * s lope 1 . 7 % ,  length 5 0 0  ft . 
( ea stern ) (USDA ,  1 9 7 5 a )  

C = 1 no cropp ing management factor 
P 1 no �rosion contro l factor 

A = 3 5 0  x 0 . 3 6 x 0 . 4  x 1 . 0  x 1 . 0  
A 5 0 . 4  ton s/acre/year 

The construct ion period , T ,  is 5 months or 5 / 1 2  year . The 
soil lo s s  per acre , D .  i s  

D A x T 
5 0 . 4  ton s/acre/year x 5 / 1 2  
2 1  tons/acre 

Ac cord ing to Section 2 . 6 ,  the area d i s turbed for constructi-n 
of the we l lhead s , c entral plant fac i l ities and road s  wi l l  be 3 0  
acre s . To approximate the amount of soil eros ion , E ,  due to con
s truct ion at Vinton , one mus t  mu ltiply the soil lo s s  per uni t  
area per construc t ion period time s the number o f  acre s di sturbed . 

E D x number o f  acres 
2 1 . 0  x 30 acre s 
6 3 0  ton s 

To better i l lus trate the loss o f  6 3 0  tons o f  so i l  from 3 0  
acre s  o f  nea rly flat surface , one could compute the depth o f  soil 
lost if  the loss is  evenly d i stributed ac ro s s  the entire con
s truc tion s i te . As sume that the den s i ty of soil is 2 0 2 5  lb/yd 3 

( Power , 1 9 6 3 ) . Given that the depth of soil lo s t  equal the vo lume 
of so i l  lost divided by the s i te acre age , it i s  computed that 6 3 0  
ton s i s  approximate ly equ iva lent to lo s ing 0 . 1 5 i nche s  o f  so i l  
over the entire s i te . 
* Al l construc t ion i s  on the ea stern s i de o f  the dome . 
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A los s of 0 . 1 5 inches o f  soi l over the s i te i s  probably 
not exactly real i stic , because mo st of the lost soil would come 
from a relatively sma l l  area o f  higher e l evat ion on the dome . 
Lower e l evations may actua l ly experience an i ncrea s e  in soi l 
depth . 

According to the fac i l i ty des ign and the topography of the 
l and , a l l  of the construct ion at Vinton would take place on the 
eas tern s lope of the dome adj acent to Ged Lake . It is therefore 
logical to expec t  that a l l  of the 6 3 0  ton s of soi l s  wou ld be 
tran sported i nto Ged Lake as shown in F i gure 4 . 5 - 0 2 . 

5 .  Calcul ations for the Big Hi l l  S i te 

The fac tor s a s s oc i ated with the univer s a l  soil lo s s  equation 
for construc t i on at the Big H i l l  Salt Dome s ite are : 

To 

And 

F actors Jus t i f i c ation 

R 
K 

LS 

C 
p 

the 

A 

to 

A 

3 5 0  
0 . 2 4 

0 . 2 8 
0 . 2 8 
0 . 3 3 
1 
1 

east and 

3 5 0  x 
2 3 . 5  

- east 
- south 
- nor th 

south , 

. 2 4 x . 2 8 

(USDA ,  1 9 7  S a )  
(USDA , 1 9 7 5b )  and s i l t  loam 

c la s s i fi cation ( US DA ,  1 9 6 5 )  
eas t  - 0 . 4 % - 3 7 5 0  feet 1 
south 0 . 8 % 1 8 7 5  feet 

( ����� ) 
north - 1 . 5 % - 1 0 0 0  feet 
no cropping management factor 
no erosion control fac tor 

x 1 x 1 
tons/acre/year 

the north , 

3 5 0  x 0 . 2 4 x 0 . 3 3 x 1 x 1 
2 7 . 7  ton s/acre/year 

D . 1 6 -7 



The t ime o f  c on struct ion is 5 months or 5 / 1 2  year . The soi l 
los s  per acre to the east and south i s  

D = A x T 
= 2 3 . 5  x 5/12 

9 . 8  tons/acre 

The s o i l  lo s s  per acre to the north i s  

D = 2 7 . 7  x 5 / 1 2  
= 1 1 . 5  ton s/acre 

As noted in Sect ion 2 . 7 ,  the area that would be d i sturbed 
due to con struc t ion at Big H i l l  would be 1 4 0  acre s . Of thi s  
1 4 0  acre s , 1 0 7 . 5  are located o n  the eastern and southern portions 
of the dome and the other 3 2 . 5  acres are on the northern portion 
o f  the dome . Therefore , to app rox imate the total amount o f  so i l  
ero si on , E ,  one must mul t ip ly the soi l los s  per unit area per 
con struction period time s the number o f  acres disturbed . 

E D x number o f  acres di s turbed 
= 9 . 8  ton/acre x 1 0 7 . 5  acres + 1 1 . 5  tons/acre x 

3 2 . 5  acre 
1 0 5 3 . 5  tons + 3 7 3 . 8  ton s  

= 1 4 2 7 . 3  tons 

To better i l lustrate the loss of 1 4 2 7 . 5  ton s of s o i l  from 
1 4 0  acre s of nearly flat surfac e , one could compute the depth o f  
soi l  lo s t  i f  the lo s s  i s  even ly di str ibuted acro s s  the entire 

construct ion s ite . As sume that the den s i ty of soi l is 2 0 2 5  lb/yd 3 

( P ower , 1 9 6 3 ) . Given that the depth of so i l  lost equa l s  the volume 
o f  s o i l  lost divided by the s ite acreage , it i s  computed that 1 4 2 7 . 3  
tons i s  approximately equiva lent to los ing 0 . 7 5 inche s of soi l over 
the who le s ite . 

A l o s s  of 0 . 7 5  inches of soi l over the s ite i s  probab ly not 
exactly real i st i c , because mos t  of the lo s t  s o i l  would come from 
a relatively smal l  area o f  h igher evevation on the dome . Lower 
elevat ion s may a ctua l ly experience an increase in so i l  depth . 
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According to the fac i l ity des ign and the topography 
of the land , the soil los s  due to con struction o f  the southe rn 
and eastern port ion s of the dome ( 1 0 4 3 . 5  ton s )  would settle in 
the marsh south and east of the dome a s  s hown i n  Figure 4 . 6 - 0 4 . 
The so i l  loss on the northe rn portion o f  the dome ( 3 7 3 . 8  ton s )  
would be transported into the gullies and slough s to the north 
as shown in the s ame figure . 
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APPENDIX D . 1 7 

INCREASES IN SUS PENDED SOL IDS 

1 .  Deve lopment o f  Govern ing Equations 

Let 

Q = ma s s  rate o f  sed iment transport into 
body ( 1bm/day)  

AL surface area o f  water body ( ft2 ) 
VL vo l ume o f  water ( ft3 ) 
v settl ing ve loc ity ( ft/day ) p 

water 

Pp 
= ma s s  density o f  suspended particles ( 1bm/ft 3 ) 

t = time ( day s )  

The governing equations for cons ervation o f  sediment 
wi th ma s s  transport would be 

or 

d p  
----.E 
dt 

Q 
VL 

Thi s  equation can be integrated to yield the s o l ut ion , 
v t 

_ ---.L 
e D 

Q 
VpAL 
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The governing equat ion for the conservation o f  sediment wi thout 
mas s  transport would be 

d p  
� 
dt 

Thi s equation can be integrated to yield the solution 

= 

or 

where 

( 5 )  

( 6  ) 

( 7  ) 

initial mas s  density o f  suspended particles 
( lbm/f t3 ) 

2 .  Calculations for S uspended Solids for Black Lake 

Q 2 7 5 8 x2 0 0 0  
5 x 3 0  3 6 8 0 6 lbm/day 

v = . 0 1 8  rom/ sec = 5 . 1  ft/day p 
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A s  previously deve loped , the mas s  dens ity o f  s uspended particles 
with mas s  transport can be calcul ated according to the relation 

( 4 )  

= 7 . 5 6 x 1 0 - 5  [ ( l -exp ,:,,1 .  2 7  5 t )] 
Calculation s  o f  p for various value s o f  t ( up to 1 5 0  day s )  yields p 
the fol lowing result s : 

t ( day s )  p ( lbm/ft3 ) p C ( ppm ) 

0 0 0 
0 . 1  0 . 9 1 . 1 0 - 5  0 . 1 4 6  
0 . 5  3 . 5 6 ' 1 0 - 5  0 . 5 6 9  
1 . 0  5 . 4 4 ' 1 0 -5 0 . 8 7 0  
1 . 5  6 . 4 4 . 1 0- 5  1 .  0 3 0  
2 . 0  6 . 9 6 . 1 0 - 5  1 . 1 1 3  
3 . 0  7 . 3 9 ' 1 0 - 5  1 . 1 8 2  
4 . 0  7 . 5 1 . 1 0 - 5  1 .  2 0 1  
6 . 0  7 . 5 6 . 1 0 - 5  1 .  2 0 9 

1 0 . 0  7 . 5 6 ' 1 0 -5 1 .  2 0 9  

After 1 5 0  days (to = 1 5 0 )  the construct ion period ends and ma s s  
transport into the lake i s  a s sumed to cease . The mas s  den s i ty o f  
s uspended parti c l e s  s usbsequent to thi s  time can be calcu lated 
according to the relat ion 

( 7 )  

The value o f  Pp calculated by Eq ( 4 )  a fter 15 0 days repre sents 
the value of ( p p ) o ' Thus 

( 8 )  
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Calc ulation o f  p for various value s of t ( greater than 1 5 0  days ) p 
uields the fo llowing results 

t-t (day s )  3 C ( ppm ) p ( lbm/ f t  ) 0 p ----
0 7 . 5 6 0 1 0 - 5, 1 .  2 0 9  

. 0 1 7 . 4 6 0 1 0- 5  1 . 1 9 3  

. 1  6 . 6 5 0 1 0 - 5  . 1 0 6 3  
1 . 0 2 . 11 0 1 0 - 5  1 .  0 6 3  
5 . 0  0 . 0 1 0 1 0 -5 0 . 0 0 2  

3 .  Calculation s for Suspended Solids for B lack Lake Bayou 

Q 
4 6 2 x 2 0 0 0  6 1 5 2  lbm/day Sx3 0 

VL 1 3 . 6  x 1 0 6 ft 3 

AL 3 . 4  x 1 0 6 ft 3 

v 0 . 1 8 rom/sec = 5 . 1  f t/day p 
DL 4 ft 

As previously deve loped , the ma s s  den s i ty o f  s uspended parti c le s  
wi th ma s s  transport can be c a lculated according t o  the rela tion : 

Q ( l-e -vpt/D ) 
VpAL 

3 . 5 5 x 1 0 - 4  [1-eXP ( - 1 . 2 7 S t )] 
( 4  ) 

Calculation o f  p for var i ou s  values o f  t ( up to 1 5 0  day s )  yie lds p 
the fo l lowing resu l ts : 
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t (days ) 3 C ( ppm ) P ( lbm/ft ) p 

0 0 0 
0 . 0 1 0 . 0 5 . 1 0- 4  0 . 0 8 0  
0 . 1  0 . 4 3 0 1 0 -4 0 . 6 8 8  
0 . 5  1 . 6 7 0 1 0-4 2 . 6 7 0  
1 . 0  2 . 5 6 0 1 0 -4 4 . 0 9 4  
2 . 0  3 . 2 7 0 1 0 -4  5 . 2 2 9  
3 . 0  3 . 4 7 0 1 0 - 4  5 . 5 4 9  

4 . 0  3 . 5 2 0 1 0 -4 5 . 6 2 9  
5 . 0  3 . 5 4 0 1 0 -4 5 . 6 6 1  
6 . 0  3 . 5 5 0 1 0- 4  5 . 6 7 7  

1 0 . 0  3 . 5 5 0 1 0 -4 5 . 6 7 7  
2 0 . 0  3 . 5 5 0 1 0 -4 5 . 6 7 7  

After 1 5 0  days ( t  = 1 5 0 )  the construc tion peri od ends and mas s  o 
transport into the bayou i s  a ssumed to cease . The ma s s  den s i ty 
of su spended parti c l e s  subsequent to this time can be calculated 
ac cording to the re lat ion : 

v ( t- t  ) - p 0 
( 7 )  

The va lue o f  p calcul ated by Eq ( 4 )  after 1 5 0  days represents. p 
the value o f  ( p  ) • Thus p 0 

Then 

-4  3 3 . 5 5 x 1 0  lbm/ f t  

( 8  ) 

Calculation o f  p for various va lues o f  t ( g reater than 1 5 0  days )  p 
yields the following resul t s : 
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t-t (day s )  PE
( lbm/ ft 3 ) C (ppm )  0 

0 3 . 5 5 0 1 0 - 4 5 . 6 7 7  
. 1  3 . 17 0 1 0 - 4  5 . 0 6 9  
1 . 0  0 . 9 9 0 1 0- 4 1 .  5 8 3  
5 . 0  - 4  0 . 0 1 6  0 . 0 1 0 1 0 

4 .  Calculations for susEended Solids for B lack Bayou 

Q 9 9x 2 0 0  
= 5x3 0 = 1 3 2 2  lbm/day 

VL 1 2 . 7  x 1 0 6 f t3 

v = 0 . 1 8 p rom/sec = 5 . 1 0 ft/day 

AL = 4 . 2  x 1 0 6 ft2 

As previou s ly deve loped the mas s  den s ity of su spended parti c l e s  
with ma s s  transport c an be calculated according t o  the re l ation : 

P = Q 1 _ e ( -v p t/DL ) 
P VpAL 

6 . 17 x 1 0- 5  [1-eXp ( - 1 . 7t8 
Calculat ion o f  Pp for various va lue s o f  t ( up to 1 5 0  day s )  yields 

the fol lowing re sults : 

t ( days ) P ( lbm/ft3 : 
E 

C (ppm) 

0 0 0 
. 0 1 0 . 1 4 0 1 0 - 5  0 . 0 2 2  
. 1  0 . 9 7 0 1 0- 5 0 . 1 5 5  
0 . 5  3 . 5 3 0 1 0 - 5 0 . 5 6 4  
1 . 0  5 . 0 4 0 1 0- 5 0 . 8 0 6  
2 . 0  5 . 9 6 0 1 0 - 5 0 . 9 5 3  
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3 C (ppm ) t ( days ) P (lbm/ft ) p 

3 . 0  6 . 1 3 . 1 0 - 5  0 . 9 8 0  

4 . 0  6 . 1 6 0 1 0 - 5  0 . 9 8 5  

5 . 0  6 . 1 7 0 1 0 -5 0 . 9 8 7  

1 0 . 0  6 . 1 7 0 1 0 - 5  0 . 9 8 7  

After 1 5 0  days ( t  = 1 5 0 )  the con struction period ends and mas s  o 
transport i nto the bayou i s  a s sumed to c ea s e . The mas s  density 
o f  suspended parti c les subsequent to this t ime can be calculated 
according to the relat ion : 

v ( t-t ) - p 0 
Pp = ( pp ) o e DL 

The value of p calcu lated by Eq ( 1 4 )  after 1 5 0  days repre sents p 
the value o f  ( pp ) o . T hu s  

T hen 

( p ) = 6 . 1 7 x 1 0 - 5  lbm/ft 3 
p 0 

Ca lculation o f  p for various value s o f  t ( up to 1 5 0  day s ) yields p 
the followi ng result s : 
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t-to ( d ay s )  3 C ( ppm ) p ( lbm/ ft ) p 

0 6 . 1 7 . 1 0 - 5  0 . 9 8 7  
. 1  5 . 2 1 . 1 0 - 5  0 . 8 3 3  
1 . 0  1 . 1 3 0 1 0 - 5  0 . 1 8 1  
2 . 0  2 . 0 6 0 1 0 - 6' 

0 . 0 3 3  
5 . 0  1 . 2 6 0 1 0 - 8  

5 .  Calcula tions for Su spended Solids for Ged Lake 

Q 6 3 0 x 2 0 0 0  = 8 4 0 0  lbm/day 5 x 3 0  

VL 5 2 . 2  x 1 0 6 ft 3 

v 0 . 1 8 rom/ sec = 5 . 1 0 ft/day p 
AL 3 . 4 8  x 1 0 6 ft2 

DL = 1 5  feet 

As previously deve loped the ma s s  den s i ty of su spended parti c les 
with ma s s  transport can be calcu lated according to the re lat ion : ( 

-vp t/DL ) 
Pp = Vp

Q
AL 

l-e 

4 . 7 3 x 1 0 - 4  [ 1 - exp ( - . 3 4 5 )J 
Calcu lation o f  p for variou s values of t ( up to 1 5 0  day s )  yields p 
the fol lowing re sults : 
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t ( day s ) 3 C ( ppm ) P ( lbm/ ft ) p 

0 0 0 
. 5  . 7 3 9 . 1 0 - 4  1 . 1 8 
1 . 0  1 . 3 6 0 1 0 - 4  2 . 1 8 

1 . 5  1 . 8 9 0 1 0 - 4  3 . 0 3 

2 . 0  2 . 3 3 0 1 0 - 4  3 . 7 3  

3 . 0  3 . 0 2 0 1 0- 4  4 . 8 4 

4 . 0  3 . 5 2 0 1 0 - 4  5 . 6 4 

6 . 0  4 . 1 1 0 1 0- 4  6 . 5 9 

8 . 0  4 . 4 2 0 1 0 - 4  7 . 0 8 

1 0 . 0 4 . 5 7 0 1 0 - 4  7 . 3 2 

2 0 . 0  4 . 7 2 0 1 0 - 4  7 . 5 6 

After 1 5 0  days ( t  = 1 5 0 )  the cons truction period ends and ma s s  o 
tran sport into the lake i s  a s sumed to ceas e .  The mas s  den s ity 
of su spended part i c l e s  sub sequent to thi s time can be calcu lated 
according to the relation : 

Then 
Pp = 4 . 7 3 x 1 0 - 4  [ exp ( - . 3 4 t )] 

Calcu lation o f  p for various values o f  t ( up to 1 5 0  day s )  yields p 
the fo llowi ng re s ult s : 

t-t o ( days ) 3 C ( ppm ) p ( lbm/ ft ) 
E 

0 4 . 7 3 0 1 0- 4  7 0 5 6 
0 . 1  4 . 7 1 0 1 0- 4  7 . 5 3 

0 1  4 . 5 7 0 1 0- 4  7 . 3 1 
. 5  3 . 9 9 0 1 0- 4  6 . 3 8 

1 3 . 3 7 0 1 0- 4  5 . 3 9 

5 0 0 8 6 0 1 0 - 4  1 .  3 8  

1 0  0 . 1 6 0 1 0 - 4  0 . 2 6 

2 0  0 . 0 1 0 1 0 - 4  0 . 0 2 
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APPENDIX D . 1 8 

* 
WITHDRAWAL OF WATER FROM BLACK BAYOU 

1 .  Water Leve l in Black Bayou During Leaching Operations in 
the Absence o f  Replen i s hment Water 

The area of the e ntire bayou i s  ( Barrett , 1 9 7 0 )  

A = 3 8 6 acre s 

1 6 . 8  x 1 0 6 ft 2 

The withdrawal rate during leaching is 

6 3 
= 5 . 7 8 x 1 0  ft /day 

I f  the bayou is isolated from other water bodies 

dh 
dt 

= 

- Q  o 
---;;:-

6 - 1 . 0 3x l O . 5 . 6 15 
1 6 . 8xl0 6 

- 0 . 3 4 4  ft/day ( 1 )  

2 .  Water Leve l in B lack Bayou During Di splacement Operations 
in the Abs ence of Replenishment Water 

The area of the bayou as given ear lier i s  

A = 1 6 . 8  x 1 0 6 ft 2 

The wi thdrawal rate dur ing d i sp lacement i s  

* 
The notation used in thi s  appendix i s  con s i stent with that u sed 

in Appendix D . 1 2 .  
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I f  the bayou i s  i solated from other water bodies 

dh 
dt 

-Q o 
1\ 

6 - l . O Sxl O xS . 6 1 S  
6 1 6 . 8 xl O 

- 0 . 3 S 1  ft/day 

3 .  App l i cation of MIT Water Qua l i ty Ne twork Mode l 

( 2 )  

The equation s  governing the behavior o f  water i n  Bl ack Bayou can 
only be solved numer i cal l y .  The MIT Water Qua l i ty Ne twork Mode l 
whi c h  i s  described i n  Appendix D . 1 4 ha s been u s ed to provide s uch 
a solution . A network wa s deve loped con s i s ting of B l ack Bayou , 
Black Bayou Cuto f f , and Ri ght Prong . The dimen s ions o f  each water 
body were cons i s tent with tho se given in Tab le B . 3 - 1 2 . Boundary 
conditi ons were e s tab l i s hed as follows : 

Loc at ion 

Junction of Black Bayou 
with ICW 

Junction of Black 
Bayou Cuto f f  with ICW 

Wi thdrawal point on 
B l ack Bayou 

Junc tion of Black 
Bayou and S abine 

Hydraulic 

S inusoidal vari ation of 
surface height with a 
range o f  . S  feet and 
a period of 12 hours . 

Sinusoida l  vari ation 
of surface hei ght with 
a range o f  . S  feet and 
a period of 12 hours . 

Con s tant wi thdrawal 
rate o f  6 6 . 9  f t3/sec 

Sinus oidal variation 
o f  surface height w i th 
a range of 1 . 0  feet 
and a period of 1 2  
hour s . 

Water Qua l i ty 

Con s tant s a l i n i ty 
o f  0 . 4  ppt 

Constant sal inity 
o f  0 . 4  ppt 

Z ero di spers ive 
f lux 

Cons tant sal inity 
of 6 . 6 S ppt 

During an init i a l  9 0 - day period no wi thdrawal o f  water took p l ace 
and the network o f  water bod i e s  was a l lowed to approach equ i l ibrium .  
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The resul t ing var i ation o f  water depth and s a l i nity i n  B lack Bayou 

near the point of withdrawal during the final 3 0  days of the 9 0 -day 

start-up per iod i s  presented i n  Figure D . l S - l .  The d i s tribution o f  

s a l in i ty in B l ack Bayou , Right Prong and B lack Bayou Cuto f f  i s  shown 

in F igure s D . l S - 2  through D . l S- 4 . �he corre sponding distribution of 

f low ve loc i ti e s  i s  inc luded i n  Figures D . l S - S  through D . l S - 7 . 

Fol low ing the s tart-up period water was withdrawn from the bayou 

for I S O  days at a r ate of 6 6 . 9  ft 3 /se c corre sponding to a di splace

ment operation . The resulting variation o f  water depth and s a l inity 

i n  B l ack Bayou near the point o f  withdrawal i s  a l so shown in Figure 

D . l S- l . The d i stribution o f  s a l in i ty in B lack Bayou , Right Prong 

and B l ack Bayou Cuto ff at the end of the I S O -day withdrawal proce s s  

i s  inc luded i n  F igure s D . l S - 2  through D . l S- 4 . The corre s ponding 

d i s tribution o f  flow ve locities is included in F igures D . l S - S  through 

D . l S- 7 . 

Examination o f  Figure D . l S - l  reve a l s  that a fter 4 day s o f  water 

w i thdrawal B lack -Bayou reached hydrau l ic equi librium while equi l ibrium 

wi th respe c t  to sal inity variation was a chieved a fter S S  days . 
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APPENDI X  D . 1 9 

WITHDRAWAL OF WATER FROM SABINE LAKE 

The equa tions gove rning the behavior o f  water i n  S abine Lake c an 
only be so lved numeric ally . The MIT Water Qua l i ty Network Model 
which i s  described in Appendix D . 1 4 has been used to provi de such 
a so lution . A network was deve loped cons i s ting o f  S ab ine Lake , 
S ab ine P as s , and the S abine-Ne che s Canal . The dimen s ion s o f  e ach 
water body were cons i stent with those given in Tab l e  B . 3 - 1 2 . 
Boundary conditions were establ i shed a s  fol lows : 

Location 

Junction o f  Neche s 
River with S ab ine 
Lake 

Junction of S ab ine 
River with Sabine 
Lake 

Withdrawal point on 
Sabine Lake 

Junc tion of Sabine 
Pass with Gul f of 
Mexico 

Hydraul i c  

Constan� flow rate o f  
5 1 8 4  ft /sec 

Cons tan� flow rate of 
7 9 6 9  ft /sec 

Con s tant w i thdrawal 
rate of 6 6 . 9  ft 3 /sec 

S inusoidal vari ation 
o f  surface height with 
a range of 1 . 9  feet 
and a period of 1 2  
hours 

Water Qua l i ty 

Con s tant s a lin ity 
of 7 . 0  ppt 

Con s tant s alinity 
o f  7 . 0  ppt 

Zero di s pers ive 
f l ux 

Ocean boundary with 
a s alinity of 2 2 . 7  
ppt 

Dur ing an initial 3 0 -day period no wi thdrawal of water took place 
and the network o f  water bodi es was allowed to approach equi l ibrium .  
The resul ting variation o f  water depth and salin ity i n  S abine Lake 
near the point of withdrawal during this 3 0 -day start-up period i s  
presented in Figure D . 1 9 - 1 . The di stribut ion o f  s al inity in S abine 
Lake , Sabine Pass and the Sab ine-Neches Canal is s hown in Figure s 
D . 1 9 - 2  and D . 1 9 - 3 . The corre sponding d i stribution o f  flow ve locities 
i s  incl uded in F i gure s  D . 1 9 - 4  and D . 1 9 - S . 
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Fol lowing the start-up period water wa s withdrawn f rom the lake 
for I S O  day s  at a rate of 6 6 . 9  ft 3/sec , corre sponding to a d i s 
p lacement operation . T h e  resulting variation o f  water depth and" 
sa linity in Sabine Lake near the point of wi thdrawa l i s  a l s o  shown 
in Figure D . 1 9 - 1 . The s patial distribut ion o f  s a l inity in Sabine 
Lake , S ab ine P a s s  and the Sabine-Neche s Cana l at the end o f  the 
I S O -day wi thdrawal proce s s  i s  inc luded in Figur e s  D . 1 9 - 2  and D . 1 9 - 3 . 
The corresponding . di s tribution o f  f low ve loc ities i s  inc luded i n  
F igure s D . 1 9 - 4  and D . 1 9 - S . 

Examination of F i gure D . 1 9 - 1  reve a l s  that the withdrawa l o f  water 
from S abine Lake had no apprec iable e ffec t on the sur face he ight o f  
the lake i n  the vicinity o f  the withdrawal poin t . Thu s hydraul i c  
equ i l ibrium was maintained throughout the wi thdrawal proce s s . The 
s a linity o f  the lake decreased during the wi thdrawa l proce s s , reach
ing equilibr ium approximately 1 3 0  days a fter wi thdrawal commenced . 
Part o f  the decrease in s a l inity was due to the fact that the lake 
apparently had not reached true equil ibrium with re spect to sal inity 
during the 3 0 -day s tar t-up period . 

The location o f  the po int in Sabine Lake correspond ing to F igure 
D . 1 9 - 1  is presented in F i gure D . 1 9 - 6 .  In the s ame f igure the 
locations of the spatial or igins and the paths of the spatial 
coord inates are i nd i cated i n  Figures D . 1 9 - 2  through D . 1 9 - S .  
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APPEND I X  0 . 2 0 

WITHDRAWAL OF WATER FROM VINTON CANAL * 

1 .  Water Leve l in Vi nton Canal During Leaching Oper ation s 

The a rea o f  the canal i s  

A ( 5 . 2 3 x 1 0 4 f t )  ( 6 0  ft ) 

= 3 . 1 4 x 1 0 6 f t 2 

The wi thdrawal rate during leaching i s  

6 3 Q = 1 . 9 3 x 1 0  ft /day o 

I f  the c anal i s  i solated from other water bodie s  

d h  Qo 
dt = A 

1 . 9 3x l 0 6 

3 . 1 4 x l 0 6 

= 0 . 6 1 5  ft/day 

2 .  Induced Current s  in Vinton Canal and the ICW During 
Leaching Operations 

The width of Vinton Cana l is 

W = 6 0  ft 

And the depth i s  

o = 4 ft 

* 

( 1 )  

The notat ion used in thi s appendix i s  con si stent wi th that 
used in Appendix 0 . 1 2 
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Thus the c ro s s - sect ional area i s  

A 4 x 6 0  c 

= 2 4 0  ft2 

The wi thd rawa l  rate i s  

6 3 0 . 9 3 x 1 0  ft /day 
3 2 2 . 3  ft /sec 

If all o f  the repleni shment water flows through Vi nton Cana l , 
under s teady-s tate condi tions , the induced ve loc i ty wou ld be : 

U i Qo/Ac 
2 2 . 3/2 4 0  

= 0 . 0 9 2 9  ft/sec ( 2  ) 

The width of the ICW i s  

W = 3 0 0  ft 

The depth o f  the ICW i s  

D = 1 2  f t  

Thus the cros s - s ec tional area i s  

I f  a l l  the rep leni shment water flows through the ICW , 
under s teady - s t ate condition s , the i nduced ve loc i ty wou ld 
be 

U i = Qo/Ac 
= 2 2 . 3/ 3 6 0 0  

0 . 0 0 6 2  ft/sec 
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3 .  S urface Height Di f ferential in Vinton Canal During Leaching 
Ope rat ions 

The relat ion between the s lope , S ,  and the induced f low 
rate , Ui , i s  ( S treete r ,  1 9 6 1 )  

( 3 )  

where n 0 . 0 2 5  s ec/ftl/3 

For the Vinton Canal the hydraulic radius i s  

R 4 x 6 0  
= 2x4+ 6 0  

= 3 . 5 3 f t  ( 4 )  

I f  the induced c urrent i s  a s sumed to Occur in the portion 
of Vinton Canal between the withdrawa l point and the ICW 
the di s tance i s  

L = 6 . 2 5 mi les 

3 1 , 15 2  ft 

The slope i s  d e fined as 

S - t. h/L 

where t. h  height di f ferential ( 5 )  

The i nduced veloc i ty under equi librium condi tons i s  given 
by Eq ( 2 ) . A combination of Eqs ( 2 )  through ( 5 )  yields : 

t. h  = 

( nU . ) 2 
L 

1 .  4 9
1.

R2/3 

3 1 , 1 5 2  
( 0 . 0 2 5X O . 0 9 2 9 ) 2 

1 . 4 9x 3 . 5 3 2/3 

= 0 . 0 1 4 1  ft 
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Thi s would be the dif ference in the water leve l in the 
ICW in the vicinity of the Vinton Canal and the withdrawal 
po int on vinton Canal . 

4 .  water Leve l in Vinton Canal During the Displacement 
Operat ion s 

The area o f  the c anal a s  g iven earlier i s  

A = 3 . 1 4 x 1 0 6 ft 2 

The withdrawa l rate during d i splac ement i s  
6 3 Q = 1 . 9 5 x 1 0  ft /day o 

I f  the c anal i s  i so lated from other water bod ies 

= 
1 . 9 5x l 0 6 ft 3 /day 
3 . 1 4 x l 0 6 ft2 

= 0 . 6 2 6  ft/day 

5 .  I nduced Cur rent s  in vinton Canal and the IC�'l During 
D i splacement Operat ions 

( 7 )  

The cro s s- sect iona l area o f  Vinton Canal a s  calcu lated 
e arlier i s  

A = 2 4 0  ft2 
c 

The withdr awa l rate i s  

Qo = 1 . 9 5 x 1 0 6 ft3 /day 
3 

= 2 2 . 7  ft /sec 
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the surface hei ght di fferential can be calculated a ccording 

to the relat ion 2 

llh = L ( nU . ) 
1 .  4/ R2/3 

2 
= 3 1 , 1 5 2  ( O .  0 2 5x O . 0 9 4 6') 

1 . 4 9x 3 . 5 3 2/3 

= 0 . 0 1 4 6  ft ( 9 )  
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I f  the replenishment water f lows through Vinton Canal , 
under steady - s tate cond itons , the induced veloc ity would 
be 

U i Qo/Ac 
2 2 . 7/ 2 4 0  

= 0 . 0 9 4 6  ft/sec ( 8  ) 

The cross- sect ional area o f  the ICW calculated e arlier i s  

A = 3 6 0 0  ft2 
c 

The wi thdrawal rate above i s  

I f  a l l  the repleni shment water f lows through the I CW ,  
under s teady- state condi tons the induced ve loc i ty would be : 

Ui Qo/Ac 
= 2 2 . 7 / 3 6 0 0  

0 . 0 0 6 3  ft/sec 

6 .  Surface Height D i f ferenti al in Vi nton Canal During Di s
p lacement Operations 

Based on Equations ( 3 )  through ( 6 )  given earlier , comb ined 
with the value s , 

U . = 0 . 0 9 4 6  ft/sec l. 
Ac = 2 4 0  ft 2 

R 3 . 5 3 ft 

L = 3 1 , 1 5 2  ft 

n = 0 . 0 2 5  s ec/ ftl/3 

D . 2 0 - 6 



APPENDIX D . 2 1 

P RESSURE BUILD-UP IN D I SPOSAL AQU IFERS AT THE VINTON S ITE 

The analy s i s  of subsur face brine disposal operations generally 
focuses on the predic tion o f  subsur face pres sures in the aqui fer 
during the i n j ection operation . The s e  pre s s ures are of prime 
intere s t  because i f  the s ub surface pre s s ure in any part o f  the 
aquifer exceeds the fracture p re s sure , the b rine may e s cape 
the di sposal aqui fer and perhap s contaminate nearby fre sh water 
aquifer s . The s ub surface pre s sure wi l l  be a function of the 
overall rise in aquifer pres sure because of the additional 
volume of the inj ec ted material (material balance type con s id
eration) and the rise in pre s s ure in the immediate vic inity 
o f  the we l l  bore while actually inj e cting ( fric tional loss in 
the rock pore channel s ) . 

The variables influencing the subsurface pres sure are the amount 
o f  f l uid already exi s ting in the aquifer ( de fined by area l extent , 
thickne s s , poros ity , compre s s ibil ity) and the ease with which the 
b rine wi l l  f low through the rock ( de f ined by permeabi l i ty , thick
nes s ,  visco s i ty , etc ) . The equations that predict the e f fects o f  
these variab les on sub surface pre s s ure are we l l  de fined in the 
l i terature and wi l l  be discussed only briefly herein . T he analysis  
presented in thi s report i s  based primari ly on the fol lowing 
equation : 

where : 

p . + 
1 7 . 0 8kh 

[1 4 . 2 2kt] 
In 2 � c � r  w 

Pw wel l  bore pre s sure , p s i g  

p .  ini ti al aqui fer pres sure , psig 
1 

q inj ection rate , barrels per day 

� b rine viscos ity , cp 
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k = permeabi l ity o f  rock , darcy 
h sand thickne s s , feet 
t time , days 
c aqui fer-brine system compre s s ib i l i ty , vo l/vol/p s i  

¢ poro s ity , fract ion 
r we l l  bore radius , feet w 

Thi s  equation i s  valid only for a s ingle inj ect ion we l l  inj ecting 
at a con s tant rate in an aquifer of infinite extent . By the proper 
use of " image we l l s "  and the mathematical theory of superpo s i tion , 
the equation can be uti l i z ed for mUlti-we l l  inj ection at varying 
rate s in aqui fers of vary ing s i z es . 

I n  the p roposed Vinton Dome proj ect , the fol lowing brine dispo s a l  
p lan h a s  b een set fo rth : 

Cyc le 1 :  

Cyc l e s  2 - 5 : 

Brine wi l l  be di spo sed at a rate of 3 9 5 , 0 0 0  
bbl/day ( 1 1 , 5 0 0  gpm ) for 1 1 4 4  day s . Thi s 
occurs during leaching operations . 

Brine wi ll be disposed at a rate o f  5 9 , 5 0 0  
bbl/day ( 1 7 3 5  gpm) for 8 4 0  day s . Thi s 
repre sents re-fil ling the c avity after having 
had to use the stored oil . The aqui fer wi l l  
have been " dormant " prior t o  the start o f  
each of t hese cyc l e s . 

Geologic in format ion on potential d i sposal aqui fers indicated that 
there exi s t s  eleven s ands o f  5 0  fee t in thickne s s , seven sands o f  
1 0 0  feet , and three s ands o f  1 5 0  feet . The areal extent o f  the 
s ands in unknown but thought to be at least 3 square mile s . S i nce 
i t  is proposed that then inj ect ion we l l s  be used , the seven 1 0 0  
foot s ands and the three 1 5 0 - foot sands were the one s con sidered 
in thi s ana ly s i s . The calculations were actua l ly performed only 
on 1 0 0 - foot sand to e s tablish the l imiting condition s . 

S ince are a l  extent o f  the aqui fers i s  unknown and i s  so d irectly 
invo lved in predict ion of d i sposal ope ration s , the ana ly s i s  pre
sented herein was intended to indicate j us t  what s i ze aqui fer 
would be neces sary to provide the required capac i ty without exceeding 
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fracture pre s s ure . Data used in the anal y s i s  are s hown in 

Table C . S - l . 

As indicated in the table , test cases involving areas from 

3 to 4 0  s quare mi l e s  were analyzed . The results are depicted 

in F igure C . S - 4 . A s  indicated in that figure an aquifer must 

be at least 32 square mi l e s  in extent to hold the volume o f  

inje cted brine . 

O f  those test cases analyzed , the case involving an area o f  3 6  

square mi les was con s idered to repre sent the sma l le s t  aquifer 

with an adequate margin o f  s afety . The pres sure h i s tory in 

such an aqui fer , during the d i sposal proce s s  as soc iated with 

the leaching operation , is presented in Figure C . S - S .  It i s  

important t o  note that i n  the analysis per formed the aquifer wa s 

a s s umed to be totally conf ined , with no leakage occurring 

dur ing disposal operations or during dormant period s . 
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APPENDIX D . 2 2 

POTENTIAL BRINE INJECTION CONCERNS RESULTING FROM 

CHEMICAL AND BIOLOGICAL C HARACTERI STICS 

As noted in Sect ion C . 5 . 1 . 2 . 2 ,  as sociated with brine in
j ec tion , there are three potential prob lem areas resulting from 
the chemical and biological characteristics  of the waters in
volved . The se problem areas are : 

( 1 )  Incompatabi lity of waters 
( 2 )  Water-sen s i t ive formations 
( 3 )  Water quality cons iderations 

with respect to incompatibi l i ty of waters , "Waters that are 
compatible can be mixed without producing any unde s i rable 
c hemical reaction s between component s d i s solved in the 
individual water s .  Unde s irab le reactions are tho se that 
produce inso luble produc t s  such as calc ium and carb0nate 
ion s ,  forming calc ium c arbonate or barium , and sulfate 
ion s , forming barium sul fate . In soluble produc ts produced 
from the se react ion s can decrease f low in l i ne s , i n j ection 
we l l s , or reduce pe rmeabi l i ty . " ( Ostrof f ,  1 9 6 5 )  

Potenti al prob lems wi th water compatibi l ity exi st at s everal 
d i f ferent points in the brine d i spo sal problem ( Hower e t .  al . 
1 9 7 2 ; Barne s , 1 9 7 2 ) . O f  primary concern in the current c a se 
i s  the compatibil ity o f  the brine to be inj ected with the waters 
of the aqui fer where inj ect ion is to occur . When brine is in
j e cted into a reservoir conta ining waters incompatible with the 
brine , depo s it s  wi l l  form only where the brine and re servo ir 
water make contact and mix . Depo sits wi l l  form only in a sma l l  
vo lume o f  water i f  there i s  a small degree o f  mixing , but de
posits wi l l  form in a large volume of water if a large degree 
of mixing occur s . 

The prob lem o f  water-sensitive formation s ha s been con s idered 
by a number of inve stigator s ( O strof f ,  1 9 6 5 ; Hower , et . al . 
1 9 7 2 ; and Dona ld son , 1 9 7 2 ) . Certain type s of rocks are 
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susceptible to permeabil ity damage when i n f i l t rated by fre sh 

or s l ig htly saline water . Damage o f  thi s type is related to 
rock properties and i s  caus ed by swe l l ing o f  indigenous clays 
and the d i spers ion o f  indigenous nonswe l l ing particles duri ng 
f luid f low . 

The swel ling ( hydration ) o f  c lays i s  a funct ion o f  the salinity 
o f  the water be ing inj ected . C lays which are prone to swe l l  are 
more sen s itive to fre s h  water than saline water with a minimum 
salinity o f  2 - to 5 0  ppt . Bec aus e  the brine sal inity wi l l  be 
c ons iderably above this level , c lay swe l l i ng appears un like ly . 

T he third p rob lem conc ern ing water qual i ty in general i s  c l ear ly 
related to the two a lready di scus sed . As noted by Ostro f f , 
"Water qua lity inc lude s the amount o f  su spended solids in the 
water , number of bacteria present , and the corros ivity of t he 
water . All o f  these solids could plug the pore spaces in the 
format ion or bui ld up an impermeab le f i l ter c ake on the face o f  
the re servoir rock that would impede water inj ection . Bacteria 
may contribute to c orros ion and c orros ion p roducts , resulting 
in plugging of the inj ec tion we l l . Bacterial growths themselve s  
c an s ometimes result in plugging . Corros ive water not only 
damage s  the sys tem but may produce corro s ion produc ts which can 
plug the we l l . A common examp le of thi s is iron sulf ide formed 
f rom corro s ion by hydrogen sul fide . "  

" The character o f  the re servoir rock largely influenc e s  the 
quality of water that can be inj ected . A reservoir rock wi th 
sma l l  pore s i z e s  and low porosity requires water of very low 
suspended solid s  or high-qua l ity water . Conversely , a high
poro s i ty re servoir having large pore s and vo ids would take 
water containing a c on s ide rable amount of suspended solids . "  

For eva luating wa ter quality for inj ection purpos e s  a rating 
sy stem ha s been devi sed (Wright , 1 9 6 5 )  as  s hown in Table 0 . 2 2 - 1 . 
At the pre sent time , no results from the se types o f  te sts are 
avai lable for water samp l e s  from the Vinton s ite . 
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A ma j or water qua l ity problem invo lve s  suspended s o l id s . 
" Su spended solids c arried by water may be sand grain s from 
t he wate r- sand , corro s ion products such as i ron sulf ide or 
iron oxide , free sul fer , or bac teria l growths .  I f  al lowed 
to enter the inj ect ion we l l s , the se materials wi l l  eithe r 
plug the we l ls c ompletely or cause increas e s  in inj ection 
p re s sure s . The se material s are often pre sent in water in a 
finely divided state and in amount s  small enough so that 
their pre sence is not easily detected by looking at the water . 
Yet , when large volume s of wate r are inj ec ted , even smal l 
amounts o f  suspended solids can form an app reciable fi lter 
cak e  or depo sit in an inj ect ion well bore . "  ( O stro f f , 1 9 6 5 )  

A second water qua lity prob lem arises from the corros ive 
qualities of the water . The brine to be i n j e cted shou ld 
not be corro s ive to the meta l s  u sed in the disposal system .  
Such corros ion wou ld not only be de s truc tive to the d i spos a l  
equipment but might a l so produce corros ion products that would 
p lug the inj ection we l l . 

A third ma j or wate r qua li ty prob lem results from the presence 
of bacteria (Ostro f f , 1 9 6 5 ;  Ehr l i ch , 1 9 7 2 ) . " The numb er and 
type of bacteria pre sent in inj ec tion water a f fect the qua l i ty 
of the wate r .  Bacteria can contribute to corros ion or produce 
plugging . Oesul fovibrio or sul fate -reducing bacteria uti li ze 
oxygen in sulf ate ion to oxidize organic compounds .  Corros ive 
hydrogen sulfide i s  produced in the p roces s .  Increases in sul
f i de content o f  wate r within the water-handing system are caused 
by sul fate reducer s .  Oesulfovibrio are nearly a lway s present , but , 
when condit ion s are not r ight for their growth , they are not a 
serious problem . " 

" The total bacterial count i s  indicat ive of the number of a l l  
var ietie s of bac teria i n  the water . Large growth s  of bacteria 
can result in colonies of t he mi croorgan i sms p lugging the inj ection 
we l l  or otherw i s e  fouling equipment . "  (O stro f f , 1 9 6 5 )  
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APPEND I X  D .  2 3  

LEAKAGE FROM IMPROPERLY PLUGGED ABANDONED WELLS 

I f  communication exists between the di sposal aqui fer and shal lower 
fre sh-water-bearing aqui fers through an abandoned wel l ,  then brine * 

can be expected to e scape . Norma l ly , suc h  communication would not 
be expected because the S tate of Louisiana ha s certain presc ribed 
and proven procedure s for abandoning we l l s . 

This d i scuss ion center s  on the hypothe s i s  that a fracture o f  some 
type deve lops along the length o f  the abondoned we l l  from the 
di spo sal zone to the fre sh-water z one . Furthermore it i s  hypoth
e s i zed that the frac ture i s 0 . 0 1 inch wide and extend s along one 
fourth of the perimeter of the abondoned we l l . 

Before the start o f  br ine disposal , there i s  virtual ly no po
tential for water to f low through the fracture because the d i s 
p o s a l  aqui fer and the fre sh-water aqui fer are e s sentially in 
hydro s tatic equ i l ibrium .  As brine in j ec t ion begins , the pres sure 
in the di sposa l aqui fer increa s e s  and water begins to f low along 
the frac ture . The rate of e scape wi l l  steadi ly increa se a s  the 
di sposal aqui fer pre ssure increases with continued dispo sal . 
At the end o f  the disposal cyc l e , water w i l l  continue to e scape 
as long as the pres sure in the di spo sal aqui fer rema ins above 
i t s  original leve l .  

There are three re si stances in series that impede the e scape o f  
the water and were considered in the calculation s : 

1 )  The frictional loss in the di spo sal aqui fer 
2 )  The frict iona l l o s s  i n  the fracture 
3 )  The frictiona l lo s s  in the fresh-water 

aqui fer . 
The data u sed in this ana ly s i s  i s  s hown in Tab l e  D . 2 3 - 1  and the 

* The water e scap ing wi l l  mo st likely be the native aqui fer water 
rather than the inj ected brine . Thi s water , however ,  wi l l  gen
era l ly have a sal inity greater than 35 ppt and thus would be 
c la s si f ied as brine . 
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re sults are shown in Figure D . 2 3 - l . The re sults s how tha t the 
maximum rate of e s cape wi l l  be 0 . 5 6 barre l s  per day . At the end 
o f  the first d i s posal cyc le ( 3 9 , 5 0 0  bbl/day/we l l  in ten in
j e ctor s for 1 1 4 4  day s ) , about 3 0 0  barre ls o f  brine wi l l  have 
e s caped . Brine continue s to escape at the conc lus ion o f  the 
f irst in j ec tion cycle , and five year s  later i s  s t i l l  e scaping 
at a rate of about one ha l f  barrel per day . At thi s time , 
about 1 3 0 0  barre l s  wi l l  have e s caped . 

Table D . 2 3 - l  

DATA USED IN THE LEAKAGE CALCULATIONS 

D I SPOSAL AQU IFER 
Area l extend = 3 6  square mi le s 
Thickness = 1 0 0  feet 
Poro s i ty = 0 . 3 3 
Depth = 5 0 0 0  feet 
Abandoned wel l  bore radius = 1 foot 
Permeab i l ity = 1 darcy 

FRESH WATER AQUIFER 
Areal extent = infinite 
Thicknes s  = 4 0 0  feet 
Poro s i ty = 0 . 3 3 
Depth = 4 0 0  feet 
Abandoned we l l  bore radius 
Permeabi lity = 3 0  darcies 
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APPENDIX D . 2 4  

WITHDRAWAL OF WATER FROM THE ICW* 

1 .  Water Leve l in the I CW During Leaching Operations 

The area o f  the waterway i s  

A = 3 6 . 5  miles * *  x 3 0 0  ft 
1 . 9 3 x 1 0 5 x 3 0 0  ft 

= 5 . 7 8 x 1 0 7 ft2 

The withdrawa l rate during leaching i s  

I f  the waterway i s  i solated from other water bodie s  

dh 
dt 

6 3 . 8 5x l O  
7 5 . 7 8 x l O  

= 0 . 0 6 7  ft/day ( 1  ) 

2 .  I nduced Current s  in the I CW During Leaching Operations 

The width o f  the I CW is 

W = 3 0 0  feet 

And the depth i s  

D = 1 2  ft 

* The notati on used in thi s appendix i s  con s i s tent with that 
used in Appendix D . 1 2 .  

* *  From Ga lve s ton Bay to the Port Arthur Cana l . 
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Thus the c ro s s-sectional area i s  

A = 1 2  x 3 0 0  c 
3 6 0 0  ft2 

The withdrawal rate i s  

Qo = 3 . 8 5 x 1 0 6 ft3/day 

= 4 4 . 6  f t3/ s ec 

I f  a l l  o f  the repleni s hment water f lows through the ICW , 
under steady-state conditon s ,  the induced veloc i ty would be : 

U .  = Q /A � 0 c 

U .  � 

4 4 . 6 /3 6 0 0  

0 . 0 1 2 4  ft/sec ( 2 )  

3 .  I nduced Currents in the ICW During Di splacement Operations 

The cro s s - s ectional area of the I CW as calculated earlier 
i s :  

A = 3 6 0 0  f t2 
c 

The withdrawa l rate i s  

Qo = 3 . 9 3 x 1 0 6 ft3/day 

4 5 . 5  ft3/sec 

I f  the rep len i s hment water f lows through the ICW , under 
s teady - state conditions , the induced veloc i ty would be 

Ui Qo/Ac 
4 5 . 5/3 6 0 0  

= 0 . 0 1 2 6  ft/sec ( 3 )  
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APPE�DIX D . 2 5  

THE MIT TRANSIENT PLUME ANALYS I S *  

7 . 1  General Approach 

The anal y s i s  of the salinity di stribution induced by the We st 
Hackberry brine d i s charge i s  d ivided into three region s in 
ac cordance with the phy s ical proce s s e s  which are re spons ible for 
tran sport ing the br ine e f f luent . The se reg ion s are shown i n  
F igure 3 9  and are d i s cu s sed bri e f ly below . Fo l lowing a review 
of d i f fu ser de s ign in Sect ion 7 . 2 ,  model deta i l s  and inputs for 
each reg ion are discussed in Sect ion 7 . 3 ,  and model results and 
calculation s  are pres ented in Section 7 . 4 .  

In the near field reg ion di lut ion i s  af fec ted by turbulent j et 
mixing and i s  a funct ion of d i f fuser de s i gn , amb ient current 
ve loc i ty , and po s s ibly water depth . The traj ectory of each plume 
and the lateral spread ing of each plume after it f a l l s  to the 
bottom are strongly affected by the negative buoyancy of the 
d i scharge . The near field region i s  as sumed to extend down s tream 
unt il the plumes from adj acent no z z le s  merge to form a continuous 
plume at a d i s tance on the order of 1 0 0  feet . Thi s  defini tion 
is changed somewhat in the analy s i s  of a longer d i f fuser . 

The intermediate f ie ld i s  character i z ed primarily by buoyant 
lateral spreading and vertical col lap se of the plume . Amb ient 
d i f fus ion acts to further d i lute the plume but its impo rtance , 
initial ly , i s  secondary in compar i son with buoyant spreading . The 
intermed iate f i e ld is a s s umed to end ( and the far field to begin ) 
at a di stance o f  about 1 0 0 0  feet corre sponding to the point at 

* Repr inted from Report to Federal Energy Administration S trategic 
Petrol eum Re serve Program Salt Dome S torage Analy s i s  of Brine 
Di spo sal in the Gul f  o f  Mexico , ( 2 )  We s t  Hackberry U . S .  Department 
of Commerce , Nationa l Ocean ic and Atmo spheric Admin i stration , 
March 1 9 7 7 .  
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which vert ical col l apse of the plume due to buoyancy i s  comparable 
with vert ical growth due to d i f fus ion . 

The far f ield i s  the large st of the three regions and i s  character i z ed 
by the ambient proc e s s e s  of advect ion and d i f fus ion . The se 
proce sses are e s sentially independent of d i f fuser des ign and are 
the ones which 'ultimately control any accumulat ion of e f f luent s . 

7 . 2 Choice of D i f fuser De s ign 

In this and the fol lowing two s ect ions re ference i s  made to a " base 
case" d i f fu ser des ign and ambient condi t ions ( the calculations which 
de scribe this d i f fuser are referred to in Table 4 as Run 7 )  as 
we l l  a s  to severa l pertubations on this s ituation (Run s 8 - 1 2 ) . 
Run s 1 - 6  were reported earl ier ( EnS , 7 7 ) . 

A d i f fuser i s  c haracter i zed by a number o f  parameters . F ixed 
parameter s for the We st Hackberry s ite include the flow rate 
Qo ( a s s umed equal to 1 , 0 0 0 , 0 0 0  barre l s  per day or 6 5  ft 3/ s ) , the 
d i s charge concentrat ion C o  and the d i scharge den s ity P o .  The 
latter two parameters can be combined wi th re spect to the ambi ent 
parameters c a and P a to d e f ine the d i scharge exc e s s  concentration 
� c o = Co - ca ( as sumed equal to 2 3 0  ppt ) and the d i s charge relative 
den s i ty d i f ference � p o /P a = ( p o - P a ) /P a , ( as sumed equal to . 2 5 ) . 
The sen s itivity of the anal y s i s  to the s e  parameters was examined 
by a l so mak ing calculat ions ( Run 1 0 )  us ing d i scharge parameters 
which were character i s t i c  of the Bryan Mound s ite ( Q o  = 6 5 0 , 0 0 0  
barrel s per day or about 4 2  ft 3/ sec ) . 

I n  order to maximi z e  the amount of amb ient water intercepted by 
the d i f fuser , only d i f fusers extending perpend icular to the s hore 
were cons idered . I n  add it ion , it was a s sumed that the d i scharge 
ports were located at the water bottom and were in a vertical plane 
perpendicular to the d i f fuser ( see F igure 3 9 ) . For this type o f  
de s ign , the eng ineer ing variables inc lude the d i f fuser length L ,  
port d iameter D o , vertical ang le o f  the port with the ground 8 0 , 
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the exit ve loc ity uo ' and the water depth H .  The se var i ables can 
be used to def ine the number of port s , N = Qo / ( n / 4  Do 2 uo ) ,  and the 
port spac ing , £ = L/N . A large number of parameter comb inations 
is c lear ly pos s ible . However , there is pre sently insu f f i c ient 
exper imental or theoretical b a s i s  to def ine an optimum comb ination . 
Therefore , a base case d i f fuser des i gn was selected based on three 
c r i teria : 1 )  the phy s i cal impact could be analy z ed , 2 )  the 
ant i c i pated impact wou ld be acceptable , and 3 ) the d e s i gn would 
be conventional and present no engineering d i f ficulti e s . 
App l icat ion of the se criteria led to the fol lowing des i gn . 

The d i f fuser length , L ,  was chosen such that the intermed i ate f i e ld 
plume would be s pread over a large enough area so that a wedge of 
saline water would not form under normal cond i t ions . A cri terion 
for the prevention of wedge fornat ion i s  

F 2 
1 

where F l i s  a Froude number defined at the end of the near f ield , 
V i s  the ambi ent current speed (V2 = u2 + v2 , tan- l e = u/v) , g i s  
gravity , � P l = P l - P a , P l and h l are the den s i ty and character i s t i c  
he ight of the plume a t  the end of the near f i e l d  and F lc i s  a 
c r i t ical value of Fl ( and i s  of order 1 ) . Def in ing the volumetr i c  
d i lution , S l , obta ined in the near f ie ld by 

imp l ies that 

Q Ap g F  2 
L 0 0 I e  > -���o� a 

Thi s cr iter ion sugge sts that wedge formation i s  independent o f  
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near f ield performance and that the d i f fuser should be a s  long as 
po s s ible . Assuming a value o f  Flc = 1 ,  it is  c lear that some brine 
bu ildup wi l l  be unavo idable under cond i t ions of low V but that a 
length o f  about 3 0 0 0  feet will be satis factory for an alongshore 
current of about 0 . 5  ft/sec . A value of L = 3 0 7 0  feet was chos en 
as a base case because it yie lded the same port spacing as was 
used for the Bryan Mound analys i s  ( EDS , 7 7 ) . An analys i s  was a l so 
per formed for a d i f fuser length , L = 8 6 8 0  feet ( Run 1 1 ) . 

The port r i ser angle , 8 0 '  was c ho sen a s  9 00 . Whi l e  exper iment s  
show that d i lution for j et s  directed with a current may exceed the 
d i lut ion for j ets pointed vert ical ly upward , the per formance of 
j et s  directed into a cro s s f low has not been documented and is  
probably wor se . Because amb ient current s at the s i te occur in 
all direction s , the d i f fuser with antic ipated " neutra l "  per formance 
was s e lec ted . 

D i f fuser per formance as a function o f  U o and D o i s  often expre s sed 
in terms of the dimen s ionle s s  parameters of d i scharge Froude 
number ,  d i s c harge velocity ratio , and relative submergence : 

F 
o 

k 

H 
D 

o 

u 
o �\Po---

- g D P 0 
a 

u 
o 
V 

( d i s charge Fr oud e numb e r )  

( d i s charge v e l o c i t y  r a t io )  

( r e l a t ive submergence ) .  

Exper iment s  do not exi st over the ful l range o f  F o and k which i s  
appropriate for the present s ituation . However ,  i t  i s  c lear that 
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di lut ion improve s wi th increas ing U o and decrea s ing D o . Va lues 
of U o = 2 5  ft/sec and D o  = 3 inches were chosen because it was 
felt that the corre sponding d i f fuser ( with N = 52 and £ = 5 9  feet ) 
could be easily bui l t .  In addi t ion , for these values of U o and 
D o , Fo wa s about 1 8  wh ich corresponded clo sely to some of the 
exper imental parameters used in the near f i eld anal y s i s  ( see Sect ion 
7 . 3 ) . It  is expe cted that if Uo were increased and/or Do were 
decreased , near field di lution could be improved somewhat .  

Two value s o f  H ( 3 0  feet for the base case and 2 0  feet for Run 9 )  
were chosen corre sponding to o f fshore d i stances o f  about 6 mi les 
and 3 mi les respective l y .  As long as the d i s charge plume s do not 
reach the surface the e f fect of H wi l l  only be felt in the far 
field . Exper iments sugge st that the dimens i onl e s s  plume r i s e  
zm/D o % 2 F o , indicat ing that the plume wi ll not reach the surface 
to any s igni ficant degree for either water depth . 

In a previous analys i s  done for the Bryan Mound area (EDS , 7 7 )  i t  
wa s pointed out that one way t o  decrease near field concentrations 
wa s to pre-d i lute the br ine f low by pumping additional sea water 
through the d i f fuser and thereby increas ing Qo and decrea sing 6 C o 

proportionally . The present analy s i s  for We st Hackberry inc ludes 
an example cal culat ion ( Run 1 2 ) in which the d i s charge flow rate 
Qo ' the d i f fuser length L ,  and the number of ports N ,  have been 
increa s ed by factors of 2 , 2 3/2 , and 2 3/2 respectively , whi l e  the 
d i scharge exc e s s  concentration 6 C o ' and ve locity Uo have been 
reduced by factors of 2 and 2 1/2 re spectivel y .  Th i s  leave s the 
port diameter D o ' spacing £ ,  and discharge Froude number F o 
the same as for the base case . 

7 . 3  Model Deta i l s  and Inputs 

Near Field 

D i ffuser performance in the near field was analyzed us ing ex i s ting 
exper imental data ( D .  S .  Army Engineer Waterway s  Exper iment Station , 
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1 9 7 1 ) , which was app l ied to the chosen d i f fuser des ign . Graphs 
of j et centerl ine di lut ion and width as a funct ion of d i stance 
� , Sc ( � ) = 6 C o ( � ) / 6 Cc ( � ) and W ( � ) re spec tively were der ived from 
tabu lated data for experiments invo lving F o � 1 8  and a range of 
ambient veloc i t ie s .  When scaled to the prototype base care 
d i f fuser des ign the s e  ve loc ities corre spond to 0 . 4  < V < 4 . 0  ft/sec . 
For each ambient veloc ity V ,  S l (V)  was determined by evaluating 
S c ( � ) at the value of � c orre sponding to the point of j et merging 
( W= � ) .  I t  should be noted that for a l l  of the calculations except 

Run l l , �  wa s constant ( 5 9  feet ) and hence S l was independent of 
d i f fu ser des ign . Run 11 involved a long d i f fuser in which � = 1 4 7  
feet . The data could not be extrapolated rel iably t o  thi s  d i s tance , 
so for this run too , S l was ( conservatively)  evaluated based on 
a width o f  5 9  feet . U s ing this procedure the relationship 

S = 4 5  + 1 3 75 
1 k 

wa s determined . For the cases in which U o = 2 5  ft/sec ( a l l  but 
Run 1 2 )  this yields 

S l  = 4 5  + 5 5 v .  

where 

where V is expre s sed in ft/sec . Di lut ion for Run 12 ( in which 
U o  = 1 8  ft/sec wa s somewhat h igher . 

Intermed iate Field 

Lateral spreading and vertical col lap se in the intermedi ate f i e ld 
were calculated to provide appropr iate initial condit ions for the 
far field analys i s . A steady longshore c urrent and a constant 
water depth were as sumed . Because of the latter a s s umption , any 
downhi l l  movement of the brine field due to gravity was ignored . 
A balance between lateral buoyancy force and bottom frict ion resulted 
in the fol lowing equation for lateral spreading about the plume 
centerl ine 

0 . 2 5 - 8  



2 6p gh 0 '  ----� = 

P S l  :1 

Where W and h are the intermediate field plume width and depth , 

respectively , (W � L and h � hl at the end of the near f i e ld ) , 
and f i s  a fric t ion factor ( as sumed equal to . 0 0 1 ) . Although 
d i lut ion caused by amb ient d i f fus ion wa s omitted from this 
analys i s  ( a  conservat ive assumption from the s tandpoint of 
mixing ) , the end of the intermediate f ield was c ho sen as the 
d i s tance at which t he rate of vert ical collapse of the plume 
due to buoyancy was equal to the rate of vert ical growth of 
the plume whi ch would have occurred due to d i f fus ion in the 
absence of buoyancy . Thus , calculat ions were terminated when 

h d\.J Ez 
W dx == h V, 

where Ez i s  a vertical d i f fus i on coe f f i c ient ( a s sumed equal to 
. 0 0 1  ft2 /s ) . 

The above anal y s i s  was appl ied to all cases except Run 1 1 , the 
long d i f fuser . For that run the analys i s  was appl ied to the 
i nd ividual plume s from each noz z le starting at the same point 
as for the base case and continuing unti l  the plume s merged . 
At this point the above criter ion indic ated that vert ical 
d i f fus ion would exceed buoyant col lapse and hence the intermed i ate 
f i e ld calculat ions were terminated . 

Far F ield 

Concentrations i n  the far f i e ld region were analyz ed us ing the 
HIT Tran s ient P lume Mode l (Adams , et al , 1 9 7 5 ) . Thi s model 
approximates cont inuous three-dimens ional exc e s s  concentrations 
at t imes T by super impo s ing Gauss ian exc e s s  concentration 
d i s tr ibutions for a number of ins tantaneously released " patches "  
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o f  ma s s  which enter the far field at a virtual source ( tran s i tion 
between intermediate and far field s )  at t ime s ranging from T = 0 

to T .  The exc e s s  concentrat ion for each patch i s  approx imated by 
the d i s tr ibut ion : 

m ( z , T , T )  t[X-xc (-r , T) ] 2 exp - 2 0 2 (  T )  + 
x T '  

where z i s  the vertical coordinate ( z  = 0 at the bottom and z = 

H at the water sur face )  and m ,  xc ' Yc ' ox ' and 0y are the d i s 
tribution moments which desc ribe the quanti ty o f  exc e s s  mas s  
per unit depth , the hor i z ontal coord inates o f  the center o f  ma s s ,  
and the hor i zontal standard deviations of each patch , re spectively . 
These moments are rel ated to the proc e s s e s  o f  advection and d i f 
fus ion through t h e  govern ing equation 

ClAc ClAc 
� -u 

Clx 

t,C 0 a t  x o r  

Cl 6 c  + 
v --

Cly 

y + co · 
- , 

E 
x 

E 

Cl{\c + E 
Clx 

'j'J.l'lc = 
z 3 z  

z 
ilJ"c + -.l 
Cly d z  

0 a t  z 0 

(E 
Z 

"�"'\C ) dZ 

o r  H 

where u and v are the x and y components of veloc i ty , Ex and 
Ey are hor i z ontal re lat ive d i f fu s ion coe f f i c i ents , and E z i s  
a vertical d i f fusion coe f f ic ient . Us ing the method o f  moments , 
i t  can be shown that 

3m 
3 t  

d X  
c 

Cl t  
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d 7.  
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The se equations are integrated in time from t = T to T s tart ing 
wi th initial conditions provided by the near and intermedi ate 
f ield calculations : 

m 
0 

x eo 

Yeo 

a xo 

P Q I':. e  6T 
a 0 0 ------

h2 

x2 sin 9 

x2 eos 9 

a H/1 2 yo 

where � T  i s  the per iod o f  time repres ented by the patch i n j ection 
and W2 and h2 are the plume width and heigth at the end o f  the 
intermediate f i e ld ( � = �2 ) '  Because there i s  l i ttle information 
avai lable regarding far field model parameters for thi s  s i te , 
rea sonable e s timate s had to be made . The value o f  E z was chosen 
as . 0 0 1  ft2/sec to reflect the stab i l i z ing inf luence of the 
vertical den s i ty 
e f f i c ients ( Ex 
( ox = 0y = 0h ) in 

gradien t .  I sotropic hor i z ontal di ffus ion co
Ey = Eh ) were rel ated to the patch s i z e  

the form 

E
h 

= min imU!n ( . 003Ci
h

1 . 1S ,  3 2 2 )  ( f t 2 / s e c ) . 

The var iable form repre sents the growth of di ffus ion rate with 
the scale of the d i f fu s ion at a rate comparable with but some -
what smal ler than that found in field dye experiments ( Okubo , 
1 9 7 1 ) . The cons tant value i s  the coe f f i c ient used in the s teady
state model analys i s  for Bryan Mound ( Rad ian , 1 9 7 6 )  and corresponds 
approximately to a d i f f u s ion scale based on the d i s tance from shore . 

Idea l i z ed current s equences were as sumed in the trans ient plume 
mode l .  These consi s ted of tidal currents and , for the longs hore 
component only , non-tidal currents in the form o f  
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U 

v = vT 
+ vNT 

Diurnal , rotary t idal currents were spec i f ied such that 
21T u

T 
= . 3  ccs (24 t )  27T . v

T 
= . 6 c o s  (24 (t+6 ) )  

where t i s  in hour s and uT and vT are in ft/sec . The non- tidal 
longshore current represent s the contribution from a number of 
factors inc luding wind-dr iven mot ion , barocl inic motion , large
scale c irculation , etc . , and was a s sumed to fit the schematic 
cyc le described in Figure 4 0 . Although idea l i z ed ,  this sequence 
reproduc e s  the observed phenomena of a sma l l  mean current ( where 
A � B ) , wind revers a l s , and thus current reversa l s , fol lowing 
the pas sage of a weather system ,  and periods of calm ( except 
for the tide ) . For the base case ca lculations ( a l l  but Run 8 )  
A = 0 . 5  ft/sec , B = - 1 . 0  ft/sec and T = 9 6  hour s ;  the e f fect 
of a re latively long per iod of stagnation was te sted in Run 8 
us ing A = 0 . 2 5 ft/sec , B = - 0 . 7 5 ft/sec and T = 3 8 4  hour s . To 
test the sensitivity of the analy s i s  to the pha se of the cyc l e , 
concentrations were calculated at four t imes within the cyc l e . 
The se t ime s are s hown in F igure 4 0  , and defined by 

n *T + � T - 3 4 n = 1 , 2 , 3 , 4  

where Tn and T are in hour s .  The term n * T  ( n * = 3 for T = 9 6  
h and n *  = 1 for T = 3 8 4  h )  represents a " sp in-up" t ime and 
wa s included to al low the ca lculations to reach " quas i- steady 
s tate " . Al so , note that the cycle period , T ,  was alway s chos en 
a s  a multiple o f  2 4  hour s , and thus the four times d i splayed 
are at the same phase wi thin the a s sumed tidal cyc l e . 

7 . 4  Re sults and Conc lusions 

Computations ( Run s ) were made for the s ix condi tions described 
in Table 4 .  For each run exc e s s  concentrations were output at 
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the four time s within the current sequenc e described above and 

at three depths ( bottom , mid-depth and surface ) . for the base 
case di f fuser ( Run 7 ) , bottom , mid-depth , and s urface exc e s s  
salin ity contour s are pre sented for the f i r s t  t ime ( Tl = 3 0 9 h )  

i n  Fig s .  4 1  a ,  b ,  c and bottom concentrations are pre sented 
for the remain ing t ime s in Figs . 4 2 - 4 4 . For Run s 9 - 1 2 , which 
s how sensi tivity to water depth , d i sc harge f low rate , d i f fuser 
length and pre-di lution , respec t ively , bottom concentrations 
for the f irst t ime only ( T l = 3 0 9 h )  are shown in Figs . 4 6- 4 9 . 
Run i s  intended to show the e f fect o f  pro longed stagnation and 
hence bottom contours for thi s  run are pre s ented for the fourth 
t ime ( T 4 = 7 6 5h )  which corre sponds to the end of a s lack per iod 
la s t ing 8 day s . Note that in some plot s , the hor i z ontal scales 
are d i s torted and are not the same for a l l  of the run s . The 
location of the d i f fuser is ind icated on the p lots by a sol i d  
l ine , the v irtual sourc e i s  indicated b y  a dashed l ine , and the 
conc entration contour s within the near and intermed i ate f i e ld s  
have been vi sually interpolated . 

In F i g s . 5 0 - 5 5 , plots of exc e s s  concentration versus bottom 
area are pre sented for each run and each t ime . Note that only 
concentrations within the far field ( areas greater than about 
1 0 6 ft 2 ) are inc luded . The value o f  d i lution ( 8  = � co/ � c )  i s  
a l so inc luded to al low for easy calculation o f  the concentra
t ion of po l lutants other than exc e s s  salini ty . 

A number o f  conc lus ion s can be dr awn from the se calculations . 
Run 7 ,  the base case , shows t hat whi le the current sequence 
has only a moderate e f fect on the maximum predicted concentra
tion in the far f ield ( �2 to 5 ppt ) it has a subs tant ial in
f luence on the shape of the calculated concentrat ion d i s tr ibu
tion . P er iods of s trong ambient current ( e . g . , T 2 for each run ) 
produce long , narrow p lumes . Concentrations near the d i f fuser 
are relatively low due to the pos it ive dependence of near f ield 
d i l ution on current speed . During per iod s of l ittle net dr i ft 
( e . g . , T 3 and T4 for each run ) , the plume s rema in c lo s e  to the 

d i f fuser . Concentrations near the d i f fu ser are genera l ly 
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Fi g .  4 1 a .  Pre d i c t e d  F a r  F i e l d  E x c ess S a l in i ty ( p p t ) C a lc u la t i o n  
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Fi g .  41b . P r e d i cted F a r  F i e l d  E x cess S a l i n i ty ( p p t )  C a lc u lati o n  
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Fi g .  4 1 c . Predicted Far  Field Excess S a l in ity ( p pt )  C a lc u lat ion 

a t  the S u rface H = 30ft 
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F i g .  4 2. . P r e d icted F a r  F i e l d E x c e s s  S a l i n i ty ( p pt )  C a l c u la t i o n  

a t  B ot t o m  H = 30 f t  
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Fi g .  4 3 .  P r e d icted F a r  F i e l d  E x c e s s  S a l i n i t y  ( p p t )  C a l c u la t i o n  
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Fig . 4 4 .  P r e d icte d F a r  F i e l d  E x c e s s  S a l i n i ty ( p p t )  C a l c u la t i o n  

a t  B ot t o m  H = 30 ft 
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Fi g .  4 5 . P r e d icted F a r  F i e l d  E x c e s s  S a l in i ty ( p p t )  C a l c u l a t i o n  
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higher than for the strong net current cases due to concentra
tion build-up and the poorer near field performance at lower 
ambient ve locitie s .  The time , Tl , for each run represents an 
intermediate situat ion where the current is ins tantaneously 
s trong , but the e f fec ts o f  prior stagnation and/or a c urrent 
in the reverse direction can be seen . 

The buildup o f  concentration with time during periods o f  stag
nation can be seen by comparing Fig s . 4 3 ,  4 4 , and 45 which in
vo lve Runs 7 and 8 and show bottom exc e s s  concentrations a fter 
periods of s tagnation lasting 1 ,  2 ,  and 8 days respectively . 
After 8 days it appears that concentrations near the d i f fuser 
have been increa sed by a background conc entration of about 1 
ppt . 

Compar i son of Runs 7 and 9 show that , for the cases cons idered , 
the depth o f  water has little inf luenc e on bottom concentrat ions . 
The reason i s  t hat the individual plume s do not reach the surface , 
and by the time that vert ical d i f fusion produces mixing over the 
entire water depth , the resulting concentrations are relatively 
low and hence not very sens itive to the water depth . For the 
same reason mid-depth and surface exc e s s  concentrations are 
con s iderably lower than the se on the bottom . ( S ee Figure s 4 1  
a ,  b ,  c . )  

The inf luence of the rate of brine loading is  studied in Run 1 0  
b y  performing calculations us ing a d i scharge f low rate which i s  
character is tic of the Bryan Mound s i te . Compari son o f  Runs 7 
and 1 0  (Fig s . 4 la and 4 7 ) indicate that the factor o f  . 3 5 
decrease in Qo has a small e f fect on the induced concentration 
di stribut ion . Because the di scharge ports assumed for Run 1 0  
were s imilar t o  tho se as sumed for Run 7- -the only d i f ference 
wa s the number of ports and hence the length of the d i f fuser-

concentrations near the d i f fusers are s imilar while at large 
d i s tances from the d i f fuser , concentrations are somwehat lower 
for Run 1 0 . 
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Run 1 1  te sts a longer d i �fuser , The intent o f  this des ign 

would be to decrease the interac tion among the plume s from 
the individual plume s ( thus minimi z ing the pos s i b i l i ty o f  

salinity bui ld-ups ) and genera l ly t o  spread the salt over a 
larger area in order to promote greater mixing . Examination 
of the area plots ( F igs . 48 and 41 for Runs 11 and 7 respec
t ive ly)  sugge st that whi l e  the concentrations near the longer 
d i f fuser are comparable with those for the base c a se--again 
the individual ports are ident ical with the exception o f  spacing-
concentrations for Run 11 die off more rapidly at s hort d i stances 
from the d i f fuser than those for Run 7 .  The latter observation 
can be explained in terms of the shorter virtual source height 
h2 which character i z e s  the longer d i f fuser . Because the same 
quantity of salt i s  being added , however , concentrations at 
large d i stance s  from the di f fuser approach tho se for the base 
ca s e .  

Run 1 2  illustrates the e f fect o f  a two-fold decrease i n  di scharge 
exc e s s  concentration caused by mixing the brine f low with an 
equa l f low of ambient sea water . As expected , exc e s s  concentra
tions near the d i f fuser are lower than those for the other runs 
by a factor of about two . Again , however , because the total 
amount of salt whi ch is inj ected is not be ing c hanged , concen
trations at large d i s tances from the d i f fuser appro ach tho se 
for the other runs . 
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APPEND IX 0 . 2 6 

PRELIMINARY BASELINE WATER QUALITY SAMPLING 

IN WES T  HACKBE RRY VICINITY 

Environmental basel ine data were col lected on Apr i l  8 and 9 ,  

1 9 7 7 , taken for the purpo se o f  documenting exi s t ing water qua l ity 

characteristics for the Wes t  Hackberry area . Water samples were 

col lec ted at 6 s tations in the area of the o il d i s tr ibut ion and 

raw water pipel ine rights-of-way and at a point hal fway between 

B lack Lake and the Calcas ieu Lake on B lack Lake Bayou ( F igures 1 

and 2 ) . The s tations were numbered as fo llows : 

Loc ation 

Sabine River 

Burton Shell S l ip 

Black Bayou Cuto f f  

B lack Bayou 

Intracoastal Waterway 

B lack Lake ( southwe s t )  

B lack Lake ( southea s t )  

B lack Lake Bayou 

0 . 2 6 -1 

Sampl ing S tation Number 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

1 4  



INTRACOASTA L WAT ERWAY 

U L A C K  

'" 
=: 

eo 0 0 0 0 0 0 0 0 0 0 0 0 Sampling sites 
STATUTE M I LE S  

H H f.3 ...-r::r-t I V1 0 2 

Hackberry 
g 

F i gure 1 Sampl ing Locations On s ite at the We st Hackberry Salt Dome Fac i l i ty 

r 
l. 
(' 

�( 

:::J 
� 0 -V) C!:t U -. C!:t 

U 



N C\ I W I 
I 

/ 
� .J 

� ..::; Il:) 
� 

• . • • • . • • • •  Sampling Sites 

o 1 2 3 4 5 10 . . . . I 
M i les 

N 

� C;; 4) J �  "-..J "-..J 
(;� 

F igure 2 Samp l ing Stations on the O i l  Di str ibut ion P ipe l ine Corridor for the We s t  Hackberry 
S a l t  Dome Fac i l ity 



J 
tv 
0'\ 
I 

� 

T a b l e  7 Compa r a t i v e  P r e s e n t a t i o n  o f  Wa t e r  C h em i s t r y  D a t a  C o l l e c t ed a t  
We s t  H a c k be r r y S a l t  Dome f a c i l i t y 

P a r ame t e r s  

t o t a l  K j e l d a h l  
N i t r og e n , OIg / 1  

S o l i d s ,  s u s p . , m g / I  

S o l i ds , s u s p e n d e d  
v o l a t i l e ,  m g / I  

O i l  and G r e a s e ,  mg/I 

Me r c u r y , mg/I 

EPA 
P r oposed 
C r i te r i a  

O . O O O I ( m ) � 

S a b i n e Bu r t o n  S h e l l  B l a c k  B a y o u  B l ack 
R i v e r  S l i p  C u t o f f  B a y o u  

4 . 9  4 . 1  4 . 7  2 . 1  

2 B  2 4  2 6  3 2  

1 2  1 6  1 6  2 4  

I I I 4 

< 0 . 0 0 0 1  0 . 0 0 0 1  < 0 . 0 0 0 1  < 0 . 0 0 0 1  

L e a d , mg/I 0 . l x 9 6  hr LC 5 0  0 . 0 2 0 . 0 5 0 . 0 5  0 . 0 1 

N i c k e l , mg/I 0 . 0 1 x 9 6  hr LC 5 0  0 . 0 1 

coo ,  mg/I 

S a l i n i ty ,  0 / 0 0  

C o n d u c t i v i ty ,  umh o s  

W a t e r  Tempe r a t u r e  0c 3 2 - 3 5  

D i s s o l ved Oxyg e n ,  m g / I  5 . 0  

pH 6 . 5 - 9 . 0  

2 1  

0 . 1  

2 9 0  

1 7  

6 . 2 

7 . 3  

< 0 . 0 1 

4 6  

1 . 2  

2 , 0 0 0  

1 6 . 5  

1 0 . 6 

7 . 5  

< 0 . 0 1 < 0 . 0 1  

4 5 4  2 6 9  

0 . 4  1 . 6  

7 0 0  2 , 6 0 0  

2 1 . 5 2 2 . 5  

6 . 2  9 . 2  

7 . 3  7 . 5  

I n t r a c oa s t a l  B l a ck L a k e  
wa t e r w a y  ( s o u thwe s t )  

5 . 1  1 . 1  

1 1 2 1 6  

2 6  1 2  

I 3 

0 . 0 0 0 )  < 0 . 0 0 0 1  

0 . 0 3 0 . 0 1 

0 . 0 3 0 . 0 2 

1 1 3  8 1  

0 . 0 6 5 . 2  

1 , 0 9 0  6 , 0 0 0  

2 1 . 5 2 5  

7 . 8 7 . 2  

7 . 5  7 . 3  

B l ack L a k e  B l a c k  L a k e  
( s o u t h e a s t )  B a y o u  

1 . 3  1 . 2  

2 4  6 0  

1 2  3 2  

I I 

< 0 . 0 0 0 1  < 0 . 0 0 0 1  

0 . 0 5  0 . 0 9  

0 . 0 4 0 . 0 5  

1 7 3  9 0 9  

4 . 6  6 . 5  

7 , 1 0 0  '.) , 9 0 0  

3 2  2 3 . 8  

5 . 8 5 . 8  

7 . 5  7 . 7  
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Taij1e 8 Compa r a t ive P r esenta t ion of Sed iment Chem i stry C o l lec ted at We s t  Hackbe r ry S a l t  Dome Fac i l i ty 

Pa llameters 

total K j e 1 dah1 
N i t roge n ,  mg/kg 

SO l lds , 
vo la t i le , mg/kg 

O U  d lld Grease , mg/kg 

Me r c u r y ,  mg/kg 

Le"d , mg/kg 

Z i r).c ,  mg/kg 

N i ct ke 1 ,  mg/kg 

Coo , 109/kg 

P a r t i c l e  S i ze 

, 

Unof f i c i al 
Cr i te r i a  

2 , 6 4 0  

1 , 0 0 0  

l-;SOfJ 
7 , 1 5 0  

1 . 0  

50 

5 0  

IIT,llllO 
50 , 0 0 0  

% Clay 
% S i l t  
% S and 

S a b i ne 
River 

5 4 3  

7 , 9 8 0  

1 3 2  

< 0 . 0 0 2  

8 . 1  

16 . 5  

3 . 0  

2 , 5 30 

5 7 % / 0 . 2  
3 0 % / 0 . 4  
10%/0 . 6  

3%/1 . 4 
1 0 0 %  

B u r ton S he l l  B l a c k  B ayou Black 
Bayou S l ip C u tof f 

9 2 0  6 0 9  4 8 2  

4 0 , 1 0 0  5 1 , 4 0 0  2 6 , 5 0 0  

2 2 8  1 3 5  

< 0 . 0 0 2  < 0 . 0 0 2  

1 1 . 8  1 4 . 8  

26 . 4  4 1 . 0  

1 0 . 0  2 1 . 8  

2 5 , 6 0 0  3 1 , 7 0 0  

6 5% / 0 . 2  
2 0 % / 0 . 4  
1 5 % / 1  

1 0 0 %  

5 3 % / 0 . 2  
4 0 % / 0 . 4  

7 % / 1 . 2  

1 0 0 %  

1 0 8  

< 0 . 0 0 2  

7 . 7  

3 1 . 5  

1 2 . 1  

8 , 9 9 0  

6 0 %/0 . 2  
20%/0 . 4  
1 5 % / 1  

5%/1 . 2  
1 0 0 %  

* Exceeds one o f  the proposed unof f i c i al nume r ical cr i te r i a .  

I n tr aco a s t a l  B l a ck Lake 
Wate rway ( sou thwes t) 

2 1 8  

6 , 6 2 0  

1 1 3  

< 0 . 0 0 2  

8 . 6  

1 1 . 4  

1 0 . 2  

3 9 7  

1 3 % / 0 . 6  
2 7 % /1 
6 0 % /2.1 0 

4 0 %  

6 0 %  

5 9 8  

4 5 , 9 0 0  

1 7 3  

< 0 . 0 0 2  

1 3 . 3  

1 1 . 1  

6 . 5  

6 2 , 6 0 0 *  

5 6 % / 0 . 2  
2 4 %/0 . 4  
2 0 % / 1 . 2  

1 0 0 %  

B l ack Lake 
( sou the a s t )  

Black Lake 
Bayou 

2 , 0 5 0 *  

7 8 , 5 0 0  

7 4  

< 0 . 0 0 2  

1 1 . 6  

1 2 . 9  

9 . 2  

51 , 3 0 0 *  

5 5 % / 0 . 2  
3 5 % / 0 . 4  

5%/1 . 2  
5%/1 . 2  

9 5 %  
5% 

6 6 0  

3 6 8 , 0 0 0  

6 3 8  

< 0 . 0 0 2  

7 . 6  

2 0 . 3  

7 . 6  

1 6 2 , 0 0 0 *  

8 0 % / 0 . 2  
7 % / 1  

1 0 % / 1 . 8 
3 % / 7  

9 7 %  
3 %  



'l' a b l e  9 C ompa r a t i v e  P r e s e n t a t i o n  o f  E l u t r i a t e  D a t a  C o l l e c t ed a t  
S ampl i ng S t a t i o n s  i n  t h e  V i c i n i t y o f  W e s t  U a c k b e r r y  S a l t  Dome F a c i l i t y 

EPA 
P r oposed S a b i n e B u r t o n  S h e l l  B l a c k  B a y o u  B l ack I n t r a co a s t a l  B l ac k  L a k e  B l a c k  L a k e  B l a c k  L a k e  

P a r am e t e r s  C r i t e r i a  R i v e r  S l i p  C u t o f f  B a y o u  W a t e r w a y  ( s ou th we s t )  ( so u t h e a s t )  Bayou 

t o t a l  K j e l d a h l  1 6 . 6  6 . 7  9 . 7 fl . 6  8 . 1  9 . 3 1 0 . 4  9 . 9  
N i t r og e n ,  my/l 

O i l  a nd G r e a s e , mg/l 1 0  6 2 5  6 3 5 4 2 

H e r c u r y , m g / l  0 . 0 0 0 1 ( n ) 2 < 0 . 0 0 0 1  0 . 0 0 0 1  < 0 . 0 0 0 1  < 0 . 0 0 0 1  0 . 0 0 0 1  < 0 . 0 0 0 1  < 0 . 0 0 0 1  < 0 . 0 0 0 1  

U 
tv L e a d , m y / l  0 . l x 9 6  h r  LC 5 0  0 . 0 6 0 . 0 4 0 . 0 4 0 . 0 3 < 0 . 0 1  0 . 0 5  0 . 0 5  0 . 0 8  
C'\ I 0'\ N i c k e l , m y / l  0 . 0 1 x 9 6  h r  LC S O 0 . 0 4 0 . 0 2 0 . 0 2 0 . 0 1 0 . 0 1  0 . 0 2 0 . 0 3 0 . 0 3  

CO D ,  m g / l  1 0 8  7 9  1 7 1  1 0 6  57 1 0 1  1 0 8  3 3 2  

S a l i n i t y ,  0 / 0 0  0 0 0 . 1  0 . 9  0 . 5  2 . 4  2 . 5  5 

C o n d uc t i v i ty ,  ulll h o s  2 1 0  9 0  4 2 0 1 , 3 5 0 6 1 0  3 , 9 0 0  4 , 1 0 0  8 , 1 0 0 



APPENDIX D.27 

WITHDRAWAL OF WATER FROM THE ICW FOR WEST HACKBERRY 
LEACHING/DISPLACEMENT OPERATIONS 

Application of MIT Water Quality Network Model 

I f the ICW is used as a source of displacement water, 
replenishment water would be simultaneously supplied from 
both the Sabine River and the Calcasieu River . The flow may 
also be influenced by the Alkali Ditch and the associated 
network of water bodies connecting it with Black Lake and 
the Calcasieu Ship Channel. The governing equations for this 
complex flow process are most conveniently solved using stan
dard numerical models . The MIT Water Quality Network Model 
which is described in Appendix D.14 has been used to provide 
such a solution . A network was developed consisting of the 
segment of the ICW from Sabine River to the Calcasieu Ship 
Channel, Old Canal, the Alkali Ditch and a withdrawal point 
as shown schematically in Figure D .  27-1 . The dimensions 
assumed for these water bodies were as follows : 

ICW 
Old Canal 
Alkali Ditch 

Top Width 

440 feet 
315 feet 
185 feet 

Bottom Width 

200 feet 
75 feet 
85 feet 

Depth 

16 feet 
16 feet 

7 feet 

All other water bodies are taken into account implicitly by 
way of boundary conditions or by assumed distributed lateral 
inflows into the ICW . For the first case the boundary con
ditions and lateral inflows were established as follows : 

Location 

Junction of the 
ICW with the 
Sabine River 

Junction of the 
ICW with the 
Calcasieu Ship 
Channel 

Hydraulic 

Sinusoidal variation of 
surface height with a 
range of 1 . 0  feet, a 
period of 12 hours and 
a lag time of 113 . 0 
minutes 

Sinusoidal variation of 
surface height with a 
range of 1 . 25 feet, a 
period of 12 hours and 
a lag time of 4.0 
minutes . 

0 . 27 -1 

Water Quality 

Constant salinity 
of 14 ppt . 

Constant salinity 
of 15 ,ppt. 
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Junction of Old 
Canal wi th the 
Calcasieu Ship 
Channel 

Entire Length 
of ICW 

Junction of Alkali 
Ditch with Channel 
Network Connection 
to Black Lake and 
Calcasieu Ship 
Channel 

withdrawal Point 
in the ICW 

Sinusoidal variation of 
surface height with a 
range of 1 . 25 feet, a 
period of 12 hours and 
a lag time of zero . 

Constant l�teral inflow 
of 0 . 004 ft3 /sec/ft 

Sinusoidal variation of 
surface height with 
range of 0.30 feet, 
period of 12 hours and 
lag time of zero . 

Zero withdrawal for 60 
days followed by with
drawal of 95.5 ft 8/sec 
for 1 50 days . 

Constant salinity 
of 1 5  ppt . 

Constant salinity 
of 0 . 1  ppt for 
lateral inf low 
Constant salinity 
of 14 ppt . 

Zero diffusive 
flux . 

During an initial 60-day period no withdrawal of water took 
place and the network of water bodies was allowed to approach 
equilibrium . The resulting variation of water surface height 
and salinity near the withdrawal point during the last 30 
days of this start-up period is included in Figure D . 27-2 . 
The spatial distribution of salinity in the ICW, Old Canal, 
and Alkali Ditch at the end of the 60-day start-up period is 
included in Figure D . 27-3 . The corresponding distribution 
of flow velocities is included in Figure D . 27-4 . 

The variation of water surface height and salinity at the 
withdrawal point for a ISO-day withdrawal operation is also 
shown in Figure D . 27-2 . The spatial distribution of salinity 
in the ICW, Old Canal, and Alkali Ditch at the end of the 
ISO-day withdrawal process is included in Figure D .  27-3 . 
The corresponding spatial distribution of flow velocities is 
included in Figure D . 27-4 . 

Examination of Figure D . 27-2 reveals that after the start of 
water withdrawal no change in the ICW surface height occurred 
near the withdrawal point, while equilibrium with respect to 
salinity variation was achieved after about 35 days . 

For a second case the hydraulic boundary conditions were 
altered to determine the sensitivity to the conditions assumed 
for the Alkali Ditch . In this case the hydraulic boundary 
condition at the end of the Alkali Ditch near Black Lake was 
lifted and the water level was allowed to vary as determined 
by the model calculation . A constant salinity of 14 ppt was 
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fixed at this point throughout the problem, however. All 
other boundary conditions were established as for the first 
case. 

The results of the second case are presented in a format 
identical to that shown for the first case. Figure D.27-S 
includes the variation of water surface height at the with
drawal point for the 30 days prior to withdrawal. The spatial 
distribution of salinity in the l CW, Old Canal, and Alkali 
Ditch at the end of the 60-day start-up period is shown in 
Figure D.27-6. The corresponding distribution of flow 
velocities is shown in Figure D.27-7. 

The variation of water surface height and salinity at the 
withdrawal point for a ISO-day displacement operation is also 
shown in Figure D.27-S. The distribution of salinity at the 
end of the ISO-day withdrawal process, is included in Figure 
D.27-6. The corresponding distribution of flow velocities 
is shown in Figure D.27-7. 

Examination of Figure D.27-S reveals that after the start of 
water withdrawal the l CW reached hydraulic equilibrium almost 
immediately, while equilibrium with respect to salinity varia
tion was achieved after about 3S days. 
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S ITE SPECIFIC SHORT-TERM AND LONG-TERM EMI S S I ON 
RATES AND EMI S S I ONS FROM MARINE VES S EL 

TRANSFERRING OF CRUDE OIL 

APPEN D I X  E . l  

S i te-Spec i f i c  S hort-Term and Long-Term Emi s s ion Rates 
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sounclI 
DIISCR I PT ION 

Const ruct ion 
1 .  Dr i l l  Rig ( 1 )  

2 .  Tank Preparation 
a . Surface G r i n d i n g ( 2 )  

b .  P a i n t  App l i cat ion ( 3 )  

Operat ion 
1 .  Tanker Loa d i n g ( 4 ) 

2 .  Tanker Da l l ast i n g ( 5 )  

3 .  Ta n k  Em i ss io n s * ( 6 ) 
a .  Surge Storage ( 7 ) 
b .  Bal l ast Treatmen t ( 8 ) 

N o tes : 

TABLE E-l 

S i t e  Spec i f ic Short -Term Emi ss i on Rat e s  
And Source Locations For 

West Hackberry 

LOCAT I ON 
POLLUTANT EM I S S I ON IIATE ( g / ro; ) 

IIC PARTICUl.ATE S02 N02 

Dome S i te 0 . 3  0 . 3  0 . 2  3 . 8  

Dome S i t e  - - 0 . 8  - - - -

Sun Term i n a l  - - 0 . 8  - - - -

Dome S i t e  2 . 1  - - - - - -

S u n  Term i n a l  2 . 1  - - - - - -

Sun Term i n a l  1 0 9 . 2  - - - - - -

S u n  Term i n a l  4 . 9  - - - - - -

Sun Term i n a l  0 . 3  - - - - - -

Sun Termi n a l  0 . 1 - - - - - -

CO 

0 . 8  

- -

- -

- -

- -

- -

- -

- -
- -

-

1 .  Q ( Em i ss i o n  Fac to r  [ g/ hp ' h r j ) x 1 500 hp x . 7 5 of capa c i t y  x 2 0 / 2 4  hours = g / s 
2 .  Q ( 1 000h abrasiv e / hr ) ( 1 % of ma t e r i a l  lost ) ( 4 5 4  g / h ) ( hr / 3 000 sec ) ( O . o  [ f r ac t i o n  of pa r t ic l es < 30 � m j ) g / s 
3 .  Q ( 1 1 20h HC / ton appl i ed ) ( 400 f t 2 / hr ) ( 1  gal  p t / 200 f t 2 ) ( 1 5h / ga l ) ( to n / 2 000h ) ( 4 5 4 g / h ) ( hr / 3 600 sec ) = g / s 
4 .  Q ( 0 . 55h / 1 000 gal ) ( 4 2  ga l / bb l ) ( 1 . 0  x 1 00 bb l / d a y ) ( 4 54 g / h ) ( d a y / 2 4  h rs ) ( h r / 3000 sec ) ( . 6 by t a nke r )  

( 1 . 5  [ we a t he r i n g  fac tor j )  = g / s  
5 .  Q ( 0 . 4 2 h / 1 000 ga l ) ( 4 2  g a l / bb l ) ( 1 7 5 , 000 bb l / d a y ) ( 454 g / h ) ( da y / 2 4  h r s ) ( hr / 3 600 sec ) ( 0 . 2  of c apac i t y  bal l asted ) 

( 1 . 5  [ we a the r i n g  factor j )  g / s 
6 . TVP = 5 p s i a  
7 .  3 - 200 , 000 b b l  t a n k s  
8 .  2 - 5 5 , 000 b b l  t a n k s  

* S t and i n g  s torage l oss o n l y  
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TABLE E-l 

Site Spec i f i c  Short -Term Emi s s ion Rat es 
And Source Loc at ions For 

West Hackberry 

POJ.,LUTA N'f EM I SS I ON " A T R  ( v, / s ) SOURCE 
LOCAT I ON PF.SCR I PT I ON 

lIC PARTICUI,ATE 802 N02 

( cont i nued ) 

c .  Surge S torage ( l )  

d .  Blanket Tank ( 2 )  

4 . P i pe l i n e  
( 3 )  a .  Pump S e a l s  

b .  Val ves ( 4 ) 

c .  Pump S e a l s ( 5 )  

d .  Va l ve s ( 5 )  

1 .  1, - 2 0 , 000 b b l  t a n k  

Dome S i t e  
Dome S i t e  

Sun Terminal 
Sun Terminal 
Dome S i t e  
Dome S i t e  

0 . 0 1 - - - -

0 . 0 03 - - - -

0 . 0 7 -- - -

0 . 0 2 - - - -

0 . 1 7 - - - -

0 . 05 -- - -

2 .  1 - 3 , 000 b b l  t a n k  
3 .  Q = 1 . 1 3 # / day-se a l ) ( 6  pumps ) ( 2 s e a l s / pump ) ( 4 5 4  g / # ) ( day / 2 4  ho u r s ) ( h r / 3 600 sec ) = g / s  
4 .  Q = 0 . 1 0 8 # / d a y - va l v e ) ( 6  pumps ) ( 6 . 2 5 v a l v e / pump) 454 g / # ) ( da y / 2 4 hour s ) ( h r / 3 600 s e c ) g / s  
5 .  S e e  formu l a e as used i n  foo t n o t e s  3 a nd 4 based upo n 1 4  pumps a t  the dome s i t e .  

- -

- -

- -

- -

- -

- -

CO 

- -

- -

- -

- -

- -

- -
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sounCE 
DESCR I PT I ON 

Co n s t ruct ion 
l .  Dr i l l  R i g ( 1 )  

2 .  Tank Preparat ion 
a .  S u r f ac e  G r i n d i n g ( 2 ) 

b .  Paint App l i c at i on ( 3 )  

I 

TABLE E - 2  

S i t e  Spec i f i c S hort -Term Emi s s ion Rat e s  
And Source Loc at i o n s  For 

B l ack Bayou 

POLLUTANT EM I SS ION RATE ( p; / s ) 
LOCATION 

J !e PARTI CULATE 8°2 N02 

DOP.1e S i t e  0 . 3  0 . 3  0 . 2  3 . S  

Dome S i t e  - - O . S  -- --
Sun T e rP.1 i n a l  --. O . S  - - - -
Dome S i t e 2 . 1  -- - - - -
S u n  T e r m i n a l  2 . 1  - - - - --

CO 

O . S  

- -
- -
--
--

I Operat ion . 
Tanker Lo a d i n g ( 1 )  Sun T e rm i n a l  1 0 9 . 2  --

I 
I 
! 
L 

l .  -- - - - -

2 .  Tan v p r  B a l l a s t i ng ( 5 )  S u n  T e rmi n a l  4 . 9  - - -- - - --

3 .  Ta nk Em issions* ( 6 ) 
a .  Surg e Storage ( 7 ) Sun T e rm i n a l  0 . 3  - - - - - - --
b .  Ba l l ast Treatme n t ( S )  Sun T e r m i n a l  0 . 1 - - - - - - --

Note s : 

1 .  Q 
2 .  Q 
3 .  Q 
4 .  Q 

5 .  Q 

6 .  TVP 
7 .  3 -
S .  2 -

( Em i ssion Fac tor ( g / h p ' h r ] )  x 1 500 h p  x . 75 of capac i t y  x 2 0 / 2 4  hours = g / s  
( 1 000# abra s ive/ hr ) ( 1 % of  material  1 0st ) ( 454 g/ # ) ( h r / 3 600 sec ) ( 0 . 6  ( fr a c t i o n  of  pa r t i c l e s  < 3 0  � m ] ) g / s  
( 1 1 2 0# HC/ ton app l i ed ) ( 40 0  f t 2 / hr ) ( 1  �al  pt/ 200 f t 2 ) ( 1 5 # / ga l ) ( to n / 2000 # ) ( 454g/ # ) ( h r / 3 600 sec ) = g / s  
( 0 . 55# / 1 000 g a l ) ( 4 2  ga l / bb l ) ( 1 . 4  x t o  bb l / day ) ( 454 g / # ) ( da y / 2 4  h r s ) ( h r / 3 600 sec ) ( . 6 b y  tanke r )  
( 1 . 5  ( wea the r i ng fac tor ] )  = g / s  
( 0 . 42# / 1 000 gal ) ( 4 2  gal / bb l ) ( 1 '15 , 000 b b l / day ) ( 4 54 g / # ) ( da y / 2 4  h r s ) ( hr / 3 600 sec ) ( 0 . 2  o f  capac i t y  b a l l asted ) 
( 1 . 5  ( weathe r i ng factor ] )  g / s  

= 5 p s i  a 
200 , 000 b b l  tanks 
55 , 000 bbl  tanks 

* S t an d i ng s torage l oss o n l y  
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TABLE E - 2  
Site Spec i f i c  Short -Term Emi s s ion Rat es 

And Source Locat ions For 
B l ack Bayou 

sounCE 
LOCAT J ON 

POLLUTIINT EM I S S I ON nllTE ( g / f'. ) 

DESCI1 I PT I ON 

( con t i nu ed ) 

4 .  

c .  Surge S torage ( l )  

d .  Bl anket Tank ( 2 )  

Pipe l i n e  
3 a .  Pump Seals ( ) 

b .  Va l ves ( 4 )  

c .  Pump S8als ( 5 ) 

d .  Vulves ( 5 )  

Notes : 

1 .  1 - 2 0 , 000 b b l  tank 
2. 1 - 3 , 000 bbl  tank 

Dome S i t e  
Dome S i t e  

S u n  Term i n a l  
Sun Term i n a l  
Dome S i te 
Dome S i t e  

IIC r'lInT I C ULIlTE S02 

0 . 0 1 -- - -
0 . 003 - - - -

0 . 0 7 - - - -
0 . 02 - - - -
0 . 1 3 - - - -
0 . 04 -- --

3 .  Q 1 . 1 3 # / day-sea l ) ( 6 pumps ) ( 2  sea l s / pump ) ( 4 5 4  g / # ) ( da y / 2 4  hour s ) ( hr / 3 600 sec ) = g/ s 
4 .  Q ( 0 . 1 08# /day-va l v e ) ( 6  pumps ) ( 6 . 25 valves/ pump ) ( 45 4  g/ # ) ( da y / 2 4  hours ) ( h r / 3600 sec ) g / s  
5 .  See form u l ae as used i n  footnotes 3 a nd 4 based upon 1 1  pumps a t  the d ome si te . 

N02 

- -
- -

--
- -
- -. - -

CO 

- -
- -

- -
- -
--
--
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TABLE E - 3  

S i t e  Spec i f i c  S hort-Term Emi s s io n  Rat e s  
And Source Locat ions For 

Vinton 
--- -. 

SOURCE POLLUTIINT EM I S S ION RNrE ( � / f< ) 

DESCR I P T I ON 
LOCIIT I ON 

Co nstruc t i o n
( l ) 

1 .  Dr i l l  R i g  

2 . Tank Prepar a t i o n  
. ( 2 )  a .  Surface Grinding 

b .  P a i n t  ApPl i cation
( 3 )  

Operat ion 4 1 . Tanker Loa d i n g
( ) 

2 . Tanker Bal l as t i n g
( 5 )  

3 .  Ta nk Em i ss i o n s* (6 ) 
a .  Surge S t o r age ( 7 ) 
b .  Ba l last Trea tme n t ( 8 )  

Note s :  

IIC 

'. 

Dome S i t e  0 . 3  

Dome S it e  - -

Sun 
'
Term i n a l  - -

Dome S i t e  2 . 1  
S u n  Term i n a l  2 . 1  

Sun Term inal  36 . 4  

Sun Term i na l 1 . 6  

Sun Term i n a l  0 . 3  
Sun Term i n a l  0 . 1  

PART I C U LATE S02 N02 

0 . 3  0 . 2  3 . 8 

0 . 8  -- - -

0 . 8  - - --

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

- - - - - -

- - - - - -

-- - - - -

-- - - - -

CO 

0 . 8  

- -

- -

- -

--

--

--

- -
- -

1 .  Q ( Emission Fac to r  [ g/ h p · h r J )  x 1 500 h p  x . 75 o f  capac i t y  x 2 0 / 2 4  hours = g / s  
2 .  Q ( 1 000# abrasive/ h r ) ( l %  o f  material  l os t ) ( 4 54 g / # ) ( hr / 3 600 sec ) ( 0 . 6  [ f rac t io n  of pa r t i c l e s  < 3 0  � m J ) = g / s  
3 .  Q ( 1 1 20# HC/ ton appl i ed ) ( 4 0 0  f t 2 / h r ) ( 1  gal  p t / 200 f t 2 ) ( 1 5# / ga l ) ( to n / 2 000# ) ( 45 4 g/ # ) ( h r / 3 600 sec ) = g / s  
4 .  Q ( 0 . 55# / 1 000 gal ) ( 4 2  ga l / bb l ) ( 3 3 3 , 330 bb l / da Y ) ( 454 g/ # ) ( da y / 2 4  h r s ) ( h r / 3 600 sec ) ( 0 . 6  by t a n ke r )  

( 1 . 5  [ we a t he r i n g  factor ] )  = g / s  
5 .  Q ( 0 . 42# / 1 000 gal ) ( 4 2  g a l / bb l ) ( 5 8 , 300 bb l / daY ) ( 4 54 g/ # ) ( da y / 24 h r s ) ( h r / 3 600 sec ) ( 0 . 2  o f  capac i t y  bal l asted ) 

( 1 . 5  [ weathe r ing fac tor ) = g/ s 
6 .  TVP = 5 p s i a  
7 .  3 - 2 00 , 000 b b l  tanks 
8. 2 - 55 , 000 bbl tanks 

* S t a n d i n g  storage l oss o n l y 
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TABLE E - 3  

S i t e  Spec i f i c  S hort -Term Emi s s ion Rat e s  
A n d  Source Locat ions For 

Vinton 

POLLUTANT EM I SS I ON RATE ( rr. / s ) 
SOURCE 

DESCRIPTION 

( co n t i n ued )  

c .  Surge Sto rag( l ) 

d .  B l  anl{e t Tank 2 } 

4 .  P ip e l i n e  ( 3 ) ll. .  Pump S e a l s  
b .  Val ves ( 1 ) 

( 5 ) c .  Pump Seals 
d .  Valves ( 5 } 

Notes : 

1 .  1 - 2 0 , 000 bb l tan k  
2 .  1 - 3 , 000 bb l tan k 

LOCATION 

Dome S i t e  
Dome S i t e 

Sun Termin al 
S u n  Terminal 
Dome S i t e  
Dome S i t e  

HC PART I CU LATE S02 N02 

0 . 0 1 - - - - --
0 . 003 -- -- --

0 . 05 

1\ -- -- --
0 . 0 1 -- - - --
0 . 1 1  - - -- --

0 . 03 I -- -- --

3 .  Q 1 . 1 3 # / day-sea l ) ( 4 pumps ) ( 2  sea l s/ pump ) ( 4 5 4  g / # ) ( da y / 2 4  h o u r s ) ( h r / 3 600 sec ) � g / s  
4 .  Q ( 0 . 0 1 8  # / day-val v e ) ( 4  pumps ) ( 6 . 2 5 v a l v es/ pump ) ( 4 54 g / # ) ( da y / 2 4  hour s ) ( h r / 3 600 sec ) g / s  
5 .  See formu l a e  a s  used i n  footnotes 3 a nd 4 based upon 9 pumps a t  the dome s i te . 

CO 

--
--

--
- ---
--
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TABLE E-4 

S i t e  Speci fic S hort-Term Emi ssion Rat e s  
An d Sourc e Locat ions For 

Big H i l l  

SOUHCE 
POLLUTANT EM I SS I ON Ht\TJ� ( v, / s ) 

DESCIl I PT I ON 

Cons truc t i o n
( l ) 1 .  Dri l l  R i g  

2 .  Tank Preparat ion ( 2 )  
a . S u r face G r i n d i n g  

b .  P a i n t  ApP l i cation
( 3 ) 

Operat ion 4 1 .  Tan k e r  Lo ading ( ) 

2 .  Tanker Ba l l ast j n g
( 5 )  

3 .  Ta n k  Em i s s i o n s · ( 6 )  
a .  S u r g e  Storage ( 7 )  
b .  Ba l l ast Treatment ( B )  

Note s : 

1 - Q 

LOCAT I ON 

Dome S i t e  

Dome S i t e  
Sun · Term i n al 
Dome S i t e 
Sun Term i n a l  

Sun Term i n a l  

Sun Term i n a l  

Sun Te rm i n al 
Sun Term i n a l  

HC PARTICULATE S02 N02 

0 . 2  0 . 3  0 . 2  3 . B  

-- O . B  - - - -
- - O . B  - - - -
2 . 1 - - - - - -

2 . 1 -- - - - -

72 . B  - - -- - -

3 . 2  - - - - - -

0 . 3  - - - - - -

0 . 1 - - - - --

CO 

0 . 8  

- -

- -

- -
- -

- -

- -

--
- -

2 .  Q 
3 .  Q 
4 .  Q 

( Em i ss i o n  Fac t o r  [ g/ hp · h r ) ) x 1 500 hp x . 75 of capac i t y  x 2 0 / 2 4  h o u r s  = g / s  
( 1 000h a b rasive / hr ) ( 1 %  o f  mate r i a l  1 0st ) ( 4 54 g / h ) ( hr / 3 600 sec ) ( 0 . 6  [ f rac t io n  o f  pa r t ic l e s  < 3 0  � m ) ) g / s  
( 1 1 20h He / ton app1 i ed ) ( 4 00 f t 2 / h r ) ( 1  g a l  p t / 2 0 0  f t 2 ) ( 1 5h / g a l ) ( t o n / 2 000h ) ( 4 5 4 g / h ) ( h r / 3600 sec ) = g / s  
( 0 . 5 5h / 1 000 g a l ) ( 4 2  gal / bb l ) ( 666 , 666 bb l / da y ) ( 4 54 g / h ) ( da y / 2 4  h r s ) ( h r / 3 600 sec ) ( 0 . 6  b y  t a nke r )  
( 1 . 5  [ we a t he r i ng f a c t o r ) )  = g / s  

5 .  Q 
G .  TVP 
7 .  3 -
8 .  2 -

( 0 . 4 2h / 1 00 0  gal ) ( 4 2  ga l / bb l ) ( 1 1 7 , 300 bb l / da Y ) ( 4 54 g / h ) ( d a y / 2 4  h r s ) ( h r / 3 600 sec ) ( 0 . 2  of capac i t y  b a l l a sted ) 
( 1 . 5  [ we a t h e r i ng fac tor ) )  = g / s 

= 5 psia 
200 , 000 b b l  tanks 
55 , 000 bb l tanks 

• S t an d i n g  storage l oss o n l y  
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TABLE E - 4  

S i t e  Spec i f i c  S ho rt -Term Emi s s ion Rat e s  
A n d  Source Lo cations For 

Big Hi l l  
._-_ .. -

POLLUTIINT EM I S S I ON HIITE ( g / s ) 
SOU ncr; 

DESCR I PT I ON 

( con t i n u e d )  1 c .  Surge S torage ( ) 

4 .  
d .  B l anket Tan k ( 2 ) 

P i pe l i ne ( 3 ) a .  Pump s(a}s 
b .  Val ves 4 ( 5 )  
c .  Pump sgJS 
d .  Valves 

Notes : 

1 .  1 - 2 0 , 000 bb l tank 

LOCIIT ::: ON 

Dome S i t e  
Dome S i t e 

Sun Terminal 
Sun Term i n a l  
rome S i t e  
Dome S i t e  

IIC PIIRTICULIITE S02 

0 . 01 -- --
0 . 003 -- --

0 . 05 -- --
0 . 0 1 -- --
0 . 1 2  -- --
0 . 04 -- - -

2 .  1 - 3 , 000 bb l t a n k  
3 .  Q 1 . 1 3 # /day-seal ) ( 4 pumps ) ( 2  sea l s / pump ) ( 45 4  g / # ) ( d a y / 2 4  hour s )  ( hr / 3 600 sec ) = g / s 
4 .  Q ( 0 . 0 1 8  # / da y - v a l v e ) ( 4 pumps ) ( 6 . 25 valves/ pum p ) ( 4 5 4  g / #) ( da y / 2 4  h o ur s ) ( hr / 3 600 sec ) g / s  
5 .  See formu l a e  a s  used i n  footnotes 3 a nd 4 based u po n  1 0  pumps a t  t he dome s i te . 

N02 

--
--

--
--
--
- -

CO 

--
--

--
--
----
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TABLE E- 5 

S i t e  Spec i f i c  Long-Te rm Emi s s i on Rat e s  
A n d  Source Locat ions For 

We st Hackberry 

SOUlleE LOCATION 
POl,UJ'fANT EM I S S I ON nATII ( r. / s ) 

DESCII I P'I' I ON 
IIC PMIT I CUJ,ATE S02 

Const ruct ion 
Sun Term i n a l ( l ) J. S i t e  Preparat ion 54 

No t e s : 

L Q 
2 .  Q 

- -

Dome S i t e ( 2 ) - - 66 . 5  

( 1 . 2  t o n s / ac re-mon t h ) ( 1 30 a c res ) ( 1 2  mon t h s  o f  c o n s t r uc t io n / yea r ) ( 2000 # / to n ) 
( 4 54 g / # ) ( yr / 3 . 1 5 x 1 07 sec ) - gs 
( 1 . 2  t o n s / ac re-mo n t h )  ( 1 60 acres ) ( 1 2  mon t h s  o f  c o n s truc t i o n / yea r ) ( 2 000 # / ton ) 
( 45 4  g / # ) ( y r / 3 . 1 5 x 1 07 sec ) = g / s 

N02 CO 
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TABLE E - 5  

S i t e  Spe c i f ic Lon g-Term Emi s s ion Rat e s  
A n d  Source Locat ions For 

We st Hackberry 

.. .. 
POLl.UTANT BM I 88 ION !lATE ( fY./  s ) souncr. l.OCAT I ON DESCn I PT I ON 

IIC PAnT ICU LATE 8°2 N02 

Operation 
1 .  Tanker Loading ( l )  Sun Terminal 2 9 . 9 -- -- --

--- -2 . Tanker Ba l l ast i n g ( 2 )  Sun Term i n a l  3 . 2 5 --
3 .  Ta nk Emi sS ions* ( 3 )  

a .  Surge Storage ( 4 )  S u n  Terminal 0 . 23 -- -- - -
b .  Ba l l ast Treatment ( 5 ) Sun Terminal O . OS -- -- --
c .  Surge Storage ( 6 ) Dome S ite O . OOS -- -- --
d .  B l an ket Tank ( 7 ) Dome S i t e  0 . 002 -- -- --

4 .  p ipel ine 
a .  Pump Seals ( S ) Sun Terminal 0 . 07 
b .  Valves ( S ) Sun Term i n a l  0 . 02 
c .  Pump Sea l s ( 9 ) Dome S ite 0 . 1 7 
d .  Va l ves ( 9 ) Dome S i te 0 . 05 

Note s :  

1 .  Q ( 0 . 55#/ 1 03 g a l ) ( 42 ga l / bb l ) ( 1 . 0  x I OU b b l / da y ( 1 50 d a y s / y r ( 454 g/ # ) ( y r / 3 . 1 5 x 1 07 sec ) 
( . 6 by tanke r )  = g / s  

2 .  Q ( 0 . 42 # / 1 03 gal ) ( 4 2  g a l / bb l ) ( 1 75 , OOO bb l / day ) ( 3 6 5  days / y r ) ( y r / 3 . 1 5 x 1 07 sec ) ( 4 5 4  g / # )  
( . 2 [ ba l l ast c a pac i t y ) = g / s  

3 .  TVP = 4 p s i a  
4 .  3 - 200 , 000 b b l  t a n ks 
5 .  2 - 55 , 000 bb l t a n ks 
6 .  1 - 20 , 000 b b 1  t a n k  
7 . 1 - 3 , 000 bb l t a n k  
S .  Se e formu l a e  a s  used i n  footnotes 3 a nd 4 o n  page 2 o f  Ta b l e A-I ; based u pon 6 p umps 
9 .  See f o rm u l ae a s  used i n  footnotes 3 a nd 4 o n  pa ge 2 o f  Ta b l e  A - I ; based u pon 1 4  p um p s  

* S t a n d i ng storage l oss o n l y  

CO 
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--
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TABLE E - 6  

S i t e  Spec i f i c  Long-Term Emi s s ion Rat es 
And Sou rce Locat ions For 

Bl ack Bayou 

POLLUTANT EM I S S ION RATE ( R / B )  SOUHCE 
DESCl HPT I ON LOCATI ON 

IiC PAHTI CULATE 

Con s t r u c t i on 
S u n  T 8 rm i n a l ( 1 ) 1 . S i t e P r ep a r a t ion 54 

Note s :  

1 .  Q 
2 .  Q 

I Dome S i t e  ( 2 ) 
- -

- - 95 . 5  

L 
( 1 . 2  t o n s / acre- mo n t h ) ( 1 30 acre s ) ( 1 2 mon t hs o f  c o n s t r uc t io n / yea r ) ( 2 000 # / to n )  
( 454 g# ) ( yr / 3 . 1 5 x 1 01 sec ) = g / s  
( 1 . 2  t o n s / ac re-mo n t h )  ( 2 30 acres ) ( 1 2  mon ths o f  cons t r uc t io n / yea r ) ( 2 000 # / to n ) 
( 4 54 g / # ) ( yr / 3 . 1 5 x 1 07 sec ) = g / s  

S02 N02 

I i 

CO I I 
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TABLE E - 6  

S it e  Spec i f i c  Long-Term Emi s s ion Rat e s  
And Source Loc at ions for 

B l ack Bayou 
_ . .  

POLLUTANT EM I S S I ON I1f1'tE ( v, / s ) SOUI1CE 
LOCAT I ON DESCR I PTI ON 

lIC PAI1T I CULATE S02 

Oper a t ion 
1 .  Tanke r . Loadi n g ( l ) Sun Terminal 2 9 . 9 - - - -

2 . Tanker Bal last i n g ( 2 )  Sun Term i n a l  3 . 25 ----
3 .  Tank Em i ssions* ( 3 )  

a .  Surge S t orage ( 4 )  Sun Termin a l  0 . 23 - - --
b .  Bal l ast Treatment ( 5 ) Sun Term i n a l  0 . 08 - - - -
c .  Surge S torage ( 6 )  Dome S i t e  0 . 008 - - - -

d .  B l anket Tank ( 7 )  Dome S i t e  0 . 002 - - - -

4 . P i p e l i n e  
fl . Pump Seals ( 8 )  Sun Termi nal 0 . 07 
b .  Valves ( 8 ) Sun Term i n a l  0 . 0 2 
c .  Pump Seals ( 9 ) I Dome S i t e  0 . 1 3 
d .  Valves ( 9 ) Dome S i t e 0 . 04 

Note s :  

1 .  Q � ( 0 . 55# / 1 03 gal ) ( 4 2  ga l / bb l ) ( 1 . 4  x 1 06 bb l / day ( 1 50 days / y r ( 4 54 g / # ) ( y r / 3 . 1 5 x 1 07 sec ) 
( . 6 by tanke r )  = g / s  

2 .  Q ( 0 . 42 # / 1 03 gal ) ( 4 2  gal / bb l ) ( 1 7 5 , OOO bb l / day ) ( 365 days / y r ) ( y r / 3 . 1 5 x 1 07 sec ) ( 4 54 g / # ) 
( . 2 [ bal l ast capac i t y ] ) = g / s  

3 .  TVP = 4 psi a 
4 .  3 - 200 , 000 bbl  tanks 
5 . 2 - 55 , 000 b b l  tan ks 
6 .  1 - 20 , 000 b b l  tank 
7 . 1 - 3 , 000 bbl  tank 
8. See form u l ae as used i n  foo tnotes 3 a nd 4 on page 2 of Tab l e  A-I ; based u pon 6 pumps 
9 .  See formu lae a s  used i n  foo tnotes 3 a nd 4 o n  page 2 o f  Tab l e  A-I ; based upo n  1 1  pumps 

* S t an d i ng s torage l oss o n l y  

N02 

- -

- -

- -

--
- -

--

CO 

- -

--

- -

- -

--
--
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TABLE E- 7 

S i t e  Spec i f i c  Long-Term Em i s s ion Rat e s  
A n d  Source Locat ions Fo r 

Vinton 

~ scc nCE 

I 
LOCA T I ON I POLLUTANT E�! I SS I ON HATE ( r, / s ) 

I 

I 

Dr;SCIl IPT IO::< i I I , He I PARTI CULATE I S02 \ , 
Const ruct ion i 

i 1 .  S i t e  Preparat ion S u n  Term i n a l ( l )  -- 54 

Note s :  

1 .  Q 

2 .  Q 

Dome S i t e ( 2 ) - - 1 2 . 5 

J 

I I 
I I 

( 1 . 2  t o n s / ac re-mon th ) ( 1 3 0  acres) ( 1 2  mon ths o f  construc t io n / year ) ( 2000 # / to n ) 
( 4 5 4  g/ # ) ( yr / 3 . 1 5 x 1 07 sec ) = gs 
( 1 . 2  t o n s / ac re-mon th ) ( 1 6 0  acres) ( 1 2  mon ths o f  con s t r uc t io n / yea r ) ( 2 000 # / to n )  
( 4 5 4  g/ # ) ( yr / 3 . 1 5 x 1 07 sec )  = g / s  

N02 

I 
CO 
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TABLE E - 7 

S i t e  Spec i fic Long-Term Emi s s io n  Rat e s  
And Source Loc at ions For 

Vinton 

POLLUTANT EM I S S I ON HATE «, / s ) 
sounCE 

D T';SCH I PT I ON 

Opera t i.Oll • •  

Tanker LOad i n g l L )  1 .  

2 .  Tanker Bal l as t i n g
( 2 )  

3 .  Ta nk Em issions* ( 3 )  
a .  Surge Storage � q ) 

5 
b .  Bal l a s t  Treatme n L ( ) 

c .  Surge Storagf ( 6 )  

d .  B l anket Tank 7 )  

4 .  P i p e l i n e  ( 8 ) 
a .  Pump Sea l s  
b .  Val ves ( 8 )  

9 
c .  Pump Sca l s

( ) 

d . , Val ves ( 9 ) 

Note s :  

LOCATI ON 

Sun Term i n a l  

S u n  Term i n a l  

S u n  Term i n a l  
Sun Term i n a l  
Dome S i t e  
Dome S i te 

Sun Termi nal 
Sun Term i nal 
Dome S i t e  
Dome S i t e  
-

HC PAHT J CULATE S02 

1 0  - - - -

1 . 1  - - --

0 . 23 -- --
0 . 08 - - - -

0 . 00 8  - - - -

0 . 002 -- - -

0 . 05 - - --
0 . 0 1 - - - -

0 . 1 1  -- - -

0 . 03 - - - -

1 .  Q ( 0 . 55 # / 1 03 gal ) ( 42  gal / bb l ) ( 1 . 4  x 1 06 b b l / day ( 1 50 day s / y r ( 454 g/ # ) ( y r / 3 . 1 5 x 1 07 sec ) 
( . 6 by t a n ke r )  = g/ s 

2 .  Q ( 0 . 42#/ 1 03 gal ) ( 4 2  gal / bb l ) ( 1 75 , 000 bb l / day ) ( 3 65 days / y r ) ( y r / 3 . 1 5 x 1 07 sec ) ( 4 54 g / # ) 
( . 2 [ ba l l ast capac i t y ] )  = g / s  

3 .  TV P = 4 psia 
4 .  3 .  - 200 , 000 b b l  t a n ks 
5 .  2 - 55 , 000 bb l ta nks 
6 . 1 - 2 0 , 000 b b l  tank 
7 .  1 - 3 , 000 bb l tank 
8 .  See formu l ae a s  used i n  footnotes 3 a nd 4 o n  pag e  2 o f  Tab l e  A-I ; based upo n  4 pumps 
9 . See form u l a e  as used i n  footnotes 3 a nd 4 on page 2 o f  Tab l e  A-I ; based upon 9 pumps 

* Stand i n g  s torage l oss o n l y  

N02 

- -

- -

- -

- -

- -

--

- -

- -

- -
- -

CO 

- -

- -

- -

- -
- -

--

--

- -

- -

--
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TABLE E - 8  

S i t e  Spec i f i c  Long-Term Emi s s ion Rat e s  
And Sourc e Locat ions  for 

Big Hi l l  

SOUHCE LOCAT I ON 
POLLUTANT EM I S S I ON HATE ( g / s ) 

DESCR I PT I ON 
HC PAHTI CULATE 

, 

Con s t r u c t i or; I I 
1 1 .  S i t e  P r ep arat ior; I Sun Termin a l ( l )  - - 54 

No tes : 

1 .  Q 

2 .  Q 

Dome S i t e ( 2 )  

I 
- - 95 . 5  

I j 
( 1 . 2  tons/ac re-month ) � 1 3 0  acres ) ( 1 2 months of construc t i o n / year ) ( 2000 # / to n )  
( 4 5 4  g# ) ( y r / 3 . 1 5 x 1 0  se c )  = g / s  
( 1 . 2  tons/acre-mon t h ) ( 2 3 0  a c r es ) ( 1 2  months o f  construc t i o n / yea r ) ( 2 000 # / to n )  
( 4 54 g / # ) ( yr / 3 . 1 5 x 1 07 sec ) = g / s  

fl02 N02 CO 

" � "4 g / # ) ( y r / 3 . 15  x 107 sec ) � S / s  
g / # ) ( yr / 3  . 15 x 107 sec ) � S / s  
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TABLE E - 8  

S i t e  Spe ci f ic Long-Term Em i s s ion Rat e s  
And Source Loc at ions for 

Big H i l l 

� POLLUTAClT El1 l 8 8 I O N  IL\TE U, / s )  soun"CE LOC:\T t o� - I DEscn I PT ION I I , He PMtT I C U LATE 8 ° 2  I :1°2 1 . 
Operat io n , 

Tanker LO adi n g ( � )  
I , 

S u n  Termi. n a l  I 1 I 1 9 . 9  I 1 .  
2 .  
3 .  

4 .  

Tanker Ba l l a s t i n g ( 2 )  

Tank Em i ss ions* ( 3 )  
a .  S u r g e  Sto rage ( 4 )  5 
b .  Bal l ast T reatme n t ( ) 
C .  Surge S t o r a g( 6 )  
d .  B l a n k e t  T a n k  7 ) 

Pipe l i n es ( 3 )  a .  Pump S (' u l s 
J .  Va l v es ( 8 ) 
c .  Pump S(�) s ( 9 ) 
d .  Valves 

No tes ; 

S u n Term in a l I 
Su n Term i::Jal 
Sun Termi nal 
Dome S i te 
Dome S i t e  

Sun Term i n a l  
S u n  Term i n a l  
Dome S i t e  I Dome S i t e  

-- --
� .  15 I -- --

I 

0 . 2 3 -- --
0 . 08 - - --
0 . 008 -- --
0 . 002 I -- --

I 

I I 
0 . 05 -- --
0 . 0 1 -- --
0 . 1 2  -- --
0 . 0 4 I 

I -- - -
. 

1 .  Q ( 0 . 55 # / 1 03 g a l ) ( 42 ga l / bb l ) ( 1 . 4  x 1 06 bb 1 / da y ( 1 50 da y s / y r ( 454 g / # ) ( y r / 3 . 1 5 x 1 07 sec ) 
( . 6 by t a n ke r )  = g / s  

2 .  Q ( 0 . 42# / 1 03 g a l ) ( 4 2  gal / bb 1 ) ( 1 7 5 , 000 bb l / day ) ( 3 65 da y s / y r ) ( y r / 3 . 1 5 x 1 07 sec ) ( 4 54 g / # )  
( . 2 [ ba l l as t  c apac i t y ] ) = g / s 

3 .  TVP = 4 psi a 
4 .  3 - 200 , 000 bbl tanks 
5 .  2 - 55 , 000 b b l  t a n ks 
6 .  1 - 20 , 000 b b l  t a n k  
7.  1 - 3 , 000 b b l  t a n k  
8 .  See formu l a e  a s  used i n  foo tnotes 3 a nd 4 o n  page 2 o f  Ta b l e  A-I ; based upon 4 p umps 
9 .  See form u l ae a s  used i n  footnotes 3 a nd 4 o n  page 2 o f  Tab l e  A-I ; based upon 1 0  pumps 

* S tand i ng storage l oss o n l y  
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APPEN D I X  E .  2 

EMI SS IONS FROM MARINE VES S E L  TRAN S F E RRING OF CRU DE O I L  

1 .  I n t r od u c t i o n  

S h i p s  and b a r ge s  w i l l  be u s ed' t o  d e l i ve r  c r ude o i l  

t o  and f r om t h e  ma r i ne t e rmi nal s f o r  t h e  S t r at eg i c  P e t r ol e um 

Re s e rve ( SPR) f ac i l i ty . Hyd r o c a r bo n  emi s s i on s  a r e  g e ne r a t ed 

a t  ma r i ne t e r m i n a l s  when vol a t i l e  hyd r oc a r bo n  l i qu i ds a r e  

e i th e r  l o ad e d  o n t o  o r  u n l o aded f rom s h i p s  and b a r ge s . 

The mag n i tude of c r ud e  o i l  t r an s f e r  emi s s i on s  a r e  

d ep endent on many f a c t o r � .  I n d u s t r y  t e s t i ng p r og r ams have 

b e e n  cond u c t ed r e c e n t l y  to eval u a t e  the i n t e r r e l a t i on s h i p  of 

thes e and o t h e r  impo r t ant f a c t o r s  in develop i ng up-t o-d a t e  

emi s s i on fac t o r s  f o r  s h i p  and ba rge l o ad i ng and b a l l a s t i ng 

emi s s i on s . Mos t  o f  tho s e  s tud i es comp l e ted h ave deve l oped 

em i s s i on f a c t o r s  for g a s o l i ne .  C r ude o i l  t r ans f e r r i ng 

ope r at ions a r e  u nd e r  s tudy by the We s t e r n  O i l  a nd Gas 

A s s oc i at i on ( WOGA ) ( Re f  1 ) .  

Th i s  append i x  evaluates the e x i s t i ng emi s s i on d a t a  and 

p r opos e s  an analy t i cal p r oced u r e  f o r  e s t ima t i ng the p r obable 

c r ud e  o i l  em i s s i on f ac t o r s  f o i  the S PR f ac i l i ty . * 

Sect i o n  2 p r e s ents the gene r a l  na t u r e  and c h a r a c t e r i s t i cs 

o f  ma r i ne t r ans f e r  emi s s i ons . S o u r ce s  tes t i ng d a t a  comp i led 

by many i nd u s try s o u r ces con ce r n i ng ma r i ne t r a ns f e r  emi s s ions 

a r e  p r e s e nt ed in S e c t i on 3 .  D e s c r i p t i on of a p r oposed p r o c ed u r e  

and as s ump t i on requ i r ed t o  e s t imate emi s s i on fac t o r s  f o r  c r ud e  

o i l  a re p r e s ented i n  S e c t i on 4 .  The f i nal s e c t i on c o n c l udes 

the emi s s i on fac t o r  analy s i s  and p r e s e n t s  a s umma ry of emi s s i on 

f ac t o r s pr opo s ed t o  be u s ed f o r  the SPR f ac i l i ty .  

* Th i s  app end i x  de r i ve s  emi s s i on f a c t o r s f o r  c r ude ha ndl i ng 
ope r a t i ons whi ch r ep r e s ent a reduc t i on i n  em i s s i o n  f a c t o r s  
p r es ented i n  e a r l i e r F E A  env i r onme n t a l  r e po r t s . T h e  r e s u l t s 
repo r t ed h e r e  r ep r e s e n t  the be s t  app r o x i ma t i on s  pos s i b l e  w i th 
c u r r e n tly e x i s t i ng d a t a . 

E . 2 - 1  



2 .  Em i s s i on S o u r c e s  and Cha r a c te r i s t i c s  

2 . 1  Load i ng Em i s s i o n s  

Load i ng emi s s i on s  a r e  a t t r i bu tab l e  t o  the d i spl acement 

t o  the a tmo sphe r e  of hyd r oca r bo n  vapo r s  r e s i d i ng in emp ty 

v e s s e l  t a n k s  by v o l a t i l e  hyd r oc a r bon l i q u i d s  be i ng l o aded 

i nt o  t h e  ve s s e l  tank s .  Load i ng emi s s i on s  can be separa t ed 

i n t o  ( 1 )  t h e  a r r i val compo n e n t  and ( 2 ) t h e  gene r a t ed 

c omp on e n t . Th e a r r i va l  component o f  l o ad i ng em i s s i on s  

con s i s ts o f  hyd r oc a r bo n  vapor s l e f t  i n  t h e  emp ty ve s s e l  t a n k s  

f r om p r e v i o u s  c a r go s . The gene r a t ed c ompo nent o f  load i ng 

emi s s i o n s  co ns i s ts of hyd r o c a r bo n  vapo r s  evapo r a t ed i n  the 

v e s s e l  t ank s as hyd r oc a r bon l i q u i d s  a r e  be i ng l o aded . 

The a r r i va l  compon e n t  of load i ng emi s s i on s  i s  d i r e c t l y  

d ep ende n t  on t h e  t r u e  vapor p r e s s u r e  o f  t h e  p r e v i o u s  c a r g o , 

the u n l o ad i ng r a te of the p r e v i o u s  c a r g o , and t h e  c r u i s e  

h i s to r y  o f  the c a r go tank o n  t h e  r e tu r n  voyage . Th e c r u i s e  

h i s to r y  o f  a c a r g o  tank may i nc l ude h e e l  wash i ng , b a l l a s t i ng , 

b u t t e r wo r th i ng ,  vapor f r e e i ng ,  o r  no a c t i on a t  a l l . 

The g e ne r a t ed c omponent o f  l o ad i ng em i s s i o n s  i s  p r oduced 

by t h e  evapor a t i on of hyd r oc a r bon l iq u i d  be i ng l o aded i nt o  

t h e  ves s e l  tank . T h e  quant i ty o f  hyd r o c a r b o n s  evap o r a t ed i s  

depende n t  on bo th the t r u e  vapor p r e s s u r e  o f  the hyd r oc a r bo n s  

and t h e  l o ad i ng and unl o ad i ng p r ac t i c e s . The l o ad i ng 

pr ac t i c e  wh i c h  has th e g r e a t e s t impact on t h e  g e ne r a ted 

c omp o n e nt is the load i ng and u n l o ad i ng r a t e . 

A typ i c a l  p r o f i le o f  g as o l i ne concent r a t i on i n  a s h ip 

tank du r i ng l o ad i ng i s  p r e s e n t ed i n  F i g u r e  1 ( Re f  2 ) . As 

i nd i cated in t h e  f i g u r e , th e hyd r oc a r b o n s  p r es e n t  th! ough o u t  

mos t  of the ve s s e l  tank vapor space a r e  c on t r i bu ted t o  by 

E . 2 - 2  



Volume % 
Hydrocarbon 

Volume % 
Hydrocarbon 

40 

o 

40 

20 

o 

'CLEANED' COMPARTMENTS 

Average % HC at end 
of loading = 48% 

Average % HC = 5.4% 

_ _  1 _ _  -

Average arrival % HC = 2% 

- - - - --- -

20 30 
True Ullage (feet) 

'UNCLEANEO' COMPARTMENTS 

Average % at end 
of loading = 55% 

Average % HC = 1 1 %  

40 50 

/ _ _ _ _ 

Average arrival % He = 7% 

10 20 30 40 
True Ul lage (feet) 

F igure 1 .  Typical S hip Em i s s ion Pro f i l e s  
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t h e  a r r i val vapo r compon e n t  and the conce n t r a t i on i s  almo s t  

u n i f o r m .  T h e r e  i s  a s h a r p  r i s e  i n  hyd r oc a r bo n  vapor conce n t r a

t i on j u s t  abo ve t h e  l i q u i d  s u r f ace . T h i s  i s  the gene r a t ed 

c ompon e n t . The g e ne r ated c ompone nt , a l s o  c a l l ed a " v apo r 

b l ank e t , " i s  at t r i bu table t o  evapo r at i on o f  the hyd r oca rbon 

l i q u i d . 

F r om F i g u r e  1 i t  i s  app a r e n t  that f o r  l a r g e  v e s s e l s  

w i th 55 f o o t  u l l a g e s , *  t h e  ave r age hyd r oc a r bo n  c o n c e n t r a t i o n  

o f  vapo r s  ven t ed d u r i ng l o ad i ng ope r a t i on s  i s  pr ima r i ly 

depend e n t  o n  t h e  a r r i v a l  c omponent . For sma l l e r  ve s s e l s  

s u ch a s  b a r g e s  w i th 1 2  f o o t  u l l ag e s , the ave r ag e  hyd r oc a r bo n  

concent r at i o n  i n  t h e  vented l o ad i ng vapo r s  i s  dependent o n  

bo th t h e  g e n e r a t e d  c ompon e n t  and t h e  a r r i val c ompo ne n t .  

2 . 2  U n l o ad i ng Em i s s i o n s  

U n l oad i ng emi s s i on s  a r e  hyd r o c a r bon emi s s i on s  d i sp l aced 

d u r i ng b a l l a s t i ng ope r a t i on s  at the u n l o ad i ng dock s u b s equent 

to u n l o ad i ng a vo l at i le hyd r o c a r b o n  l i q u i d  s uch as g as o l i ne 

o r  c r ude o i l .  D u r i ng t h e  u n l o ad i ng o f  a vo l a t i l e hyd r oca r bo n  

l i q u i d , a i r d r awn i nt o  t h e  empty i ng t ank a b s o r b s  hyd r o c a r bons 

evap o r a t ing f r om t h e  l i qu i d  s u r f ace . The g r e a t e r  p a r t  of the 

hyd r oc a r bo n  vapo r s  norma l ly l i e s  a l o ng t h e  l i q u i d  s u r f ac e  i n  

a vapor b l a nk e t . Howeve r ,  th r o ug h o u t t h e  u n l o ad i ng ope r a t i on , 

hyd r oc a rbon l i qu i d  c l i ng i ng to t h e  ves s e l  wa l l s  w i l l  c o n t i nue 

to evap o r a t e  and to c o n t r i bu te t o  the hyd r oc a r bo n  c o n c e nt r a t i on 

i n  the upp e r  level s of the empty i ng ves s e l  tank . 

B e f o r e  s a i l i ng ,. an emp ty ma r i ne ve s s e l  mu s t  t a k e  o n  b a l l a s t  

wate r t o  mai nt a i n  t r im and s tab i l i ty .  N o r ma l ly , on ve s s e l s  

t h at a r e  n o t  f i t ted w i th s eg r e g ated b a l l a s t tank s ,  th i s  

* The t e rm " u l l age "  r e f e r s  to t h e  d i s tance b e tween t h e  c a r g o  
l i qu i d  l ev e l  a n d  t h e  r im o f  t h e  u l l ag e  cap . 
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w a t e r  i s  pumped i nt o  t h e  emp ty ves s e l  t ank s .  As ba l l a s t  

w a t e r  e n te r s  tank s ,  i t  d i s p l a c e s  t h e  r e s i d ual hyd r o c a r bo n  

vapo r s  to t h e  atmo s p h e r e  g e n e r a t i ng t h e  s o  t e rmed " u n l o ad i ng 

emi s s i on s . "  

2 . 3  Par ame t e r s  A f f ec t i ng Em i s s i o n s  

Emi s s i on t es t i ng r es u l t s  i nd i c a t e  t h a t  many f ac t o r s  a f f e c t  

t h e  mag n i t u d e  o f  c r ude o i l  l o ad i ng a n d  u n l o ad i ng emi s s i on s . 

D u e  t o  t h e  i nt e r r e l a t ed na t u r e  o f  t h e s e  p a r ame t e r s , i t  i s  

d i f f i c u l t  t o  quan t i fy the em i s s i o n  i mpac t s . Th i s  s e c t i on 

q ua l i t at i ve ly p r e s e n t s  th e e f f e c t s  o f  t h e  f o l l ow i ng p a r am et e r s  

o n  mar i ne load i ng and u n lo ad i ng emi s s i ons : 

• load i ng ana u n l o ad i ng r a t e  
• t r u e  vapo r  p r e s s u r e  
• c r u i s e  h i s to r y  
• p r e v i o u s  c a rg o  
• chem i c a l  a n d  phy s i ca l  p r ope r t i es 

2 . 3 . 1  Lo ad i ng and U n l o ad i ng Ra te 

D u r i ng the l o ad i ng ope r a t i on , the i ni t i al l o ad i ng 

a nd u n l o ad i ng r a t e  has a s i g n i f i c ant e f f ec t  on hyd r oca r bo n  

emi s s i on s  d u e  t o  t h e  spl as h i ng and t u r bu l e nc e  c a u s ed by 

h i g h e r  i n i t i al l o ad i ng or w i thd r awi ng r at e s . Th i s  spl a s h i ng 

a nd t u r bu l e nce r e s u l t s  i n  r ap i d  hyd r oc a r bo n  evapor at i on and 

t h e  f ormat i on o f  a vapor blank e t . By r e d u c i ng t h e  i ni t i al 

v e l oc i ty of e nt e r i ng o r  wi thd r awi ng r at e s , i t  i s  p o s s i b l e  t o  

r educe t h e  t u r bu l ence and c o n s equent ly , to r educe t h e  s i z e  

a nd concent r at i on o f  th e vapor b l a n k e t . S l ow f i nal l o ad i ng 

r a te can a l s o  lower the quant i ty o f  emi s s i on s . Th i s  i s  

b e c a u s e  when the hyd r oc a r bo n  l evel i n  a ma r i ne ve s s e l tank 

appr oa ches the tank r o o f , the ac t i on o f  vapo r s  f l ow i ng 

towards t h e  u l lage cap vent beg i ns to d i s r upt t h e  q u i e s c e n t  

vapor b l a nk et . D i s r up t i on o f  the vapor b l a n k e t  r e s u l t s  i n  

no t i c e ably h i g h e r  hyd r o c a r bo n  concent r at i o n s  i n  t h e  vented 

vapo r ( Re f  3 ) . 
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2 . 3 . 2  T r u e  Vapo r P r e s s u r e  

T h e  t r u e  vapo r  p r e s s u r e  ( TVP) o f  a hyd r oc a r bo n  l i qu i d  

h as a ma r k ed impac t  o n  t h e  hyd r oc a rbon c o n t e n t  o f  i ts 

load i ng and u n l o ad i ng emi s s i ons . TVP i s  an i nd i ca t o r  o f  a 

l iq u i d ' s  vo l at i l i ty and i s  a f u nc t i on o f  the l iq u i d ' s  Re i d  

Vapo r  P r es s u r e  ( RVP ) a n d  t empe r a tu r e . Compounds w i th h i gh 

TVP e xh i b i t h i gh evapo r a t i on rates and c o n s eq u e n t ly , contai n 

h i gh hyd r oc ar bo n  co ncent r a t i on s  i n  th e i r l o ad i ng and b a l l a s t i ng 

vapo r s . The mo nogr aphs p r e s ented i n  F i g u r e s  2 and 3 c o r r e l at e  

t h e  TVP f o r  c r ud e  o i l  and gas o l i ne . The RVP o f  gas o l i ne 

l oad ed i n  t h e  H o u s to n-Galve s ton a r e a  r a nge f r om 9 . 5 t o  1 3 . 6  

ps i a  i n  the w i nt e r  s ea s on , wh i l e  the RVP o f  c r ude o i l s  

u n l oaded no rma l l y  r ang e f r om 2 t o  7 ps i a .  F o r  the p u r po s e  

o f  as s e s s i ng a S P R  f ac i l i ty ,  t h e  c r ud e  o i l  i s  a s s umed t o  

h ave a max i mum RVP o f  5 ps i a  and an ave r age RVP o f  4 p s i a  a t  

a t emp e r a t u r e  o f  7 00 F .  

2 . 3 . 3  C r u i s e  H i s to ry 

The c r u i s e  h i s to r y  o f  a ma r i ne ves s e l  i nc l ud e s  a l l  o f  

the a c t i v i t i e s w h i c h  a c a r g o  tank e xpe r i e n c e s  du r i ng the 

voy age p r i o r  t o  a l o ad i ng o r  u n l o ad i ng ope r a t i o n . Examp l e s  

o f  s i g n i f i ca n t  cr u i s e  h i s to r y  act i v i t i e s  a r e  bal l a s t i ng ,  

h e e l  wash i ng ,  b u t t e rwo r th i ng , and gas f r e e i ng . C r u i s e  

h i s to r y  i mp a c t s  ma r i ne t r ans f e r  emi s s i on s  by d i r e c t l y  

a f f ec t i ng the a r r i val vapor compone nt . B a r g e s  no r ma l ly do 

not h ave s ig n i f i ca n t  c r u i s e  h i s to r i es be c a u s e  they r a r e ly 

tak e on bal l as t  and do not u s u a l ly h ave t h e  manpow e r  t o  

c l e a n  c a r go tank s .  

B a l l as t i ng i s  the a c t  o f  par t i al l y  f i l l i ng emp ty cargo 

t a nk s w i th wat e r  t o  mai ntai n a s h i p ' s  s tabi l i ty and t r im .  

Rec e n t  t e s t i ng r e s u l t s  i nd i ca t e  that p r i o r  t o  b a l l a s t i ng ,  
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emp ty c a r g o  t a n k s  n o r ma l l y  c o n t a i n an almo s t  h omog e n e o u s  

concent r a t i on o f  r e s i d u al hyd r ocarbon vapo r s .  Whe n  ba l l as t  

w a t e r  i s  tak en i nt o  the emp ty tank , hyd r oc a r bo n  vapo r s  a r e  

v e n t ed , b u t  t h e  r emai n i ng vapo r s  no t d i s p l a c e d  r e t a i n 

t he i r  o r i g i n al hyd r oc a r bo n  concen�r a t i on . Upon a r r i val at a 

l oad i ng d o c k , a s h i p  d i s c h a r g e s  i ts bal l as t  wat e r  and d r aws 

f r e s h  ai r i n t o  the t ank . The f re s h  a i r  d i l u t e s  the a r r ival 

vapor concent r a t i on and l ow e r s  the e f f e c t i ve a r r i val vapo r 

c o n c e n t r a t i o n  by an amo unt p r opo r t i on a l  t o  the vo l ume o f  

ba l l as t u s ed . Al th ough ba l l as t i ng p r a c t i c e s  vary f r om v e s s e l  

t o  ves s e l , th e ave r age ve s s e l  i s  ba l l as t ed app r o x imately 4 0 % .  

The h e e l  o f  a tank i s  the r e s i d u a l  pudd l e s  o f  hyd r o c a r bo n  

l i q u i d s  r emai n i ng i n  tank s a f t e r  empty i ng .  Th e s e  r e s i d u a l  

l i q u i d s  w i l l  even t u al l y  evapo r a t e  a n d  cont r i bu t e  t o  the 

a r r i val c ompone nt o f  s u b s equent ves s e l - f i l l i ng vapo r s . By 

wash i ng o u t  th i s  heel w i th wat e r , AMOCO O i l  C ompany fo und 

t h at th ey we r e  ab l e  t o  r educe the hyd r o c a r b o n  emi s s i on s  f r om 

s u b s equent f i l l i ng op e r a t i on s  f r om 5 . 7  vo l ume p e r ce n t  t o  2 . 7 

vo l ume p e r c e n t  hyd r oc a r bo n s  ( Re f  3 ) . B u t t e r wo r t h i ng i s  the 

w as h i ng down of tank wa l l s  in add i t i on to was h i ng out tank 

h e e l s .  B u t t e r wo r t h i ng also r e d uces l o ad i ng emi s s i o n s  by 

r edu c i ng the a r r i val compo n e n t  conce n t r at i on . The hyd r o c a r b on 

l i q u i d s  washed f r om the t an k s  a r e  s tor ed i n  a s l op s  tank f o r  

d i spos a l  o n s h o r e  ( Re f  3 ) . 

I n  add i t i on t o  h e e l  was h i ng and b ut t e rwo r t h i ng ,  mari ne 

ve s s e l s  can pu r ge the hyd r o c a r b on vap o r s  f r om emp ty and 

b a l l as ted t ank s d u r i ng the voyage by seve r a l  gas f r ee i ng 

t e chni ques wh i ch i nc l ude a i r b l ow i ng and r emoval o f  ul lage 

dome cove r s . A comb i na t i on of t ank was h i ng and gas f r e e i ng 

w i l l e f f e c t i ve ly r emove the a r r i val c ompo nent o f  l oad i ng 

em i s s i on s  ( Re f  3 ) . 
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2 . 3 . 4  Pr ev i o u s  Cargo 

The p r ev i ou s  c a r go conveyed by a tanker al so has a d i r e ct 

impact on the a r r iva l compo n e nt of loadi ng emi s s i on s . C a r go 

s h i p s  w h i c h  c a r r i ed nonvo l a t i le l i q u i d s  on th e p r e v i o u s  voy age 

normal ly r e t u r n  w i th low a r r ival vapor conce n t r a t i on . EXXON 

O i l  Company t e s t s  condu c t ed i n  B aytown , Texas i nd i c a t ed that 

th e a r r i v a l  component of emp ty unc l eaned c a r g o  tan k s  wh i c h  

h ad p r e v i ou s l y  conveyed f u e l  o i l  r a nged f r om a v o l ume p e r c e n t  

t o  1 vol ume p e r c e n t  hyd r oc a r bon s . Ca rgo t a n k s  w i th t h e  s ame 

c r u i se h i s to r y  wh i c h  h ad p r e v i o u s l y  conveyed gaso l i ne , e xh i b i ted 

hyd r oc a r bon concent r a t i ons in th e a r r i va l  vapo r s  which r anged 

f r om 4 per cent ( by v o l um� bas i s )  to 30 p e r c e n t  and ave raged 

7 p e r ce nt ( Re f  3 ) . 

2 . 3 . 5  Chem i c a l  and Phys i c a l  Prope r t i e s 

The chemi c a l  c ompos i t i ons and mo l e c u l a r  w e i g h t  of 

c r ud e  o i l  vapo r s  w i l l  vary ov e r  a wide r a ng e .  The typ i c a l  

vapo r con s i s t s  p r ed om i nant ly of C 4 a n d  C 5 c ompound s . 

T h e  mo l e c u l a r  w e i g h t  r anges f r om 4 5  to 1 0 0  pound p e r  pound 

mo l e  w i th an ave r age of app r o x imat e l y  7 0 . 

3 .  I nd u s t ry Emi s s i o n  Te s t i ng Re s u l t s  

T h e  p e t r o l e um i nd u s t ry h as bee n  i nvol ved i n  t e s t p r og r ams 

to quant i fy the hyd r oc a r bon emi s s i ons f r om g a s o l i n e  a nd 

c r ud e  o i l  t r ans f e r  op e r a t i ons at ma r i ne t e r m i na l s . Table 1 

summa r i z e s  the t e s t p r og r ams wh i ch h av e  been conduc t ed by 

the p et r o l eum i nd u s t r y .  The i nd u s t r y  p r og r ams h ave i n c l uded 

mo t o r  gaso l i ne , av i a t i on g as o l i ne ,  and c r ud e  oi l load i ng 

onto t a nk e r s , b a r g e s , and o c e an b a r ge s . We l l  ove r 2 0 0  v e s s e l  

t an k s  we re s ampl ed i n  the s e  p r og r ams . T h e  p e t r o l eum i ndus t ry 

tes ts w e r e  p r i ma r i l y cond u c t ed between 1 9 7 4  and 1 9 7 5  i n  the 

Hous ton-Ga lve s t on a r e a . Te s t s  h av e  a l s o  been cond u c t ed on 

the Cal i f o r n i a  Coas t and in the G r e a t  Lakes a r ea ( Re f  3 ) . 
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M 
N 
I 

I-' 
I-' 

Company Type8 of .Iarine Tea tina 

WOGA 

EXXON 

tanker loading and 
ballaating emi8s iona 
for crude oil and 
natural gaso11ne 

primarily gasoline 
load ina. but also 
averages and crude 
loading 

American motor gasoline 
Petroleum loading 
I n s t i t u t e  

Area motor ga80line 
loading of 
tankere 

AMOCO priMarily 8Otor 
g08011ne loading 
crude berge unloading 

6hell g880l ine loadina on 
tanker 

British crude oil loading on 
Pet roleum tanker 

Location 

Ventura County 
Union OU 

Terminal 
Cetty OU 

Terminal 
California 

E][][on Terminal 
lIay town Te][as 
Karg I a land , 

Iran 

predominantly 
in 1I0uston
Calveaton area 

Houeton 
lef inery 

Wh iting, I I I  

Texas City,  
Te][ea 

Dear Park, 
Texa. 

Middle En t 

!!!!! 
Hay 1 9 76 
(teata are 
ongoing) 

winter 
1 9 74-
1 9 7 5  

au_er 
1975 

1 9 74-
1976 

Extent of Teatina 

6 tests to date 

100 ahip teata 
10 barge teata 

Nov. 1 9 74 , 11 taa ta 
Pcb. and 
April 1 9 75 

2/26/ 74- 40-50 tes ts 
7/2 2 / 7 5  
5/29114- 9 tea t e  
8/5/75 

Oc t .  1974 5-10 teate 

1973 Unknown 

Emiseion r.ctors 

prel iminary dsta indicates that eml ooione f rom 
loading a nonvo lat ile crude into ballas t ed 
tanka which previously carried more vo la t i le 
crude and not laaoline are 0 . 9  to 1 . 0  
lbl l000 gallons 

Caaoline Load ina 

tanker - gae free 
tanker - ballae ted 
tanker - uncleaned 
averaae Exxon tanker 
ocean barge -gas free 
ocean barge -ballasted 
ocean barge -uncleaned 
ava. ElXON ocean barge 
barge 

3 . 24 vol % 
6 . 9 6  vol % 

10. 26 vol % 
6 . 4 1  vo l ·  % 
5 . 69 vol % 
9 . 08 vol % 

14 . 40 vol % 
1 1 . 7 1 vol % 
1 8 . 35 vol % 

Aviation Casoline Loadina 

- gaa ( ree 1 . 63 vo l % 

( 1 . 4 7  l b /  .. ga l )  

( 2 . 66 lb /mga l )  
(4 . 1 4 lb /mga 1 )  

tanker 
tanker 
tanker 
average 
average 
berge 

- unclean (av. gas prev . )  6. 6S vol % 
- unclean (no gaa prev . ) 1 0 . 64 vol % 

EIXON tanker 5 . 3 5  vol % ( 1 . 4 7 lb /mga l )  
mili tary tanker 4 . 13 vol % ( 1 . 1 3 lb /mga l )  

18 . 35 yo l % ( 4 . 25 lb /mg& l )  

Weigh ted Average Dock 1 . 8  l b /mgal 

Also have a TVP dependent correlation (eee text ) 

clean tankere 
c lean barge8 
uncleaned tanker. 
uncleaned bargea 

1 . 3  l b /mgal 
1 . 2  l b /mgal 
2 . 5  lb/mgal 
1 . 8  lb/mgol 

Caaoline Load in. on Tanker 

faat load, low TVP, clean 2 . 1 yol % ( 0 . 4  lb/mgo l )  
fast loa d ,  med TVP , clean 2.6 vol % (0. 5 l b /mga l )  
8low loa d ,  high TVP , c leon 4 . 2  vol % (0 . 9  I b /mg4 1 )  
slow load , high TVP, part c lean 

part lcean 6 . 9  vo l % ( 1 . 5  lb /mgo l )  
avg. ARCO tanker 3 . 9  vol % ( 0 . 8 4  l b /mga l )  

none developed 

none developed 
AMOCO did a t ate that average ellts8iona (or 
AHQCO ehip le88 than 10 . 2  vol % 
none developed 

non II developed 



4 .  P r opo s ed Em i s s i o n  Facto r C a l c u l a t i ng P r o c ed u r e s  

T h e  emi s s i on factor c a l c u l a t i o n  p r ocedu r e ,  sugges ted 

i n  AP I p ub l i c a t ion 2 5 1 4A for  loadi ng ope r a t i ons are u s ed . I n  

th i s  me t hod , the t o t a l  ma s s  emi s s i on f a c t o r  ( l b/ l O O O  g a l ) i s  

de r i ved f r om the aver age HC vo lume conce n t r at i o n .  The 

hyd r o c a r bon vo lume concent r a t ion i s  then conve r ted i nto a 

t o t a l  hyd r o c a r bon mas s  by mul t ip l y i ng an ave r ag e  vapor 

mo l e cu l a r  we i g h t  and a c o r r e c t i o n  f ac t o r  account i ng f o r  

v apo r g e ne r at i o n f a c to r . Th e s e  a r e : 

= ( 1�� ) 
a nd 

( l -X
T

) ( U .  1 

F = 
U

i
-U

f 

(� ( 10 0+F \ 
1 0 0  I 

) - (l-X
r
) k_u:f ) I 

( 1  - X ) 
v 

wher e :  

H
f 

X 
v 

K 

W m 

F 

= hyd r o c a r bo n  emi ss i on f ac to r s ,  Ib/l , O O O  g a l  

= vo lume t r i c  aver age o f  HC concent r a t i on o f  
vented vapor , per c e nt 

3 
= constant , 1 3 3 . 7  f t  /1 , 0 0 0  g a l  

= mo l e c u l a r  w e i g h t  o f  H C  vapo r ,  Ib/lb-mo le 

= mo l a r  vo l ume o f  p e r fect gas , 3 7 9 . 4 4 f t 3
/ 1 b  

mo le a t  S T P  cond i t i ons 

vapor g e ne r at i o n  f a c to r , S e e  Equ a t i o n  ( 3 )  

X
T 

= vo l ume t r i c  ave r ag e  HC concent r a t i o n of 
ar r i va l  vapo r , p e r cent 

X 
v 

= vo lume t r i c  ave r ag e  HC concent r a t i o n  o f  
r emai n i ng vapo r , p e r c ent 

U . = total tank depth , ft  1 
U

f = f i nal u l lage , f t  

E . 2 - 1 2  

( 1 )  

( 2 )  
- 1 



Ac co r d i ng to API c a l c u l a t i o n , a max imum vo l ume i nc r ea s e  

( vapor gene r a t i on f a c t o r  F )  o f  6 p e r ce n t  f o r  both s h ip s  

a n d  b a r g e  was d e t e r m i ne d . Th u s ,  i f  we comb i ne t h e  c on s t ants 
K and VK w i th a c o n s e r va t i ve va l u e  o f  F equ i va l e n t  t o  6 

p e r c ent , equa t i on ( 1 )  can be s impl i f i ed to : 

H f = 0 . 3 7 3 5  . ( X  ) • v (W ) m ( 3 )  

The t o t a l  vo l ume o f  HC concent r a t i o n  v e n t ed at l o ad i ng 

c o nd i t i on s  ( X  ) i s  equ al t o  the s um o f  ar r i va l  HC concent r a t i o n  v 
( X  ) and the gene r a t i o n  HC vapo r concent r a t i on ( X ) .  T h u s  a g 

X = X + X v a g  

B a s ed o n  the above r e l a t i o n , E XXON h as f u r th e r  d e r i ved t h e  

f o l l ow i ng l o ad i ng emi s s i o n  cor r e l a t i o n : 

wher e :  

( 4  ) 

( 5 )  

E = t o t a l  vo l ume o f  HC emi t t ed a t  t h e  loadi ng cond i t i o n ,  C F  

C = a r r i val H C  c o n c e n t r a t i o n , p e r c e n t  

V = H C  l i q u i d  l o aded , f t 3 

P = t r u e vapor p r e s s u r e  o f  the HC l i q u i d , ps i a  

A = s u r face a r e a o f  the HC l iqu i d ,  f t 2 

G = HC g e ne r a t i o n  coe f f i c i ent v a l u e  o f  0 . 3 6 f t
3

/f t � p s i a )  

U = f i nal t r u e ul l ag e  co r r e c t i o n  i n  f t
3

/ ( f t 2. p s i a )  f r om 
F i g u r e  4 

As s umi ng V = A ( U i 
- U f ) ,  Equa t i on ( 5 )  becomes 

r C ] r P ( G  - U ).l Xv = 100 + --( 
U

-

i 
-- -

U
-
t l l 

E . 2 - 1 3  

( 6 )  
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The EXXON c o r r e l a t i on of  equat ion ( 6 )  i s  based pr i nc i p al l y  

upon g a s o l i ne load i ng d a t a  ( Re f  3 ) . F o r  the l o ad i ng o f  c r ud e  

o i l , S A l  h a s  p r oposed to ad j u st t h e  f i r s t  and s e cond t e r ms 

by mul t ip l y i ng c o r r e ct i on facto r s  al and a 2 , r e spect ive ly . 

Thus , for c r ude o i l  l o ad i ng ope r a t i on : 

X = v ] ( 7  ) 

I n  the above co r r e l at i on , al i s  pr i nc i pal l y  aff e c t ed by the 

char acte r i s t i cs of the p r e v i o u s  c a r go , whe r e a s  the value of  a 2 
i s  i nd ependent to the cond i t ions of  p r e v i o u s  c a r go . 

For  the purpose o f  S PR fac i l i ty analy s i s , i t  is  f u r th e r  

as sumed that n o  cor r e c t i on factor o n  C i s  nece s s a r y  when p r e v i ous 

c a r g o  i s  a vo l a t i l e  hyd r oc a r bon such as gas o l i ne . Thus , 

o al = 1 ,  whe n  p r ev i o u s  c a r go i s  g a s o l i ne 

o a2 = a 2 , when p r ev i o u s  c a r go i s  c r ude oi l .  

The co r r e c t i o n  f a c t o r  a2 can b e  i n t e r p r e t ated as t h e  r at i o s o f  

evapo r at ion mas s trans f e r  co e f f i c i ents between c r ud e  o i l  and 

g a s o l i ne .  Ma c k ay and Matsuger ( Re f  6 )  h ave cor r e l a t ed the mass 

t r a n s f e r  coe f f i c i e nt ( K )  based on w i nd tunne l s tud i e s  of 

evap o r a t ive hyd r o c a r bon l i quids . They found that the mas s 

t r a ns f e r  coe f f i c i ent i s  i nver s e l y  p r opor t i onal to the vapo r 

phas e Schmidt numbe r  ( S  ) as f o l l ows : 
c 

K = f ( U . A )  • ( S  ) -0 . 6 7 
c 

whe r e  U i s  w i nd speed , and A i s  th e oi l s u r face a r e a .  

The a 2  thus can b e  d e t ermi ned by 

a 2  = K 
c 

K 
g 

= (S c
- 0 • 6 7 ) 

(Sc 
- 0 . 6 7) 

c r ud e  o i l  

g as o l i ne 

E . 2 - 1 5  



S i nce the Schmi d t  numb e r  ( S  ) i s  d e f i ne d  by the mas s  
c 

t r anspo r t  p r ope r t i e s  � /p DAB ( Re f  7 )  

and 

a 2 c a n  then be c a l c u l ated by the f o l low i ng equat i ons : 

(JJ-/p DAB 
- 0 . 6 7 c r ude oi l 

a 2 
= 

( JJ-/p DAB ) 
- 0 . 6 7 

gas o l i ne 

JT3 
1 + 1 

DAB 0 . 0 0 1 8 5 8 3  MA M; 
= 

PO'"AB2 fi D, AB 

� = 2 . 6 6 9 3 x l O - 5  JMT """(T2n � AB 

JJ- = v i sc o s i ty o f  vapo r 

p =  dens i ty o f  vapor 

DAB = b i na r y  d i f f u s i v i ty for sys tem A ( a i r )  and 
B ( hyd r oc a r bon ) 

MA , MB = mo l e c u l a r  weight of  A ,  B ,  r e spe c t i v e l y  

P = f l u i d  p r e s s u r e , atmo sph e r e  

O'"AB = co l l i s i o n  d i ame t e r , A 

AB = co l l i s i on i nteg r a l f o r  ma s s  d i f f u s i v i ty 
n D , 

n�' AB = co l l i s i on i nt eg r a l  for v i scos i ty 

( 8 )  

( 9 )  

( 1 0  ) 

The pe r t i ne nt i n t e r mo le c u l a r  p r op e r t i e s  and f u nct i on s  for  

p r ed i c t ion of tr a nspo r t  p r ope r t i e s  of  hyd r o c a r bon gases at 

low d e n s i t i e s  a r e  p r e s e nted in Table 2 and Table 3 ,  r esp ect ively . 

E . 2 - l 6  



Table 2 .  I ntermo l ecular Parameters o f  Hydroc arbons 

Lennard·lones 
Moleculilr Parameten· 

Substance Weight 
M t1 �/K 

(A) (" K) 
oar. 

16.04 3.822 137. 
CaR. 26.04 4.221 185. 
c.H. 28.05 4.232 205. 
Call. 30.07 4.418 230. 
c.H. 42.08 
CaH. 44.09 5.061 254. II-C.Hl. 58.12 
i-C,H1• 58.12 5.341 313. 
.cJ{.s 72.15 5.769 345. 
n-C.Hl' 86.17 5.909 413. n-C.H1• 100.20 
.c.Hl. 114.22 7.451 320. 
n-CoH.. 128.25 CyclobaaDe 84.16 6.093 324. 
Call. 78.11 5.270 440. 

OtJrn- fH'KtUfic 
CtJmfIOIIIfIb: CH. 16.04 3.822 137. CH,a 50.49 3.375 855. CH.a. 84.94 4.759 406. CHao 119.39 5.430 327. CCl, 153.84 5.881 327. 
CaN, 52.04 4.38 339. COS 60.08 4.13 335. 
Os 76.14 4.438 488. 

S o u r c e : CHef 7 ) 
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Tab le 3 .  Func tions for P redic t ion of Transport Propertie s 
o f  Ga s s e s  a t  Low Den s i ti e s  a 

O" ... Ot 01' "" Ot 
x.T/€ (For viscosity °S,AB x.T/« (For viscosity °S • .AB 

or and thermal (For mass or and thermal (For mass 
KT/«.u conductivity) ditrusivity) X.T/«.J.B conductivity) ditrusivity) 

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 0.9770 

0.40 2.492 2.3 1 8  2.80 1.058 0.9672 

0.45 2.368 2.184 2.90 1 .048 0.9576 

0050 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 .877 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 

0.75 1.841 1 .667 3050 0.9999 0.9120 

0.80 1 .780 1 .612 3.60 0.9931 0.9058 

0.85 1 .725 1 .562 3.70 0.9870 0.8998 

0.90 1 .675 1 .517 3.80 0.98 1 1  0.8942 

0.95 1 .629 1 .476 3.90 0.9755 0.8888 

1 .00 1 .587 1 .439 4.00 0.9700 0.8836 

1.005 1 .549 1 .406 4.10 0.9649 0.8788 

1 .10 1.514 1.375 4.20 0.9600 0.8740 

1.15 1.482 1 .346 . 4.30 0.9553 0.8694 

1 .20 1.451 1 .320 4.40 0.9507 0.8652 

1.2.5 1.424 1 .296 4.50 0.9464 0.8610 

1 .30 1 .399 1 .273 4.60 0.9422 0.8568 

1 .35 1.375 1.253 4.70 0.9382 0.8530 

1 .40 1.353 1 .133 4.80 0.9343 0.8492 

1 .45 1.333 1 .215 4.90 0.9305 0.8456 

1 .50 1 .314 1 . 1 98 5.0 0.9269 0.8422 

1 .55 1.296 1.182 6.0 0.8963 0.8124 

1 .60 1 .279 1 . 1 67 7J) 0.8727 0.7896 

1.65 1 .264 1.153 8.0 0.8538 0.771 2  

1.70 1 .248 1.140 9.0 0.8379 0.7556 

1.75 1.234 1 .128 10.0 0.8242 0.7424 

1 .80 1 .221 1 . 1 16 20.0 0.7432 0.6640 

1.85 1 .209 1.105 30.0 0.7005 0.6132 

1 .90 1 .1 97 1 .094 40.0 0.671 8  0.5960 

1 .95 1.186 1 .084 50.0 0.6504 0.5756 

2.00 1 .175 1 .075 60.0 0.6335 0.5596 

2.10 1 . 156 1.057 70.0 0.6194 0.5464 

2.20 1.138 1 .041 80.0 0.6076 0.5352 

2.30 1.122 1 .026 90.0 0.5973 0.5256 

2.40 1 .107 1 .012 100.0 0.5882 0.5170 

• Taken from J. O. Hirschfelder, R. B. Bird, and E. L. Spotz, Chern. Reus., 44, 
205 (1949). 
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Table 4 p r e s e n t s  th e comp a r a t ive analys i s  o f  hyd r o c a r bon 

vapo r emi tted by load i ng g a s o l i ne and c r ude o i l .  As can 

be s een , due to the d i f f e r ence i n  chemi c a l  compo s i t i ons 

b e tween gas o l i ne and c r ude o i l ,  th e g a s o l i ne gene r a l ly 

e xh i b i t s  h i g h e r  t r anspo r t  p r ope r t i es and thus r e s u l ts i n  a 

h i gh e r  evapo r a t i on mass d i f fu s i v i ty coe f f i c i ent ( i . e . , 

1 . 3 4 5  f o r  g as o l i ne ve r s u s  0 . 5 1 3  for c r ud e  o i l ) . B a s ed on th i s  

analy s i s , the value o f  a 2 c an b e  d e t e rmi ned a s  0 . 3 8 1 . 

Th e app r opr i ate ar r i val HC hyd r oc a r bon concent r at i o n , (C ) ,  

can be c a l c u l ated based on API g a s o l i ne emi s s ion facto r s  as 

f o l l ows : 

Gene r at i on 
Vapo r C a l c u l a ted 

Emi s s i on P . ( G  - U ) Ar r i va l  
A r r i val Facto r s  ( U . - U ) , % Vapo r 

Ve s s e l s  Cond i t i ons ( l bL:l O O O  sal ) 1 f (C ) , % 

7 . 5 
S h ips C l eaned 1 . 3  

Unc l e aned 2 . 5 

7 . 5 
B a r g e s  C l eaned 1 . 2  

Uncl eaned 3 . 8 

( 0 . 3 6 -0 . 0 1 0 1
3 6 4  

( 5 5- 1 . 5 ) 
. 

3 . 6 4 

( 0 . 3 6 -0 . 2 7 1 1 5 7  ( 5 5-1 2 )  • 

1 .  5 7  

1 .  7 1  

6 . 6 5 

3 . 3 7 

1 4 . 1 

The c a l cu l ated a r r i val HC vapo r concent r a t i on for sh ips 

u s i ng API emi s s ion factor seems to be in close ag r e ement 

w i th the E XXON r epo r t ed va lue ( value in parenthes i s ) . 

By subs t i tu t i ng the app r op r i at e  values o f  c , a
2 , and P ,  

Equation ( 7 )  a l so compa r e s  we l l  w i t h  the late s t  avai l ab l e  

WOGA tes t d ata . T h e  WOGA t e s t  on September 5 ,  1 9 7 6  e s t imated 

the ove r a l l  c r ude o i l  emi s s i on factor to be 0 . 6 2 l b/l O O O  

g a l lo ns wh i ch f a l l s  i n  the midd l e  o f  the cal c u l ated emi s s i on 

f ac to r s .  The c a l c u l ated emi s s i on f acto r s  u s i ng Equation ( 7 )  

ar e 0 . 3 5 l b/l O O Q  g a l lons and 0 . 8 5 Ib/l O O Q  gal lons for c l eaned 

and uncl eaned s h i p s , r e spec t i vel y .  

E . 2 - 1 9 

( 2 . 5 0 )  

( 8 . 0 0 )  
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Tab l e  4 .  Compariso n  o f  C hemi c a l  Compo s i t ions and Ma s s  Tra n sport 
Proper t i e s  B e twee n  Gaso l ine a nd Crude O i l  

C hemi c a l  C ompo s i t i o n , 
Vo lume % o f  Load i ng a C r ude O i l

b 
VaEo r s  Gaso l i ne 

C l 

+ 
C 2 0 . 0 2 0 . 1 2 

C 3 0 . 0 2 0 . 1 5  

C 4 2 . 3 6 1 . 3 3 

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 8 0 . 1 5 0 . 0 3 

C 9 0 . 0 2 

C 1 0  0 . 0 1 

C 1 1  0 . 0 1 

Ai r 9 6 . 0  9 5 . 3 5  
1: ElK 3 0 2 . 1 3 3 1 . 6 
1: KT/E 1 .  0 3 9  1 .  0 5 5  

fi D , AB 
1 . 4 2 1 .  4 0  

fi,u, AS 
1 .  56  1 .  54  

(FA (Ai r ) 3 . 6 8 1  3 . 6 8 1  
(FS 5 . 28 5 . 2 1  
<TAB 4 . 4 8 4 . 4 5 
MS 6 7  7 7  

-4 -4 p. 6 . 9 19x10  7 . 5 1 6 x 1 0  

DAB 
0 . 3 6 0 . 0 8 1  

- 3  -3  p 2 . 9 9x10  3 . 4 3x 1 0  

(}LIp DAB )  -0 . 6 7  1 .  3 4 5  0 . 5 1 3  

� Sh e l l  O i l C ompany , S h i p  V a l ley F o r ge , t e s t  d a t e  1 0/19/74 
Av i l a  T e rmi na l ,  L i o n  o f  C a l i fo r n i a ,  t e s t  data 5/8/7 6 

S o u r ce : ( Re f  3 )  
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S ima r i l y ,  the emi s s i on f r om s h i p  bal l as t i ng ope r a t i on 

c a n  be cor r e l a t ed b a s ed on a r r i va l  vapor concent r a t i on s  

d u r i ng load i ng ope r a t ions . S i nce th e ba l l a s t i ng potent i a l ly 

d i l ut es tank a r r i va l  concent r a t i on by app r o x imately th e 

s ame p e r c e ntage as that o f  ba l l a s t i ng vo l ume , f o r  a s h i p  

w i th 4 0  p e r c e n t  bal l a s t i ng vo l ume the emi s s ion factor  

can be c a l c u l a t ed by d i v i d i ng the a r r i va l  HC concent-

r a t i on ( C )  by 0 . 4 .  

5 .  Conc l u s i on 

A mod i f i ed ana l y t i c a1 pr ocedu r e  ba s ed on AP I and 

E XXON gasol i ne d a t a  enables quant i ta t i ve e s t i mat i on of 

hyd r oc a r bon em i s s ion f ac t o r s f r om c r ude oi l t r ans f e r r i ng 

op e r a t i ons und e r  va r i ous ar r i va l  cond i t i ons . Th e pr oced u r e  

employs co r r e c t i on factor s t o  both ar r i va l  a nd gene r a t i on 

compone nt s of the hyd r oc a r bon vapor s concent r a t i o n  p r ev i ou s ly 

d e r i ved f r om g a s o l i ne data . An emi s s i on r ed u c t i on f ac t o r  of 

0 . 3 8 is de r i ved f o r  c r ude oi l when comp a r i ng the evapo r a t ion 

ma s s  d i f f u s i v i ty o f  c r ude oi l w i th gas o l i ne .  The f i nal 

hyd r o c a r bon emi s s i on f ac t o r s f o r  c r ude oi l load i ng oper a t ions 

are s ummar i z ed in Table 5 .  As can be s een , th e ave r age 

emi s s i on f ac t o r s  f r om ship l oad ing ope r a t i ons r ange f r om 

0 . 5 5 to 0 . 5 8 I b /l O O O  g a l lons . S imi l a r  hyd r oc a r bon emi ss i on 

f ac t o r s  range f r om 1 . 0 1 to 1 . 0 6 Ib/l O O O  g a l l o n s  f o r  bar g e  

c r ude o i l  loadi ng ope r a t i ons . T h e  bal l a s t i ng emi s s i on 

f ac t o r s  a r e  c a l c u l a ted to r ange f r om 0 . 1 7 to 0 . 6 6 Ib/l O O O  

g a l lons . 
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Table 5 .  S umma ry of Ma x imum and Ave r age Hyd r oc a r bon Emi s s i on Factors ( lb/l O O O  g a l lon ) 
for C r ude Oi l T r anspo r t  Ope r a t i on 

Ar r i val a 

Vessel s  Cond i t i on s 

S h ip Load ing 
C l eaned 
Uncl eaned 
Ave r age 

Barge Load i ng 
C l eaned 
Uncleaned 
Ave r age 

S h i p  Bal l a s t i ng 
C l eaned 
Unc leaned 

. . ,  b MaX Imum Em I s s I o n  Fac tor 

P r e v i o u s  C a rgo 
Gaso l i n e C r ud e  Oi 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 

. ,  c Ave r age EmI s s I on Fac tor 

Previ o u s  C a r g o  
Gasol i n e  Cr ude 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 

a Ave r age cond i t i on l i es between c l e aned and uncleaned cond i t i ons . The c l eaned 
is d e f i ned as the a r r ival cond i t i ons whe r e  vessels had been s u b j e c ted to any 
c l e a n i ng p r o c e s s  p r i o r  to load i ng ,  as wel l as compar tme nts w h i c h  had previ ou s ly 
con t a i ned a nonvo l a t i l e  hyd r o c a r bon . 

b 

c 

Bas ed' on RVP == 5 . 0  and tempe r atu r e  of 7 00 F .  

Based on RVP == 4 . 0  and tempe r atu r e  of 7 00 F .  
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APPEN D I X  F 

NOI SE I MPACT CRI TERIA AND ANALY S I S  

The fol l ow i ng i s  a d i s c u s s ion o f  the n o i s e  
me asu r e s , t e c h n i q u e s  and a s s ump t i o n s  u sed i n  
a s se s s i ng t h e  env i r onme n t a l  impac t o f  con
s t r u c t i on s i te n o i s e . S ome amb i e n t  no i se 
me a s u r ement d a t a  f o r  a r e as typ i c al o f  the 
s i te s  be i ng a s s e s sed are i nc l uded for com
p a r a t ive p u r p o s e s . A br i e f  synop s i s  of the 
de f i n i t i on s , t e r m i nol ogy and Fede r a l  g u ide
l i ne s r e g a r d i ng a l l owabl e no i se e xpo s u r e s  
a r e  i n c l uded a t  the end o f  th i s  appe nd i x .  
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N o i se Measu r e s  

The de s c r i pto r s  L eq and L dn quantify th ose aspects o f  
sound wh ich have been fo und t o  be s t  co r r ela te cumula-
tive commu nity expo s u re to noise w i th commu nity annoy ance . 
Acco r d ingly , th e Env i r onmental P r otect ion Agency has 
se lected E q u i valent S o und Leve l ( Leq) for the pu r po s e  of 
ident i fy ing level s of env i r onmen tal noise . 

The equ i valent s o und leve l i s  formulated in te rms of  
the equ ival ent steady no ise level which in a st ated 
per iod of time would contain the same no i s e  ene rgy as 
the time-vary ing noi se . 

The math ema tical de f i nition of Leq f o r  an inte r v al 
def ined as occupying th e per iod between two points in 
time tl and t2 is : 

Leq = 1 0  log p ( t ) 2 

P0 2 

whe r e  p ( t)  i s  th e time va ry ing sound p r e s s u r e  and Po 
i s  a refe rence p r e s s u r e  taken as 2 0  m i c r opascal s .  

Analy s i s  o f  N o i s e  Impact f r om Con s t r uction Ac tivity and 
Fac i l i ty Ope r a tions 

The exact de te rmination of Leq and Ldn requ i r es a 
p r e c i s e  knowl edge of the types of equ ipme nt u sed , the 
ma ch ine wo r k  cy cle s , schedu ling , mach ine ope r ati ng en
v i r onmen t ,  and othe r facto r s  which inte r act in a complex 
mann e r . In  est imating noise impac ts seve r al s impl ify ing 
a s s umptions have been made . I t  is ass umed th at a s i te 
can be cha r acte r i z ed by con s t r uct ion equ ipment con f igu red 
to r e s u l t  in i so t r opic acou s tic sou r ce s  wh ich have duty 
cyc le s ' and em i s s ion levels ch a r acte r i s t i c s  of a con s t r uc
ti on s i te type . 

The cons truc tion s i te i s  viewed as a no i se sou r ce con
s i st ing of equ ipment wh ich is u s ed for va r i o u s  inte rvals 
o f  time th r oughout th e pe r iod of constr uction . The 
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equ ipme nt i s  co n s i de r ed to be used i n  wo r k  cyc l e s  s im i l a r  
to  those o f  s im i l a r  past p r o j e c t s . T h e  mo de l s  f o r  con
s t r u c t i on s i te con f i g u r a t i on , sound p r opag a t i o n  l o s s  and 
e q u i pment u s age h ave been deve lo1ed in d e t a i l by the 
E nv i ronme n t a l  P r o t e c t i on Agency . , 2  For t h i s  p r o j e c t ,  
the mo s t  app r op r i a t e  mod e l  i s  that o f  cons t r uc t i on for  
p ub l i c  wo r k s .  Th e con s t r u c t i on phases a r e : 

• c l e a r i ng 
• e x c a va t i on 
• founda t ion 
• e r e c t i o n  
• f i n i s h i ng . 

T h e  usage f ac t o r s  for  the equ ipme nt u s ed d u r i ng e a ch 
phase o f  g e n e r a l  c on s t r u c t i o n  act i v i ty a r e  g i ve n  i n  
Tabl e  F . l .  Tabl e s  F . 2 ,  F . 3 and F . 4 show the equ ipme n t  
a s s o c i ated w i th p i p e l i ne a n d  d o c k  con s t r u c t i on . 

T h e  mode l s  for  cons t r u ct ion s i te types l o c a t e s  a l l  
equ ipme n t  i n  a c i r c l e 5 0  feet f r om a c a l c u l a t i on p o i n t  
o f  r e f e r e n c e  ( s e e  F i gure F-l ) .  A s imp l e  p r opagat i o n  
mod e l  i n  wh i c h  no i s e  i s  a t t enua ted at  a r a t e o f  6 dB 
p e r  d o u b l i ng o f  d i s tance has been ass umed . T h u s , aro und 
e ach con s t r u c t i o n  s i t e  the r e  e x i s ts a s e r i es o f  annu l i  
w h i c h  r e p r e s e n t  a r e as o f  g r e a t e r  a t te n t u a t i o n . B e c a u s e  
o f  the e x t r a o r d i na r y low popu l a t i o n  d e n s i ty i n  t h e  
cons t r u c t i on s i te a r e a s  f r a c t ional i mpact c a l c u l a t i ons 
are not app r op r i a t e . I n s tead , impact z o n e s  abo u t  the 
s i t e s  have been cons t r u c t ed , u s i ng the n o i s e  mea s u r e s  
o f  Leq and Ld n . 

P i pe l i ne cons t r u c t i on i s  ass umed to cons i s t  o f  d i s c r e t e  
s i tes con t a i n i ng 1 / 8  m i l e  l engths o f  p i pel i ne cons t r uc 
t i on . The equ ipme nt a s s umed for  p ipe l i ne s i t e s  i s  
shown i n  Table F . 2 .  

c o nve n t i o n a l  p i pe l i ne equ ipme nt i s  shown f o r  r e f e r e nce 
p u rpose s .  P i pe l i ne cons t r u c t i on i s  ove r var i ed l and 
c o nd i t i o n s , howeve r ,  pr ima r i ly swamp l a nds . B e c a u s e  
o f  t h e  i nh e r e n t ly q u i e t e r  swamp l and p i pe l i ne con s t r uc 
t i on t e c h n i q ue s , a 1 0  d B  r e d u c t i on h a s  been u s ed 
r e f e r en c e d  to conve n t i on a l  equ ipme nt for  p i pe l i ne con
s t r uc t i on no i s e .  

T h e  Leq obt a i ned u s i ng the mod e l  was conve r t ed t o  an 
Ld n  for  a 24 h o u r  day and then conve r t ed to a n  annual 
Ld n  by add i ng 1 0  l og (N/ 3 6 5 )  w h e r e  N i s  the d u r a t i o n  
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Table F - l  Usage Factors o f  Equipment in Public Works Construc tion* 

.. 
Equipme n t * *  Construction Phase S 

<IJ 
� .+J I-! -,-l 
0 ..c: �  ) () () 
Ol III <IJ 
t:: <IJ -n 

-,-l 0 I-! I-! I-! 
r:: r:: :l 0 0.  
0 0 Ol '0 tH 

Ol -,-l .,-l r:: r:: <IJ 
r:: .+J +I 0 .,-l - til r:: .,-l III III ',-l ..c: 0 '0 0 
I-! :> '0 +I til Lf) 0  
III III r:: () .,-l - -,-l l-! 
<IJ () :l <IJ r:: O' I-! <IJ r-I X 0 I-! .,-l <IJ <IJ :> 
tJ r:a r:.. r:a r:.. ...:I 0. 0  

Air Comp re s so r  [ 81 ] 1 . 0  1 . 0  . 4  . 4  . 4  (2 ) 79 . 0  
B ackhoe [ 8 5 ]  . 0 4  . 4  . 1 6 74 . 4  
Concrete Mixer [ 85 ]  . 16 ( 2 )  . 4 ( 2 )  . 1 6 ( 2 )  80 . 7  
Conc re t e  P ump [ 8 2 ] 
Concrete Vibrator [ 7 6 ] 
Crane , Derri ck [ 8 8 ] . 1  . 0 4 . 0 4 7 3 . 8 
Crane , Mob i l e  [ 8 3 ] . 1 6 6 9 . 7  
Dozer [ 8 7 ]  . 3  . 4  . 2  . 1 6 7 9 . 6  
Generator [ 7 8 J  1 . 0  . 4  . 4  . 4  . 4  7 4 . 9 '  
Grader [ 85 ]  . 0 8 . 2  . 0 8  74 . 1  
Jack H anuner [ 8 8 ]  . 5 . 5  . 0 4 . 1  ( 2 )  8 0 . 7  
Loader [ 79 ] . 3  . 4  . 2  . 1 6 71 . 6  
P aver [ 89 ]  0 . 1 . 5  81 . 4 
P i l e  Driver [ 1 0 1 ]  
Pne umat i c  Tool [ 8 5 ]  . 0 4 ( 2 )  . 1  . 0 4  7 2 . 6  
P ump [ 76 ]  . 4 ( 2 ) 1 . 0 ( 2 ) . 4  ( 2 )  75 . 7  
Rock Dri l l  [ 9 8 ] . 0 2 8 2 . 6  
Rol l e r  [ 7 4 ]  . 0 1 . 5  . 5 6 7 . 4  
S aw [ 7 8 ]  . 0 4 ( 2 )  . 0 4 6 3 . 4  
S craper ( 8 8 )  . 0 8  . 2  . 0 8  . 0 8  7 8 . 2 
Shov e l  [ 8 2 ]  . 0 4  . 4  . 0 4 . 0 4 71 . 1  
T ruck [ 8 8 ]  . 1 6 ( 2 )  . 1 6 . 4  ( 2 )  . 2 ( 2 )  . 1 6  ( 2 )  8 4 . 6  

Fraction H r s . at s i te . 1 4  . 1 4 . 2 9 . 2 9 - . 1 4 

* Nlli�ers in parenth e s e s  repre sent average numb er. o f  i tems in u s e , 
i f  that n urrb e r  i s  greatq r  th,an one . B l a n k s  indi cate z e ro or 
very r .:ll:e us age . 

* *  N umbers i n  bracke t s  [ ] represent average noi s e  leve l s  [ dBl\ ] 
at 5 0  f t .  
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T ab l e  F-2  

Equ ipment U s ed i n  Conve n t ional P ipe l i ne Cons t r u c t i o n  

Equ ipment N umber 

T r u c k  ( 1 )  

B a c k h o e  ( 1 )  

C o n c r e t e  M i xe r  ( 1 )  

C r ane ( 1  ) 

T a b l e  F - 3  

E q u ipment U s ed i n  Sw amp P ipe l i ne C o n s t r u c t ion 

Equ ipment 

Sw amp B uggy 

Lay B a r g e  

T a b l e  F - 4  

N umber 

( 2  ) 

( 1  ) 

Equ ipment U s ed i n  L o ad i ng D o c k  C o n s t r u c t ion 

Equ ipment 

P i le D r i v e r  

T r uc k  

F - 6  

N umbe r 

( 2  ) 

( 2 )  



o f  cons t r u c t i on i n  day s . The s i te s  a r e  t h e r e f o r e  v i ewed 
as  comp l e x  no i s e s o u r ces w i th a d e t e r m i ne d  annual v a l ue 
o f  Ld n . 

I mpact z ones h ave be e n  con s t r uc ted and the l and a r e a  has 
been e x ami ned f o r  type o f  land use , i . e . , r e s i dent i a l , 
l im i ted o u tdoo r  u s e , schoo l s , p l ayg r o u nds , e t c . Whe r e  
people a r e  e xposed to l e ve l s  i n  e x c e s s  o f  E PA g u i de l i ne s , 
i . e . , Ld n  g r e a t e r  than 5 5  dB and/or L eq ( 2 4 )  g r e a t e r  
t h a n  5 5  dB , a no i s e  i mpact i s  i n d i cated . 

The analy s i s  o f  s i te ope r a t i ons i n d i c a te that no i s e  f r om 
e q u i pment u sed d u r i ng the ope r a t io n  o f  f ac i l i t i e s  i s  
dom i nated b y  pump no i s e .  

Tab l e  F - 5  show s typ i c a l  pump t a s k s  and r e qu i r eme nts as s o c i 
ated w i t h  s al t  dome and dock operation s . 
Figure F-2  show s the no i se l e ve l s  o f  p ump s and moto r s  
f o r  a r ange o f  ho r s epowe r s . Al though pump r e q u i reme n t s  
i n d i ca t ed i n  T ab l e  F- 5  c a n  g e ne r a t e  cons i d e r able no i s e ,  
the a f f e c t  o f  pump n o i s e  w i l l  be m i n ima l b e c a u s e  o f  the 
c a s e  o f  pump hous e s . 

P umps at the s i t e  a r e  to be l oc a ted i n  a p ump house wh i c h  
i s  ass umed to h ave a co n c r e t e  s l a b  found a t i on and me t a l  
w a l l  con s t r uc t i o n . A t r ansmi s s i o n  l o s s  o f  3 3  dB i s  
r easonable for metal w a l l  con s t r uc t i o n . H ow eve r ,  vent i l a
t i o n  r e q u i reme n t s  w i l l  nece s s i t a t e  a i r  po r t s  wh i c h  w i l l  

r e d uce the t r a n sm i s s ion l o s s  to app r o x im a t e l y  2 3  dB . 

Add i t i o n a l  no i s e  at  and ne a r  the s to r age f ac i l i t i e s  
w o u l d  b e  cau sed b y  the i n c r e ased veh i c l e  t r a f f i c  d ue 
f r om m a i n tenance and ope r a t i ng pe r sonne l . P e r s onne l 
r e q u i r emn ts a r e  e s t imated at 4 0  d u r i ng f i l l /d i s c h a r g e  
ope r a t i ons a n d  1 5  d u r i ng s t andby ope r at i on . 

Amb i e n t  N o i s e  Leve l D ata 

Amb i e nt no i s e l e ve l s  h ave not be e n  me a s u r e d  at  the p r oposed 
o r  a l t e r nat ive s to r age s i t e s ; howeve r , bac k g r ound amb i e nt 
so und l e ve l s  were mea s u r ed for  an FEA SPR E nv i r onme n t a l  I mpac t 
S t ateme n t  for  C o t e  B l anche M i ne .  

T h e s e  me a s u remen t s  were t a k e n  a t  s i t e s  w h i ch a r e  s i m i l a r  
i n  geog r aphy and l and u s e  t o  t h e  s i t e s  be i ng a s s e s s ed 
f o r  the T e xoma G r oup i n  th i s  repo r t  ( s ee F i gure F - 3 ) . 
T h e  r e s u l t s  o f  the C o t e  B l a nche me a s u r emen t s  a r e  i nc l uded 
in th i s  r e po r t  to p r o v i d e  bac k g r o u nd n o i s e  l e v e l  r e f e r ence . 
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Table F - 5  Pump Requ i rements - B i g  H i l l  

Pu.'lIP Task 

Oi l Inj ec tion 

alankt!t Oi l 

Displacement 

Water S upply 

Oi l Tran s te r :  
Dock to S i te 

Oi l Trans fer : 
S i  te · to Dock 

Br ine 
Dispos al 

Tanker Load 

Quantity 

� 
1 ( Stand-by) 

1 

1 0 
1 ( Charge) 

4 
1 (Stand-by) 

1 
1 (S tand-by) 

5 

6 
6 ( Charge) 

2 

Hors e
Power 

7 0 0  
7 0 0 

1 0 0  

1 1 5 0  
9 0  

7 0 0  
7 0 0  

5 0 0  
5 0 0  

5 0 0  

5 00 
5 0  

1 4 7 0  
---- - - --

Di schargE' 
P r e s s ure 

( p s i )  

9 0 0  

1 0 0 0  

6 5 0  
5 0  

1 5 0  

1 5 0  

1 5 0  

15 0 
5 0  

1 0 0  

Tota l De s i gn 
Flow Ra t e  

( B/D) 

1 1 7 , 0 0 0  

3 , 5 0 0  

7 0 0 , 0 0 0  

7 0 0 , 0 0 0  

1 1 7 , 0 0 0  

6 6 7 , 0 0 0  

7 0 0 , 0 0 0 

6 6 7 , 0 0 0  
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M e as u r emen t s  w e r e  made at : 

Loca t i on I - C e n t e r  o f  m i n i ng a c t i v i ty , C o t e  B l anche I s l and 
Loca t i on 2 - F e r r y  c r o s s i ng to C o t e  B l a n c h e  I s l and , 

no r th o f  int r acoas t a l  w a t e r w ay 
Loca t i on 3 - V i l l age o f  Kemp e r  
Loc a t i o n  4 - V i l l age o f  B o u d r e a u x  
Lo c a t i o n  5 - Along Ro u t e  8 3 ,  4 m i l e s no r th o f  Wee k s  I s l and 

T h e  amb i ent s o u nd s u rvey was cond u c t e d  at  the a bove l o c a t i o n s  
o n  typ i c a l  w e e k days d u r i n g  dayt ime ( 0 7 0 0 - 2 2 0 0 )  a n d  n i g h t t ime 
( 2 2 0 0 - 0 7 0 0 )  pe r i od s . T h e s e  t ime p e r i o d s  a r e  i n  acco r d ance 

w i th the day t ime and n i g h t t ime pe r i od s  as de f i ned by the 
U . S .  E nv i r o nme n t a l  P r o t e c t i o n  Agency . 

M e a s u reme n t s  at Loc a t i on I a r e  r e p r e s en t at i ve o f  e x i s t i ng 
s ound c l imate on the s i t e  for an ope r a t i ng m i ne . S o und 
l eve l s  are ma i n ly f r om th e m i n i ng a c t i v i t e s  and f ac i l i ty 
ope r a t i on . 

A t  L o c at i o n  2 ,  the fe r ry c r o s s ing to C o t e  B l anche I s l and , 
the ba c k g r o u nd amb i ent sound l evel d a t a  co n s i s t o f  the 
n o i s e  d u e  to a ba r g e  p a s s by , but does not i nc l ud e  any 
so u nd f rom th e fe r ry .  S o u nd l ev e l s  at  th i s  l o c a t ion a r e  
m a i n l y  con t r i bu ted b y  b a r g e  t r a f f i c  and w i nd , thus 
r e p r e s ent i ng the amb i en t  sound l eve l s  a l o ng the i n t r a
c o a s t a l  w a t e rways . 

L o c a t i o n s  3 and 4 a re no i s e  s en s i t ive l and u s e s ; sound 
l ev e l s a r e  ma i n ly f r om veh i c u l a r  t r a f f i c , w i nd , and commu n i ty 
ac t iv i t i e s . T r a i n  p as s bys a l s o  con t r i b u t ed to the so und 
l e ve l s  at L o cat i o n  3 .  

S o und l eve l s  at  undevel oped a r e a s  a l ong c o u n t r y  r o ad s  
a re r e p r e s ented b y  me a s u r ements made at  Locat i o n  5 ,  a 
l o c at i o n  a l on g  Rou t e  8 3 , w h e r e  ma j o r  s o u nd s o u r c e s  a r e  
r o ad t r a f f i c  a n d  w i nd r u s t l i ng th rough t h e  t re e s . 

A s umma ry o f  the bac k g r o u nd amb i e n t  s o u nd s u r vey re s u l ts 
i s  p r e s e n ted i n  Table F-6 . T h i s  t a b l e  co n t a i n s  the 
s t at i s t i c a l  A-w e i g h ted so und l evel , Lg O , LS O , L I O , 
a nd Leg f o r  e a c h  meas u r eme nt l o c a t i o n . T h e s e  d a t a  
r ep r e s e n t  t h e  bac k g r o u nd amb i ent s ound l e ve l s  o f  the e x i s t
i ng e nv i r o nment at  and n e a r  the p r o j ec t a r e a .  They w e r e  
made d u r i n g  pe r i o d s  when the r e  w e r e  n o  unch a r a c t e r i s t i c  
ac t iv i t i e s  o n  t h e  s i t e  and t h u s  d o  n o t  co n t a i n  any i n t r u s ive 
s o unds . N i g h t t ime mea s u r ements at Locat i o n s  2 ,  4 and 5 w e r e  
no t o b t a i ne d  d u e  t o  adve r s e  w e a t h e r  cond i t i ons d u r i ng th e 
amb i ent s u r ve y . Amb i e n t  n i gh t t ime s o u nd l eve l s  at th e s e  
l o c a t i o n s  w e re e s t imated f r om o t h e r  dat a .  
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Tabl e  F - l  S umma ry o f  Amb i ent S o u nd Leve l s  

S t at i s t i c a l  
S o u nd Lev e l s  

L o c a t i o n  1 
L9 0  
L 5 0  
L I O  
L eg Ld 
L n 
Ld n  

L o c a t i o n  2 
L 9 0  
L S O 
L I O  
L eg Ld 
L n 
Ld n  

L o c a t ion 3 
L9 0  
L 5 0  
L I O  
L eg Ld 
L n 
Ld n  

L o c a t i o n ' 4  
L 9 0  
L 5 0  
LI O  
L eg Ld 
L n 
Ld n  

L o c a t i o n  5 
L 9 0  
L 5 0  
LI O  
L eg Ld 
L n 
Ld n  

D ay t ime 
( 0 7 0 0 - 2 2 0 0 )  

6 2  
6 4  
6 8  
6 S . 5  

4 4  
5 0  
5 9  
5 8 . 5  

4 2  
4 7  
5 8  
5 9 . 6  

4 1  
4 7  
5 5  
5 5 . 1  

4 0  
4 1  
5 1  
5 4 . 6  
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N i gh t t i me 
( 2 2 0 0 - 0 7 0 0 )  

D ay/N i g h t  
S o u nd Leve l s  

6 4  
6 8  
7 0  
6 7 . 9  

5 4  ( e s t imated ) 

3 3  
3 5  
4 4  
3 8 . 7  

3 9  ( e s t imated ) 

3 9  ( e s t imated ) 

6 5 . 5  
6 7 . 9  
7 4 . 0  

5 8 . 5  
5 4  ( e s t im a t ed ) 
6 1 . 4 ( e s t ima ted)  

5 9 . 6  
3 8 . 7  
5 7 . 8  

5 5 . 1  
3 9  
5 3 . 7  

5 4 . 6  
3 9  
5 3 . 2  

( e s t im a ted ) 
( e s t ima ted ) 



D E F I N I T IONS AND TERM I NOLOGY 

A-We i g h t - A f r equency w e i gh t i ng ne two r k  w h i c h is u s ed 
in s o u nd anal y s i s  to s im u l a t e  the r e sponse of the h uman 
e a r . (A-we i g h ted s o und l e ve l s  are e xp r e s s ed in u n i t s  
o f  dBA ) . 

E nv i r o nme n t a l  N o i s e  - By s e c t i o n  3 ( 1 1 ) o f  t h e  N o i s e  
C o n t r o l  A c t  of 1 9 7 2 ,  t h e  t e r m  " e n v i ronme n t al n o i s e " 
means the i n tens i ty ,  d u r a t ion , and c h a r a c t e r  o f  s o u nds 
f r om all s o u r ces . 

E q u i v a l e n t  S o und Leve l s  ( Leq ) - The l e ve l  o f  a cons t a n t  
s ou nd w h i ch , in  a g iven s i�at i o n  and t ime pe r i od , has 
the s ame sound e n e r g y  as does a t ime vary i ng s o u nd . 
T e c h n i c a l ly , eq u i val e n t  s o u nd l e v e l  i s  the l ev e l  o f  the 
t ime we i g h ted , mean squa re , A-we i g h ted s o u nd p r e s s u r e . 
The t ime i n t e r va l  over  wh i c h  the me a s u reme n t  i s  t a k en 
s h o u l d  a lways be spec i f i ed . 

So und Level - The q u a n t i ty o f  dec i be l s  meas u r ed by a 
s o und l e v e l  me t e r  s a t i s fy i ng the r e q u i reme n t s  o f  
Ame r i c a n  N a t i onal S t and a r d s  Spe c i f i c a t i o n for  S o u nd 
L eve l Me t e r s S l . 4  - 1 9 7 1 . S o u nd l e v e l  i s  the f r e q u e ncy
w e i g h t e d  so und p r e s s u r e  l e vel o b t a i ned w i th the 
s ta nd a r d i z ed dynam i c  c h a r a c t e r i s t i c  " f as t "  or " s low " 
a nd we i g h t i ng A ,  B ,  or C ;  unl e s s  i n d i c a ted o t h e r w i s e , 
the A-w e i gh t i n g  i s  u nde r s tood . The u n i t  o f  any s o u nd 
l evel i s  the dec i be l , hav i ng t h e  u n i t  symbo l dB . 

S o und P r e s s u r e  Level - In de c i be l s , 20  t imes the 
l o g a r i t hm to the base t e n  o f  the r a t i o  o f  a s o u nd 
p r e s s u r e  to  the r e f e r e nce so und p r e s s u r e  o f  2 0  m i c r o
pas c a l s  ( 2 0 m i c r onew tons per sq u a r e  mete r ) . I n  the 
a bsence o f  any modi f i e r , the l e ve l i s  u nde r s tood t o  
b e  t h a t  o f  a mean-s q u a r e  p r e s s u r e . 
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SYMBOLS 

E q u i v a l e n t  A-w e i g h ted s o u nd l eve l ove r a g i ven 
t ime i n t e r val . 

D ay t ime equ iva l ent A-w e i ghted s o u nd l e v e l  between 
th e h o u r s  of 0 7 0 0  a nd 2 2 0 0 . 

N i g h t i me e q u i v a l e n t  A-we i g h ted s o u nd l e v e l  
between the h o u r s  of 2 2 0 0  a nd 0 7 0 0 . 

D ay-n i g h t  ave r age sound l evel - the 2 4  h o u r  
A-w e i g h t ed e q u i v a l e n t  s o u nd l ev e l , w i th a 1 0  
de c i be l  pena l ty app l ied t o  n i g h t t ime l evel s .  

i .  e .  , Ld n  = 1 0  l og 

L 9 0  T h e  sound l eve l e x c e eded 9 0  pe r c e n t  of the t ime 
d u r i ng the mea s u r ement pe r i od and is o f t e n  u sed to 
represent the " r e s id u a l " so u nd l eve l . 

L s O  The s o u nd l eve l e xceeded 5 0  p e r c e nt o f  the t ime 
d u r i ng the me a s u r ement pe r i od and is u s ed to 
r e p r e s ent the " me d i a n "  so und l eve l . 

L I O  T h e  so und l e ve l e xceeded 1 0  pe r ce n t  of the t ime 
d u r ing th e me a s u r ement pe r i od and is o f t e n  u sed t o  
r e p r e s e nt t h e  " i n t r u s i ve " so u nd l eve l . 
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FEDERAL GUIDELINES 

The Federal Environmental Protection Agency has identified 
levels for limits of Ld requisite for the protect ion o f  
public health and welfa¥e . * 

Summary o f  Noise Levels Identified As 
Requisite to Pro tect Public Health and 
Welfare with an Adequate Margin o f  Safety 

Effect 

Hearing Loss 

Outdoor Act ivity 
interference and 
annoyance .  

Indoor Act ivity 
interference and 
annoyance .  

Level 

L (24) < 70dB eq -

Ldn2 55dB 

. 

L ( 24) < 55dB eq -

Ldn 2 45dB 

L (24)  < 45dB eq -

L (24)  represents the sound energy averaged over a eq 24-hour period . 

Area 

All areas 

Outdoors in res idential 
areas and farms and o ther 
outdoor areas where people 
spend widely varying amount 
of t ime and o ther. places 
in which quiet is a bas is 
for use . 

Outdoor areas where people 
spend l imited amounts o f  
t ime , such as school yards , 
playgrounds , etc . 

Indoor resident ial areas . 

Other indoor areas with 
human activities such as 
school , hospitals ,  etc . 

Ldn represent the Leq with a 10 dB nighttime weighting . 

*Information on Levels o f  Environmental Noise Requisite to 
Protect Public Health and Welfare with an Adequate Margin 
of Safety , USEPA , 550 /9-74-004 , March 1974 . 
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STATE REGULAT I ON S  

N o  k now n n o i se r e g u l a t i on s  have been fo und i n  t h e  S t a tes 
o f  L o u i s i ana a nd Texas p e r t a i n i ng to the cons t r u c t i o n  o r  
ope r a t i o n  o f  the p r oposed p r o j e c t .  
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OIL S P I LL RI SK AND OIL POLLUT I ON INCI DENTS 





APPEN D I X  G . l  

RI SK OF O I L  S P I LL RESULTING F ROM S H I P  C C L L I S I O� 

1 .  I nt r od u c t i o n  

T h e  r i s k  e s t ima t e s  t h a t  a r e  d e r i v ed a n d  o r e s e n t e d  i �  t h i s  
append i x  a r e  f o r t h e  i nc r eme n t a l  r i s k  o f

-
o i l  o r  c � e= i c a l  

sp i l l s  a s s o c i a t e d  w i t h t h e  ma r i n e  t r a n s � o r t  o f  o i l  f o �  
t h e  S t r a t eg i c  P e t r o l e um Re s e r ve p r og r a� .  I t  i s  a s s �=e d 
t h a t  the o i l  i s  t r a n s po r t e d  a 4 5 , 0 0 0  d� � t a n k e r , a�� t h e  
r e s u l t s  a r e  p r e s e n t ed a s  t h e  p r ob a b i l i ty o f  sp i l l  � e r  
t r a ns i t .  T h e  spe c i f i c t r a n s i t  u n d e r c o n s i d e r a t i o �  : n  t h i s  
c a s e  i s  t h a t  f r om t h e  G u l f o f  M e x i c o  s t a nd i �g i n  � a � i n e  
P a s s ,  t h r oug h t h e  S a b i ne-N e c h e s  C a n a l  F a s t  Po r t  M � � � � r , 
T ex a s , a nd u p  t h e  N e ch e s R i v e r  7 . 2  � i l e s t o  a be r � � a �  t h e  
S u n o c o  S h i p  L o a d i ng Kh a r f ,  whe r e  t h e  o i l  i s  t o  b e  � = 2 � s f e r r e d  
a s h o r e  f o r  f u r t h e r  t r a n sp o r t  b y  l a nd p i p e l i ne .  S e � � i o n 2 
p r ov i d e s  a g e n e r al de s c r i p t i o n o f  t h e  c c =pu te r c c � �  � s ed t o  
c a l c u l a t e  t h e  sp i l l  r i s k  f o r  t h e  c a s e  o f  i n t e r e s � , 2 S  w e l l  
a s  a d i s c u s s i o n  o f  t h e  r e s u l t s  o b t a i n e � . I n  s u c c e 2 � i �g 
s e c t i o n s  a r e  p r e s e n t e d  t h e  d e t a i l ed a � 2 1 y t i c  me t � c � 2 � o gy a n d  
t e c h n i q u e s  u t i l i z e d  i n  ca l cu l a t i n g  t h e s e  r e s u l t s . 

T h e  a n a l y s i s  u s e d  f o r  sh i p  c o l l i s i o n  p r o b a b i l i t i e s  
c h a n n e l s i s  d e s c r i be d  i n  S e c t i o n 3 .  S e c t i o n 4 d o c � = e n t s  
t h e  u s e  o f  h i s t o r i c a l  d a t a  f o r  q u a n t i = i c a t i o n  o f  s � i p  
c o l l i s i o n  r i s k s . A sp i l l  c a n  o n l y  r e s � l t f r om a s � i p 
c o l l i s i o n  i f  e i t h e r  s h i p ' s  s t r u c t u r e  i s  su f f i c i e n � l y  
p e n e t r a t ed . T h e  a n a l y s i s  u s e d  f o r  pe n e t r a t i o n  p r c � 2 b i l i t i e s  
i s  d e s c r i be d  i n  S e c t i o n  5 .  
2 .  O i l  Sp i l l  P r o b a b i l i t i e s  D u e  t o  C o l l i s i o n  I n vo 1 � i nq 

S P R  T a n k  Ve s s e l 

T h e  a n a ly t i c  m o d e l  f o r  s h i p  c o l l i s i o n  h a z a r d s  d e s c = i �ed 
in S e c t i on 3 ,  and the me t h o d o l ogy d e s c r i � e d  in S e c � i o n  
4 f o r  es t ima t i ng t h e  p r o ba b i l i ty o f  sp i l l  d u e  t o  c a = s o  
t a n k  r u p t u r e ,  w e r e  i n t eg r a t e d  t o  f o rm a s i ng l e  c o � p � � e r  
c od e .  O n e  o f  t h e  mo s t  impo r t a n t  i npu t s  t o  t h i s  c o� p � t e r  
c o d e  i s  a n o r m a l i z a t i o n  f a c t o r  a th a t  � ep r e s e n t s  � � e  
f r a c t i o n  o f  t ime d u r i n g  wh i c h  s h i p s  m a y  b e  a s s u� e d  � o  
o pe r a t e  r a ndomly . P r op e r  u t i l i z a t i o n  of th i s  f a c t o r  i n  � h e  
c a l cu l a t i o n s  p r o v i d e s  a co r r e c t  no rma l i z a t i o n  t o  h i s t o r i c a l  
s h i p  co l l i s i o n  d a t a , a s  i s  expl a i ned i n  g r ea t e r  c e � 2 i l  i n  
S ec t i on 4 .  
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Add i t i on a l  i np u t s  r equ i r e d  t o  ma k e  a comp l e t e  a n a l y s i s  
a r e  t h e  pr o j e c t e d  ma r i n e  t r a f f i c  d e n s i ty f o r  spe c i f i c  
s eg me n t s  o f  t h e  s h i p  c h a n n e l s  be i ng c o n s i d e r ed , t h e  l e n g t h s  
o f  t h e s e  segme n t s , a n d  t h e  ave r a g e  spe e d s  f o r e a c h  type 
o f  v e s s e l  comp r i s i ng t h i s  t r a f f i c .  D a t a  f o r  the m a r i n e  
t r a f f i c  f o r  t h e  t w o  c h a n n e l  segme n t s  f r om s e aw a r d  u p  t h e  
S a b i ne P a s s  a n d  S a b i ne-N e c h e s  C a na l  ( 2 4 . 3  m i l e s )  a n d  
N e ch e s  R i v e r  ( 7 . 2 m i l e s ) t o  t h e  S u no c o  Kh a r f  w e r e  t a k e n  f r om 
W a t e r bo r ne C omme r ce o f  t � �  U . S .  f o r  1 9 7 3 . 1 A l t ho u g h  s h i p  
t r a f f i c  d e n s i t y  h a s  b e e n  i n c r e a s i n g  i n  r e c e n t  y e a r s ,  t h e  
g e ne r a l ly i n c r e a s i ng s i z e  o f  m e r c h a n t  v e s s e l s  i s  e x p e c t e d  t o  
l e ad t o  c e s s a t i o n  o f  s u c h  t r a f f i c  i n c r e a s e s  a n d  pe r h ap s  
ev� n a d e c r e a s e  i n  t o t a l  s h i p  t r a f f i � i n  mo s t  po r t s .  D a t a  
f o r  t h e  y e a r  1 9 7 3  may t he r e f o r e  be a s  g oo d  a n  e s t i s a t e  o f  
m a r i ne t r a f f i c  d e n s i t y  f o r t h e  y e a r s  1 9 7 8  t h r o u g h  1 9 8 0  a s  
any pr o j e c t i o n s  b a s e d  o n  t h i s  d a t a . 

I t  i s  f u r the r ,  c o nven i e n t  t o  r e f i n e th e s h i p  t r a f f i c d a t a  
b a se b y  e s t ab l i sh i ng a s h i p  s i z e  t h r e s � o l d  i n c l ud i ng 
o n ly tho s e  ve s s e l s  c apab l e  o f  pene t r a � i ng t h e  h u l l o f  
t h e  c o n s i d e r e d  S t r a t eg i c  P e t r o l e um R e s e r ve v e s s e l . T h i s  
t r a f f i c  d a t a  b a s e  m u s t  a l s o be c o n s i s � e n t w i t h t h e  d a t a  ba s e  
u s ed i n  S e c t i o n  4 f o r  n o r ma l i z a t i o n  t o  j i s t o r i c a l  a c c i d e n t s . 
A s h i p d i sp l a ceme n t  t h r e s h o l d  o f  1 , O C C  t o n s  w a s  c h o s e n 
f o r  t h i s  pu r po s e . T h e  l e ng t h s  a n d  bea�s o f  i nd i v i d u a l  sh i ps 
a r e  d a t a  r eq u i r e d  f o r  c a l c u l a t i o n o f  t � e  s h i p c o l l i s i o n  
h a z a r d  i n  t h e  compu t e r  c o d e  a s  we l l . S i n ce t h e  m a r i n e  
t r a f f i c d a t a  p r e s en t ed i n  Re f e r e n c e l g i ve o n l y  v e s s e l  
type , d r a f t ,  a n d  a c o u n t  o f  t h e  numbe r o f  t r a n s i t s , i t  
w a s  n e c e s s a r y  t o  de r i v e  va l u e s o f  d i sp l = c em e n t , l e ng t h ,  
a n d  beam f o r  e a c h  s h i p  type a n d  d r a f t  l i s t e d . T o  a c comp l i sh 
t h i s ,  t h e  ch a r a c t e r i s t i c s  o f  sh i p s  we r e  s amp l e d f r om 
The Re c o r d  pu b l i s h ed by t h e  Ame r i c a n  3 J r e a n  o f  S h ipp i ng ; 2 

r e l a t i o n s h i p s  d e r ived f r om t h e s e  s a mp : e d c h a r a c t e r i s t i c s  
w e r e  u s ed t o  pr o v i d e  t h e  r eq u i r ed d a t a .  

T a b l e  G . l - l  i s  a sma l l  s amp l e  o f  t h e  type o f  sh ip and b a r g e  
t r a f f i c  i n  t h e  N e c h e s  R i v e r  d u r i n g  1 9 7 3 , a n d  show s t h e  
d e r i v ed ch a r a c t e r i s t i c s  a s  w e l l  a s  ave r ag e  ve s s e l  s p e ed s .  
T h e  ave r ag e  v e s s e l  speed s we r e  a r r i v e d  a t  by c o n s u l t a t i on 
w i th t h e  U . S .  C o a s t  G u a r d ' s  C ap t a i n  o f  t h e  P o r t  i n  P o r t  
A r t hu r , T e x a s .  

A n o t h e r  i tem o f  i n f o rma t i on r eq u i r ed t o  a s s e s s  t h e  pr o b a b i l i ty 
o f  p e ne t r at i on i s  th e ave r ag e  a n g l e  o f  i n c id e n c e  o f  t h e  
s t r i k i ng ve s s e l  i n  t h e  c a s e  o f  a c o l l i s i on .  T h e r e  i s  v e r y  
l i t t l e d a ta f r om wh i c h  t o  d e v e l op t h e  d i s t r i bu t i o n  o f  t h i s  
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Table G . l - l  Samp l e  C h a nne l T r a f f i c  f o r  N e ch e z  R i v e r  

Number o f  Dr a f t  Speed Leng t h  Beam D i spl acement 
S h iE TYEe T r a n s i t s  { fee t )  ( k nC2�§l _ _ _  l f���L_l£�£�� 1 , 0 0 0  tons ) 

Tank e r s  34 4 0  6 7 1 3 1 2 1  6 0 . 7  
" 6 1  3 9  7 6 9 2  1 1 8  56 . 0  
" 79 25 6 4 0 8  56 1 1 . 1  
" 1 5 8  2 0  8 3 1 0  4 6  5 . 3  
" 2 6  1 5  7 2 2 5  3 6  2 . 0  
" 6 1 3  6 1 9 5  3 1  1 . 0  

P a s seng e r /C a r g o  1 4  4 0  8 79 5 1 0 6  3 9 . 4  
" 1 3 8  6 7 4 6  1 0 0  35 . 0  
" 39 26 6 4 4 1  6 3  1 0 . 7  
" 31  25  7 4 17 6 0  9 . 2  
" 51 6  1 4  7 1 9 0  3 4  1 . 4  G') " 1 , 0 4 7  1 1  6 1 5 0  2 6  1 . 0  . 

I-' T a nk B a r g e s  I IN w/t ug 6 26  7 9 0 7  1 8 0  38 . 7  
" 6 1 9  6 8 5 3  1 8 0  35 . 8  
" 3 1 8  7 82 5 1 7 0  33 . 4  
" 1 4  1 8  7 5 8 7  8 8  1 3 . 7  
" U J 8  8 50 B 7 0  9 . 2  

B a r g e s  
w/t ug 47 14 7 7 8 0  7 4  2 2 . 6  

" 3 6  13 6 5 8 2  4 1  3 . 1  
SPR Vessel  1 3 6 . 6  9 6 4 2 I I I  45 . 0  



ang l e  o f  imp a c t , a n d  i t  i s  b e l i ev e d  t h a t  n a r r ow c h a n n e l s  
w i l l  i n  g e ne r a l c a u s e  t h i s  ang l e  � ,  a s  s h o w n  i n  F i 9 u r e  G . l - l , 
t o  be sma l l e r .  S i n c e  t h e  c h a n n e l s  b e i nq c o n s i d e r e d  a r e  
r e a s o n a b l y  n a r r ow ,  b u t  h av e  j u n c t i o n s  w i t h  I n t r a co a s t a l  
W a te rway wh e r e  l a rg e r  c o l l i s i o n  ang l e s  c o u l d  e a s i l y o c c u r , 
a r e l a t i v e ly sma l l  a ng l e , � o f  3 0 0  �a s  s pe c i f i e d  f o r  
l a rg e  ( > 3 0 , 0 0 0  dw t )  v e s s e l  c o l l i s i o n s  w i th o t h e r  l a r g e  
v e s s e l s

-
and a l a r g e r  a n g l e  e o f  4 50 w a s  c h o s e n  f o r  a l l  

o t h e r  c a s e s .  

T r an s i t s  o f  t h e  S t r a t eg i c  P e t r o l eum R e s e r v e  v e s s e l  f r om 
s e aw a r d  c omp r i s e s  a 2 4 . 3  m i l e  r u n  t h r o u g h  t h e  S a b i n e 
P a s s  and S a b i ne -� e c h e s  C a na l  t o  t h e  N e c h e s  R i v e r ,  a nd 
a 7 . 2  m i l e  s t r e t c h  t o  t h e  S u n o c o  Wh a r f  o n  t h e  � e ch e s  R i v e r . 
T h e s e  two c h a n n e l s eg�e n t s  h a v e  be e n  s e p a r a t e l y  a n a l y z e d , 
s i n c e  d i s t i n c t l y  c h a r a c t e r i s t i c t r a f f i c d a t a  f o r  e ac h  
a r e  a v a i l a b l e  i n  R e f e r e n c e  1 .  T h e  t r a f f i c d a t a  s h ow n  
i n  T a b l e  G . l - l  a r e  j u s t  a s� a l l  s a8p l e  o f  t h e  t o t a l  � r a f f i c 
i n  o n e  o f  t h e s e  s e gme n t s ,  t h e  N e c h e s  R i v e r . T h e  v e s s e l  
t r a f f i c w a s  a c t u a l ly c h a r a c t e r i z e d  i n  t e r � s  o f  I I I  v e s s e l 
t y p e s  f o r  S a b i ne P a s s  and S a b i ne-� e c h e s  C a n a l , a n d l u I  t y pe s 
f o r  t h e  N e c h e s  R i v e r . 

T h e  i nc r e� e n t a l  r i s k o f  o i l  s p i l l s  be i ng c o n s l c e r e d  i s  
t h a t  i n c r em e n t  w h i c h c a n  be a t t r i bu t e d  t o  � h e  a d d i t i o n  
t o  e x i s t i ng t r a f f i c o f  t h e  p l a n n e d  S t r a t eg i c  P e � r o l e um 
R e s e r v e  v e s s e l  t r a n s i t s . I n  g e n e r a l , a ny c o l l i s i o n  b e tw e e n  
t h e  S t r a t e g i c P e t r o l e um R e s e r v e  ve s s e l  a n d  a n o t h e r  v e s s e l  
�ay r e s u l t  i n  a s p i l l , a nd t h a t  sp i l l  m i g h t  come f r om 
e i t h e r t h e  S t r a t e g i c  P e t r o l e um Re s e r v e ve s s e l  i :  i t  i s  
s t r u c k , o r  a n o t h e r  t a n k  v e s s e l  o r  ba r g e  i f  i t  i s  s t r u c k . 
T h e  p r o b a b i l i ty f o r  e a c h  o f  t h e s e  p o s s i b i l i t i e s  h a s  b e e n  
a n a l y z e d  s ep a r a t e l y w i t h i n  t h e  comp u t e r  c od e . ? � r  t h e  
c a s e  o f  a pa s s e n g e r s h i p , d r y  c a r g o s � i p , o r  b a r g e  b e i ng 
s t r u c k , t h e  s p i l l  p r o b a b i l i ty w a s  t a k e n  t o  b e  z e r o  s i n c e  no 
b u l k  l i q u i d c a r g o  is  i n v o l v e d . S amp l e  r e s � l t a n :  � r o b a b i l i t i e s  
f o r  c o l l i s i o n , p e n e t r a t i o n , a nd sp i l l s  a r e  s h o w n  i n  T a b l e  
G . 1 - 2  f o r  t h e  s ame v e s s e l  t y p e s  l i s t e d  i n  T a b l e  G . l - l ;  t h e  
p r o ba b i l i t i e s  f o r  p e n e t r a t i o n  a r e  c o n d i t i o n a l  t h a t  t h e  
c o l l i s i o n  h a s  o c c u r r e d , a nd a l l  o t h e r  p r o b a b i l i � i e s  a r e  
e xp r e s s e d  a s  pe r t r a n s i t  o f  a S t r a t eg i c  P e t r o l e �2 Re s e r ve 
v e s s e l  o f  t h e  t y p e  a n d  s i z e  l i s t ed a t  t h e  b o t tom o f  T a b l e  
G . l - l . 

I n  t h e  i n t e r e s t  o f  i n c r e a s e d  s a f e t y , t h e  p i l o t s  A s s o c i a t i o n  
i n  t h i s  po r t  a r e a  h a v e  wo r k ed o u t  a f o r m a l ag r e e8 e n t  pl a c i ng 
s p e c i f i c  c o n s t r a i n t s  o n  t h e  v e s s e l  t r a f f i c .  F o r e x amp l e , 
o n e  r u l e  f o l l ow e d  i s  t h a t , i f  a v e s s e l  o f  g r e a t e r  t h a n  
8 5 , 0 0 0  d w t  i s  t r a n s i t i ng t h e  S a b i n e -N e c h e s  C a na l a t o v e 
buoy s 1 2  a n d  1 3 , n o  o t h e r  s e a-g o i ng ve s s e l  w i l l  b e  p i l o t ed 
i n  t h e  oppo s i t e d i r e c t i o n  i n  t h i s  c h a n n e l .  A n o th e r  s im i l a r  

G . 1 - 4  



I 
I t I 
I 
I 
( velocity  Vi  
I 

-E: . ::>  
First Ship . Si 

F i g u r e  G . l - l  Two C o l l i d i n g S h i p s  

G . l - S  

Second Ship . Sj 
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Table G . I-2  P r obab i l i t i e s  o f  C o l l i s ion , P e ne t r a t ion , and S p i l l  f o r  S amp l e  C a s e s  i n  N e ches R i v e r  
( P e r  T r an s i t  o f  4 5 , 0 0 0  d w t  S PR Vess e l )  

O ther Ve s s e l  
Type 

T ank e r s  
" 
" 
" 
" 
" 

P r obab i l i ty o f  
Co l l i s ion o f  S P R  P r obab i l i ty o f  
Ve s s e l  w i t h O t h e r  Pene t r a t i on  i f  

Ves s e l  T y pe S P R  Ve s s e l  S t r u c k  

Ovc rafl- -----P robabIIT£y o f  
P r obab i l i ty o f  P e ne t r a t i on i f  

Sp i l l  ( S P R  S P R  Vessel  S t r i k e s  
Ve s s e l  S t r u c k  O t h e r  Ve s s e l  

Ove r  a l l  
Pr obab i l i ty of  

S P i l l  ( S PR 
Ve s s e l  S t r i k e s )  

- ------
-

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

-
-- ------- ---- - � �-

-
-

. 9 5 5 x I 0-7  

. 1 5 2x I 0- 6 

. 1 6 3x l O - 6 

. 2 5 5x l O- 6 

. 4 0 4 x l O- 7 

. 9 6 l x l O- 8  

. 5 3 2  

. 5 2 2  

. 4 0 1  

. 1 6 B 
o ( a )  
o ( a )  

. 1 9 2 x l O- 7  

. 3 3 7 x l O- 7  

. 2 9 5x l O- 7 

. 2 4 2 x l O- 7  
o ( a )  
o ( a )  

. 5 2 0  

. 5 1 3  

. 4 5 8 

. 2 7 1 
O ( b )  
O ( b )  

. 3 0 9 x l O - 7  

. 4 5 2 x 1 0- 7  

. 4 1 1 x l O- 7  

. 2 9 9 x l O- 7  
o 
o 

Pas seng e r /C a rg o  . 3 4 l xI 0 - 7  
. 2 8 2 x I O- 8 
. 8 3 I3 x I 0- 7  
. 5 9 6x 1 C - 7  
. 7 7 0 x I O- 6 
. 1 5 7 x l O- 5 

. 4 7 1 

. 4 5 1 

. 1 3 9 

. 3 5 0  

. 6 8 2 x l O - 8  

. 4 6 l x l O- 9 

. 5 l 5 x l O- U  

. 1 0 2 x ] O - 7  

- ( c )  
- ( c )  

o ( c )  
O ( c )  
o ( c )  
O ( c )  
O ( c )  
O ( c )  

" 
" 
" 
" 
" 

Tanker  B a r g e  
w/T ug 
" 
" 
" 
" 

B a r g e s  w/Tug 
" 

. 1 7 9 x I 0- 7  

. 1 9 3x I 0- 7  

. B 4 9 x l O- B 

. 3 l 7 x l O- 7  

. 1 56 x I 0-7  

. 1 2 0 x I O - 6 

. 8 5 2 x l O- 7  

o ( a )  
o ( a )  

. 4 3 6 

. 4 2 2  

. 4 0 9  

. 1 7 7  

. 0 2 6  

. 3 2 3  
o ( a )  

o ( Cl  ) 
o ( a )  

. 3 0 9 x l O - 8  

. 2 9 9 x 1 0- 8  

. 1 4 3 x l O- B 

. 2 4 7 x l O - B 

. 1 9 B x l O - 9  

. 1 4 7 x l O- 7  
o ( <1  ) 

.. � �-. - - - ---------- - - .-.-------.--

- ( c )  
- ( c )  
- ( c )  
- ( c )  

. 6 2 9  

. 6 2 2  

. 6 1 6 

. 4 9 8  

. 4 l B 

- ( c )  
- ( c )  

. 6 8 I x l O- 8  

. 7 59 x l O - 8  

. 3 0 8x l O- 8  

. 8 8 2 x l O - 8  

. 3 2 9 x l O - 8  

O ( c )  
o ( c )  

- - - - - - - - -
-

- - - ----------- -_ ._------

( a )  The p r ob ab i l i t i e s o f  pe ne t r a t ion � r e  ze r o  f o r  t h 0 s e  c a !; c s  he c a u se ve s s e l s  o f  t h e se 
sma l le r  tonnag e s  c a n n o t  penet r a te  the  S P R  Ve s s e l  h u l l  a t  t h c spe c i f ied r �p r e s c n t a t ive co l l i s ion 
ang l e  of 4 50 •  \l e n e l' t he ;, p i l l  p r o\) ;) b i l i U c "  i)f f' <1 1 ,, 0 z ( ' r o .  

( b )  A s  t h e  ma s s  ( o r  tonnag e )  o f  a s t r uc k v e s s e l  i s  con s id e r ed to d e c r ease , a sma l l e r and 
sma l l e r  f r a c t ion  o f  t h e t o t a l k i n e t i c e n e rgy o f  the  s t r i k i ng v e s s e l  con t r i bu te s  to  co l l i s i on 
damage , t h e  r ema i nde r con t r i bu t i n g  to a c c e l e r a t i o n  of t h e s t r u c k v e s s e l . I lence the pene t r a t ion  
p r oba b i l i ty f o r  s u c h  ca ses  is  z e r o , a c c o r d ing to the  M i no r s k y t h e o r y . 

( c )  T h e  pen e t r a t i o n  p r oba b i l i t i e s  we r e  n o t  ca l c u l a t ed f o r  t h i s c a s c . S i nce pass e ng e r /c a r g o 
v e s s e l s  g e ne r a l ly do  n o t  ca r r y o i l  o r  o t l) e r l i q u id s  as hu l k  c a r g o ,  i t  i s  v e r y  un l i k e ly t h a t  

subs t an t i a l o i l  s p i l l c a n  r e su l t .  F u e l  t a nk s  a boa r d  such  v e s s c l s a r e  a l so much sma l l e r  
wh i ch a l so m i n im i z e s  bo t h  t h e  l i k e l i h ood a n d  t h e  s i z e  o f  sp i l l s . 



r u l e  i s  t h a t  no two ve s s e l s o f  4 8 , 0 0 0  aw t m i n imu� , l o a d e d  
t o  g r e a t e r  than a 3 0  f o o t  d r a f t , a r e  = a n e u v e r e a  s o  a s  
to me e t  i n  t h e  c h a n n e l . T h e s e  r u l e s  � a v e  t h e  e f fe c t  o f  
nu l l i fy i ng spe c i f i c i n t e r s h ip c o l l i s i on p r o ba b i l i t i e s ,  a n d  
t h i s  b e n e f i c i a l  e f f e c t  h a s  b e e n  i n c o r po r a t ed i n t o  t t e  
c omp u te r c a l cu l a t i o n . 

T h e  ove r a l l  p r o b ab i l i ty o f  a sp i l l , � e r  t r a n s i t  o f  a 
S t r a t eg i c  P e t r ol e um R e s e r v e  v e s s e l , I s s i�pl y t h e  s �� o f  a l l  
t h e  i nd i v i d u a l  sp i l l  p r oba b i l i t i e s , o n l y  a s amp l e  o �  wh i ch 
h av e  be en l i s t e d . T h e  r e l ev a n t  s ums a r e  s h own i n  � a b l e  
G . 1 - 3 ,  b r o k en down i n t o  t h e  two s e p a r a t e  c h a n n e l s e � =e n t s , 
a s  we l l  a s  t h e  d i s t i n c t  c a s e s  o f  b e i �� s t r u c k  o r  � e i r.c t h e  
s t r i k i ng ve s s e l . I n  add i t i on , s u b t c � a l s  o f  t h e s e  p r o ba b i l i t i e s  
� r e shown f o r  a comp l e t e  t r an s i t  o f  t � e  c h a n n e l  f o r t h e  
s t r u c k  a n d  s t r i k i ng c a s e s .  F i na l l y , � � e  t o t a l  ? r c � a b i l i ty 
f o r  a s p i l l  r e S U l t i ng f r om c o l l i s i c �  g �  a S t r a t eg i �  ? e t r o l e um 
R e s e r v e  ve s s e l  i s  g i ven a s  1 . 7 5 x l C - = p e r  t r a � s i =  � 0 r  t h e  
c a s e  o f  a 4 5 , U O O  d w t  t a n k  v e s se l . 

I t  shou l d  be n o t e d  a l s o  t h a t  t h e  s p i : :  ? r o b a b i l i = � � e r  
t r a n s i t  o f  the 4 5 , 0 0 0  dw t a l t e r n a t i � e  � e s s e l , - : , 7 5  x 
1 0 - 5 , i s  appr o x ima t e l y  eq u a l  t o  t h e  = �e r a l l  av e r a � e  5 9 i l l  
p r oba b i l i ty pe r t r a n s i t  c a l c u l a t e d  � o r  t h e  e n t i r e � � l f  C o a s t  
r eg i on . 

G . 1 - 7  
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Table G . l - 3 Ove r a l l  S p i l l  P r obub i l i t i es R e s u l t i ng f r om po s s i ble Co l l i s ions 
o f  4 5 , 0 0 0  dw t S P R  V e s s e l  w i th O t h e r  V e s s e l  T r a f f ic i n  T r a n s i t  
f r om G u l f o f  Me x i co t o  S u noco Wh a r f  i n  N e c h e s  R i v e r  

C h an n e l  S egme n t  

G u l f  o f  Me x i co to 
N e ches R iv e r  
( 2 4 . 3  m i l 

N e ch es R ive r to 
S u noco \�h a r  f 
( 7 . 2  m i l 

E n t i r e  T r an s i t  

Sp i l l  P r o b a b i l i ty 
Pe r T r a n s i t  

( S P R  Ve s s e l  S t r u c k ) 

0 . 5 3 l x l O - 5 

O . 8 2 l x l O - 6 

O . 6 1 3 x l O- 5 

Sp i l l  P r oba b i l i ty 
Pe r T r an s i t  

( S P R  Ve s s e l  S t r i k i ng )  

O . 9 2 1 x l O- 5 

O . 2 1 6 x l O - 5 

O . 1 l 4 x l O -4 

T o t a l  Sp i l l  P r obab i l i ty pe r SPR V e s s e l  T r a n s i t  = 1 . 7 5 x 1 0 - 5 



3 .  SHIP COLLIS ION HA ZARD r-tODEL 

The p rob abi li ty of shipping accidents in the future can 
best be predicted by s t atistics of the pas t by us e  of a 
mode l  to acco unt for changes in the vo lurne and c..� aracter
ist ics of s hi p s . An analyti cal �od e l  h as been de,e l ope dJ 
to p redict th e " prob ab i l i ty o f  ships c o l l i di n g  in s inilar 
:one s . This mode l characterize s the shi p colli s i on 
prob abi l i ty i n  te� of the various e lereents which a r e  
facto rs in s h i p  c o l l i s ions s uch as s pe e d , leng�� and 
width of s hip , nlli� e r  o f  ship tr�, s i ts and the d i�� n si ons 
of th e z one in que s tic :1 .  The L as i c  as s u."p tion of �'1 e 
mode l i s  that f o r  ships to collide , they mus t , f o r  s ome 
short pe riod of t ir..e , be " movi n g  at r an dom , rathe r  � an 
in acco rd an ce with rules w, d p l �� s . U s i n g  th i s  as s ��pti on , 
it b eco� s po s s i b l e  to i gnore the i nt e racti on o f  �� e ships 
be fore a c o l l i s i on oc curs and to s o lve ��e prob l e �  o f  
inte rac t in g  bodi e s  a s  involvi n g  on ly t he t ....... o c o l li di n g  
shi p s  i l lu s trat e d  in F i gure 1. Thi s rr.o ce l an aly z e s  th e 
prob lem o f  t ....... o c o l liding ships in a co ordinate s y s � �� 
fixed on one of the shi p s so th a t  in e f fe c t , a s i n S l e  
ship i s  moving ab out ��other ship , wh i ch i s  s tati on ary , 
at a ve loci ty equal to the two s h i p s ' re lat ive ve � c c i ty . 
This coordinate transformation i s  a c conp li shed by 
perforning a s i�p l e  tran s for.matio� f rom the o r i g i n a l  frame 
to that o f  the moving frame . 

As i l lustr a t e �  in Figure G . 1 - 2 , t h e  a n q l e  wh i c h  t � �  � a t h  
o f  the s e c on d  s h i p  makes with the f i rst shin i s  c e fl n e d  as 
�R whi ch i s  in gene ral di f fe rent frc� the hea di n g  o f  the 
second ship . For a colli sion cours e ,  this ang l e  o R  i s  
th e  cons tant an g l e  a t  �.;h ich the fir s t  ship con tinual ly 
obs e rve s  the s e cond s hip to be . 

An ana lyti c al expre ss ion for the nur�e r o f  c o l li s i on s  
of a give n ship during a s i ngle tr��s i t  o f  a z on e  i s  now 
formulate d .  If the speed of e a �� ship is cons t �' �  in a 
rough ly s quare z on e  o f  characteri s ti c  di�ens ion , a ,  th e  
number of collision s  expected for a s i n g l e  s hi p , S i , in 
each trans i t  is e qual to the product o f  ��e time i t  
requi res t o  trans i t  th e z one and th e prob abi li ti e s  o f  
finding an other s hi p  in the s ame  zone and c o l liding 
with that ship . 

Xf ti is the time ship Si requi res to trans i t  the zone of 
, dimension d ,  

Pj is the probab i l i ty of finding another shiP ! SJ. '  in 
the z on e  ar e a  d2 , 



Pij is the probability per unit time of a col l i s ion 

I 
I 
I 

Second ShiP . Sj 

f I I � 
I .. // ) OR 

E z .� _ _ _ _ _ _ _  _ 

First Ship , S .  � 

F ig u r e  G . 1 - 2  Coord inate Sys tem for Anal y s i s  

pi)
- i s  the p rob ability per un i t  ti�e o f  a co l li s i on 

between S .  and S .  given that S .  is in d2 , �� d � J J 
N-1 is the annual number of trans its by other ships 

thro�gh zone 

then , the number o£ colli s ions C
i

, whi ch involves Si ' is approxioate ly 

P .P .  -J J.J 

Each of the functions , t . ,  Pj , and Pi j is now to be 
cerived. The trans i t tifte of the ship S _  i s  equal to � the zone dimens ion divided by its speed 

d 
= Vi 
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The probab i li ty that another ship , S j , is in the zone i s  
equal t o  t h e  fraction o f  a year that o n e  trans i t  of the ' 
zone requires : 

d 
Vj Y (3) 

where , i f  ve loci ty is speci fied in £eet per s econd , Y i s  
th e  number of s econds i n  a year . 

To obtain the probability per uni t time o f  a co l li s i on 
between the two ships , given that bo th ships a re in the 
zone , i t  is neces s ary to de termine th e rate th at s�i ps on 
any collis ion cours e wi l l  be encountered . S ince ��i s  rat e , 
and hence th e probability ,  i s  di rectly p roport i o n a l  to 
both the s i z e  of th e two ships , and the re lative coti on 
o£ the ships , it is convenient to fo�.u l a �e a f un � � on 
expres s ing these re l ationshi ps . This i s  a c co�p l i s � e d  by 
cons tructing an expression for the f lux of c o l l i di � g  ships 
at a specifi c  an gle , and l ater integrati n g  thi s f lux over 
all collis ion an g le s . 

Xf the cross s e c tion of a ship is defined in th i s  �o
dimens ional problem as the apparent line a= dime n s i on of 
a ship when viewed from a specifi c angle , the flux of 
colliding sh ips at any specific angle i s  proporti on a l  t o  
th e  re lative ve loci ty times the cros s s e c�io n  of co th ships 
at that angle . Thus , the magnitude o f  th e flux wi l l  i n
crease or decreas e wi th the apparent cross s e ction and the 
ve lo city of the s hips . That is if ¢ is the f lux o f  
�o l liding ships , iT i s  t h e  c ros s s ec ti on of both shi ps and 
VR is the rel ative ve locity , 

then 

(4) 

The cross section o f  ��e ships i s  de£i ned as 

.. ·CT -

G . I-II 



Wi is the width of ship S .  1. 

� is the unit vector normal to the width of s hip S .  1. 

.( i  is the length of ship S . 1. 

�i is the unit vector normal 'to the length o f ship ' Si 

W
j 

is the width of ship S .  J 
� is the unit ve ctor normal to the width o f  s hip S .  J 
.t.j 

is the lenc;th of ship . S . J � .  is the unit vector normal to the length o f  ship S .  J J 
:It is important that the di rection o f  each nomal t::.ni t 
vector be chosen to maximi z e  the fl�x .  For ex��p l e , the 
uni t vectors as sociated with the wid�� and l ength 0= both 
ships depi cted in F i g u r e  G . 1 - 2 , a r e  i l l � s t r 2 t e d : �  = : ; � r e  G . 1 - 3 . 

To comple te ly deternine the flux I t.� e  p roporti onal:' -::y 
factor for Equation ( 4 )  mus t  be obtaL'"1e d .  Thi s  £ .:. c ':or i s  
equal to the probabi lity dens i ty functi on o f  t.� e  s e cond 
ship being at a'"1y posi ti on and ang le . The appropri ate 
normali z ation is g iven by t.�e factor 1/2 7.d 2 • The r e = ore , 
� is given by the expres s ion 

Final ly I the probabili ty I P ij l for a colli s ion b e t;-,.;een Si 
Sj l gi ven that both ships are in d2 I c an be obtai�ed by 
integrating over all co l li s ion angle s :  

P ij = f l � d aR i 
all collision 
angles 

where A is the wei ght function corresponding to the 
transfo�tion to the movj ng coordin ate sys tem 

V 2 
R 

G . 1-1 2 
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Substituting the expressions in Equation s  2 ,  3 ,  and 5 for 
the function in Equation 1 ,  the number of collisions 
experienced per transit of zone d2 by Si is 

1 �l f C1 a 211'YV , L , 1 j=l 

+ + la - V  a 

To evaluate thi s integral , i t  is convenient to transform 
to the variable e where 

..",. umb f 1 1 " t '  t of the zone 0. 2 by Sh i p  �lle n er 0 co �s �ons per rans � • 
Si is determined to be , for V

j
� Vi ' 

N-l 
co � I: vY j=l 

w .  � 1T  
1 

'"'1.' , - 1  + 2- S 1. n  'cos Vi (_ Vi ) + Vj 

(6a) 

where W _ , 1 ,  and w
j

• 1 ,  are the width an d l ength of sh ip s 81.-1 . 1. J and Sj ' respec t iv e ly . 

By s��etry . t h e  number of collisions for Vi � Vj is 

C� � !y �: [;: (2 cos�l (- �) - w) + 2 ;� s in cos-1 (- �) + 

(6b)  
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The model di s cus sed above applies to a rough ly square zone . 
A non-square region such as an inland ch anne l can be 
approxioated b y  assemb ling an appropri ate nTh� e r  o f  s q uare 
zones whose dimensi ons equal the wi dth of th e chfu�e l .  
Thi s pro cess increases the number o f  random c o l l i s i�ns by a 
factor o f  LId where L i s  the length of the channel and d .  i s  
th e  width . (Alternatively , the s ame analytical re s�lt i s  
ob tained by cons idering a s ingle rectangular zone �s i ng 
tran s i t  time s proporti onal to L ,  and the dens i ty o f  ship S .  
proporti onal to (Ld} - � ) . J 

Having dete�ned the c o l li s i on rate for cornp letel� random 
shi p' movements , the last s tep o f  thi s analy s i s  i s  �o 
con s ider the rate o f  ex�ected c o l li s i ons for more c=derly 
ship movements . S i nc e  either ship , 5 i o r  5 j , b eha� e s  
ran dooly during only a v e ry  small p o rtion of ��e t=a,s it 
time in the z one of i ntere s t , the prob ab i l i ty o f  a c o l l i s ion 
involving 5 i is gre atly reduce d fr�� the comp l e te ly random 
probabi lity by a factor equal to the prob ab i l i ty �" at at 
least one o f  the two sh ips i s  operat ing i n  a r��c�= =ann e r .  
That i s , i f  a i s  the fra ction of time that a s hi p  = eh ave s 
ran domly in the z one of i ntere s t ,  the pro::, ab i l i ty c f  a 
co llis ion involving 5 i i s  then approxioately 

since 2 a  is approximately equal to the fract i on o f  time 
that at least one o f  the two ships obeys the r��dc� 
collis i on probabi l i ty equations ( Equatior.s 6 a ,  6 ::' ) . The 
paramete r ,  a ,  refle cts abs ence of the f a ctors th a t  �o�a l ly 
avoid collisions . 

The total numb e r  of expe cted colli s i on s , e Ca} can be 
w-ritten as 

c(a) = C .  (a } l. 
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where the factor 1/2 has been included to avoid double 
counting . a i s  determined from the ana ly s i s  of s p e ci fi c  
accidents as will b e  des cribed in S e ction 3 .  

The probabi li ty of being the struc� ship in a c o l l i s i on 
can be obtained from equations 6 a  and 6b by counting only 
thos e co llis ions involving the s ice (or len g th ) of ship · 
S i  and the end ( or wid�� )  of a l l  ships S j . Th is i s  
accomp lished b y  s e tting W i = { j  = O .  " Thus , th e final 
probab i li ti e s  for ship S i of length { i , Hidth \.; i , and speed 
Vi", being s truc'< by ships S j o f  length � ,  wi dth Wj I and 
speeds V j are , for V j ? Vi ' 

C (a ) 
l '  s truck = 

and ,  t o r  V 1 � V j ' 

( a )  
C1 , s t ruck = 

20 
-:r y  

N 1 [ � 1: w j" 21 i 
V + V .  

" -1 1 :L J- " 

20 
N- l [ ( .2: ;� 2 cos - 1 

;ry 
j=l :L 

2 w - cos-1 
-V _ 

+ __ J sin __ J 
Vj V:l 
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4 .  NORMALIZATION OF MODEL TO HISTORICAL ACC IDENT DATA 

The an alyt i c  moce l  deve loped in th e  previous s e ction must 
be nornal i z e d  to actual shin col l i s ion s tati s t ics , i . e . , 
his tori c a l  data , in orde� t� b e  o f  use in e s timating future 
prob abi li tie s . Hare s pe c i fica l ly , a value for the p ararne ter 
ex I th e  fraction o f  ti.rr:e duri ng whi c.'"l shi p s  are a s s ume d 

to behave randomly , i s  s ought for by an aly z i n g  re l e vant 
data . The r:-.Qs t  s tatisti c a l ly s i qni f i c a...'"'lt and re l e va n t  
data base w a s  previous ly an aly z ed by S.:U: for the Fe deral 
Power Co� s s io n l  i n  order to as s e s s  the ri s k s  o f  LNG 
marine operations . A detai led ana ly s i s  was made o f  th e  
hi s tori cal traf f i c  and accidents i n  L'"l e Delaware Rive r 
and New York H arbo r .  The his tori c a l  a cci dents t.� a t  
occurred i n  e ac.'"l o f  the 9 c'"lannel re g i o ns were n o � a l i zed 
to the shi p tra f f i c , ship mix ,  ��d ch �'"'lnel l e n g �'"l .  The 
S h i p  Col li s ion Haz ard l-:odel was ti1 e n  u s ed to a l l o c a t e  
the acciden ts ove r the popl:lati o n  o f  s h i p s  tran s i t i n g  
th e  chann e l . The pro cedure u s e d  be low f o r  e s ti �� t i n g  
channel colli s ion prob ab i l i t i e s  is d e r i vab le from th e b as i c  
model by shri��ing th e  square zon e  t o  a narrow chan n e l  
of l.ength D .  

New York H arbor �� d the D e l aware Ri ve r  were subdivi d e d  to 
account for chan ge s  in tra f fic dens i �1 .  Thre e  z o n e s  
were defined f o r  th e Delaware River a...'"'l d  6 z o n e s  w e re 
defined f or New York Harbor. The tra f f i c  data was 
compiled froz Hate rbo rne COr:'.I"Jerce o f  t�e Un i te d  S t a  tes .l 

�arther de tai l s  of the marine tra £ � i c  ana lys i s  ar e 
described i n  Re f e rence 3 .  

�he basi c s o urce of accident s tat i s t i c s  is the U . S .  
Coast Guard ( US C G )  incident data bas e .  Each s h i p  i nvo lved 
in an accident in U . S .  waters wi �'"l d a...�age of $ 1 , 5 0 0  o r  
greater i s  requi re d b y  law t o  co�p l e t e  an d s ub� t an 
accident form to the USCG . S owe re l ative ly swa l l  c as e s  
close to th e lower linit r�y not b e  report e d .  I t  i s  
cons idered hi ghly un likely that there i s  fai l ur e  t o  
report any s i gn i f i cant collis ion involving ma j or p e n e tration 
of the hul l or los s of life ; i . e . , the typ e tha t  c ou l d  
produce tank pene tration of a ve s s e l .  A fi l e  i s  r.zi n tain e d  
£or e a ch cas e at USCG He adqJ.::arters , 'iiasnington , D . C .  I n  
addition , a coded re cord is generated f o r  e a ch ship involved 
in e a ch in cident for purpos es of automated compute r  
proc e s s ing . The USCG pre pare s a s ��rI stat i s ti cal 
report b a s e d  on th e s e  record s annua l ly . Comple te compute r 
printouts are avai l ab le for the period FY 6 9  through 
FY 7 4 .  . 
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The se printouts were initially s creened to i dentify 
=oving co llis ions involving two ships of gro s s  tonnage 1 0 0  
tons o r  greate r .  The Coa s t  Guard f i le s  on e ach a c ci dent 
thus identi fied \.;ere examined to determine the pre c i s e  
location and the disp lacement of th e  ships involved and 
t o  veri fy the nature of the a c cident . Finally , only those 
accidents invo.lving two ships with a displacemen t greater 
ellan l ;UUU tons we re inc luded in the final coun t .  There 
were a tot al of 30 accidents identi fied in the 9 chann e l  
re gions during t h e  6 year period 19 6 9 - 19 7 4  which pa s s e d  
all of the se criteri a .  

The ship collision model w a s  exerci sed for the 9 channe l 
regions bein g  an alyz ed , and the results expre s s e d  as 
the number of colli s ions expected for entire ly random 
operation s , Ar • The actual number of his tori ca l a c c i dents 
is to be represe nted by A for this 6 year period . From 
the data an a for e ach channel are a was calculated 
according to the formula 

a A = �- . L 

where Ar i s  proportional to the square of the t r a � £ i c  
tran si ting the region , N .  The method chosen to cc� �ne 
the at s was to wei ght each one according- to the s q uare o f  
the traf f i c  trans i t ing that le ngth o f  channe l .  Thi s i s  
appropri ate s ince th e bas i c  s calin g  o f  accidents a c c ordin g 
to the n��er of trans its i s  proportional to N 2 ( a c t ua l ly to 
N (N- l ) /2 -- since e ach ship i nteracts with e a ch o f  the N - l  
other ships and divi sion b y  two avoids doub l e  co��ti n g ) . 

The wei ghted average o �  a ,  1 . 5 4  x 1 0- 4 , is b a s e d  o� a data 
base whi ch contai n s  3 0  co l l i s ions for �ore th�� a r.� l lion 
trans its in L� e 9 channe l s  of shi p s  gre ater th�� 1 , 0 0 0  
tons over the 6 year peri od ( 19 6 9- 1 9 7 � ) . Th is d a t a  b as e  
� s  obtained f rom 6 ye ars of the ave rage annual t r a f fi c , 
whi ch was deve lop ed from Re ference 1 .  

Having determined a value for a from h i s tori c a l  t r a f f i c  
and accide�t experience , i t  i s  pos s ib le to e s tinate the 
frequency of colli s i ons in a siuli l ar harbor i n  th� future . 
The channe l  length , ve s s e l  s p e eds , and p ro j e c te d  t r a f f i c  
densi ty an d di s tribution by d raft and s h i p  ty?e a re the 
only addi tional inputs requi red. The total n u-ib e r  of 
collisions expected and the prob ab i l i ty per tran s i t  that 

- a  given ship wi l l  have a col li s i on can then b e  c al c ulate d .  
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5 .  CARGO TANK RUPTURE PROBAB IL ITY 

Cons ide rable atten ti o n , has been devoted to th e  ana lys i s 
of the comp lex phenc:::.enon of ship c o l li s ions . z.tany I:1aj or 
studies h ave been uncertaken internati o�a l ly to i n¥e s ti ga t e  
the s tati s t i cal , a�a lytical , and e��er�ental app r o a ch e s  
t o  thi s  p robl�� .  I n  the Uni te d  State s , s tati s ti c a� and 
analyti c al s tudi e s  were perfo�ed in th e cour s e  of c e s igning 
th e  nuclear mer chan t shi p Savannah . �  The princi p a :  p roduct 
of these e fforts �.;as a semi-empiri c al :cethod fOn:lu:' ated by 
Minorsky S to corre late the absorbed c o l l i s ion e n e � �y to 
the amoun t  o f  de fo rr-.e d s truc tural � te�ial in th e  s �ip s . 

Other s tudi e s  were conducted i n  Japan , I taly , and 'i-;e s t  
Ge rmany t o  detentine the collisio� behavior o f  O t.� e =  
nuclear ships and t�� ers . wni l e  th e }u norsky �e �od has 
been modi fied , and �y experimental t e s ts have b e en 
conducted for ��e purpos es of ve ri f i cation or aug=e n tation 
of actual collis ion data , the bas ic ��norsky meth = �  p ro

vides the mos t e f fi ci ent technique for e s tima ting �, e 
penetrati on of the s trik ing ship i n to ��e s truc� s �i p .  
Bence , th is re cogni z ed proce dure i s  uti li z e d  for �� e 
analysi s of the prob ab i l i ty of a ca�go tank ruptu=e for 
ve s s el co l li s ion s involving the p lanned S trat e g i c  � e s erve 
Program tank ships . 

The Minorsky meth o d  relates the s tru ctural re s i s t � c e  to 
de formation o f  the c o l li ding ships to ��e to tal e = = e ctive 
kineti c  e nergy of the colli sion . I f  the re s i s ti ve ?re s s ure 
of a shi p ' s  s tructure is denoted by R ex) , the e n t i = e  
�llnorsky result c an b e  expre s s e d  as 

� 
� � I ( lR { x) dA) � � .... .... .P 

• dx = IF {x} • dx = rp 

� 
where dA is a differenti al area nCr.:lal to R ,  

� 
� �  R 
F (X) i s  the force along l RT ' 

+ • d P 1S the momentu:::l , an 

= 2..2 
2 J..l 

P is the effe c tive reduced mas s  of the ships . 

-In effect , the probl em s imply i s  on e of obtaining the 
B resis tan c e  factors h and the effective or hydrodyn �i c 
mass of the s t ruck s hi p  from an i ns p e c ti on of ship c.es i gn 
speci fications and colli s i on s tati s ti c s . Expe ri e r. ce h as 
shown th at R (x) can be a t tributed to the vo lume o f  
structura l mate ri a l  parral l e l  to p since th i s  ma te =ial 
absorbs mos t  of the energy by bendi n g  and crush ing d uring 
the colli sion . 

G . l-l 9 



To calculate the penetration depth into the s truc.� - ship 
only the veloci ty com ponent , v�, of the s triking s�ip 
normal to the side of the struck ship en ters into "t..� e  
calculation . Thus , the s truck ship i s  cons idered as h avi ng 
no forward mo tion s ince data obtained by }1inors�y i.::ldi cate 
that forward motio n  only contributes to ��e leng� c£ the 
opening and not the depth . The effective co lli s ic ::'l  energy 
of the completely ine lastic colli s ion is 

2 �/2p (v�) = 1/2 , mlm ' 2 
ml + m ' 2 

(Vl sin 8 )  2 

where ml i s  the mas s  0= the s triking ship , 

mt 2 is the hydrodynami c mas s  o f  the s trudc s�? 

vI is the ve loci ty of the s triking ship , ��d 

e is the orientation of the s triki�g ship re l a tive 
to the s t.-ruck shi p . 

Accordi ng to Koch , 6 Dieudonne, 7 and Jo�ns on , 8  th e  e = f e ctive 
hydrody n ami c  mass of the s truck ship i s  1 . 4 m2 , s �  that the 
e f fec tive c o l l i sion energy be cowes , where m2 is cas s o f  the 
s truck ship , 

IDl � (vI s i n  8) 2 

1 . 4 3. � + 2 m2 

For the p urpose of ana lys i s , i t  i s  as su=ed that t:. =  ships 
�aintain their orienta�i on durL� g  the c o l l i s i on p = � =e s s .  
Therefore� the only re levant co�ponents of the " re s i s tance 
;factor , II R (x) , are also normal to the s i d e  o f  t..."-e s -::zuck 
ship . The penetration analy s i s  cons e �atively as s � s  
that the point o f  imp act o n  the stru ck v=s sel i s  a �  i t s  
weakest point , r� dway be tween webs , on s of t  p lati� = .  and 
that th e s trong tr��SVArse buL�heads do not as s i s t  i.n 
re s is ting the p en etraci on . The final s p i l l  pro� ab i lity 
is thus considered to be a con s e rvative o�e res ti�a�= , 
cince th e s lightest penetration of the outer hull of the 
struck ve s s e l  is ass ��ed to result i n  a s pi l l . The 
threshhold speed for the s trikin g  ve s s e l  to caus e  cargo 
tank rupture is �"-en easily cal culate d .  

The dis tribution o f  imnact spe e ds i n  colli s i o�s i s  
root we l l  docur�nted . The avai lable da ta seem to s �pport 
the a s s ump tion tha t impact speeds are u� fornly di s tribu
ted betwee n  z ero and the maximum speed a t  which ships 
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tran s i t  a given region . The penetration calculations 
were based on uni forw impact speed dis trib utions of 0 - 1 2  
knots for ships and 0 - 8  knots for barges in order to b e  
conservative . 

If pc s i s  the probability of be ing struck by a s hi p '  
in· category c ,  

is the probability of a colli s ion in an are a 
where cargo tanks a re located ( note : this 
probabi lity i s  i ndependent of s triking s hip 
category ) , 

pC 
v i s  the probability of the normal c ompone�t o f  

the s triking ship ' s  ve loci ty being gre a t e r  
th an  the thre s hold veloci ty , 

N
c 

i s  the popUlation of ships i n  category c ,  

N is the number of ship categories being 
conside red , 

the normalized probabi lity of a S trategic P e trole�� Re s e rve 
ve s se l  tank rupture can be expres sed to f i rs t orde r ,  as 

P
rupture 

= 

N 
J: 

c=l 
N 
J: 

c=l, 

The determination of these probab i lities is di s cus s e d  
b el ow .  

The probability ,  pc , that th e  S trateg i c  Pe tro l e um  P� s erve 
ship i s  s t ruck by afiother ship is equal to the p rob ab i li ty 
th at the S trategic Pe troleum ship is invo lved i n  c o l l i s i on 
multiplied by the probabi lity that the S trate gic P e troleum 
Re s e rve ship is th e s trUck ship . Both probab i l i t i e s  are 
obtained by cate gory fram the pro cedures de s c ribed in 
Section 3 .  

The value used for the probab i li ty Pt that a c o l l i s i on 
would occur in a region whe re the cargo tanks are l o cated 
is generally 0 . 8 or above for tank ves s e ls . I n  this cas e , 
it has been taken equal to uni t� again as s uring. a 
conservatively high final e s timate of th e spi l l  pro� ab i li ty .  
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The probabil ity P� o f  the striking ship being c apable o f  
produc ing a spi l l  i s  equal t o  the fraction o f  ships who se 
veloc ity component perpendicular to the s ide of the s truck 
ship exceed s the thre shold v e locity . The probabi l ity that 
the striking ship will exceed the speed i s  then c a l c u l ated 
us ing the appropr iate impact speed d i s tr ibution d i scus sed . 
above . 
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riypothe t ica l Acc ident s , "  N . S .  Savannah S a f e ty As s e s s�en t , 
Volune IV ,  1 9 6  O .  

5 v .  V .  Minor sky , " The Analys i s  o f  Ship Co l l i s ion �ith 
Re ference to Protect ion o f  Nuc l ear Power P l a n t s , "  Journal 
�f Shin Re s e a rc h , Oc tober 1 9 5 9 .  

6 J .  J .  Koch , " Exper imental Method for Deter�ining V irtua l 
Ma s s  for O sc i l l at ions o f  Ships , "  Ingenieu s  Arc �ive s ,  V o l . 4 ,  
Part 2 ,  1 9 5 3 . 

7 J .  Deudonne , "Vibration in Ships , "  Transact ion s o f  the 
Ins titut ion of Nava l Architects , January 1 9 5 9 . 

8 A .  J .  Johnson , "Vibration Tests o f  A l l  We lded and A l l  
Riveted 1 0 , 0 0 0  Ton D r y  Cargo Ship , "  Tran s a c t i o n s  o f  the 
North East Coast Insti tut ion of Engineer s and Shi?bu i ld er s , 
Vol .  6 7 , 1 9 5 0 - 1 9 5 1 . 
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APPEN D I X  G . 2  

PETROLEUM TANKE R TRA F F I C  AND O I L  POLLUT I ON INC I DE�TS 
IN THE GULF OF HEX I C O  AND C.�RI BBEAN SEA 

Th i s  appe n d i x  t a bu l a t e s  h i s t o r i c a l  d a t a  c o n c e r n i ng 
t h e  r e l a t i o n s h i p  be twe en t a n k e r  t r a f f i c d e n s i ty a nd po l l u t i ng 
i nc i d e n t s , i . e . , po l l u t i n g  s p i l l s / i n c i de n t s  pe r t a n k e r  
t r i p .  

D a t a  h a s  b e e n  g a th e r e d  f o r  t h e  y e a r s  1 9 6 9  t h r o u g h  1 9 7 5 . 
D a t a  fo r 1 9 7 5 i s ,  howeve r ,  t h e  mo s t  c o � p l e t e , t h e r e � o r e  
t h a t  y e a r  h a s  b e e n  s e l e c t e d  a s  t h e  b a s e l i ne ye a r . 

D u r i ng t h e  s u b j e c t  y e a r  t h e r e  we r e  4 , 3 1 6  t r i � s  i n t o  
2 0  U . S .  G u l f  C o a s t  po r t s  ( T a b l e  G . 2 - 1 ) � by Fo r e i ? �  : l ag t a n k e r s . l 

A b r e a k d own o f  t r ips by a r e a  o f  o r i g i n L a p p e a r s  i �  � a b l e  G . 2 - 2 . 

Add i t i o na l ly , d u r i ng 1 9 7 5 ,  1 8 2  t r i p s  we r e  � a c e  i n t o  
U .  S .  G u l f  C o a s t po r t s  ( T a b l e  G . 2 - 1 ) t y  u .  S .  F l a ? = a n k e r s  
e n g a g e d  i n  f o r e i g n  t r ad e . A s  the r e  i s  n o  d a t a  3 :  � a nd � s  
t o  the o r i g i n  o f  th e s e  v o y a g e s *  a nd n o  e v i d e n c e  t o  = h e  
c o n t r a ry , i t  i s  a s s umed t h ey t r av e l e d  : r o� o n e  0 :  = h e  
a f o r em e n t i o ned a r e a s  ( T a b l e  G . 2 - 2 ) , a nd / o r f r o� o � e  o f  
t r a n s h i pme n t  f a c i l i t i e s  a t  B o na i r e , A r u b a , C u r a c o a , o r  
t h e  B a h ama s .  I n  a n y  c a s e , t � ey c o n s t i t u t ed a po r = i o n  
o f  t h e  t o t a l  4 , 4 9 8  G u l f-C a r i b b e a n  t a n k e r  t r i p s  t o  � .  S .  
G u l f  C o a s t po r t s  f o r  de l i v e r y  o f  f o r e i g n  pe t r o l e u� a nd 
p r od u c t s .  

The 4 , 4 9 8  t r i p s  by fo r e i g n  f l ag a n d  U .  S .  F l a g - F o r e i g n  
t r a d e  t a n k e r s  r e s u l t ed i n  t h e  l a nd i ng o f  s o�e 5 4 , C 7 5 , 9 1 4  
s h o r t  t o n s  o f  o i l i mpo r t s . T h e  U .  S .  A r my C o r p s  v _  

1 Eng i ne e r s ' A n n u a l  ( Repo r t  h E  4 9 5 ,  1 9 7 5 ) , p r ep a = e d b y  t h e  
B u r e a u  o f  C e n s u s  f o r  the U .  S .  A r my C o r p s  o f  E ng i �e e r s . 

2 M i ne r a l  I n du s t ry S u r vey s , B u r e a u  o f  M i ne s , T a b l e  5 ,  
1 9 7 5 .  

* D a t a  i s  a v a i l a b l e  o n  c u s t oms m a n i f e s t s  l o c a t e d  i n  t h e  
a r ch i v e s  o f  t h e  po r t s o f  e n t r y , bu t t i�e l im i t a t i o n s  
p r ec l ud e d  s e a r ch o f  t h e s e  r e c o r d s . 
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T a b l e  G . 2- 1  S e l e c t e d *  U . S .  Gul f C o a s t Po r t s  

O r a n g e  
H o u s t o n  
F r e epo r t  
C o r p u s  C h r i s t i  
G a l ve s t o n  
B r own s v i l l e  
Po r t  s t .  J o e  
P e n s a c o l a  
P a s c ag o u l a  
L a k e  C h a r l e s 

Be aumo n t  
T e x a s  C i ty 
M a t ag o r da S h ip C � � n n e l  
Po r t  A r t h u r 
H a r bo r  I s l an d  
Tampa 
P a n am a  C i ty 
Ho b i l e  
Gu l f po r t  
New O r l e a n s  

* T h e s e  po r t s  we r e  s e l e c t ed s imp l y  bec a u s e  t h ey � e : e  = h e  o n e s  
f o r  wh i c h  t r �p c ou n t s  o f  fo r e i g n  f l ag a nd U .  S .  � : � � - F o r e i g n  
t r ad e  t a n k e r s  we r e  l i s t ed i n  t h e  E n g i ne e r ' s  A n n � � :  � e � o r t  
A E  4 9 5 ) . A po r t  l i s t ed d o e s  no t nec e s s a r i l y i �� � = � = e  f i n a l  
d e s t i na t i o n  o f  c a r g o . F o r  e x ampl e :  a s h i p  C o L.: � = -= ::  � s  a N ew 
O r l e a n s  t r i p  c o u l d  be d e s t i ne d  f o r  o f f l oa d  a t  3 a � = � � o ug e . 

T a b l e  G . 2 - 2  

A r e a  o f  O r i g i n 

C e n t r a l  Ame r i c a  
S o u t h  Ame r i c a  
E u r op e  
M i d d l e  E a s t  
As i a  
A f r i c a 

No . o f  T r i p s  
I n t o  G u l f Po r t s  

G . 2 - 2  

1 1 2  
5 6 1  

6 0  
1 , 3 3 8  

1 7 3  
2 , 0 7 2  



Eng i ne e r s 3 h oweve r ,  s ta t e s  a t o t a l  o f  6 7 , 1 4 2 , 2 5 6  s h o r t  
tons o f  pe t r o l eu m  we r e  impo r t ed i n t o  G u l f C o a s t  po r t s  d u r i ng 
1 9 7 5 . Th i s  i n d i c a t e s  t h a t  a bo u t  2 0  pe r c e n t  o f  t h e  � o t a l  
impo r t s  w a s  t r a n spo r t e d  by o t h e r  th a n  f o r e i g n  f l ag a n d  U .  S .  
F l ag - F o r e ig n  t r ad e  t a n k e r s .  Th i s  po r t i o n  o f  t h e  t o t a l  
i mpo r t s  wa s mo s t  l i k e ly b r o u g h t  i n  t o  po r t s  b y  l ig h � e r i ng 
o pe r a t i on s .  L i g h t e r i ng w i l l  b e  a d d r e s s e d  i n  mo r e  d e t a i l  
l a t e r  i n  t h i s  r e po r t .  

Above , t h e  U .  S .  A r my C o r p s  o f
'

E ng i ne e r s 3 w a s  � u o t ed 
r eg a r d i ng t o t a l  o i l  impo r t  t o nn a g e . I n f o rm a t i o n  a s  t o  t o t a l  
impo r t  t o n n a g e  w a s  a l s o  p r o v i d e d  by o t h e r g ov e r nme n t  ag e nc i e s , 
bu t ce r t a i n d i s pa r i t i es we r e  n o t e d  wh i c h  c ou l d  h av e  a 
be a r i ng o n  t h e  numb e r s  o f  t a n k e r  t r i p s . I n  o r d e r  t o  t r y  t o  
d e te r m i ne wh i c h  i n f o r ma t i on s o u r c e w a s  �o s t  ac c u r a t e  a n d/o r 
t o  u n d e r s t a n d  t h e  r e a s o n s  f o r  t h e  d i f f e r e n ce s n o t ed , a n  
i nve s t ig a t i o n  o f  pr i m a ry/r aw d a t a  s o u r c e s  w a s  i n i t i = � ed . 
T h e  i nve s t ig a t i o n  i nd i c a t ed v a r i o u s s o u r c e s  a n d  c o = � i n a t i o n s  
t h e r e o f  we r e  u s e d . I n  c a s e s  whe r e  t h e  s am e  d a t a  s c � r c e w a s  
u s e d , d i f f e r en t  e l em e n t s  we r e  u s ed and d i f f e r e n t  i� = e r p r e t a t i o n s  
mad e , c o u n t i ng m e t h o d s  a n d  t h i ng s  co u n t e d d i f f e r e c , = nd t h e r e  
w e r e  d i f f e r e n c e s  i n  c a t eg o r i z a t i o n  o f  � r o d u c t s , e t c .  �pon 
c o n s i d e r i ng t h e  comp a r a t i v e l y  sma l l  d i f f e r e n c e s  i �  � � t a l s , 
t h e  r e l a t i v e l y  s h o r t ,  n e a r ly d i r e c t  p a t h  C o r p s  o f  E � � i n e e r s  
d a ta t r av e l e d  f r om r aw s o u r c e  t o  pu b l i s h ed r e po r t ,  c 8 n s i s t e ncy 
of c a teg o r i z a t i o n  a n d  s t a n d a r d i z ed c o u n t i ng p r o c e d u r e s ,  i t  
w a s  d e c i d ed to u s e  C o r p s  o f  E ng i n e e r s  r e po r t s  a s  a � r i n c i p a l  
d a t a  so u r c e f o r  e s t a b l i s h i ng t r i p  t o t a l s . 

T h e  C o r p s  o f  E ng i ne e r s r epo r t e d , i n  1 9 7 5 ,  i n  a d d i t i o n  
t o  t h e  4 , 4 9 8  t r i p s  b y  fo r e ig n  f l ag a n d  U .  S .  f l ag - f o r e i g n  
t r ad e  t a nk e r s ,  6 , 4 0 7  t r i p s  b y  U .  S .  f l ag t a n k e r s  i r. = o  and 
o u t  o f  G u l f  C o a s t  po r t s .  Th i s  l a t t e r  numbe r o f  � r i � s  
c ompr i s e d  t h e  c o a s t-w i s e t r a f f i c ,  i . e . , t r i p s  b e t w e e �  G u l f 
C o a s t  po r t s  ( B r ow n s v i l l e  a r o u n d  to T a�p a ) , a n d  b e t w e e n  t h e  
v a r i o u s G u l f C o a s t  po r t s a n d  po r t s  a l ong t h e  E a s t  C c a s t  o f  
t h e  U .  S .  C o a s t-w i s e  dome s t i c  ( U . S .  p o r t  t o  U .  S .  � o r t )  
t r a f f i c  vol ume i s  s h own i n  T a b l e  G . 2 - 3 . I t  w i l l  b e  n o t ed t h a t  
s ome o f  t h e  t a nk e r s  a r e  obv i o u s l y  n o t  pe t r o l e um c a r r i e r s  
a l t ho u g h  t h ey a r e  i n c l ud e d  i n  t h e  t o t a l  c o a s t-w i s e  t r i p  
c o un t .  

3 W a te r bo r n e  C omme r c e  i n  t h e  U n i t e d  S t a t e s , P a r t  2 ,  
1 9 7 5 ,  U . S .  A r my C o r p s o f  E ng i ne e r s  
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The ave r ag e  s i z e  o f  spe c i a l i z e d  U .  S .  F l ag t a � � e r s  
( non-pe t r o l e u m )  o p e r a t i n g  i n  t h e  G u l f o f  Me x i c o  a�d a l ong 
t h e  E a s t  C o a s t  of  t h e  U .  S .  is  1 2 , 7 0 0  dwt . 4 As s u= i �g t h a t  
t h i s  i s  t h e  s i z e  t a n k e r  u s e d  i n  c o a s tw i s e t r ade f o r  t h e  
t r a n s po r t  o f  n o n- p e t r o l e um l i q u id p r od u c t s  ( 4 , 2 4 1 . : 7 4  t o n s  
o f  l i q u i d  s u l p h u r  a n d  9 1 9 , 1 0 2  t o n s  o f  a l c oh o l s , T a � l e  G . 2 - 3 ) 
wh i ch t o t a l  5 , 1 6 0 , 3 7 6  t on s , i t  i s  p r e s umed t h a t  sc=e 4 0 7  
t r i ps we r e  made by t h e s e  s h ip s . T h e  t o t a l  c o a s t w i s e /d ome s t i c  
t r ip s  ma d e  by pe t r o l e um c a r ry i ng t an k e r s  t h e n  be cc= e s 6 , 0 0 0 . 

I t  h a s  bee n p r e v i o u s l y  n o t ed t h a t  ab o u t  2 0  p e r c e n t  o f  
t he t o t a l  p e t r o l e um i mp o r t s  a r r i v e  a t  G u l f C o a s t  �c r t s  by 
l ig h te r s .  O n l y  U .  S .  f l ag t a n k e r s  a r e  u s ed f o r  l i � � t e r i n g  
a n d  o f  t h e  2 4  U .  S .  t an k e r s  c u r r e n t l y op e r a t i ng i �  � � e  G u l f 
o f  M e x i c o ,  o n l y  fo u r  a r e  i n  e x c e s s  o f  4 0 , 0 0 0  d w t . � � e  
d r a u g h t s  o f  t h e s e  ve s s e l s  ex c e �d t h e  pub l i s h ed ct a � � e l  
d e p t h s  o f  t h e  G u l f C o a s t  po r t s �  a nd t h e r e f o r e ,  u r. : = s s  o n l y  
p a r t i a l ly l o ad e d , t h ey c o u l d  n o t  b e  u s ed fo r l i g � � s = i ng 
o pe r a t i o n s . Th e a s sump t i o n w i l l  be made t h a t  t h c s =  � e s s e l s  
a r e  n o t  u s ed f o r  l i c � te r i nq . T h e  r ena i n i na 2 0  � .  3 .  t a n k e r s  
o p e r a t i ng i n  t h e  G u i f r a ng � i n  s i z e  f r om 1 � , 7 0 0  � � �  � o  
3 7 , 9 0 0  dw t ;  t h e  av e r a g e  s i z e  be i ng abo u t  2 8 , 0 0 0  �� � .  
P r e s um i ng t h e  2 8 , 0 0 0  dw t t a n k e r  a s  the s i z e  g e n e = a : : � u s e d  
f o r  l i g h t e r i ng ,  i nd i ca t i o n s  a r e  t h a t  a b o u t  4 6 7  t r : : s  ?e r 
y e a r  wo u l d  be r e q u i r e d  t o  l a nd t h e  1 3 , 0 6 6 , 3 4 2  t o r. s  � :  
p e t r o l e u m  t h a t  i s  n o t  l a nd e d  by f o r e ig n  o r  U .  S .  : : a g - f o r e ig n 
t r ad e  t a n k e r s . T h i s  e s t im a te o f  t h e  vo l ume o f  l i g � � e r i ng 
ag r ee s  s a t i s f a c t o r i l y w i th p r ev i ou s l y  d e v e l oped d a � a . 6 

Ta n k e r  t r i p s ,  o r  some po r t i o n  t h e r e o f , t h a t  � = a n s i t  
G u l f  o f  M e x i c o  and C a r i b b e a n  S e a  wa t e r s  a r e  summa r i z e d  i n  
T a b l e  G . 2 - 4 . *  

4 U .  S .  Depa r tme n t  o f  C omme r ce ,  MA RAD Repo r t  E 2 - 1 : , 
J a n u a r y  1 9 7 7 . 

5 Wa t e r bo r ne C omme r ce o f  the U n i t e d  S t a t e s , P a r t  2 ,  
1 9 7 5 , U .  S .  A r my C o r p s  o f  E ng i ne e r s .  

6 DOT , U S CG , Repo r t  N o .  CG-M- 0 6 - 7 7 , O c t obe r 1 9 7 6  ( by O RI ) . 

*No t  i nc l u d e d  i n  t h e  above a r e  c o a s t-w i s e t ank e r  t r i p s  a l on g  
t h e  s h o r e s  o f  o t h e r  n a t i o n s  wh i ch b o u n d  t h e  G u l f a � d  C a r i b b e a n , 
n o r  a r e  t a n k e r  t r i p s  wh i c h  o r i g i na t ed i n  o t h e r  pa r � s o f  t h e  
wo r l d  a n d  t r a ns i t  G u l f  and C a r i b bean e n r ou t e  t o  a n d  f r om 
o t h e r  G u l f a n d  C a r i b b e a n  n a t io n s . Th e r e fo r e , t h e  �0 t a l  o f  
t r i p s  s hown i n  T a b l e  G . 2 - 4  d oe s  n o t  r e p r e s e n t  t h e  t r u e  t o t a l  o f  
t a n k e r  t r a f f i c  i n  t h e  G u l f  o f  M e x i c o  a nd C a r i b b e a n  S e a .  
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T able G . 2- 3  

C ommod i ty 

C r u d e  
G a s o l i ne 
J e t  F u e l  
K e r o s ene 
D i st i l l a t e  F u e l  
Re s id u a l  F u e l  
Lubr i c a n t s  a n d  G r e a se 
L i qu i f i ed G a s e s  
L i q u i d  S u l ph u r  
A l c o h o l s  ( W i ne s )  
N a p t h a  and Pe t r o l e um 

S o l ve n t s  
B e n z e ne a n d  T o l u e ne 

Rece ipt s ( t o n s ) 

8 , 2 7 9 , 1 9 8  
5 , 4 4 2 , 3 7 0  

4 2 7 , 4 2 1  
9 5 , 9 1 7  

1 , 6 0 5 , 7 2 0  
2 , 5 0 7 , 2 4 7  

3 8 9 , 6 0 4  
8 9 , 3 3 5  

2 , 3 7 0 , 3 0 8  
1 6 0 , 8 0 1  

1 5 7 , 0 7 0  
2 2 8 , 7 5 9  

2 1 , 7 5 3 , 7 4 9  

T o t a l  C o a s t-w i s e T o n n a g e  9 5 , 8 4 0 , 8 6 7 . 

S h i p;ne n t s  ( to n s )  

9 , 1 9 5 , 3 9 3  
2 3 , 3 3 6 , 7 5 1 

2 , 4 6 9 , 7 7 5  
1 , 1 5 5 , 0 2 2  

2 0 , 6 8 7 , 6 7 4  
1 1 , 8 4 1 , 1 6 9 

1 , 3 5 8 , 7 2 5 
1 3 7 , 9 0 5  

1 , 8 7 0 , 9 6 6 
7 5 8 , 3 0 1  

1 , 0 1 3 , 2 4 8  
2 6 2 , 1 8 9  

, 4 , 0 8 7 , 1 1 8 

T o t a l  C o as t-w i s e  ? e t r o 1 e um S h ipme n t s  ( l i s u i d  s u 1p � � r  a nd 
a l co h o l s  d e l e t e d ) 9 0 , 6 8 0 , 4 9 1  t o n s . 

T a b l e  G . 2 - 4  

F o r e i g n  F l ag T a n k e r s  
U .  S .  F l ag - F o r e i g n  T r ade T a n k e r s  
L ig h t e r  T a nk e r s  
N o n-P e t r o l e um T a n k e r s  
U .  S .  F l ag -Dome s t i c  T r ade T a n k e r s  

( T o t a l  T r ip s ,  1 9 7 5 )  

G . 2- 5  

No . T r i o s  

4 , 3 1 6  
1 8 2  
4 6 7  
4 0 7  

5 , 5 3 3  

1 0 , 9 0 5  



I n f o rm a t i o n  r eg a r d i ng sp i l l/p o l l u t i o n  i n c i d e n t s  
h as been t a k e n  f r om two s o u r ce s : ( 1 )  " U S CG ( G-��lt ) 
Wo r k i ng P a pe r s : T a b l e  I ,  T an k sh i p  A c c i d e n t  I nv o l ve=e n t s , 
O i l  O u t f l ow s ,  To t al Lo s s e s ,  1 9 6 9 - 1 9 7 3 ,  T a n k s h i? s  eve r 3 , 0 0 0  
DWT , n a n d  ( 2 ) " FY 7 0 - 7 5  Ve s s e l  C a s ua l t i e s  G u l f o f  �� e x i c o  S o r t  
FY /NA/VT Y P , U SCG , O f f i c e  o f  Me r ch a n t  i>la r i n e  S a f e ty . 
F o r t u n a t e ly , t h e  d a t a  s o u r c e s  h a v e  a ce r t a i n  amo u n t  o f  t ime 
o v e r l a p  wh i c h has p r o v i d e d  the oppo r t u n i ty fo r a " co u b l e  
c h e c k " d u r i ng t h a t  pe r io d .  

The f o c u s  o f  t h i s  i n v e s t ig a t i o n  i s  o n  i n c i d e n � s  th a t  
occu r r ed i n  c o a s t a l  a n d  open s e a  w a t e r s  a s  oppo s ec � o  
i n c i d e n t s  wh i c h  o c c u r r ed i n  wa t e r s  g ove r n e d  b y  " I n l � nd �u l e s  
o f  th e Road . "  T h e r e f o r e ,  i n c i d e n t s  wh i c h  t o o k  p l � � e  i n  
a r e a s  g ov e r ned b y  t h e  I n l a n d  R u l e s  w i l l  n o t  be c o n s i � e r ed . 

I n  1 9 7 5 ,  o n e  po l l u t i ng i n c i d e n t  o c c u r r e d  i n  t � e  0gen 
sea wate r s  o f  t h e  G u l f  of  M e x i c o .  A L i b e r i a n F l a; .  s � e e l  
t an k e r ,  ( d a t a  r e g a r d i ng G\�T a n d  l e n g t h  a r e  m i s s i !'1g '  o f  
b e twe en 2 0  t o  3 0  y e a r s o f  ag e w a s  i nv o l ve d  i n  a c c : : i s i a n  
w i t h a n o t h e r  sh i p  i n  a c r o s s i ng s i t u a t i o n . The � = � = a = y  
c a u s e  w a s  a t t r i bu t ed t o  fa u l t  o n  t h e  pa r t  o f  t h e  c � � e r  s h i p . 
T h e  a c c i d e n t  oc c u r r e d a t  n i g h t .  Th e r e  i s  n o  r e � a = �  r e g a r d i ng 
s k y c o nd i t i o ns , p r e c i p i t a t i o n , o r  fog . T h e  v i s i t � : � � y w a s  
o v e r  t w o  m i l e s  and t h e  s u r f a ce w i nd w a s  b e twe e n  l �  a � d  1 6  
k not s .  The r e  i s  no d a t a  r eg a r d i ng mo ne t a r y d a= a g e  � o  t h e  
c a r go o f  t h e  t a n k e r ,  b u t  med i um po l l u t i o n  w a s  r e p c r � ed . I n  
the a b s e n c e  o f  any add i t i o n a l  d a t a  ( n e i t h e r  t h e  n a= e  no r 
o f f i c i a l n umb� r o f  t h e  s h i p  w a s  o b t a i n e d  s o  f u = t h e r i n ve s t i
g a t i o n  c a n n o t  be pu r s u ed ) , t h e  a s s ump t i o n  i s  m a d e  � � a t  t h e  
a mo u n t  o f  po l l u t i o n amo u n t ed to a b o u t  3 0 , 0 0 0  g a l l o � s . 

As p r ev i o u s l y  n o t e d  i n  c o n ne c t i o n  w i th T a b l e  � . 2 - 4 , 
t o t a l  t a n k e r  t r a f f i c i n  t h e  G u l f -C a r i b b e a n  a r e a  � a � e r s  i s  
no t comp r i s ed o f  o n ly t h o s e  t a n k e r s  e n t e r i ng a n d  l e a v i n g 
U .  S .  G u l f  C o a s t po r t s ,  b u t  be c a u s e  o f  l a c k  o f  ad e � � a t e d a t a  
r e g a r d i ng t h e  mo vem e n t  o f  t a n k e r s  i n  a n d  o u t  o f  f G r e i g n  
po r t s  i n  t h e  S o u the r n  C a r i b bean , t h e  a s s ump t i o n  h a s  bee n 
made t h a t  t h e  t r a f f i c vo l ume i s  sma l l  e no u g h  t h a t  i t  c a n  
s a f e l y  b e  d i s r eg a r d ed f o r  t h e  p u r po s e s  o f  t h i s  i n v e s t i g a t i o n . 
The a s s u mp t i o n  h a s  a l s o  b e e n  made t h a t  t h e  t a n k e r s  =ov i ng i n  
a n d  o u t  o f  U .  S .  G u l f  C o a s t  po r t s  c o n s t i t u t e s  t h e  � c t al 
t r a f f i c ( i . e . , f r e ig h t  and p a s s e n g e r  s h i pp i ng t r i p s  a r e  n o t  
i nc l u d e d ) • 

T h e r e  we r e  1 0 , 4 9 8  pe t r o l e um t a n k e r  t r i p s  i n  1 9 7 5 
( T a b l e  G .  2 - 4 ) . 1 .  
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I n  1 9 7 4 ,  t o t a l  t a n k e r  t r i p s  numb e r ed 1 0 , 7 5 8 . 7 I n  
t h a t  y e a r  t h e r e  we r e  n o  i n c i d e n t s  i n  t h e  G u l f -C a r i bc e a n  
c o a s t al o r  open s e a  a r e a s . 

I n  1 9 7 3  t he r e  we r e  a t o t a l  o f  1 0 , 4 7 1 t a n k e r  t r i p s  
i n t o  U .  S .  Gul f C o a s t  po r t s . 8 

I n  M a r c h  o f  t h a t  y e a r  a G e r m a n  t a nk e r , t h e  Z o e  C o l o t r on ,  
2 5 , 7 1 6  dw t ,  t r ave l i ng i n  c oa s t a l  w a t e r s g r o u n d e d . T t e  
po l l u t i o n amo u n t e d  t o  s ome 1 , 4 6 1 , 7 0 0  g a l l o n s . 

The 1 9 7 2  c o u n t  o f  t a n k e r  t r a f f i c  i nt o  U .  S .  G u l f C o a s t 
po r t s  wa s 8 , 4 7 1 . 9 

I n  F e b r u a r y  o f  1 9 7 2  a n  Ame r i c a n  c h em i c a l  t a n k e r , 
V .  A .  Fogg , i n  ba l l a s t ,  wa s t r ave l i ng i n  c o a s t a l  w a t e r  when 
i t  e x p l o d e d  and s u b s e q u e n t l y  s a n k ; a t o t a l  l o s s . T � e  s h i p  
w a s  2 0 , 7 6 5  dw t ,  b e twe e n  5 0 0  a n d  6 0 0  f e e �  i n  l e ng t h , � � e e l  
h u l l e d , a n d  w a s  be tw e en 2 0  a n d  3 0  y e a r s  o l d . T h e  a c c : d e n t  
o c cu r r ed d u r i ng t h e  d a y  u n d e r p a r t l y  c l c � dy s k i e s , . : s i � i l i ty 
w a s  ove r two m i l e s ,  a n d  t h e  w i nd ve l o c i t y somew h e r e  � e t � e e �  
f o u r  a n d  t e n  k n o t s .  I mp r o p e r  s a f e ty p r e c a u t i o n s ( : � � � e  
p r e s e n c e  o f  v a po r s )  wa s l i s t ed a s  t h e  c a � s e o f  t h e  a c c i d e n t  
wh i c h , b e s i d e s  l o s s  o f  t h e  v e s s e l , r e s c : t ed i n  1 1  f a � a l i t i e s , 
8 i nj u r i e s ,  a nd po l l u t i o n  i n  t h e  amo u n t  o f  some 4 7 0 , : : 0 
g a l l o n s , pr i n c i pa l l y b u n k e r  f u e l . Th i s  � a s  th e o n l y  : �c i d e n t  
i n  1 9 7 2  i n  t h e  wa te r s  ( c o a s t a l ) o f  t h e  G u l f -C a r i b be a �  a r e a . 

The to t a l  t a n k e r  t r i p c o u n t  f o r  1 9 7 1 w a s  8 , 7 9 7 . : 0  

I n  M a r c h  o f  t h e  s u b j e c t  ye a r , a L i t e r i a n  f l ag t a � k e r , 
Va s s i l i k i ,  6 9 , 1 1 9  d w t , b u i l t  i n  1 9 6 5 , w a s  t r av e l i ng , : � l ly 
l o a d e d  i n  t h e  open s e a  wa t e r s  o f  t h e  G u l f -C a r r i be a n  a = e a 
w h e n  s h e  s u f fe r e d s t r u c t u r a l f a i l u r e .  � � e  r e po r t  i � 2 : c a t e s  
po l l u t io n  r e s u l t e d , b u t i t  w a s  u n d e t e r � : � e d  w h e t h e r  a sp i l l  
g r e a t e r  t h a n  5 0 0  l ong t o n s  o c u r r ed .  

7 Wa t e r bo r ne C omme r c e o f  the Un i t ed S t a t e s , P a r t  2 ,  1 9 7 4 , 
U .  S .  A r my C o r p s  o f  E ng i ne e r s  

8 Wa t e r bo r n e C omme r c e o f  the U n i t ed S t a t e s , P a r t  2 ,  1 9 7 3 ,  
U .  S .  A r my C o r p s  o f  E ng i ne e r s .  

9 Wa t e r bo r ne C omme r c e o f  the Un i t ed S t a t e s , P a r t  2 ,  1 9 7 2 , 
U .  S .  A r my C o r p s  o f  E ng i ne e r s . 

1 0  W a t e r bo r ne C omme r c e  o f  the Un i t e d  S t a t e s , P a r t  2 ,  1 9 7 1 , 
U .  S .  A r my C o r p s  o f  E ng i ne e r s .  
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I n  J u n e  t h e  N o rweg i an t a n k e r ,  S t o l t  S veve , 1 6 , 3 5 0  dwt , 
bu i l t  i n  1 9 5 1 s u f f e r ed a b r e a kd own wh i l e  t r av e l i na i n  t h e  
o p e n  s e a  w a te r s  of t h e  G u l f-C a r i bbe a n  a r e a .  The r epo r t  
i nd i c a t e s  po l l u t i o n r e s u l t e d , bu t i t  w a s  u n d e t e r m i n e d  
wh e t h e r  a sp i l l  o f  g r e a t e r  t h a n  5 0 0  l o ng t o n s  o c c u r r ed .  

I n  A ug u s t , t h e  L i b e r i a n f l a g  t a n k e r , M a r  S t a r , 
1 7 , 5 0 5  dwt , bu i l t  i n  1 9 5 3 w a s  t r a v e l i ng i n  b a l l a s t  i n  t h e  
open s e a  w a te r s  o f  the G u l f - C a r i b b e a n  a r e a w h e n  s h e  s u f f e r ed 
a b r e a k d own wh i c h  c a u se d  h e avy d amag e . The r e po r t  i n d i c a t e s  
po l l u t i o n  r e s u l t e d , b u t  i t  w a s  u nd e t e r m i ned w h e t h e r  a s p i l l  
g r ea t e r  t h a n  5 0 0  l o ng t o n s  o c c u r r e d . 

The 1 9 7 0  t ank e r  t r i p c o u n t  r epo r t  shows 8 , 9 3 2  t r ips 
w e r e  m a d e  into U .  S .  G u l f  C o a s t po r t s . l l  

I n  t h e  c o u r s e o f  t h e  y e a r , 1 9 7 0 , t h e r e  we r e  no i n c i d e n t s  
r epo r t e d  a s  h av i ng o c c u r r ed i n  t h e  c o a s t a l  o r  o p e �  w a t e r s  o f  
t h e  G u l f o f  Mex i c o  and C a r i b bean S e a  a r e a s . 

T a n k e r  t r i p s  i n t o  U .  S .  G u l f C o a s t  po r t s  d � r i � g  1 9 6 9 
t o t al ed 8 , 4 6 3 . 1 2  

I n  J u l y  o f  t h a t  y e a r , t h e  U .  S .  f l ag t a n k e r , T e x a c o  
N ev a d a , 1 9 , 9 2 4  dwt , bu i l t  i n  1 9 4 4 ,  w a s  t r a v e l i na , f � l l v 
l o a d ed , i n  t h e  open s e a  w a t e r s  o f  the G u l f -C a r i b be a n  ar e a  
w h e n  s h e  s u f fe r e d  s t r u c t u r a l  f a i l u r e . T h e  r e po r t  i n d i c a t e s  
po l l u t i o n  r e s u l t e d , bu t i t  w a s  u nd e t e r m i ne d  w h e t h e r  a s p i l l  
o f  g r e a t e r  t h a n  5 0 0  long t o n s  o c c u r r e d . 

I n  s umma r y , t h e  r e l a t i o n s h i p  b e t w e e n  t h e  t o t a l  t a n k e r  
t r i p s  to G u l f C o a s t  po r t s  d u r i n g  t h e  y e a r s  1 9 6 9 t h r o u g h  1 9 7 5  
a n d  the t o t a l  number o f  i n c i d e n t s / s p i l l s i n  the c o a s t a l  and 
open s e a  w a te r s  o f  t h e  G u l f o f  Me x i c o  a n d  C a r i b be a n  S e a 
w a s : 

7 i nc i d e n t s  
( 7  y e a r s )  x ( 6 6 , 3 9 0  t r i p s )  1 . 0 5x l O - 4 i nc i d e n t s  p e r  t r i p ,  

and the a v e r ag e  l o s s  o f  4 0 . 0 6 
g a l l o n s  p e r  t r i p 

I n  o r d e r  t o  comp a r e  t h e  r e s u 1 t s  o f  th i s  i n ve s t i g a t i o n  
to the f i nd i ng s  o f  o t h e r s ,  t h e  t o t a l  o f  po l l u t i ng i n c i d e n t s  
pe r t r i p d u r i n g  t h e  ye a r s  1 9 6 9  t h r o u g h  1 9 7 5  h av e  be e n  
c o nv e r ted t o  po l l u t i ng i n c i d e n t s  p e r  t a n k e r  y e a r . 

G . 2- 8  



The a s s ump t io n  w a s  made t h a t e a c h  t a nk e r  t r i p i �vo l ve d  
3 . 5  d a y s  u n d e r w a y  w i th i n t h e  c on f i n e s  o f  t h e  G u l f - C 3 = i bbe a n  
a r e a  wa te r s .  Th i s  p r ov i d e d  a f i g u r e  o f  6 6 3  t an k e r  ye 3 r s f o r  
t h e  pe r i od 1 9 6 9  t h r o u g h  1 9 7 5 .  D u r i ng t h i s  pe r i o d , t � e r e 
we r e  s e v e n  po l l u t i ng i n c id e n t s  i n  t h e  c o a s t a l  a n d  o � e n  s e a  
w a te r s  o f  t h e  a r e a  o f  i n t e r e s t . The r e fo r e : 

7 
6 3 7 . 0 1 1  po l l u t i ng i n c i d e n t s  pe r t a nk e r  ye a r  

( i n c l ud i ng t r i p s  i n  ba l l a s t )  

The r e po r t , CG-D- 8 1 - 7 4 , " A n  A n a ly s i s  o f  O i l  O u � � l ow s  
D ue t o  T a n k e r  A c c id e n t s  1 9 7 1 - 1 9 7 2 , °  p r e p a r ed by J .  J .  H e n r y  
� ompa ny , I n c .  i nd i c a t e s , o n  a wo r l dw i d e  b a s i s ,  J . 0 2 c  po l l u t i ng 
i n c i d e n t s  pe r t a n k e r  y e a r  d u r i ng the t i �e pe r i od a � 3 :y z e d . 

T h e  r epo r t ,  " T an k s h i p  A c c i d e n ts a � d  R e s u l t i ng : � � f l ow s , 
1 9 6 9 - 1 9 7 3 , "  LC D R  J a� e s  C .  C a r d , LCDR �a r r e n  D .  S n i d e : , U S CG 
O f f i c e  o f  � e r c h a n t  Ma r i ne S a f e ty a n a l y s e s 4 5 2 p o l l � � � � S  
i n c id e n t s  w h i c h  o c c ut r e d  ( wo r l dw i d e )  d � r i ng th e ye a : s  1 9 6 9  
t h r ou g h  1 9 7 3 . D u r i n g t h i s  p e r i o d , t h e  w o r l d  t a n k e : 5 � � �  y e a r  
e x p o s u r e  a v e r ag ed 3 1 , 9 6 4 . I t  t h e r e f o r e  c a n  b e  es t � � a � e d  
t h a t  t h e  r e l a t i on s h i p  wa s :  

4 5 2 
. 0 1 4  po l l u t i ng i nc i d e n t s  pe r t a n k e r  y e a : . 

3 1 , 9 6 4  
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APPENDIX H 

ECOLOGICAL IMPACTS OF OIL SPILLS 





APPENDI X H 

Introduc tion 

Thi s  appendix cont ains a s tate o f  the art s ummary o f  the known impacts to biota re sulting from acc i dental re leases of o i l . The gene ral be havior o f  o i l  i n  aquatic and terre s trial environments , mec hani sms of oi l toxic ity , and impac ts to various taxa of organi sms are addres sed . 
General Behavi or o f  S p i l le d  O i l  

T h e  behavior o f  spil led o i l  i s  a function o f  s everal factors , inc lud i ng the amount o f  the o i l  spil led , the environment in which the spi l l  occurred ( dry l and , freshwater , ocean , mar s h ,  swamp , e tc . ) , and the phys ical and chemi cal charac teri stics o f  the oi l .  

Oi l i n  an aquatic envi ronment wi l l  spread at the water ' s  sur face under the influence o f  forces o f  gravi ty , s ur face ten s ion , vi s cos ity , s ur face currents and surface wind s . Weatheri ng and other degradation can change the o i l ' s  phys ical characte r i s tic s and i n fluence the rate o f  movement . The o i l  is a f f ected after release and/or during transport by s eparating proces se s o f  evaporation , d i s s o lution , emu l s i fi -cation , sedimentation , and c hemical oxidation , as well as b i olog ical degradation . The l i ghte r , more tox ic oi l components ( a romati c s )  are eventual ly lost by evaporation , but i n i t i a l ly these componen ts go into so lution in the water co lumn . Evaporation c reates a heavi er sur face oi l res idue whi ch may become heavy enough to s i nk . Partic les in s uspens ion ( s i l t , c l ay , organic mate r i a l )  may combine with the o i l  so that sedimentation i s  inc reased . Condi ti ons of increased turbidi ty , s uch as during pe ri ods of h igh sur face water runo f f  or water turbulance would i ncrease thi s e ffect . Bacte ri a l  mas s e s  in the s l i cks c an increase sedimentation a l s o . Emu l s i fi cation re sults in suspended globules which , it is b e l i eved , even tually settle out after contact w i th su spended partic les . 
Oi l Tox icity 

Crude oi l is a comp lex of chemical compounds whi ch when released or spi l led in to the environment produce s s tres se s to ecological communi t ie s .  Many species o f  organi sms are known to s u ffer lethal or s ublethal e ffec ts when they contact oi l ,  and the me chani sms of o i l  toxici ty vary appreciab ly 
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depend i ng on the taxa of organ i sms . Organi sms may b e  
phys i ol og ic a l ly poi sone d ,  covered b y  oil a n d  s uf focated , 
lose insulation and free ze ur contr act pne umon i a , lose 
waterproofing and drown , have mating ab i l i tie � reduced by 
inh ib i tion of phe rmone rece pt ion , and h ave h ab itat and food 
supp l i e s  reduced by oi l coating . 

As a general rule , ref ined petro leum products are more 
toxic than crude o i l s , and l i ghter crude o i l s  are more 
toxi c  than heavier c rude oils . Th e S P R  program w i l l  cons i s t  
o f  crude o i l  s torage on ly ; no re fined product s torage i s  
antic ipated for the Texoma salt dome group . 

A chronic releas e , s uch a s  a b a l last water d i scharge , genera l ly 
di ffers from a spi l l  in magnitude and durat ion . A continuous 
or c hronic release of o i l  may s t i l l  produce harmful e ffec ts in 
a re lative ly loc a l i z ed area because of the c umulative stresses 
produc ed by the long duration of the release . 

Mi croorganisms 

Several s tudies h ave been conducte d  on microb i al re sponses 
to chron ic leve l s  o f  oi l pol l ut ion . Ove r 2 0 0  s pe c i e s  of 
bacte ri a ,  f i lamentous algae and yeasts have been shown to 
oxidi ze hydrocarbons ( Fri ede , e t  a l . , 1 9 7 2 ;  K lug , e t  al . ,  
1 9 7 1 ,  a s  reported by ZoBe l l , 1 9 7 3 ) . 

colwe l l , e t  a l . ( 1 9 7 3 )  s tudied the re lationship be tween the 
numb e r s  of oi l degrading microorgani sms found in water and 
sediment and the concentration of o i l  in s amp l e s  tak en f rom 
two stat ion s  in Che sape ak e  Bay . They found tha t the 
c oncentrati ons o f  the b acteri a  degrading microorgani sms we re 
directly re lated to o i l  concentrat ions and that the se 
organisms , w hen i s o lated in laboratory expe r iments , grew 
on s ub s trate s representative o f  the a l iphati c , aromatic , 
and re f ractory hydroc arb ons . 

Oppenheime r , e t  al . ( 1 9 7 7 )  studied the di str ibution o f  
o i l  degrad ing b acteri a  and showed abnorma l ly h i g h  rat ios o f  
hydrocarbon b acteria t o  hete rotrophic b ac te r i a  in the water 
and s ediment of an active o i l  f ield in the North Sea . 

Therefore , i t  app ears that eco sys tems have bui lt-in respon se 
me chanisms to de grade o i l  which is introduced into these 
s y s tems . 
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However ,  Myers , e t  al . ( 1 9 7 3 } , found increases in o i l  degrading 
mi c roorgani sms in areas o f  oil expos ure in a Loui s i an a  S partina 
h ab itat . They found that o i l - induc ed yea s t  popul ations are not 
as me tab o l i c al l y  active in regard to c arbohydrate b reakdown a s  
the i ndigi nous myc ota . There fore , the impacts o f  o i l  spi l l s  on 
a mar sh land system could negat ive l y  impact sys tem produc tivity 
in terms o f  detri ta l  bre akdown and nutr ient ava i l i bi l i ty .  

Pl ankton 

P l anktoni c  organ i sms are among the f i r s t  to experience the 
e ffe c ts of an o i l  release in an aquatic habi tat . Phy to
p l ankton and z oop l ankton are compri sed of ve ry sma l l  
organisms whose movements are greatly inf lue nced b y  c ur rents 
p roduced by tides , wind s , and other factors . ve rtical 
movement i s  exhib i ted b y  s ome forms , b ut the capaci ty for 
avo iding an o i l  s pi l l  by plank ton i s  l imited . F i s h  eggs 
and l arvae of many marine and e stuarine benthi c organi sms 
are ma j o r  componen ts o f  the temporary zooplank ton , but 
many forms are p l ank toni c throughout the i r  l i fe cycle s . 

Laboratory s tudie s have indi cate d  tha t phytopl ankton are 
amon g the mos t  sens i tive mar i ne organ i sms ( Ande r s on , 1 9 7 5 )  
and reduc t ion i n  growth and photosynthes i s  have been 
demons trated for several spec ie s at re lative l y  low oi l 
concentrations ( Table H - l )  . The concentration o f  oi l 
nec e s sary to produce a given delete r ious e ffe c t  i s  a function 
not only of the s pe c i e s  but of the type of o i l  as we l l . 
For example , specie s l i s ted in Tab le H - l are more s en
s i ti ve to Loui s iana crude than Kuwait c rude and mo s t  
organi sms , including phytop lankton , a r e  more sen s i tive 
to re f i ned o i l s  such as # 2  fue l o i l  than to c rude o i l s . 
Such d i fferences in toxici ties are gene ral ly ascribed to 
the rel ative percentages and types o f  a romati c compounds 
contained in the o i l s . It should be noted that in l aboratory 
s tud ies con s tant tempe rature , s a l i n i ty , oxygen leve l s , e tc . , 
are used and re spon ses o f  s ome spe c i e s  may vary wi th change s 
i n  those paramete r s . Data in Table H - 2 indi cate the 
re lative toxi c i tie s for four aromati c compound s on a 
growth culture o f  a common soi l  alga , Ch lore l la vulgari s . 
Cle arly , quantitative red uctions in growth occurred when 
benz ene concentrations were increased from 5 0 0  to 1 0 0 0  ppm , 
whe n tolue ne concentrations we re increased f rom 2 5 0 to 
5 0 5  ppm , and when o-xylene concentrations were increased 
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Table H- l .  The E f fects of Var ious Types o f  Oil on P l ankton . 

Oil concentration Leve l s  in Water , Test Condition s , 
and S pec imen Loc a l ities are Indicated . 

O i l  

Cond i t ions Loca l i ty of Spec imens 'l'nxa Oi l !Y� Concentrot ion (ppm) Ef fects 

::r: I 
oj:>. 

Ph Y top 1 ank ton 
I s och tys 1 s  galbanal 

£¥c10te11a �I 

G1enodinium �I 

Monochrys is luther! 1 

Ch 1amy d ::>",onas 3'.12.:..2 

Zoop l a n k ton 

!ly� i'�oFsJ.'!. a l.!"y�_ 
I (my� I d c r u " t ac('" n) 

I' a l .,emon c t e s  �.2.!!? ( g rass shrimp) 

Penaeus a z tecus post 
� (brown s h r imp) I 
�ge t t i a  produ� ta 
( ke lp crab larvae) ' 

Rock crab 1arva e l  

Copepods l i nc1udinq � �) l 

Kuwai t crude 

Loui siana crude 
Louisiana crude 
Kuwa i t  crude 
Louisiana crude 
Loui.lana crude 
Kuwait crude 
Loui s i ana crude 
Louis iana c rude 
' 2  fue l oil 
S.  Louisiana crude 
' 2  fue l o i l  
Kuwait crude 

s .  T,ou i s i ana crude 
K"w. l i. t: 
11 7.  [ \ ld o i l 
s .  Louis L nrla c � ude 
Kuwa i t  c rude 
W 2  fue l oil 

S. Lou i s i ana crude 
W2 fuel oi l 
W 2  fue l oi l 
Kuwa i t  
S .  Lo u i s i ana crude 
*2 fuel o i l  
Kuwa i t  
S .  Louis iana crude 
#2 fue l o i l  
' 2  f u e l  oil 

7 3 -65 
9 - 1 7  
4 - 4 . 7  

55-60 
1 7 - 1 9  
3 . 8- 4 . 2 
18-22 
1 2 - 1 3  
7 . 5- 9 . 0  

0 . 9  
2 50 

7 . 2  
550 

165 
77. 

7-
1 700 

1 3 , 500 
4 

> 1000 

9 
< 10 
500 
450 

4 
200 
250 

0 . 5  
0 . 2 -0 . 5  

50\ reduction j.n a lg a l  g rowth in 7 2  hours 

50\ reduction in photosynthesis 

TLm2 4 · '  

TUn96* 

some mortality 
paralysis (wi th recovery in 24 hours) 

COUI \ t 9  
cotm ts 
ch lorophyll � 
counts 
counts 
chlorophy ll � 
counts 
counts 
chlorophyll a 
Wld i spersed ei l 

s tatic b i oassay 

s ta t i c  bioassay 

lab 
lab 

l J . W .  Ande rson , Laboratory S t ud ies on Ule Effects of Oil on Marine organisms . ,An Overview . American Po t r o leum I ns t i t u t e  
Pub l ication 4249 . 1975 . 8 2  p .  

C�lvo � t on ,  T�xnn 

Washington S tate 

Galves ton , Texas 

Ca li fornia , British Co lumbo 

lB . � .  Vaughan, Ef fects of Oi l and Chemi cally Dispersed oi l on Se lected Ma rine Biota--A Laboratory S tudy. Ame rican P8trole�m l ns t i  tute I' ub l i c a t ioll 4 1 �) l .  19 7 3 .  
'It. F .  Lee , F att' o f  I'etro l eum IIvdrocarbons in Marine Zooplankton, Pl'. 549 -5 5 3 .  Proceedings o f  the Joint Conference on Prevention and Control o f  Oi l Sp i l l s , Harch 25-2 7 , 197 5 .  

*TLIn . median tolera nce limi t S I  number indicates hours o f  exposure 



Table H - 2 . Growth o f  Chlore l l a  vul gari s in Di f ferent 
Concentrations of Ben zene , To luene , O-xylene 

and Naphthalene Expressed as a Percentage of 
Growth in Controls . * 

Hydrocarbon 
Days or % or cell numbers in control 

ppm Growth: 1 2 4 6 8 1 0  
Benzene 25 85 87 92 1 05 1 00 99 

50 8 3  7 8  8 7  97 97 92 
1 00 76 7 6  92 99 86 94 
2 5 0  6 3  72 77 93 89 97 
500 5 1  66 78 87 94 98 

1 000 34 1 9  1 0  4 3 6 
1 744 36 2 1  1 2  6 3 I Toluene 25  97 83  8 2  92 90 95 

50 75 83  70 82 86 8 9  
1 00 7 1  84 77 82 '85 88 
2 5 0  4 6  3 0  3 4  6 0  6 4  68 5 05 39 1 9  7 4 2 2 O-xylene 25 62  90 8 3  85  97 87  50 57 6 3  68 82 80 75 1 00 34 29 1 2  1 7  26 38 
1 7 1  34 28 1 3  6 3 2 Naph thalene 3.0 90 97 94 63 72 83 
7.5 80 1 0 1  8 5  5 7  6 8  80 I S  7 1  68 7 1  42 65 64 27 52 40 48 33 43 5 1  

* The solub i l i t i e s  of benzene , tcluene and o-xylene in 
wa ter a t  25° C are 178 0 ,  515 and 175 ppm respec t ively , 
on a weight ba s i s ; the s o lubi l i t y  of naphthalene i s  
about 30 ppm. 

Source : P .  Kaus s ,  T . C .  Hutch inson , C .  S oto , J .  H e l lebus t ,  
and M .  Gr i f f i th s .  The Tox i c i ty o f  Crude Oi l 
and I t s  Co�ponents to Freshwater Algae , pp.  703 -

7 1 4 . ? rcc . Joint Conference on P revent ion and 
Contro l o f  Oi l Spi l l s .  March 1 3 - 1 5 , 1973 . 
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from 1 0 0  to 1 7 1  ppm ( Tab l e  H - 2 )  . Naptha lene reduced a lgal 
growth at lower concentrations than the othe r compounds 
te sted ( Tab le H - 2 )  . 

S ome fie ld evide nce , on the other hand , has not shown o i l  
t o  produce i l l  e f fects i n  phytoplank ton populations ; 
howeve r ,  p l ankton ic organ isms are re adily transported 
by wate r currents and e ffects would be d i f f icult to dis cern 
in the f ie l d  (Boe s ch , e t  al . ,  1 9 7 4 ) . In any case , immigra
tion of these spe c ies from unaf fected areas c an rapidly 
repopul ate a f fe cted area s . In add i tion , phy top lank ton are 
general ly charac te r i zed by h i gh growth rate s and populations 
c an rapid l y  rep lace losse s . 

Be c ause phytop l ankton spe c ie s  vary in the i r  sens i tivities 
to o i l , s hort term changes in c ommuni ty s tructure c an 
occur . Chanqe s in the re l ative abundance of phytopl ankton 
may be i nf l uenced by d i f fe rential graz ing pres s ure exerted 
by zoop l ankton , wh ich also d i f fer in oil sen s i tivi ty . 
S ome al gae may be ab le to utili z e  non-toxic water solub le 
c rude o i l  components or b y-produc ts of microb i a l  degradation 
as a nutri ent s ource , and thi s increased nutrient ava ilab i l ity 
can a f fect p l ankton communi t ie s  ( Kaus s ,  et a l . ,  1 9 7 3 ) . 
The e xtent to whi ch this occurs when o i l  is s p i l led into 
aquatic habi tats i s , for the mo s t  part , unknown . 

Zoop lankton , as a rule , are sens itive to oi l ,  and l i ke 
phytop lank ton , are more sensitive to re f i ned than crude 
o i l s  ( Tab le H - l ) . S i nce many temporary zoop lank ton 
s pe ci es h ave long l i fe cycle s , and larva l and j uven ile s tages 
are mo re se n s i t ive than adult s tage s , o i l  can a f fect the s e  
g roups t o  a g reater extent . T h i s  i s  particu larly important 
i n  that heavy morta l i ty of these forms c an a f fect den s i ty 
and popul at ion s truc ture o f  these populat ions for up to 
several years b eyond the initial k i l l . 

Al though o i l  may b e  inge s ted b y  some species and to xic 
fract ions can b e  tran smitted to higher troph i c  leve l s , 
there i s  l ittle evidence o f  food chain magn i f i cation ( Boe s ch , 
e t  a l . ,  1 9 7 4 ) . Thi s i s  true de spite the virtua l l y  comp lete 
retention of nap thalene by the green alga , Ch l amydomonas ,  
wh ich i s  fed upon by some zooplankton s peci e s . Mos t  zoop l ank
ton can vo id ( depurate ) hydrocarbons as the level of oi l in 
the water column decrease s .  Depuration time varies with spec ie s 
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and c ircums tanc e s . Lee ( 1 9 7 5 ) , u s i ng zooplank ton c augh t 
in the f i e ld unde r laboratory cond itions , found that in 
ei ght days hydrocarbons we re depurated to l e s s  than 1 
percent o f  the amount origin a l ly 'taken up . I n  add i tion 
to depurat ion , s ome z ooplankton can metab o l i z e  o i l  fractions . 
Al l o f  the crustaceans examine d  by Lee , which inc luded 
copepods , amph i pods , crab zoea * , and euphau s i ids , had 
the ab i li ty to metaboli ze napthalene , benzypyrene , methyl 
choloroanth ene , and octadecane . 

Mob i le Fo rms 

Th e re spon se o f  mob i le aquati c forms , such as f i sh and 
s hrimp ,  to o i l  is varied . Many spe c i e s  of f i s h  are known 
to avo id o i l  and abi l i ty to detect o i l  i s  h i gh ly deve loped 
in some s pec ie s ( Ri ce , 1 9 7 3 ) . However , those spec ies wh ich 
exhib it some form o f  te rr itor ial b eh avior are more . l ike ly 
to be adver sely affecte d  than those that actively avoi d 
oi l .  

S ome bottom dwe l l ing mari ne forms ( c rabs , some f i sh , and 
during the day , pen ae id shrimp ) are le s s  mob i le due to 
dependence on the bottom for food , cove r , and b reeding 
ground s . Heavi e r  and thicker frac t ions o f  oil may s ubmerge 
and by cove r i ng the bottom reduce the s e  resourc e s  for 
bottom dependent s pe c ies . Oi l may produce othe r sub le thal 
e ffects by inh ib i ting chemi ca l  communi cation . Chemi c a l  
s en se s  predominate i n  the mar ine envi ronment and c hemical 
cues are invo lved in food de tection , sub s trate se lection , 
gamete fu sion , homing and aggregation be havi or , and , i n  
many s pec i e s , the loc ation a n d  selection o f  a s exua l 
par tner ( Tak ahashi and K i ttredge , 1 9 7 3 ) . Low concentrations 
of c rude o i l  fracti ons h ave b een shown to inhib i t  feeding 
and mat ing beh avior in crab s  ( Tak aha s h i  and Ki ttredge , 1 9 7 3 ) . 

S ub le th a l  physi o logical e f fec ts o f  o i l  on f i sh are reported 
f rom the l arqe She l l  Oi l S p i l l  near Timb a l ie r  Bay in 1 9 7 1 .  
These i nc lude s lough ing o f  ep ithe l i a l  ce l l s  o f  f i s h  gi l l  
fi l aments ahd swo l len gil � fi :aments ( Stone and Robb in s ,  
1 9 7 3 )  . 

* Zoe a  i s  a l arval s tage o f  crus taceans . 
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General lv , eqg s  and larvae ( as di scussed ea r l ier for 
p lank ton ) are more s e ns i tive to o i l  than are adult s . For 
e xamp le , the eggs and larvae of the s and sole , Psetti chthus 
me l ano s t i cu s , were expo sed for 6 days to vary ing concentra
tions of S ou th Loui s iana crude o i l . Be tween 8 0 %  and 1 0 0 %  
morta l i ty was s u f f ered a t  conce ntrations a s  low a s  1 0  ppm 
( Vaughan , 19 7 3 ) . Th i s  concentrati on i s  much lowe r than 
crude o i l  c oncentrati ons u sually required to k i l l  or harm 
adult f i sh . 

Several fi sh s pec ie s h ave b een shown to take up and 
metab ol i z e  petroleum hydrocarb on s  ( Lee , 19 7 5 ) . Othe r 
"mob i le " species s uch as the c tenophore * , Ple urobranch i a  
p i le us, and an un iden t i f ie d  j e l ly f i s h  s howed no me tabo l i sm 
of benzyprene , al though they took up thi s  compound whe n  
f e d  contaminated copepods ( Lee , 1 9 7 5 ) . 

Di x i t  and Ande rs on ( 1 9 7 7 )  exposed adult Fundulus s imulus to 
concentrations o f  # 2  fue l o i l  for 2 0  hour s . They found 
that tho se f i sh whi ch s urvived the e xposure to s e a  water 
which contained 2 ppm napth alene h ad el iminated al l but a 
s mall amount o f  the napthalene from the ir t i s sue s a f ter 
3 6 6  hours of depuration in clean water . 

Benthos 

Ben th i c  organi sms , by vi rtue of the ir rel ative ly se s s i le 
l i fe s tyle , do not read i l y  avo i d  o i l . S ome spe c ie s  
( oyste rs and b arnac le s , for examp le )  are permanently 
a ttache d to the sub s trate and are unab l e  to avoid o i l  
wh i ch settles t o  the s ub strate ; groups s uch a s  crab s  and 
s tomatopod s t  which are terri torial may not leave in time 
to avoid h arm ; and groups , s uc h  a s  c lams and some worms , 
may be too s lowmovi ng to e f fective ly vacate an o i l  con
tami nated are a .  

*Ctenophore s are smal l ,  marine organi sms which are re lated 
to and resemb le medusoid coelenterates ( j e l ly f i s h) , and 
are commonly known as s e a  walnuts or comb j e l l i e s . 

t S tomatopods are burrowing crus taceans known for their 
aggre s s i ve behavi or toward conspec i fi c s  (members of the 
s ame species)  ; called man t i s  s hrimp . 
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On the othe r hand , unle s s  directly cove red by a s inking o i l  
mass , benth i c  organi sms are often prote cted by body cove r ings 
( c lams , mus se l s , oys ter s , and barnac le s )  and by the sub s trate 
(worms and s ome insect larvae ) . These f actors , comb i ned 

with reduced feeding for several days fo l lowing a s ub s tan-
tial i ncrease in oil concentrations in the water column , 
contribute to the re s i s tance of benth i c  speci e s  to o i l  
e f fects ( Vaughan , 1 9 7 3 )  ( see Tab le H - 3 ) . Mack in and Sparks 
1 9 5 7 )  i ndicate tha t a c ontinuous 2 -week release o f  crude o i l  
from a n  oi l wel l  in coas tal Loui si ana d id n o t  s ign i fi-
c antly a f fect oyster s urvivorsh ip .  Al though evidence 
s ugge s t i ng the ab se nce of s ynerg i s t i c  e f fects o f  o i l  and 
d isease inc idence exi s t s , the role s  of o i l  stre s s  and d i s ease 
incide nce are comp l i c ated and the relationship b etween the se 
factors is p robab ly best viewed as unre solved . 

Oys te rs tak e i n  o i l  from water suspens ions b y  f i lte r feeding 
and s tore it i n  l ipids ( Eh rh ardt , 1 9 7 2 ) . These hydrocarbons 
once in l ipids may rema in e s sentially unchanged for months 
( Eh rhardt , 1 9 7 2 ; Blumer , 1 9 7 0 )  and may resul t in oys ters 

which are o i ly-tast ing ( Menze l ,  1 9 4 8 ) . The duration o f  
edib i l i ty e f fects obvi ously depends on many factors such 
as the initial amounts o f  o i l  consumed and s torage in body 
t i s s ue s  and whe ther the sources o f  recontamination ( new 
s pi l ls , seepage f rom s ediments , e tc . )  exi s t .  Oysters 
ma i ntained in a flowi ng s e awater s y s tem on Ga lve s ton I s l and 
i n  Texas depurated to back ground leve l s  in from 2 4  to 5 2  
days ( Boe s ch , e t  a l . ,  1 9 7 4 )  and c l ams depurated much more 
rapi d ly than oys te r s . Oys ters placed in c le an wate r  a fter 
2 weeks e xposure to e i the r Kuwai t or South Lou i s i ana c rude s 
rap idly e liminated both paraffin ( n- a lkanes ) and aromati c 
(methyl and di -me thyl sub s ti tuted naptha lenes ) o i l  fractions 
( Vaugh an , 1 9 7 3 ) . As a rule n apth alenes are retained the 
longest by a wide variety of benth ic organ i s ms ( Boe s ch , 
e t a l . , 19 7 4 ) . 

In f luen ce s  on oys te r  reproduc tion and/or larval s urvival 
from contamin ated adults i s  unknown ; however ,  the h i gh re 
productive poten tial of oys ters and the probab i l i ty o f  
immigration o f  larval oy s te rs from other areas are mi ti gating 
f actor s . Direct fouling o f  the suitab le oys te r  s ub s trate 
by crude oi l woul d re duce the carry capac i ty of the 
env ironment for s ome t ime .  Removal of o i l  from oys te r 
b eds is a very time c onsuming , l abor- inten s ive and thus 
cos tly ende avor . 
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Table H- 3 .  The E f fects o f  Var ious Type s o f  O i l  on Benthic Organ i sms . 

oysters l 
oY :J lt' r "  

2 (Cra�sotrea �) 
�<:! sp .  

1 ( r t ,M 1 " ,  e ,nh) 

Dungeness crab 
(Cancer Sp . ) 2  

Crabs (Blue , stone , 
and Paci fi c  shore crab) ' 

O i l  Concentration Leve l s  in Water , Te s t  Condition s , 
and Spec imen Localities are Indicated . 

�.� 
Empiro Crude Oil Hix 

Kuwili t c rude 
S .  Louis iana crude 
Empire Crude Oil Mix 

.2 fuel oil 

napthalene and 
a lkayl napthalene 

Oil 
�entration 

250* 

2 �OO 

2500 

250* 

4 7 78 

0 . 1  to 1 

(ppm) � 
no apparent stress , no mortality 

upt<lku o C  2 5  m(J/gr"m wet weight 
< 0 . 5  

no apparent s tress,  no mortality 

conditions 

estuarine pond 

expotJol1 12 hOHII' 

estuarine pond 

TLm96 metered inflow 

completely inhibited response 24 hour exposure 
(detection of food poor) : when 
o i l  e xtracts mixed wi th food , 
feeding intensi ty reduced 

Specimen Loc a l i ty 

coastal Mis s i s s i ppi 

C" l l rorn l " ,  IIr l t l lJh Co l umb i a  

coastal Miss iss ippi 

Ca l i fornia, British Columbia 

California 

13 • 5 •  Lytle , Fate 4nd Ef fects of Crude Oil on an Estuarine Pond, pp . 59 5-600 . Proceedings of the 30int Conference on Prevention and Control 
of Oi l Spi l ls , March 25-27 , 19 7 5 .  

l B . E .  Vaughan ,  Ef focts of o i l  and Chemically Dispersed O i l  o n  Selected Marine Biota--A Laboratory Study . Batte l le Paci fic Northwest 
Laboratories for the American Petroleum Insti tute (API publi�ation 4 1 9 1 ) , 1 9 7 3 .  

'3 . S .  Kittredge , E f fects of Crude o i l  o n  Marine Invertebrates ,  Office of Nava l Researc h ,  Final Report . 
* e stimate of o i l  cpncentration at low tide 



Mos t  other benthi c  organi sms , whether occurr ing on the sub strate 
or in the muds , are l ikewi se sus ceptible to o i l  due to the ir 
generally low mob i l i ty and de pendency on the sub s trate for cover 
and/or attachment . 

Mortality o f  sea urch ins , star f i s� and other subtidal and inter
tidal b enthic inverteb rates due to o i l  s p i l l s  has been recorded 
and s hort- term change s in c ommunity structure c an be expected 
in the event of larger s p i l l s . Recovery o f  communities can occur 
by immigrati ng i ndividuals ree stab l i s hing populations . 

Bottom sediments c an act a s  reservoi rs of o i l  contaminants which 
occas iona lly release oil to water bod ies and serve as a source 
of chronic pol lution . Th i s  occurs mos t  read i ly when sediments 
are stirred by water cur rents , dredging , or other d i sturb ance s .  
Oil i n  s ediment may be degraded fai rly rapidly in Gu l f  coastal 
waters ( Mackin and Spark s , 1 9 5 7 ) , and i t  appears to be l e s s  
toxi c  when released from the sediment than when the original 
sp i l l  oc curred . Th i s  is probably due to the loss of muc h o f  
the aromatic fraction of the o i l  b y  weather ing and d egradati on 
proc e s s e s . 

Fre shwater b enthos re act s to oil much the s ame as mari ne or 
e s tuarine benthos . S ome forms are more to lerant b ased on sur
vivorship than others . For example , ( Shultz and Tebo , 1 9 7 5 ) , 
showed Diptera or true fly larvae and dragonfly nymphs were 
mo s t  to lerant of o i l  wh i l e  c add i s fly larvae , may fly and s tone fly 
nymphs were the mo st sens itive . 

B i rd s  and Mamma l s  

Morta l i ty o f  b i rd s  and mammal s  a s  a result o f  o i l  spi l l age i s  
we l l  documented from a number of ma j or tanker s p i l l s  with d iving 
sea b i rd s  suf fer ing sub s tanti ally greater mortal i ty than other 
group s s ince th ey c an emerge from under an o i l  s l ick and be 
covered . 

I n  the case o f  swimmi ng b irds , buoyancy i s  los t when o i l  destroy s 
the water-proo f ing qual i ty o f  b i rd s ' feathers . An a f fe cted b ird 
may drown , rapidly lose b ody heat and s tarve bec aus e of the in
creased metabo l i c  rate required to sustain he at production , or 
succumb to pneumon i a .  The prob ab i l i ty o f  an oil- coated b ird 
s urviving varies with the spe c i es o f  b i rd invo lved and the degree 
of contamination , but s urvival generally is less than 5 0 % , even 
when the b ird is treated to remove the o i l  (Boesch et al , 19 7 4 ) .  
Acc i denta l consumption o f  crude o i l  ( 1 2 . 5  to 5 0  ppm) via preening 
interfere s  with certain physi ologica l proce s s e s  and results in 
dehydration ( Crocker , 1 9 7 4 ) . Outright poi soning may not result 
from i ngesti ng the o i l , but other physiological d i s turbanc e s  
may o ccur . Oil expo s ed b irds may not l a y  eggs , o r  eggs that they 
do lay may not hatch . Roosting and nesting s i tes which are 
contaminated by o i l  are generally uninhab itab le .  
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Vege tation 

Damage to plants o ccurs when oil pene trate s c e l l  membranes and 
enters the cell  ( Baker , 1 9 7 0 ) . O i l  c an b lock stomata and 
interce l lular spaces and reduce transpi ration rates . Photo
synthes i s  may a l so be inhib ited by o i l . The extent of the actual 
impact depend s on several factors . Many s tudies have s hown that 
mars h  p l ants s urvive l ight to moderate coatings of o i l  in a 
s ing le appl i cat ion ( Blume r , 1 9 7 0 ; S tebb ins , 1 9 7 0 ;  Baker , 1 9 7 1a ) . 
Adverse but s hort-term e f fects are : death of o i l  coated shoots , 
reduced germi nati on o f  contaminated seed s ,  and a numerical re 
duction o f  annual spe c i e s  ( Baker , 1 9 7 1a ) . Succ e s s ive sp i l lage s 
within a few mon ths of one another c an produce longer las t ing 
e f fe cts and can sub s tant i a l ly degrade plant communi t i e s  ( Baker , 
1 9  7 l b )  . 

The timi ng o f  an o i l  sp i l l  has d i f ferent e f fects on marsh 
vegetat ion and probab ly other type s a s  we l l . Coating wi th o i l  
dur ing the active , growi ng stages causes more damage than at 
other time s  ( Boesc h , et at , 1 9 7 4 ) .  Annua l plants suffer more 
than perennials when coated with o i l  during the growing season . 
The oppo s ite appear s to be true at other time s  ( Cowe l l , 1 9 6 9 ) . 
Lytle , ( 19 7 5 ) , s tudying a Mi s s is s ippi es tuari ne pond , demon
s trated that a 2 5 0  ppm concentration of Emp ire Crude Oi l Mix 
in pond wate r ,  k i l led expo sed parts of marsh p l ants ( Spartina 
a l terni f lora , Juncus roemeri anus and Di s t i ch l i s  spi cata) . 
P l ants turned y e l low in 3 days and borwn wi thin 1 0  day s ;  however ,  
product ion of new s hoots occurred after 3 weeks . 

Recovery by mar s h  vegetation i s  relative ly rapi d a fter a s ingle 
coat i ng w i th oi l .  This i s  due , at leas t i n  part , to ve getative 
regrowth from the surviving sub sur f ace p arts of mar sh plants . 
Succes s ive sp i l l ages within a few months o f  one another , however , 
c an produce longer lasting effects . It  h a s  b ee n  demonstrated 
that four or more coatings with o i l  with in a year wi l l  retard 
the vegetat ive recovery proce s s  ( Bak er , 19 7 1 a , 1 9 7 1 b ) . 
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APPEND I X  I 

THERMAL ANALYS I S  OF BRINE 





APPENDIX I 

A .  Temperature i n  Local Are as Surround ing the Br ine Pipel ine 

From the Texoma group o f  SPR s i te s  br ine would be tran sported 
from We st Hackberry , Black Bayou or Big H i l l  to the Gul f  of 
Mexi co acro s s  marsh and dry land . At the time that the brine 
leave s  the salt dome and enter s  the di spo sal system it is warm 
( l O OoF - 1 5 00F)  due to geothermal heating in the salt format ion . 
Upon entering the d i sposal system the brine would e ither ente r  
a surge tank ( approx . 4 0 , 0 0 0  bbl ) or a four hour ho lding pond 
( 1 7 5 , 0 0 0  bbl per 1 5 0  mmb s torage s i te c apac ity ) . The two 
s cenerios are s imilar because thi s  c omponent would have l ittle 
e f fect on the tempe rature of the brine entering the pipe l ine . 
The pipel ine would be buried approx imate ly four feet below the 
ground surface for dry land and four feet below the marsh bed in 
the marshlands . It would al so be four feet below the gu l f  bottom 
for that segment of the pipel ine extending out to the d i f fusors . 

In order to evaluate the potential e f fe cts o f  heated brine on 
the habitats through the dry land , mar sh and gul f ,  a heat flow 
analysis  wa s performed to predict the r i se in temperature of 
the surface d irectly over the buried pipe . The l ine d i rectly 
above the pipe centerl ine wi l l  exper ience the highe st tempera
ture rise in the area and there fore its temperature was analy zed 
as a cons ervat ive case . 

Pictured below in Figure 1 . 1  i s  the model used for thi s  therma l 
ana lys is . The average ambient temperature of the water above 
the mar sh bed would exper ience temperature var iations greate r  
than the air above d r y  land , so water was chosen as a con serva
tive view . 

MARSH WATE R  -� 

MARSH BED  Z 
4 F E ET { 

� PO I N T  O F  A N A L YS I S  

P I P E  C E N T E R - L I N E  

36" I .  D .  PI PE 

'---- B R I N E  

F igure 1 . 1 :  Model for Analysi s 
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I t  was a s sumed that the brine did not coo l  s i gni fi c antly in the 
tank or pond so it i s  entering the pipe line at a temperature 
of l S OoF .  For s imp l i c i ty a straight line heat path was a s sumed 
from the brine to the surface along the centerl ine as shown in _ 

Figure 1 . 1 .  Calculations were performed for the highe s t  brine 
temperature and lowe s t  water temperature ( or air temperature ) so 
a s  to reflect the "wor s t  cast" or highe s t  temperature r i se of the 
sur face . 

The equations describ ing the heat flow are : 

( 1 )  q/A = 
Kp ( T  T )  t B- P , 

P 

thi s equation described the heat flow rate from brine to pipe 
outer sur face . As sume s that pipe inner surface i s  at brine 
temperature . 

Parameters : 

( 2 )  

q/A = heat remova l per unit area ( B�U/hr-ft 2 ) 

K therma l conductivity o f  pipe ( BTU/hr- ft- F )  p 
tp = pipe wa l l  thickne s s  ( f t )  
TB brine temperature ( oF )  

T . ( oF )  P = outer plpe temperature 

q/A = 
Ks ( T  - T ) ts P s 

Thi s  equat ion describes heat flow rate from pipe outer surface 
to marsh bed ( sediment )  sur f ace or ground sur f ace . 

Parameters : 

q/A s ame as in equation ( 1 ) 

Ks = thermal conductivity of sediment ( BTU/hr-ft- F )  

ts = d i s tance from pipe t o  surface ( 4  feet ) 

Ts = mars h  bed ( sur face ) temperature ( oF )  
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( 3 ) q/A = h w ( T  - T ) s w 

This equa tion describes heat flow rate from sed ime nt surface 
to mar s h  water 

Parame ters : 

q/A = s ame as in equa tion 1 
h w 
T w 

= heat transfer coe fficient of water ( BTU/hr-ft 2F )  
o 

= temperature of mar sh water ( F )  

Combining equations ( 1 ) , ( 2 )  and ( 3 ) yield s : 

( 4 )  q/A 

This equation descr ibes the overall heat flow rate from the 
br ine to the water . 

By solving equa tion ( 4 )  first the heat flow rate or removal from 
the brine into the water wi l l  be known . This quantity ( q/A) 
remains cons tant throughout the entire heat path so tha t equations 
( 1 )  and ( 2 ) can be so lved for Tp and Ts ' respectively . The 
temperature at the point of intere s t  T is then known . As a 
check for the cal culations , equation ( 3T can be used with all of 
the input variables now known to see i f  it i s  in fact an equal i ty . 

To evaluate the parameters or thermal properties for the se 
equations , certain assumptions mu s t  be made . The parameters 
such as Kp , Ks ' hw wh ich des cribe the amount of he at that can 
travel through a g iven obj ect , are depende nt on material com
po s i tion a nd temperature . Kp and Ks are readily avai lable a fter 
assumpt ions are made as to the tvpe s of mate ria l s . 

Assumpt ions for pipe : 

1 - 1 "  thick ( t  = 1/1 2 fee t )  p 
2 - mate rial i s  plain cast iron ( uncoate d )  

3 - ins ide wal l  temperature i s  at brine tempe rature 
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, 1 
From these assump tions a tab le can be used : 

K = 3 2  BTU/hr- f t- F  
p 

As sumptions for sediment : ( to ge t Ks ) 

1 - mater ial i s  Fairbanks s i lky c l ay loam 
2 - 6 0 %  water content by vo lume 

o 3 - temperature = 4 0  F 
4 - dens ity = 8 0  lb/ f t3 

. 2 From the se a s s umptlons , 

K = 1 . 2  BTU/hr - f t-F s 

For the dry l and along the p ipe l ine route , Ks would be in the 
order of 0 . 6  BTU/hr- ft-F ( 2 ) . S ince it i s  l e s s  than the Ks for 
the marsh bed l e s s  heat would reach the surface and there fore 
would have l e s s  impac t .  Thus Ks = 1 . 2  wa s used a s  a " worst 
cas e . " 

As sumpt ions for mar sh water : ( to ge t h ) w 

1 - no n- flowing 
2 - 6 00F (w inte r )  
3 - 8 50F ( summer )  

By applying equation 7 - 2 1 1 

@ 6 0 0F h 2 5 . 1 7 2 BTU/hr- ft -F w 2 @ 8 50F h = 4 5 . 8 2 BTU/hr- f t  -F w 
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I f  these parame ter s are varied over a range o f  values , bracketing 
the f ir s t  va lue , then in all likel ihOOd the actual value would 
be encompa s s ed . As the equations are used , vary ing one para
meter at a time , the rela tive importance of each can be de termined . 

Range of Parameter s :  

Por P ipe : K = 

P 
2 0 ,  2 5 , 3 0 ,  3 5 ,  4 0  

Por Sediment : K = . 5 ,  1 .  0 ,  1 .  5 ,  2 . 0 ,  2 . 5 , 3 . 0  s 
Por Water : h ( 6 0oF )  1 1 .  6 8 , 19 . 9 7 ,  2 5 . 1 7 ,  2 8 . 8 1 ,  3 1 .  7 1 *  w 

h ( 8 50p )  = 1 6 . 1 7 ,  2 7 . 5 7 ,  3 4 . 7 3 ,  3 9 . 7 6 ,  4 3 . 7 6 * w 

By varying the heat tran s fer coe f f i c ient o f  wayer �.T 
1 . 1 ) a d i fference o f  1 . 4 1op ( range was 6 2 . 2 5 - 6 0 . 8 4 0� ) 
for Ts ' From the se resul t s , an average va lue o f  
hw = 1 8  BTU/hr- ft-Op wil l  b e  u s e d  hence forth . 

( see Table 
was observed 

Tab le 1 . 2  showed the sen s i tivi ty of Ts to var i ation s in therma l 
conductivity o f  the stee l p ipe ( Kg ) '  As ob served , i t  i s  in
sen s itive and Kp = 3 0  wi l l  be u seo hence forth . 

By vary ing the therma l conductivi ty o f  the mar sh sed iment ( Ks ) a 
sub s tantial change in Ts was observed ( see Table 1 . 3 ) . Thi s in-
d i cate s that the equations are mos t  sens i tive to the parameter K s 
and i s  therefore the mos t  important factor o f  the three te s ted . 

Table 1 . 1  : Var iation o f  hw 

Tb Tw Kp K h q/A Ts ( oF )  Tp ( O F }  s w 

1 5 0  6 0  3 0  1 . 2  1 1 . 6 8  2 6 . 3 0 6 2 . 2 5 1 4 9 . 9 3 

1 5 0  6 0  3 0  1 . 2  1 9 . 9 7  2 6 . 5 8 6 1 . 3 3  1 4 9 . 9 3 

1 5 0  6 0  3 0  1 . 2  2 5 . 1 7 2 6 . 6 6 6 1 . 0 6  1 4 9 . 9 3 

1 5 0  6 0  3 0  1 . 2  2 8 . 8 1 2 6 . 7 0 6 0 . 9 3  1 4 9 . 9 3 

1 5 0  6 0  3 0  1 . 2  3 1 .  7 1  2 6 . 7 2 6 0 . 8 4 14 9 . 9 3 

* The values are a result of varying change i n  temperature ( �T )  
i n  eqn . 7 - 2 1 , r e f  1 .  
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Table I . 2 :  variation of K p 

TB Tw Kp Ks hw q/A Ts ( OF )  Tp ( OF )  

1 5 0  6 0  2 0  1 . 2  1 8  2 6 . 5 2 6 1 .  4 7  1 4 9 . 8 9 

1 5 0  6 0  2 5  1 . 2  1 8  2 6 . 5 3 6 1 .  4 7  1 4 9 . 9 1 

1 5 0 6 0  3 0  1 . 2  1 8  2 6 . 5 4  6 1 .  4 7  1 4 9 . 9 3 

1 5 0  6 0  3 5  1 . 2  1 8  2 6 . 5 4 6 1 . 4 7  1 4 9 . 9 4 

1 5 0  6 0  4 0  1 . 2  1 8  2 6 . 5 4 6 1 .  4 7  1 4 9 . 9 4 

1 5 0  6 0  4 5  1 . 2  1 8  2 6 . 5 4 6 1 . 4 7  1 4 9 . 9 5 

Table I . 3 :  Var i ation o f  Ks 

TB Tw Kp Ks hw q/A Ts (OF )  T ( OF )  p 

1 5 0  6 0  3 0  0 . 5  1 8  1 1 . 1 7 6 0 . 6 2 1 4 9 . 9 7 

1 5 0  6 0  3 0  1 . 0  1 8  2 2 . 1 8 6 1 .  2 3  1 4 9 . 9 4 

1 5 0  6 0  3 0  1 . 5  1 8  3 3 . 0 3  6 1 .  8 3  1 4 9 . 9 1 

1 5 0  6 0  3 0  2 . 0  1 8  4 3 . 7 2 6 2 . 4 3 1 4 9 . 8 8 

15 0 6 0  3 0  2 . 5  1 8  5 4 . 2 7 6 3 . 0 2 1 4 9 . 8 5 

1 5 0  6 0  3 0  3 . 0  1 8  6 4 . 6 7 6 3 . 5 9 1 4 9 . 8 2 

Conclus i on s  

S ince the actual material s for the system are not known , the 
accuracy of the se calculations c annot be preci sely determined . 
However , in a l l  probab i l i ty , the sediment surface temperature 
increase would be in the order of lOF to 2 oF .  Bearing in mind 
that thi s  would occur close to the brine pond , and as the brine 
coo l s  dur ing the trip the effects to the surface wi l l  become 
negl igible . The hotte s t  brine ( 1 5 00F )  and coolest weather ( 6 0 0F )  
could conce ivably cause a 3 . 5 90F temperature r i s e  ( Table I . .  3 )  , 
but this i s  doubtful . Any protecti ve coating on the pipe ( i . e .  
tar ) wi l l  reduce the heat flow at any time to s igni f i c antly lower 
value s , thus decreas ing surface temperature r i se s . 
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B .  Brine P lume Therma l Analys i s  

The br ine which would b e  discharged from Texoma Group d i f fusers 
at We st Hackberr� Black Bayou , or Big Hill would originate e i ther 
from the initial leac hing of caverns or from water d i splacement 
of s tored o i l  dur ing a cavern fill per iod . Because of the 
earth ' s  thermal influence in the se deep cavern s , the e f fluent 
brine would be el evated in temperature . The temperature of the 
brine be fore d i sposal in the Gul f of Mexico would thus be in
fluenced by thi s  geothermal heating and i s  rel ated to the depth 
of the leached caverns in the earth , the res idence t ime in the 
caverns , the temperature of the disp laced oil  the retent ion 
�ime of �he �rine in the holding ponds and any heat l o s s  or gain 
Ln �he plpelLne offshore . Although it has been con s ervat ive ly 
e s t Lmate� that the temp er�ture of the brine would be up to l 5 00 F , 
ob s ervatLons made for varlOUS flow rates at s everal operat ional 
s �l t  �omes sho� that t�e te�perature of the brine before inj ec
t Lon Lnto a brLne holdLng pLt  would be more real is tically at a 
temperature of l200F or les s . . 

Obs erved Temperature and Flow Rates for Brine at 
Three Gulf Coast  Salt  Dome s 

Brine Temperature Oil Temperature Flow Rate We l l  S a l t  Dome ( o F )  ( o F )  ( BP H )  Number 

Bryan Mound 1 2 0  8 0  1 5 0 0  
1 5 0 0  

Bayou Choc taw 8 0 - 9 0  8 0  1 2 5 0a 

Wes t  Hackberry 8 0 - 9 0  8 0  1 5 0 0  
1 0 0 0  

An analys i s  o f  heat trans fer properties i n  the propo sed brine 
di sposal p ipeline wa s conduc ted to determine the expec ted he at 
loss in the d i sposal when the brine is pumped from the brine 
pond to the d i f fuser head . The ana l ys i s  wa s carried out for 
cond ition s  where the temperature of the br ine at the inlet 
ranged from 7 0 ° F to 1 4 0 ° F and ambient ground temperatures 
ranged from 5 0 ° F to 7 0 ° F .  The results of the analys i s  in 
the table below indicate that the max imum temperature d i f fer
ehtial ( �T )  between the inlet and the outlet ( i . e . , the 

2 
4 

1 5  

6 
1 1  

d i f fuser ports ) would occur for the c a s e  when the inlet tempera
ture wa s 1 4 0 ° F and the ground temperature wa s 5 0 ° F ,  but thi s 
d i f ference would only amount to 3 . 2 0 F due to the insulat ing 
ef fect of the p ipe coatings of tar wrap and concrete . There fore 
the temperature of the br ine at the d i f fuser head cons idered 
below should conservatively rema in within the temperature range 
of about 1 1 5 ° to 1 2 0 ° F .  

aF il l  at Bayou Choc taw i s  intermittent ; the average i s  1 2 5 0  BPH 
but ac tual i n j ection rate is 2 2 0 0  BPH . 
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a rea a s defi ned by 
i sopl e ths o f  s a l i n i ty 
i n  Bri ne P l ume model 
( U . S .  Dent . of COl1 l1ll� rcr. , 

1 9 77 a )  

Mi x i n g  Envel ope 

Where : Q = Fl ow rate ( c fs )  
C = Sal i n i ty Concentrat i on ( pp t )  
Cp = Spec i f i c  hea t ( nTU/ 1 6m-o F )  

T 0 
= Temperature ( r )  

F i gure I -2 Schemati c model o f  mi x i ng zone rel ati onsh i ps for bri ne pl ume temperature analys i s .  



Brine Temperature ( o F )  at the Propo sed Di ffuser Port s 
a s  a Funct ion of Ground Temperature and Brine 

Temperature at the Pipel ine Inlet 

Br ine Inlet 
Temperature ( o F )  

1 4 0  
1 3 0  
1 1 0  

9 0  
7 0  

GcncrCll i\pproach 

Ground 
5 0  

1 3 6 . 8  
1 2 7 . 2  
1 0 8 . 1  

8 8 . 9  
6 9 . 6  

Temperature ( ° F )  
6 0  7 0  

1 3 7 . 2  1 3 7 . 6  
1 2 7 . 6  1 2 8 . 1  
1 0 8 . 5  1 0 8 . 9  

8 9 . 3  8 9 . 6  
6 9 . 9  7 0 . 0  

To estimate the potential impacts from exc e s s  temperature s a 
s imp l i stic heat flow model ( F i gure 1 . 2 ) wa s evaluated and 
analy zed . A correlat ion was made between exc e s s  temperature 
and exc e s s  salinity prof i l e s , assuming 9 0 ° F seawater ( probab le 
maximum) and br ine temperatures vary ing from 9 0 ° F to 1 5 0 ° F .  
The brine di sper s ion model a s  d i scussed above i n  Section G . 3 . 1 . 1  
provided a bas i s  for applying thi s corre lat ion to expected 
mixing cond i tions in the Gul f of Mexico at the d i f fuser s ites . 
The s imp l i f ied analys i s  pre sented here does not account for 
buoyancy e f fects in the water column due to elevated brine 
temperatures . The analys i s  should be rea sonab ly accurate 
within the mixing zone which is located close to the brine 
d i f fuser . 

S ince the temperature o f  the br ine within the salt dome i s  
not accurately known and temperature wi ll vary with re s idence 
time and the other factors descr ibed above , a parametric 
anal y s i s  was used to relate the d i f ference in the tempera
ture in the brine plume compared to the ambient water tempera
ture ( 6Tl ) with the temperature of the brine ( Tb ) ( see F i gure 
I .  2 )  • 

Sal inity Dilution Calculation 

The bas i c  analys i s  for the sal in ity dilution e f fects corre s 
pond s to the area a t  the d i f fuser s ite de f ined by the MIT 
model ( s ection G . 3 . 1 . 1 ) above ; in thi s ana lys i s  salt i s  
conserved throughout mixing zones such that : 

Q = pb Qb + p s  Qs ' 
pm Qm Cm = pb Qb Cb + p s  Q s Cs ; where pm m 

and p i s  the spec i f ic gravity of the corre spond ing fluid . 

p b Qb Cb + p s  Qs C s 
p b  Qb + p s  Qs 

pb Qb Cb + p s  Qs Cs 

pb Qb + p s  Qs 

1 - 9  
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Or lICl p b  Qb ( C  -b C s ) 

pb Qb + p s  Q s 

Solve for Qs : Q s 
= 

pb Qb ( Cb - C ) - pb Qb ( ll  Cl ) s 

p s  II 
C l 

Def ine : Cb 
- Cs lIC 2 cons tant 

Then Qs = Qb C 
II 2 pb -'� - 1 
lICl p's  

Heat D i l ut ion Calculation 

Assume conservation of energy in mixing zone : 

Q and within mo st of s s 

mix ing zone , Cpm � Cps ( i . e . , substantial 

di lution ) 

Also , heat c apacity per unit volume i s  near ly i ndependent 

then ; 
T := 

m Pb Q b Cpb Tb + P s Q s 

( Pb Qb + P s Q s ) 

Def ine r 
L'lT = T - T P s Qb Tb 

-. 

= m s 
P s Q + s 

Us ing equat ion ( 1 ) ; 

C T ps s 

C pm 

Pb Qb T 

Pb Qb 

P s C 

C pm 

s 

T - T b s 

ps ( Qs Ts + Qb Tb ) 

( Pb Qb + P s Q s 

( 2 ) 

Us ing equations ( 1 )  and ( 2 )  and s i te spec ific data for Qb , Cb , C s ' 

P s ' Pb ' and T s ' we solve for Qs and liT , a s  a function of Tb and L'lC l 

1 - 1 0  



App l ication To Texoma Group D i f fuser 

Now Equations ( 1 )  and ( 2 )  
lIC l 
lIC2 

c an be comb ined to yield 
Cpb T T b - s Cps 

Notice should be taken that lI T l i s  not a func tion o f  ei ther 
flow rate , Qh or Q .  For the a i f fuser at We s t  Hackberry the 
fol lowing da�a areS app l i cable . 

Cb 
C s 

lIC2 

Cpb 

Cpb 
Cps 

Then from Equation 

lITl 

2 6 0  ppt 

3 0  ppt 

C - C b s 
2 3 0  ppt 

. 7 8 7  BTU/lb m 

. 8 1 9  

( 3 )  , 

of 

lIC l ( . 8 1 9  Tb - 9 0 )  2 3 0  

For a given value o f  Tb the preceding relation provides an 
approximate method o f  c alculating the exce s s  temperature lITl ( in a spe c i f ied region ) based on the exces s s a l inity lI C l ( for the s ame reqion) as calc ul ated by means o f  the MIT 
Tran s ient Plume Mode l .  

F i gure I - 3  provide s a plot o f  lIT l a s  a functioij o f  lIC ] for 

( 3 )  

five di fferent values o f  T = rang ing from 1 1 0  F to 1 5 0 0 F .  
By mean s o f  thi s figure thg excess s a l inity contours pre sented 
in Append ix D . 2 5  and D . Z8 c an be converted to excess temperature 
contour s ( i sotherms ) . An examination of the exc e s s  s a l i nity 
contour s revea ls that for the far f i e l d  the maximum plotted 
exce s s  sal inity contour is 3 ppt . Based on the plots o f  ex
c e s s  sal inity versus exposed bottom area , such a contour 
encloses l e s s  than 1 6 6 acre s . Figure 1 - 3  indicates that such 
a value o f  lIC] corresponds to exce s s  temperature s o f  l e s s  
than 10 F .  Tft i s  result sugge sts that in the far field wi th 
an amb ient seawater temperature of 9 00 F the maximum temperature 
rise would be l e s s  than 10 F ,  and such a temperature increase 
wou ld be l imi ted to a bottom region of no more than 1 6 6  
acre s . S igni f ic ant exces s temperature s ( > 50F )  should only 
occur in the immedi ate vicinity o f  the d i f fuser , corre spond ing 
to the near field of the plume . 

I - 1 1  
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These conc lus ions are based on the s imi larity between the d i s 
pers ion of salinity and temperature . No ef fects due to buoyancy 
have been taken into ac count . Thus , in the presence of l arge 
density grad ients the traj ec tory of the plume could be shifted 
e i ther upwards or downwards . Such a s h i ft would alter the 
exce s s  temperature for a given reg ion . S ign i f i cant changes , 
however , would genera lly be l imi ted to the near field . 
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APPENDIX J 

SUMMARY OF CAVERN CONSTRUCT ION PROCE S S  

Storage c avities in large s a l t  depo s i t s  are ho l lowed out or 
" leache d "  by c i rculating fre sh or brackish water through 
concentr ic tubing in a we l l  dril led into the s alt mas s .  
Approxima tely 7 barre l s  o f  fresh wate r or 8 barrels o f  sea 
water mu st be pumped into the we l l  to create each barre l of 
storage capac ity . The re sulting brine wou ld be d i s p laced 
and d i s po sed of . 

The placement and depths o f  storage c avities in a salt dome 
depend upon the s tructure and depth o f  the salt ma s s . At 
We s t  Hackberry , the average depth to salt i s  1 , 9 6 0  feet . The 
area of th i s  large s a l t  dome i s  1 , 7 5 0  acres within the - 2 0 0 0  
ft depth to salt conto ur . The proposed solution mined c averns 
wou ld be developed in the interval from - 2 5 0 0  to - 3 5 0 0  feet . 
P l an s  are to deve lop rough ly cyl indrical c averns o f  1 0  mill ion 
parre l capac i ties with approximate diame ters of 2 7 5  feet and 
heights of 1 0 0 0  feet . 

Oi l s tored in a so lut ion type cavern i s  removed by pump ing 
di splacement water into the bottom of the c avern to push the 
o i l  out . Each t ime the o i l  i s  d i splaced , the cavern capacity 
would be en larged due to the addi tional leaching c aused by 
the introduct ion of fresh water in the sa l t . F ive f i l l  and 
wi thdrawa l cycles are planned for the SPR s torage program . 
On ly the original crude o i l  s torage capacity of 1 0  mi l l ion 
barre l s , however , would be r e f i l led af ter each d i s placement , 
thus reduc ing progre s s ive cavern enlargement .  After f ive 
f i l l  and withdrawal c yc l e s , the gro s s  vo lume enlargement i s  
expec ted to b e  about 7 7  percent , creating caverns approximately 
4 0 0  feet in d i ameter but with the s ame height . 

The following i s  a general d i s cus s ion of the cavern construc tion 
process as it app l ie s  to the proposed SPR o i l  s torage program . 

J . l DRILLING PROCEDURES 

Dri l l ing operations would begin after s u f f i c ient site prepara
t ions to a l low drill  rig acce s s . We l l s  wou ld be dril led us ing 
conventional " o i l  f ie ld "  drill ing techno logy as it o f fers 
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advantages i n  ava i l ab i l i ty for mater i a l s  and equipment . The 
required f i ni shed cas ing s i z e  for the s torage we l l s  would be 
up to 16 i nches diameter , and the total depth of each boreho le 
wou ld be from 3 , 6 0 0  to 3 , 8 0 0  feet . 

Fir s t ,  6 0  to 1 0 0  feet of 4 2 - inch conduc tor p�pe would be 
instal led prior to mob i l i z ing the d r i l l i ng rlg . The pipe 
would be dr iven into place under marshy conditions , or a 
bucket rig would be used to set the cas i ng on dry ground . 
Next a suffic ient boreho le would be made to s e t  a 3 0 - inch 
sur f ace cas ing through the potable water zone s . The pipe 
would be connected by f i e ld we lding or spec ial connec tors .  I t  
would b e  c emented from the bo ttom to the surface b y  pumping 
cement down the dr i l l  pipe i nto a spec i a l ly designed cementing 
shoe which would cause mater i a l  to be squee zed up between the 
pipe c a s i ng and the wa l l s  of the borehole . At thi s time , a 
blowout preventor would be ins tal led to contro l a po s s ible 
escape of l iquid which may occur i f  d r i l l i ng through h igh 
pres sure zone s . 

Dr i l l i ng wou ld continue to caprock and a 2 4  inch i ntermedi ate 
cas ing wou ld be set and cemented from the bottom to the surfac e . 
Dr i l l i ng wou ld then cont i nue through the caprock and at 
least 5 0 0 feet into the salt mas s . The finished 1 6 - i nch 
product c a s i ng would be set to thi s  depth which would become 
the roof of the storage cavern . Then a borehole would be 
continued through the salt to the bottom of the pl anned sump 
i nterval . See Figure J - l  for a graphic depi c t ion of the 
fini s hed borehole with the var ious cas ings in place . 

In an e stimated 2 0  percent of the we l l s  dril led , trouble in 
dri l l i ng through the caprock i s  expec ted . Thi s  happens mos t  
often when c avernous zones resulting from natural leaching of 
the anhydr ite and gypsum formations cause a loss o f  the 
dr i l l i ng f luid . Dr i l l ing f luid , commonly cal led " mud " , i s  
nece s sary for lubr icating the dri l l  b i t  and for transpor ting 
spo i l  to the surface . Mos t  cases of lost c i rculation are 
temporary and c irculation can be re- e s tab l i s hed . But i f  
caprock condi tions at one of the we l l s  causes comp lete los s o f  
c i rculation , the we l l  could b e  completed at greater expense 
wi thout c i rculation or a sma l ler dri l l  bi t could be used to 
comp lete the we l l , nec e s s i tating smal ler c a s i ng s i zes . 

Hence , at some of the s torage s i te s , extr a we l l s  have been 
included i n  the fac i l i ty des ign to accommodate the expectation 
that a few of the we l l s  would require smal ler cas ings and 
could only be developed to a 5 mill ion barrel c apaci ty due 
to the l imi ted f low rate s through the smaller we l l  �ub ings . 
Current engineering thi nk i ng , however ,  indi cates that re
duction of c a s i ng s i z e  and c avern c apac i ty is not nec e s s ary . 
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There fore , mo st of the SPR s i te de s igns have been amended 
so that only 10 mi l l ion barrel caverns would be a s s e s sed . 

D r i l l ing fluid , "mud " , could be of a var i e ty of cons titutions , 
depend i ng on dr i l l i ng cond itions . " H ighly inhibited muds " 
may be requi red in d i f f icult shale s , but non- exotic c lays 
would be used whe n po s s ible . The least costly mud that would 
do the j ob wou ld be used , but the actual formulation wou ld 
be de termined by exper ience on the s i te . I t  may be po s s ible 
to use " native muds "  unt i l  the " top hole " is  cased o f f , and 
then to convert to s a turated brine . The s a l t  mus t  be dri l led 
with s a l t  s aturated mud or brine to prevent premature hole 
enl argement by leach ing . 

D i sposal of used mud s i s  also an important cons ideration . 
Norma l proce dure wou ld be to trans fer ; the mud with the rig , 
cont inual ly recyc l ing a vo lume equa l to twi ce the e s timated 
borehole vo lume . There would be mud p i t s  which wou ld have 
to be c le aned up and bur ied . In the Gul f  Coa s t  region , the 
humidity is too high to economically dry the was te . There
fore , mud wou ld have to be hauled away when dr i l l ing opera
tions are comp l e ted . 

J . 2 CAVERN LEACHING PROCEDURES 

The fundame ntal technique of c avern deve lopment is to inj e c t  
raw water ( fresh o r  low sal i ni ty wate r )  into the borehole , 
allow t ime for the water to d i s solve the salt , and then d i s 
place the resulting brine from the ho l e . A s  the s a l t  d i s solve s , 
the boreho le enlarge s ane eventua l ly forms a cavern . The 
cavern would rema in fu l l  of brine or s tored o i l  at a l l  time s . 
To remove s tored oil wou ld i nvolve the i n j ection of raw water 
into the bottom of the cavern to disp lace the o i l  out of the 
top . Figure J- 2 i s  a s impli f ied di agram showing a cavern 
equipped with neces sary d i sp lacement tub i ng and we l lhead . 

The leaching proce s s  invo lve s two basic washing me thods ; 
direct c irculation and rever se c irculation . I n  direct c ir
culation , the raw wate r is i n j ected i nto the lower portion of 
the boreho le and the brine i s  forced out through the cas ing 
anulus near the top of the c avern . Thi s  tend s  to create a 
be l l  shaped cavern with the max imum cavern diameter at the 
bottom . The reverse c i rculation method inj ects raw water 
down the cas ing anulus into the upper port ion of the cavern 
whi l e  the brine is withdrawn through the tubi ng near the 
bottom . Thi s  me thod create s a funnel shaped cavern with the 
max imum diameter near the top . 
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To construct larg.e storage cavern s , both methods o f  c i rculat ion 
would be uti l i z ed to create more cyl indr ical c avern shape s .  
Direct c irculation i s  used initially , and reverse c i rculation 
is used during pr imary leaching with a blanket material for 
contro l of upward growth . B lanket material is any noncorros ive 
substance l ighter than water ( usually o i l  or gas ) , which 
occupies the space in the topmo st interval of the c avern . The 
purpo se of blanket material is to prohibit the leaching o f  
s a l t  from around the cemented cas ing and to he lp control the 
shape of the deve loping c avern . 

J . 2 . l  separate Leach Then F i l l  Process 

The pre sent p lans for cavern development are to first leach 
the caverns to full s i z e  by in j ec t ing only raw water and 
di spos ing of the result ing brine . In this method , a layer 
of blanket oil is maintained at the c e i l ing of the propo sed 
cavern by a high pres sure low volume blanket o i l  pump while 
the l each water i s  c irculated at high rate s to c reate the 
main body of the cavern . By us ing a c ombination of direct 
and reverse f low c irculation , the entire c avern can be 
formed without repos it ioning the suspended wa sh str ings . 

After leaching i s  comp leted and a sonar survey has veri f ied 
the s iz e  and s hape of the new cavern , t he two suspended 
wash strings are replaced by a s i ng le displacement string to 
al low the inj ec tion of o i l  and the wi thdrawal of br ine at 
higher f low rate s . This convers ion o f  the wel l  s tring and 
we l lhead requires that a "workover rig " be brought to each 
we l l  s ite be fore oil f i l l  operations c an begin . Once con
verted , the initial oil fill and subsequent withdrawal or 
re f i l l  operations can be conducted by opening o r  c lo s ing 
va lve s on the wel lheads and pipe l ine systems . 

J . 2 . 2 S imul taneous Leach and F i l l  Process 

As a co-�ropo sa l ,  a newer s imultaneous leach and f i l l  proce s s  
c a n  be imp lemented . S ince crude o i l  or some other b lanket 
material i s  needed to control the development o f  the cavern , 
c rude o i l  c an be s tored in the upper portion o f  the cavern 
while leac hing continues in the lower portion . Thi s  pro ce s s  
a l lows for the early s torage o f  o i l  a s  the cavern leaching 
progres se s , and consequently spreads t he initial c rude o i l  
supply rate over the 3 year per iod required for cavern 
development . 
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The following i s  an outl ine o f  the s teps planned for creating 
the storage cavit ies us ing both methods o f  c irculat ion with 
s imul taneous f i l l  during leaching : 

I .  Blanket cas ing ( B )  would be s uspended to the pro j ec ted 
c avern floor , and a concentric displacement tubing ( e )  would 
be extended to the bottom of the borehole ( see Figure J- 3 ) . 
Bl anket o i l  wou ld be filled to the bottom o f  the b l anke t 
casing , and by d irect c irculation the bottom of the sump interval 
would be leached . After removing 2 j o ints ( 1 2 0  ft ) of tub ing 
( e ) , reverse c irculation would be u sed to enlarge the sump to 
its proper s i ze . An adequate sump s i z e  would be determined by 
examination o f  we l l  logs and core data to c alculate the amount 
of inso lubles pre sent in the salt ( normally 3 to 7 percent ) . 

I I . The b lanket o i l  would be withdrawn to the base o f  outer 
produc t c a s ing (A)  at the proj ected c avern c e i l ing , but the 
bl anket c a s ing ( B )  would be set at 6 0  ft . be low thi s point . 
Thi s  measure would reduce the turbulence near the o i l -water 
interfac e . Tubing ( e )  would be re located at the pro j ec ted 
c avern floor . With d irect c irculation the borehole in the 
salt would be enl arged . Then by reverse c irculation , the 
c avern c e i l ing would be leached , gradually creating a c e i l ing 
of proper d i ame ter . 

I I I . At thi s point in the proce s s , c rude o i l  would be s tored 
in conj unction with the leaching operation s . The bl anket 
c a s ing and o i l  level would be lowered as needed until the 
c avern reache s ful l  s i z e . 

IV.  When the leaching i s  completed , the remainder o f  the 
c avern i s  f i l led with crude o i l , the two concentric wash s trings 
would be withdrawn and replaced by a s ingle s tring for d i sp l ac e 
ment during withdrawal operation s . 
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APPENDIX K 

LISTS OF SPECIES AND ECOSYSTEMS CHARACTERI STIC 
OF THE LOUI S IANA AND TEXAS GULF COAST 





Tab le K . l-l S o i l  and Wate r Chemical Characteristics of the Marsh Vegetative 
Types in Hydro logi c Uni t 9 .  

FRESH MARSH 

Variab le 

Wate r s al i ni ty ( ppt) 
To tal soil s a l ts ( pp t )  
Organi c ma tte r  ( % )  
N i  troge n ( % )  
C/N rati o 
Phosphorus ( ppt) 
Potas s i um ( ppt) 
C alcium ( pp t )  
Magne s ium ( ppt) 
Sodi um ( ppt) 
pH 

INTERMEDIATE MARSH 

vari able 

Wate r s a lin ity ( ppt) 
Tot al s oil s al ts ( ppt) 
Organic matte r ( % ) 
Ni trogen ( % )  
C/N ratio 
Phosphorus ( pp t )  
Po tas sium ( ppt) 
Ca lcium ( ppt) 
Magn e s ium ( ppt) 
Sodi um ( ppt) 
pH 

BRACKISH MARSH 

Vari ab le 

Water salintiy ( pp t )  
Total s o i l  s a l ts ( ppt) 
Organic matte r ( % )  
Ni trogen ( % )  
C/N ratio 
Phosphorus ( ppt) 
Potas s i um ( pp t )  
Calcium ( ppt) 
Mag ne s ium ( ppt) 
Sodium ( ppt) 
pH 

No. of 
Sample s 

6 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

No . of 
S amples 

10 
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
11 
1 1  

No .  o f  
S amples 

2 1  
2 1  
2 1  
2 1  
2 1  
2 1  
2 1  
2 1  
2 1  
2 1  
2 1  

Me an 

1 .  2 7  
1 . 60 

1 1 . 9 2  
. 5 4 

1 2 . 5 8 
. 0 3  
. 1 4 
. 7 1 

1 . 0 4 
1 .  00 
5 . 60 

Mean 

2 . 4 3 
5 . 1 2 

2 8 . 35 
1 . 0 5  

15 . 6 2  
. 0 1  
. 16 
. 6 3  

1 .  30 
2 . 20 
5 . 7 8 

Me an 

6 . 4 1 
6 . 60 

18 . 9 3  
. 7 2 

14 . 7 4 
. 0 3  
. 3 2  
. 5 1  

1 .  37  
3 . 34 
6 . 16 

K . l- l  

S tandard 
Devi ation 

. 89 
1 .  32  
8 . 0 7  . 

. 3 8 

. 3 4 

. 0 2 

. 1 2 

. 6 0  

. 2 9 

. 16 

. 6 0  

S tandard 
De vi a tion 

1 .  45 
4 . 5 2  

2 2 . 5 1 
. 5 3  

4 . 49 
. 0 1  
. 0 9 
. 4 2 
. 7 2 

1 .  50 
. 38 

Standard 
Devi ation 

4 . 38 
3 . 1 1 

10 . 4 8 
. 30 

2 . 49 
. 0 3  
. 1 4 
. 3 3 
. 3 5 

1 .  2 3  
. 36 

Range 

. 3 3 2 . 89 
2 . 9 2  . 2 7 

6 . 1 4 
. 2 7  

12 . 5 1  

- 2 1 . 1 4 
. 9 8 

- 1 3 . 1 8 
. 009 - . 06 
. 06 . 29 
. 0 4 1 .  2 2  
. 7 5 1 . 3 5 
. 8 1 1 . 10 

5 . 00 6 . 20 

Range 

. 9 0 6 . 04 

. 5 5 - 16 . 5 3  
2 . 60 - 69 . 19 

. 39 2 . 20 
8 . 19 - 24 . 1 4 

. 00 2  - . 0 5  

. 0 5  . 3 1 

. 1 3 1 .  45 

. 40 3 . 06 

. 4 2 5 . 88 
5 . 30 6 . 3 0 

Range 

. 49 - 1 5 . 79 
1 . 4 8 - 1 2 . 5 6  
7 . 6 5  - 5 2 . 0 5  

. 2 7 1 . 4 9  
10 . 5 0 - 20 . 2 6 

. 00 4  - 1 . 2 9 

. 1 1 . 5 9 

. 1 2_ - 1 .  2 8  

. 78 2 . 1 0 
1 . 2 7 5 . 6 8  
5 . 20 6 . 80 



Table K. l- l Continued 

SAL INE MARS H 

Variab le 

Water s alinity ( ppt) 
Total s oil s a lts (ppt) 
Org anic ma t te r  ( % )  
Ni trogen ( % )  
CIN r a tio 
Phosphorus (ppt) 
Po tas s ium ( ppt) 
Calcium ( ppt) 
Magne s i um ( pp t )  
Sodi urn ( pp t )  
pH 

No . o f  
S amples 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

s t andard 
Me an De viation 

3 . 0 7  
2 . 1 4 

. 06 
2 0 . 66 

. 1 3  

. 29 
7 . 28 
3 . 2 2 
2 . 5 5 
7 . 70 

Range 

3 . 0 7  - 3 . 0 7  
2 . 1 4 - 2 . 14 

. 06 - . 0 6 
20 . 66 - 20 . 66 

. 1 3 - . 1 3 

. 2 9 - . 29 
1'. 2 8  - 7 . 28 
3 . 2 2 - 3 . 2 2 
2 . 5 5 - 2 . 5 5 
7 . 70 - 7 . 7 0 

Source : Chabreck , R .  H . , 1 97 2 .  ve getation , Water and Soil Cha racte ri s tics 
o f  the Loui s i a n a  Coas tal Re gion , Bul le tin No . 66 4 ,  Louis i an a  S t ate 
Uni ve rs i ty , Agricultur a l  Expe riment s ta tion , 7 2 .  pp . 
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Tab le K . 1-2 Spe c ie s  Composit ion o f  Marsh Typesa Within Hydrologic Uni t  9 
of the Louis iana Coas tal Marshe s .  

Vege tat ive Type 
S}2ecies S a l ine Brack i s h  Intermediate Fresh 

-- - - - - - - - - - - - - - - Percent -- - -- --- - - - - - - - - -

Acnida alabamen s i s  1 .  2 1  
Al ternanthera ph i loxe roides 2 . 2 4 25 . 8 7 
Bacopa monn ieri 5 . 3 3 2 . 49 2 . 9 9  
B a t i s  marit ima 2 0 . 2 4 
Cynodon dacty lon 2 . 9 9 
Daubentonia texana 1 .  29 
D i s tich l i s  sp icata 54 . 66 8 . 9 6 1 .  99 
Ech inoch loa wa lteri 2 . 1 9 
Eleo cha r i s  sp . 8 . 46 
Juncus e f fusus 3 . 00 
Leptochloa fascicularis 1 . 99 
Nymphaea ord ora t a  1 . 9 9  
Paspa l wn vaginatwn 7 . 2 2 1 3 . 2 9 5 . 7 7 
Rupp ia mari tima 1 . 1 8 
Phragmites communi s 3 . 9 7  
S agittari a falcata 4 . 59 2 2 . 88 
S c i rpus cal i forni cus 6 . 7 3 4 . 9 8  
Sc irpus olney i 6 . 99 6 . 2 1 
S c i rpus robus tus 2 . 49 1 .  2 1  
S e sbania e xal tata 2 . 0 7  
S e tari a g l allca 1 .  38 
Spartina altern i f lora 24 . 29 
Spartina patens 59 . 8 1 4 6 . 83 7 . 9 6 
Spartina spart ineae 1 .  5 8  1 .  73 
S tri cularia cornuta 3 . 9 8 
Othe r speciesb . 8 1 5 . 0 6 4 . 4 3 2 . 6 8 

a
I nc l udes only natural marshes . 

b 
Includes only p l ants mak ing up le s s  than 1 . 00 percent o f  the species compos ition . 

S ource : Chab reck , R .  H . , 19 7 2 . Vegeta tion , Wa ter and S o i l  Ch a racteris tics of the 
Loui s i ana Coas ta l Region , Bul letin No . 6 6 4 , Loui s i ana S tate University , 
Agricul tural Expe riment S tation , 7 2  pp . 
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Table K. 2-1 Monthly average salinity , tempe rature , and catch per uni t e f fort 
in estuarine areas of southwes te rn Loui s i ana from April 196 8 
through March 1969 . 

A pr. May June July Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Year 

Number of seine samples . . . . . . .  2 

Salinity ppt . . . . . . . . . . . . . . . . . . .  11.1 

Temperature C ·  . . . . . . . . . . . . . . .  24.1 

Commercial Species 
Vertebrate 

Lepisosteus spatula . • • • • • • . . . . . .  

Brevoortia pa tronus . . . . . . . . . . . .  63 

Dorosoma cepedianum . . • . • . . . . . .  .6 

Eagre marinus . . . . . . . . . . . . . . . .  . 

Galeiehthys lelis . . . . . . . • . . . . . . .  

letalurus lureatus . . . . . . . . . . . . . •  

Caranx hippos . . . . . . . . . . . . . . . .  . 

Trachinotus earolinus • . . . . . . . . •  

Bairdiella chrysura . . • • • • . . . • . . •  

Cynoscion arenariu8 • • . . . . . . . . . .  

Leiostomus xanthurus . . . . . . • . . .  

Mentieirrhus americanus . . . . . . .  . 
Micropogon undulatus . . . . . . . • . .  4 
A rchosargus probatocephalus . . . •  

Lagodon rhomboides . . . . . . . . . • •  

Trichiurus lepturus • . • . . . . . . . . .  

Seomberomorus maculatus . . . . . •  

MugU cephalus . . . . . . • . . • • • . . . .  6 

Menidia beryllina . . • • . • • . . . . . . .  20 

Invertebrate 

Penaeus setilerus . . . • . . . . . . . . . .  

Callineetes sapidus 

O ther Species 
Vertebrate 

Alosa chrysoehloris . . • • • . . • . . . . •  

13 

Dorosoma petenense . . • . . . . . . • . •  2 

Harengula pensaeo/ae . . • • . • . . . .  

A nchoa hepsetus . . . . . . . . . . . . . .  . 

A nchoa mitehilli . . . . . . . . . . . . . . .  12 

Strongylura marina . . . . . . . . . . .  . 

Cyprinodon variegatus . . . . . . . . .  . 

Fundulus grandis . . . . . . . . . . . . . . 1 

Chloroseombrus chrysurus • . . . • •  

Oligoplites saurus . . . . . . . • . . . . . .  

Peprilus paru . . . . . . . . . • . . . . . . . .  

Polydaetylus octonemus . . . . . . . .  96 

Sphaeroidcs nephelus . . . . . • . . . . .  

Invertebrate 

Lolliguncula brevis . . . . . • • • . • • . •  

Livoneca ovalis . . . . . . • . . . . . . . . .  

A eetes americanus . . • • . . . . . • . • .  2 

Palemonetes vulgaris . . . . . . . . . . •  

Pagurus longiearpus . . . . . . . . . . .  . 

2 

1.9 

24.9 

62 

2 

1 

.6 

2 

2 

63 

2 

.6 

47 

3 

166 

3 

1 

2 

1.6 

31.9 

607 

.6 

7 

9 

1 

1 1  

2 

.6 

10 

.6 

.6 

16 

2 

31 

60 

107 

4 

2 

13 

. 5  

6 9  

6 

2 

6.7 

34.6 

109 

.5 

3 

1 

3 

.5 

.6 

1 1  

28 

26 

23 

9 

1 

13 

3 

8 

7 

1 
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2 

14.4 

31.4 

28 

5 

3 

4 
8 

2 

6 

1 

13 

() 

12 

2 

3 

22 

.6 

.6 

12 

2 1 2 

1 ? 6  3.8 3.8 

21.3 13.5 13.6 

64 

.6 

2 

6 

1 

.6 

.5 

15 

3 

.6 

.6 

199 

2 

1 

1 

. 6  

6 

.6 

1 

3 

1 

66 

15 

2 

136 

4 

1 

5 

28 

1 

1 

2 

.6 

5 

65 

3 

1 

18 

4 

.5 

6 

74 

1 

2 

6.8 

15.7 

46 

3 

1 

272 

4 

3 7  

1 

116 

13 

2 

1 2 

19 2.8 

14 17.7 

11 

21 

1 

1 

5 

1 

1 

8 

2 

2 

68 

.6 

6 

9 

2 

5 

76 

21 

.5 

2 

20 

9.9 

21.6 

.1 

122 

.6 

.6 

.1 

.1 

1 

1 

.2 

1 

2 

.2 

47 

.1 

.1 

.1 

.4 

7 

15 

9 

9 

.2 

8 

3 

1 

65 

.6 

4 

1 

4 

.6 

.1 

34 

2 

.1 

.4 

.2 

.4 

.1 



Table K . 2- l  Continued 

---:-.:�.�-====--====::===========�:.::::==:--== -

A pr. May June July A u g. Scpo Ocl.  Nov. Dec. Jan. Feb. Mar. Year 

Number of trawl sam ples 1 7  1 7  1 7  1 7  1 7  1 7  1 7  1 :l 1 7  1 7  1 7  11; 1 !l8 
Salin ity ppt . . . . . . . . . . . . . . . . . . .  8.4 5.1 9.2 5.7 7.4 7.n !l.3 2:1.5 6 . 2  5 . 7  7 . :l 5 . 2  8.1 
Temperature C· . . . . . . . . . . . . . . . 21 25.3 28.6 33.5 31.4 27 25.1 1 6.2 12.5 10.9 14.2 13.2 20.7 

Commercial Species 
Vertebrate 

Lepisosteu8 spatula . . . . . . . . . . . . . 2 .1 T 
Brevoortia patronlls . . . . . . . . . . . . 9 247 296 42 15 10 8 1 1  4 1 35 36 6 1  
Dorosoma cepedianum . . . . . . . . . . .1 2 2 1 .4 1 .1 2 1 6 1 
Eagre 1narin us . . . . . . . . . . . . . . . . .6 3 3 .2 .6 
Galeic h thys felis . . . . . . . . . . . . . . . .5 . 1  . 6  .2 5 6 1 1 

Ictalurus furca tus • . • . . . • . . • . . . .  .1  .1 2 .6 1 .4 1 5 3 . 1  4 1 
Roccus mississippiensis . . . . . . . . . .1 .1 T 
Caranx h ippo s  . . . . . . . . . . . . . . . . .  .2 .2 .1 . 1  

Trach in o tus carolinus . . . . . . . . . . . T T 
Cynoscion arenariu8 . . . . . . . . . . . .  2 6 32 36 23 41 30 3 .2 .1 15 

Cynoscion nebu/osus . . . . . . . . . . . . .3 . 1  .2 .1 .1 .1  

Lciosto»lllS xan thurus . . . . . . . . . . 89 1 21 64 103 33 10 3 10 6 2 3 2 38 

Men ticirrhus amcricanus . . . . . . .  . 1  . 1  . 5  . 2  . 1  

Micropogon u n dlliatus . . . . . . . . . . 510 393 258 252 7 7  51 1 0  27 33 140 208 252 187 

Pog o n ias cromis . . . . . . . . . . . . . . . .2 .1 .1 .1 .1 1 .5 .1 .5 . 1  . 2  
A rch osargus proba tocephalus . . . . .3 .1 .1 .3 .2 .1 .3 .2 .1  
Lagodon rhomboides . . . . . . . . . . . .  . 1  T 
Chaetodipterus faber . . . . . . . . . . .  .1 2 10 6 2 .1 2 

Trich iurus lep turus . . . . . . . . . . . . .1 .2 .2 .1 . 1  . 2  .2 .1 1 .2 

Scomberomorus maculatus . . . . . . .2 .2 .1 T 
PrionotuR tribulus . . . . . . . . . . . . . . .2 .1  T 
Mugil cephalus . . . . . . . . . . . . . . . . .1 .1 .1 1 .1 .2 3 2 1 11 2 

M enidia beryllina • • • • • • • • • •  0 • •  , .1 .5 .1 .1 .1  

Citharic h t h ys spilopterus . . . . . . . 1 3 1 2 .3 .2 .1 .7 
Etroplls crossotus . . . . . . . . . . . . . .  .1 .3 .5 .1 

Paralich thys lethos tigma . . . . . . . .  .5  .1 .1 .2 .1 .2 .1 1 .5 . 1  . 3  . 2  

Trinectes maculatus . . . . . . . . . . . . .3 .3 2 1 1 3 .2 4 .5 .4 .1 .5 1 

Invertebrate 

Rangia cunea/a . . . . . . . . . . . . . . . .  .1  .4 .1 .1 .1, .1 .1 .1 .1 
Penaeus se tiferus . . . . . . . . . . . . . .  5 6 1 39 96 131 71 87 5 35 
Pena ells azteC1lS . . . . . . . . . . . . . . . 1 103 148 40 38 33 2 .4 1 3 1  

Callinectes sapidus . . . . . . . . . . . . . 9 8 8 5 3 110 8 1 3  10 2 13 7 

O t her Species 
Vertebrate 

DasJlalis sabin a  . . . . . . . . . . . . . . . . .1 T 
Dorosmna pctenen se . . . . . . . . . . . . .1 .1 5 1 1 .4 1 12 2 

I1 arcngula pen .. acolae . . . . . . . . . .  .4 . 1 T 
A n c h oa mitch illi . . . . . . . . . . . . . . .  19 80 1 2 1  5 4  254 177 136 135 51 18 82 41 
S"n odlls foe tens . . . . . . . . . . . . . . . . .1 .1  . 1  .1 
Oph ich t h U1l gomesi . . . . • . . . . . . . •  .1 .1  .1  
CJlprin odoll varicg a t wl  . . . . . . . . . .2 .1 
FundU /liS grandls . . . . . . . . . . . . . . .1 .1 
Uroph JlfiB florida>111s . . . . . . . . . . . .6 
C h o cnobry l / /J s  g ll /OSU8 . . . . . . . . . . .1 .1 
S t rlli!er laneeo/n f liB  . . . . . . . . . . . . .1  .1 .1 .1 

G o b ioides br01IRSOl1 n e ti . . . . . . . . . .1 .1 .4 
Gobion rllllS ha<ia tus . . . . . . . . . . . .2 .1 .1 .1 .1 .2 .1 .5 
G o b ioBoma bosci . . . . . . . . . . . . . . . .1 . 1  

Micrognb ius gulos!u . . . . . . . . . . . . .1 .1 
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Table �. 2 - 1  Continued 

A pr. Mall June JlIill A ug. Scp o Gd. N,,?), Drc. Jail. Feb. 
- �- --- - ---- - --�---.- ���- � - - - ----------- � � ------- ----

Peprilus paTU . . . . . . . . . . . . . . . . . .1 .6 .1 .1 .1 Pnl1ldnctyllls octonemWl . . . . . . . . .  19 290 134 60 2 4 .1 
A chirus lineatus . . . . . . . . . . . . . . .  .1 1 4 .8 .5 .1 
SymphUTUS plagiu8(l . . . . . . . . . . . .  .3 1 .2 1 1 . 6  .2 .1 Gohicsox strum osllS . . . . . . . . . . . .  .1 .1 
Spha eroides nephelWl . . . . . . . . . . . .2 1 1 2 .1 .1 
Opsanu8 beta . . . . . . . . . . . . . . . . . . .1 

Invertebra te 
Lolliguncula brevia . . . . . . . . . . . . . .1 .1 
Livoneca ol'a lis . . . . . . . . . . . . . . . . .1 .4 . 1  2 . 1  . 1  . 1  . 1  
A cetes americanWl . . . . . . . . . . . . .  .1 .1 .1 
A lpheus heterocha elis . . . . . . . . . . .  . 1  
Palemonetes vulgaris . . . . . . . . . . .  23 � 20 1 2 .1 1 1  1 7  .3 
Squi/la empusa . • • • • • . • . . . • • • • •  .1 
Pag!lr1l8 longicarpus . . . . . . . . . . . .1 

Panopeus herbstii . . . . . . . . . . . . . . .1 
-- -------

a
Commerci al speci e s  are de fined as those l isted in FIshe ry S tati stics of the 
State s , 1966 . 

b 
catch o f  le s s  than 0 . 1  tow . Denotes a per 

T = Trace 

Source : Perre t , W . S . , e t  a l . ,  19 7 1 ,  Cooperative Gulf o f  Mexico Es tuarine 
I nventory and S t udy , Lo ui s i ana : Loui siana Wi ldli fe and Fisheries 
Commi s sion , New Orleans , Lo uis i ana . 
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Mar. Year 
---- - -

.2 . 1  
32 

.5 
.2 .6 

T 
.4 
T 

. 1  
. 1  . 3  

T 
T 

9 8 
T 
T 
T 

Unite d 





T ab l e  K . 3 - l  B en t h i c , Ep iph y t i c , and P e r iphyt i c  Al g a e  C ommo n l y  
F o u n d  I n  Co a s t a l  L o u i s i an a  Wa t e r s  Ne a r  t h e  G u l f 
I n t r a c o a s t a l  Wa t e rw ay 

Ba c i l la r i ophyc e a e  ( D ia t oms ) 

Amphiphora sp . 

Ampho ra augus t a  

Ampho ra sp . 

Ca l o n e i s  sp . 

Camphy lo d i s cus s p . 

C o c cone i s  d is c u l o i d e s  

C o c c o n e i s  d is c u l us 

Co c co n e i s  p la c en t u l a  

Cyl indro t he c a  c l o s t e r ium 

Cyl i n d r o t he ca f us i fo rma 

De n t i c ul a s p . 

Dip l on e i s  b omb us 

D iplone i s  i n t e r r upt a 

Gramma t oph ora ma r i na 

G rysog ima t e rryanum 

Hant z sc h i a  s p . 

I s t hmia nervosa 

Ma s t o g l o i a  sp . 

Me l o s i ra d i s t ans 

Me lo s i r a  spp . 

Navi c u la d i r e c t a  

Nav i c u l a  s p p . 

N i t z s c h i a  s p p . 

Opep�o ra s p . 

�a r a l ia s p . 

P l e u r o s igma sp . 

Rhopa l o d i a  g ibbe r u l a  

S u r i r e l l a  ame r i ca n a  

�hl o r ophyc e ae ( G r een A l ga e )  

C a u l erpa pro l i f e r a  

C la d oph o r a  d e l i ca t u la 

C l a doph o ra f a s c i cu l a r i s  

C l a dopho ra grac i l i s  

C l adophora repens 

C l adophorops i s  memb ranacea 

E n t e romo rpha f l exuosa 

E n t eromorpha i nt e s t i n a l i s  
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T ab l e  K . 3 - l  C o n t inue d 

Ent ero�orpha l ingula t a  

Phaeophila dend roides 

Rhizoclonium kochianum 

Rhiz o c lonium r iparium 

Spyridea f ilament o s a  

Ulothrix s p .  

U iva lact uca 

Ulvel la � 

Ulve lla sp . 

Vaucheria s p .  

�yanophyceae ( B lue- gre en Algae) 

Anacys t is s p .  

Chroococcus sp . 

Lyngbya gracilis 

Lyngbya maj esc ula 

Lyngbya spp . 

Mer i smopedia sp . 

Osc i l la t o r i a  sp . 

Spirul ina sub salsa 

Spirulina sp . 

S o ur c e : U . S .  Army Co rp s  o f  E n g i n e e r s , 1 9 7 5 , D r a f t  Envi ronmen t a l  

I mp a c t  S t a t e m e n t , G u l f  I n t r a c o a s t a l  W a t e rway P e t i t  

An s e , T i g r e  and C a r l in B a y o u s ; and B ay o u  G ro s s e  T e t e , 

L o u i s i an a , U . S .  A rmy Co rp s  o f  E n g i n e e r s , N ew O r l e an s , 

Lo u i s i an a . 
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Table K . 4- l Species Composi tion and Relative Abundance of Major Plankters in Monthly P l ankton Aliquots With Settled Volume Per 1 0 0m3 , S al ini ty ( PPT) , and Water Temperature ( C O )  a s  Col lected Apr i l  1 ,  1 9 6 8 ,  Through March 3 1 ,  1 969 , in the Southweste rn Loui s i ana Coastal Zone 

April May JutUJ July Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Settled Vol. cc . . . .. . . . . . . . . . . . . . . . . .  98.6 9.6 61 8.0 4.6 6.3 5.0 4.6 4.6 12.0 20.7 10.2 

Salinity ppt . . . . . . . . . . . . . . . . . . . . . . .  10.8 12.2 18.1 17.3 16.4 1 1.9 20.5 24.2 21.3 13.9 

Temperature C ·  . . . . . . . . . . . . . . . . . . . 22.0 24.9 31.2 34.4 31.6 26.2 24.4 14.8 12.5 8.0 

--- - -- - -
Taxon 

PROTOZOA . . . . .  , . . . . . . . . . . . . .  
DinoflagelJida . . . . . . . . . . . . . . . . . .  
Noctiluca scic1tillans . . . . . . . . . . . .  5 1 ::;4 

105 2500 192 
COELE NTERATA . . . . . . . . . . . . .  P P 

P P P P P P 
CTENOPHORA . . . . . . . . . . . . . . . .  P P P P P P P P P 

!A: ANNELIDA . . . . . . . . . . . . . . . . . . . 
Polychaeta LAR . . . . . . . . . . . . . . . .  � 

25 ARTHROPODA . . . . . . . . . . . . . . . . 
I 

f--' Crustacea NAU . . . . . . . . . . . . . . . .  2099 233 
70 603 81 85 54 85 37 

Cladocera . . . . . . . . . . . . . . . . . . . . . .  
Evadne tergestina . . . . . . . . . . . . . .  

81 27 1GO 

Penilia auirostris . . . . . . . . . . . . . . 391 91 
1692 

85 

Copepoda COP . . . . . . . . . . . . . . . . .  T T T T T T T T T T 

A cartia sp . . . . . . . . . . . . . . . . . . . . .  3070 997 236 66 105 3373 2333 9378 500 157 236 2253 
Caligus sp . . . . . . . . . . . . . . . . . . . . .  

2 
Centropages sp. . . . . . . . . . . . . . . . .  520 

2693 20 136 136 26 174 75 

Corycaeu8 sp. . . . . . . . . . . . . . . . . . . 296 
86 

Eurytemora hirundoidcs . . . . . . . .  100 
1215 Labidocera acstiva . . . . . . . . . . . . . 556 324 48 20 67 1485 290 134 22 

43 

Sapphirina nigromaculata . . . . • . .  

25 60 
Temora sp . . . . . . . . . . . . . . . . . . . . .  9 1  

623 430 72 15 25 
Tortanus sp. . . . . . . . . . . . . . . . . . . .  

47 45 
Undinula vulgaris . . . . . . . . . . . . . .  

128 104 165 174 120 69 

Halicyclops fosteri . • . . . . . . . . . . . .  

80 198 121 25 20 59 

Isopoda . . . . . . . . . . . . . . . . . . . . . . . .  
Aegathoa oculata . . . . . . . . . . . . . . .  

3 40 1 
Decapoda LAR . ,  . . . . . . . . . . . . . . 1056 480 1 1 6  8 0  9 3  2240 623 289 

20 50 

Caridea . . . . . . . . . . . . . . . . . . . . . . . 

Leander tenuicornis . . . . . . . . . . . . . 9 18 110 Brachyura MEG . . . . . . . . . . . . . . .  

2 
Callinectes JUV . . . . . . . . . . . . . . . .  



� ,  
01'> I N 

Table K . 4- l continued 

P 
T 

April 

CHAETOGNATHA . . . . . . . . . . . . 
Sagitta hispida . . . . . . . . . . . . . . .  

CHORDATA . . . . . . . . . . . . . . . . . . 
Urochordata . . . . . . . . . . . . . . . . . . . 

Oikopleura sp. . . . . . . . . . . . . . . . . .  

Doliolida . . . . . . . . . . . . . . . . . . . . . .  
Osteichthyes EGG . . . . . . . . . . . . . 

Osteichthyes LAR . . . . . . . . . . . . . .  

Pre sent: in fair numbers 
Trace 

143 

295 

36 

May June July Aug. Sep. 

125 

200 
5 

2200 

16 
60 

Oct. 

728 

104 

10 

36 

Nov. 

410 

120 

2 

Source : Gi l le spie , M . C . ,  1 9 7 1 , Analysis and treatment o f  zooplankton of e s tuarine 

I n :  Cooperative Gul f o f  Mexico Es tuarine Inventory and Study , Louisiana : 

and Fisheries commi s sion , New Orleans , Louisiana . 

Dec. Jan. Feb. 

2 49 

waters of Louis iana , 

Louisiana Wildlife 

20 

50 

Mar. 

25 

250 

1 



Table K. S-l Representa tive Fre shwater Fi sh Spe c i e s  in Coas tal Loui s i ana 

Sma l l  Rive r s , Oxbow , Swamp s , 
Large F l ood P l a i n  

La rge R i ve r  T r i b u t a ry S l oughs 
Name S t a t u s  Ch anne l s  C r eek s B o r r ow P i t t s  

B l u e  C a t f i s h ·  U X U X 
Channel C a t f i s h ·  X X X X 
B l ack B u l l h e a d  X U X X 
Ye l low B u l l he a d ·  X U X X 
F l a th e a d  C a t f i s h ·  U X U X 
F r e s h w a t e r  D r u m ·  U X U X 
P a d d l e  f i s h  U X U X 
B ow f i n ·  X X U X 
S p o ttEoC G a r ·  X U X X 
A l l i g a to r  G a r ·  U X U X 
Long no s e  G a r ·  X X X X 
S h c r t n o s e  G a r  U X U X 
C a r p  ( I n t roduce d )  X 
S m a l lmo u th B u f f a l o ·  U X U X 
B i gmo u th B u f f a l o ·  U X U X 
Gi z z a rd S h a d ·  X X X X 
\oJh i  te Ba s s ·  X X U X 
Ye l l ow B a s s · U X U X 
La rgemouth B a s s ·  X U X X 
S po t te d  B a s s  X U X U 
W h i t e  C ra p p i e ·  X X U X 
B l ack C rap p i e ·  X X U X 
W a rmo u th " X X X X 
B l u eg i l l ·  X X X X 
F-�e d e a r  S u n f i s h "  X II X X 
G r e e n  S u n f i s h  X U X U 
O r a nge S po t ted S u n f i s h "  U X U U 
S po t te d  S u n f i s h "  X U X X 
Longe a r  S un f i sh X X X X 
F l i e r  X U U 

F rom U . S .  Army E n g i n e e r s , New O r l e a n s  Di s t r i c t , 1 9 7 5 .  
" S p e c i e s  t h a t  f r eq u e n t l y  o c c u r  i n  b r a ck i s h o r  s a l i ne w a te r . 

U e xpe c t ed o r  k now n  occurrence s , b u t  probab l y  u ncommon 
X d e f i n i te ly k nown occu r rence and e x i s tence o f  w e l l  e s t ab l i s h ed popu l a t i on 
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Ta b l e  K. 6- 1  Hi gh Marsh Vegetati on 

Osmunda c i nnamonea l .  
Cinnamon fern 

Osmu nda rega l i s  L .  
Royal fern 
• 

Sphenopho l i s obtusata (Michx . ) 
Scd fin . 

Pra i r i e  wedgesca l e  
Pan i cum v i rga tum L .  

Swi tc hgra s s 
Ec h i noch l oa w a l teri  ( Pursh . )  
Heller 

Sa l tmarsh cockspur gra ss 
Setaria  ma�na Gri seb .  

Giant brl s tlegra s s  
Seta r i a  gen i cu l ata (Lam . ) 
Beauv . 

Kno troo t bri stl egra s s  
Setaria  gl a uca (L . )  Beauv . 

Ye 11 ow fox ta i 1 
Sch i zachyr i um scopa r i um (Mi chx . )  
Nash 

L i tt l e  bi uestem 
Cynodon dactyl o n  ( L . ) Pers . 

Bermuda gra s s  
Searti na sp�rti nae (Tri n . ) 
Rl tchc . 

Gul f cordgra s s  

Se sban i a  macroca rpa MUhl . 
Hemp sesba n i a  

Ti l i a ameri cana L .  
American  ba s swood 

H i b i scus mi l i tari s Ca y .  
Scarlet rose-ma l l ow 

H i b i scus cubens i s  A .  
Mall ow 

K . 6 - 1  

Spart i na satens  (Ai t . ) MUhl . 
Sa l tmea ow cordgra s s  

D i s t i c h l i s  spi c a ta ( L . ) Greene 
Sa l tgra ss 

Juncus roemerianus  Scheel e .  
Black ru sh  

Smi l a x  l a u r i fo l i a  L .  
Bamboo -v i r,e  

Sa 1 i x n i  gri �la rs h 
Blac k  wi 1 0"., 
Myr i ca ceri fera L .  

Ha x-myr t l e  
Bat i s  mar i t i ma  L .  
�i t i me sal twort 
L igui dambar s tyrac i fl ua L .  

Sweet -gum 
Pl atanus  occidenta l i s  L .  

Sycamo re 
Rubus dupl a r i s S h i nners 

B l a c kberry 
V ia�, l u teo l a  (Jacq . ) Benth . 

1 d cOl'lpea 
Amoraha fru ti cosa L .  

I n  i go bush 

Se sban 1 a  ves i cari a (Jacq . )  El l .  
Bl adder pod 

Bo l to n i a  a s tero i des (L . )  l t Her . 
0011 I S  dai sy 

Pl uchea camphora ta (L . )  D . C .  
Camphor-\�eed 

Pl uchea purpura scens ( SW )  D . C .  
Ma rsh-fl eabane 

Iva  frute scens L .  
Ma rs h-elder 



Tabl e K . 6 - 1  Conti nued 

Hydrocotyl e umbe l l a ta L .  

Mar sh pennywort 

Ipomoea sagi tta ta Poi r .  
Arrow-l eaf morn i ng g l ory 

M i ka n i a  scanden s  (L . )  Wi l l d .  
Cl imbi n g  hemp-weed 

Bacc har i s hal i mi fo l i a  L .  

Sea -myrtl e 

So l i da�o sem�erv i rens L .  
sea s l de go denrod 

He l i opsi s graci l i s  Nutt . 
Bushy s ea ox-eye 

Borr i chi a fru tescens (L . )  D . C .  
Sea ox-eye da i sy • 

Hel en i um ten u i fo l i um Nutt . 
B i tterweed 

pyrrho)appus  caro l i n i anus  
"{Walt . D . C .  

Fa l se dandel i on 

Source : u . S .  Army Corps of Engi neers , Ga l veston D i s tri ct , 1975 , 
Fi nal envi ronmenta l statement ma i n tenance dredgi ng 
Sabi ne-Neches Waterway , Texa s . 
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Tab l e  K . 7- 1  

Terre stria l , Swamp , and Marsh Eco systems , Plant 
S pec i e s  - Je f fe rson County , Texas 

Tot a l  Land = 6 0 8 , 7 0 4  Acre s l 

P r a i r i e  G r as s l and 
p r e s en t l y  < 6 0 , 0 0 0  
ac r e s  
b e f o r e  c U l t i vat i o n  
3 6 9 , 2 8 0  a c r e s  

C r opl and 
1 1 4 , 1 1 4  ac r e s 
( h a r ve s ted and 
f a l l ow )  

P a s t u r e l a nd 

3 7 , 0 0 0  ac r e s  

Swamps 

3 , 8 4 0  ac r e s  

1 1 9 7 4  S t at i s t i c s  

b l u e s t em (Andr opogon spp . ) ,  I nd i an
g r as s  ( S o rghas t r um spp . ) ,  ( Paspal um 
spp . ) mesq u i t e  and P r o sop i s  spp . ) ,  
Johnson g r a s s  ( S o r gh um h al epen s e )  , 
h ac k be r r y  ( C e l t i s  spp . ) ,  h u i s ac h e  
(Acac i a  f a r n e si ana) , c h apar r a l , c a c t u s , 
swi tc h g r ass ( P a n i c um v i r g a t um ) , p r ai r i e 
w i l dg r as s  ( Sphenopholi s obtusata ) 

r i c e , soybeans , h ay 
weed spe c i es ( j ung l e- r i c e , b a r ny a r d  
g r as s , r ed r i c e , k no t g r as s )  

na t u r a l l y  o c c u r r i ng p r a i r i e  g r as s  and 
ma r s h  spec i e s , imp r oved p a s t u r e  g r ass 
( r ye g r as s , alyce c l o ve r , wh i t e c l ov e r , 

d a l l i sg r as s )  l eg ume s , l o ng tom , 
b e r mud a g r as s  

De ep Swamp 

bald cyp r e s s  ( Taxod i um d i s t i chum ) , 
w a t e r  t u p e l o  (Ny s s a  agu a t i c a ) , 
w a t e r  o a k  ( Q u e r c u s  n i g r a ) , 
dwa r f  palme t t o  ( S abal m i n o r ) ,  
g um ( Nyssa b i f l o r a ) , gr ape (V i t i s  spp . ) ,  
y a upon ( I l ex vom i t o r i a ) , s aw g r a s s  
( C l ad i um-raIDa i c e nse ) , b r eak r u sh 
( Rhynchospo r a  co r n i c u l at a )  

S h a l low Swamp 

swamp tupe lo (Ny s s a  syl vat i c a  var . 
b i f l o r a ) , ove r cup o a k  ( Q u e r c u e  lyr a t a ) , 
w a t e r  h i c k o r y  ( C arya aqu a t i c a ) , 
swamp h i c k o r y  ( C arya l e i o d e r mi s ) , b l ac k  
w i l l ow , r ed map l e  ( A c e r  r ubr um var . 
d r ummond i ) , w a t e r  o� F r ax i n u s  c ar o l i n i a ) , 
pumpk i n  ash ( F r ax i nu s  tomento s a ) , w a t e r  
l o c u s t  ( G l ed i t s i a  aguat i c a ) , pecan 
( C arya i l l i no e n s i s ) , swamp p r i v e t  
( F o r e s t i e r a  ac um i na t � ) , c ommo n b u t tonbush 
( C epha l an t h u s  o c c i d e n tal i s ) , wa t e r  e l m  
o r  planner  t r e e ( P l an e r a aqu a t i c a )  
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Terrestria l ,  Swamp , a nd Mar s h  Ecosystems , P lant 
Spe c i e s  - Jefferso n  County , Texas ( c on tinued ) 

Tot a l  Land = 6 0 8 , 7 0 4  Acres l 

F l uv i a l Wo odl and 

2 1 , 1 2 0  a c r e s  

M i xed P i ne
H a r dwood Fo r e s t  

5 0 , 5 6 0  a c r e s  

S a l t  M a r s h  
B r a c k i s h  M a r sh 
I n te rmed i ate Ma r sh 
F r e sh Ma r sh 

1 1 9 7 4  Statist i c s  

pecan (Carya i l l i no e n s i s ) , h i c k o r y 
C a r y a  spp . ) ,  l i ve o a k  ( Qu e r c u s  v i rg i n
i an a ) , w a t e r  o a k  ( Q .  n i g r a ) , b l ac k j ack  
o a k  (Q .  mar i l and i c a ) , swamp Chestnut o a k  
( Q u e rcu s mi c h au x i i ) , e lm ( U lmu s  spp . ) ,  
h a c k be r r y ( C e l t i s  spp . ) ,  mag no l i a  
( M a g no l i a  spp . ) ,  swe e tg um ( L ig u i d ambar 
s ty r ac i f l u a ) , r e d  haw ( C r a t aeg u s  
v i bu r n i fo l i a ) , a s h  ( F r a x i nus spp . ) ,  
sho r t l e af p i ne ( P i nu s  e c h i n a t a ) , 
l o b l o l ly p i ne ( P i n u s  taeda) , 
c a r pe t  g r a s s  ( Ax onopu s spp . ) ,  be rmuda 
g r a s s  ( Cynodon dactylon ) , g r e e n br i a r  
( S m i l ax spp . ) ,  yaupon ( I l e x  vom i t o r i a ) , 

g r ape (V i t i s  spp . ) ,  w i l l ow oak  ( Q u e r c u s  
phe l l o s )  

l o b lo l ly p i ne ( P i n u s  taeda) , 
l o ng l e a f  p i ne (� p a l u s t r i s )  
sho r t l eaf p i ne ( P .  ech i n a t a )  
h i c k o r y ( C arya spp : ) ,  s l as h  p i ne 
l i ve o a k  ( Qu e r c u s  v i r g i n i an a ) , 
b l ac k j ac k  o a k  ( Q .  mar i l and i c a ) , 
wh i te o a k  ( Q .  a l b a ) , po s t  o a k  
( Q .  s t e l l ataT , hac k be r r y ( C e l t i s  
occ i d e n t al i s )  , b l ac k be r r y ( Ru b u s  
sp . ) 

- 6 , 4 0 0  
- 3 5 , 8 4 0  
- 7 6 , 2 2 4  
- 9 , 4 7 2  

a c r e s  
a c r e s  
ac r e s  
a c r e s  

K . 7 - 2  
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Terre str ial , Swamp , and Marsh Ecosystems , Plant 
S pec i e s  - Jefferson County , Texas ( continued)  

Total Land = 6 0 8 , 7 0 4  Acres l 

b l u e s tem (And r opogo n l i t to r a l i s ) , 
Ve g e t a t ed S t r and 
P l a i n  

sea-oats ( U n i o l a  pani c u l a t a ) , 
Gu l f-dune paspa l um ( P a spal um 
mo n o s t ac hyum ) , c o a s t a l  sand b u r  
(C ench r u s i nc e r t u s ) , m i l kpea 
( G a l ac t i a  sp . ) ,  g r o un d s e l  
( S en e c i o  spp . ) ,  s umpweed 

F l at 

5 , 7 6 0  a c r e s  

1 1 9 7 4  Stat i s ti c s  

( I v a  c i l i a ta var . annua) , mar sh 
p l ants such as g l asswo r t  ( S a l i co r n i a  
b ig e l o v i i ) , c o r dg r as s  ( Spar t i n a 
a l te r n i f lo r a )  

Sources : F i sher , W .  L . , Brown , L . F . , Jr . ,  McGowen , and Groat , 
C .  G . , 1 9 7 3 , Envi ronmental geolog ic atlas at the Texa s 
coastal zone - Beaumont - Port Arthur Area : Bureau o f  
Economic Geology , Un iver s ity of Texas a t  Aus tin . 

Bureau of Census , Depa rtment of Commerce , 1 9 7 4 ,  
Cen sus of agricul ture prel iminary report for Jeffer son 
County , Texa s , Washington , D . C .  

Earles , J .  M . , 1 9 7 6 , Fore st stat i s t i c s  for southeast 
Texa s count i e s : U .  S .  Dept . of Agr iculture Fore s t  
Service Re source Bul letin SO- 5 8 . 
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Table K. 7-2 

Ocean Ecosystems : 

Gulf o f  Mexico 

Plants and Animals Probably Present in Jefferson County Aquatic Ecosystems 

PLANTS 

Phytoplankton : 

Diatoms : Nitzshhia , Thalass iothrix , 
Skeletonema , Asterionella , 
Chaetoceros , Rhizosolenia 

Dinoflagel lates : 
Triposolen ia ,  Cladopyxis , 
Heterodinium , Amphisolenia, 
Gymnodinium 

ANIMALS 

Zooplankton : 

a .  Holoplankton ( r emain zooplankton 
throughout l ife cycle) : Chaetognaths 
( ar row worms) , Ctenophores ( sea 
walnuts) , Medusae (j ellyf ish , etc . ) , 
Crustaceans : copepods , os tracods ,  
cladocerans , mys ids , amphipods 
Pteropods (mo l luscs) , Salps ( tunicates) , 
Pyrosomes ( tunicates) . 

b .  Meroplanktonic (ar e  zooplankton only 
in early l ife stages) 
Ascidians ( s ea squirts) 
Echinoderms ( s tarf ish , urchins , etc . )  
Cephalopods ( squids , octopods) 
Ectoprocts (mass animals) 
Porifera ( sponges ) 
Annelids (worms) 
Nemerteans (worms) 
f ish larvae (vertebrates ) 

Benthic Fauna : 

Upper Shoreface : 
Dinocardium ,  Dosinia , Tellina , 
Anadara , Mercenari a ,  and Anomia 
(clams ) ; Terebra , Polinices , Oliva , 
and Olivella ( snails) ; Mellit

-
a
---

(urchin) ; Luidia , and Astropecten 
( starfish) ; Callianassa (mud shrimp) . 
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Ocean Ecosys tems : 

Plant s and Animals Probably Present in Jefferson County Aquatic Ecosystems 
( con tinued) 

PLANTS 
ANIMALS 

Shoreface :  
Pet ricola (clam) ; Anachis (snail) ; Neathes , Polydora , Lumbrinereis (marine worms) ; Corophium , Arophithoe (crus taceans ) ,  and inner shel f fauna . 

Inner shel f :  
Atrina , Dinocardium, Dosinia , Spis tula , Tellina , Varicorbula ,  Nuculana , Pitar (clams) ; Architectonica , Busycon-,---Oliva , Phalium , Terebra , Anachis , �rius (snails) ; Luidia (s tarfish) ; Mellita (urchin) . 

Fishes : 
bluefish (Pomatomus sal tatrix) , black drum (Pogonias cromis) , Gul f  kingfish (Menticirrhus littoralis) , southern kingfish (M. americanus) , Gulf menhaden (Brevoortia patronus) ,  finescale menhaden (!. gunteri) , s t riped mullet (Mugil cephalus ) ,  spotted sea trout (Cynoscion nebulosus) ,  red snapper (Lutj anus campechanus) ,  tuna (Thunnus spp . ) ,  spot (Leios tomus xanthurus) ,  sand seat rout (Cyno scion arenarius) ,  ocellated flounder (Ancylopsetta guadrocellata) . 
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Fresh t o  Brackish 

Lakes and Ponds : 

Clam Lake , 
Salt Lake , 
Salt Bayou , etc .  

Plant s  and Animals Probably Present in Jef ferson County Aquatic Ecosystems 

(continued) 

PLANTS 

Phytoplankton : 

diatoms Melosira spp . , Coscinodiscus 

spp . and Pleuros igma spp . , the green 

algae Scenedesmus spp . , ped iastrum 

spp . and Staurastrum spp . , and the 

blue-green algae Anabaena spp . and 

Oscillatoria spp . Other genera 

which may be present include the 

diatoms Asterionella , Tabellaria , 

and Fragilaria ; Chrysophyceae such 

as Dinobryon and Uroglena ; colonial 

green algae such as Volvox , Pandorina , 

and Eudorina ; d inoflagellates such 

as Cerat ium and Peridinium . 

ANIMALS 

Zooplankton : 

copepod genera Eucyclops , Euryt emora , 

Diaptomus and Cyclops , the d ipteran 

larvae Chaoborus spp . , the cladocerans 

Bosmina and Daphnia ; and the rotifer s  

Brachionus , Keratella , Platyias and 

Kellicottia .  

Benthic fauna : 

the dip t eran larvae Procladius spp . , 

Cryptochironomus spp . , and Bezzia spp . ; 

the oligochaet e  worms ( Limnodrilus 

spp . and Peloscolex spp . ) ; and the 

amphipod Corophium spp . 

F ish : 

channel cat fish (I. punctatus) , 

largemouth bass (Micropterus salmoides) 

sunfish ( Lepomis spp . ) , gar (Lepisosteus 

spp . ) , Mosquitofish ( Gambusia af f inis ) , 

Fundulus spp . , freshwater drum 

(Aplodinotus grunniens) buffalo 

( Ictiobus spp . ) . 
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Es tuaries : 

Sabine Lake , 
Tidal Reaches o f  
the Neches River , 
Taylor Bayou , 
Hillebrant Bayou 

Plants and Animals Probably Present in Jefferson County Aquatic Ecosys tems 

( con tin ued) 

PLANTS 

Phytoplankton : 

diatom species o f  the genera 
Cyclotella , Melosira , Navicula and Nitzschia and species in the 
dino flagellate genera Ceratium , Peridinium , and Dinophysis . Several genera of green , blue-green and flagellated forms are found . 

ANIMALS 

Zooplankton : 

rotifers , (Brachionus , and Synchaeta) , also copepods ,  (Acartia , Eucyclops , and Cyclops ) and cladocerans (Bosimina and Daphnia) . 

Benthic fauna : 

Diptera (Chaoborus , Procladius , Coelo tanypus , Polypedilum and Bezzia) and Oligochaetes (Peloscolex and Limnodrilus) , fiddler crab (Uca sp . ) ,  mud crab (Pagurus sp . ) ,  marsh periwinkle (Littorina irrotata) , olive snails (Olivella sp . ) ,  ribbed mussels (Brachidontas demisseus plicatilis) , blue crab (Gallinectes sapidus) , brown and white shrimp (Penaeus aztecus , and P .  set iferus) , pink shrimp (Penaeus duorarum) , mysids (Mysis s p . ) ,  oysters (Crassos trea virgin�polychaete worms , amphipods , sponges , bryozoans , gastropods .  
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Estuaries 

( continued) 

Fresh Water River s  
and S t reams : 

Upper reaches o f  Neches 
River , Taylor Bayo u ,  
Hillebrant Bayo u ,  Big 
Hill Reservoir , 
Lowell Lake , etc . 

Plants and Animal s  Probab ly Present in Jef f er son County Aquatic Ecosystems 

(continued) 

PLANTS 

Phytoplankton : 

Crysophyta , Euglenophyta ,  
Chlorophyta ,  Cyanophyta 
Pennales sp . ,  Synura sp . ,  
Spirulina spp . , Chroococcus 
spp . 

ANIMALS 

Fishes : 

Gul f  menhaden ( Brevoortia patronus) , 
pompano (Trachinotus carolinus) ,  red 
drum ( S ciaenops ocellata) , sand sea 
trcut ( Cynoscion arenarius) , spot t ed 
sea trout ( C .  nebulosus ) , spot 
(Leiostom�s

-
xanthurus) , pinfish 

( S t enotomus aculeatus) , Atlant ic 
croaker (Micropogen undulatus) ,  south
ern f lounder (Paralichthys lethost igma) , 
mackerel ( Scomberomorus sp . ) , striped 
mullet (Mugil cephalus) , gaf f topsail 
cat f ish ( Bagre marinus ) ,  bay anchovy 
(Anchoa mitchilli) 

Zooplankton : 

Keratella , Daphnia , Mo ina , Diaphanosoma , 
Ceriodaphnia 

Benthic fauna : 

Tub ificidae , Chironomidae oligochaetes , 
Cambarus and other crawf ish , b ivalves , 
insect larvae and naiads 
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Plants and Animals Probably Present in Jefferson County Aquatic Ecosystems 

( continued) 

Fresh Water Rivers 
and S treams 
(continued) : 

Fishes : 

channel catfish (Ictalurus punctatus ) ,  black bullhead ( I .  nebulo sus) , yellowbullhead ( I .  natalis) , Dowfin (Amia calva) , spotted ga; 
(Lepisosteus oculatU;), longnose gar (�. 
osseus ) , gizzard shad (Dorosoma pentenense) , whit e  bass (Roccus chrysops) ,  largemouth bass (Micropterus salmoides) ,  spot ted bass (M. punctulatus) , white crappie (Pomoxis annularis) , black crappie (P . nigromaculatus) , warmouth (Lepomis gulosuS) , bluegill (t. macrochirus) , redear sunfish (L . microlophus) ,  flier 
(Cent rarchus mac;opterus ) , freshwater drum (Aplodinotus grunniens) .  

S ources : Bureau o f  Land Management ,  Department o f  the Interior , J 9 75 , Final Environmental Statement , Proposed Increase in Oil and Gas Leasing on the Outer Continental Shel f ,  Volume 1 .  Chabreck , R .  H. , 1972 , Vegetat ion , Wat er , and Soil Characteristics of the Louisiana Coastal Region , Bulletin No . 6 4 4 : Louisiana State Universit y ,  Agr icultural Experiment S tation . 
Federal Energy Administrat ion , J 9 7 7 ,  Final Environmental Impact Statement , Wes t  Hackberry Salt Dome : Federal Energy Administrat ion , Washington, D . C .  
U .  S .  Corps o f  Army Engineers , New Orleans District , J 9 75 . Draft Environmental S tatement , Gul f  Int racoastal Waterway ; Pet it Anse , Tigre , and Carlin Bayous ; and Bayou Grosse Tet e ,  Louisiana . 





Tab le K . 8 - l  

MAMMALS IN THE TEXOMA STUDY AREA 

Commo n Name 

Opossum ( Didelph i s  virginiana ) 
E a s tern mo le ( S ca lopus aquaticu s ) 
Shor t-ta i led shrew ( B lar i na brevicauda ) 
Le a s t  shrew ( Crypto t i s  parva ) 
Georgia bat ( P ipi s tre l lus subf lavu s )  
Big brown bat ( Eptes icus fuscu s )  
Red bat ( Las iurus borea l i s )  
Seminole bat ( La s i urus semi nolus ) 
Gre ater ye l l ow bat ( La s iurus intermedius ) 
Eve ning bat ( Nycticeius hume ra l i s )  
Raccoon ( Procyon lo tor ) 
Ringta i l  ( Ba s saricus a s tutus ) 
Long - ta i led wea sel ( Mu s te la frenata ) 
Mink ( Mu s te la vi son)  
River otter ( Lutra canaden s i s )  
Spo tted skunk ( S p i logale putor ius ) 
S tr iped skunk ( Meph i t i s  mephi t i s ) 
Red fox ( Vulpe s fu lva ) 
Gray fox ( Urocyon c i nereoargenteu s )  
Coyote ( Cani s la trans ) 
Gray wo l f  ( Canis lupus ) 
Red wol f ( Cani s rufu s )  
Oce lot ( Fe l i s  pardal i s )  
Bobcat ( Lynx rufus ) 
Eastern gray squirre l ( S c iurus caro l inensis) 
Fox squirrel ( S c iurus ni ger ) 
E a s tern f l y i ng squ i rrel ( Glaucomys vol ans ) 
P l ains pocket gopher ( Geomys bursarius ) 
H i spid pocket mou se ( P erognathus hi spidus ) 
Beaver ( Ca s tor ca nadens i s )  
Fu lvous harve s t  mou se ( Re i throdontomys f luvescens ) 
Pygmy mouse ( Baiomys taylor i )  
Whi te- footed mouse ( Peromyscus leucopus ) 
Co tton mouse ( PeromySCllS go s sypinus 
Northern rice rat ( Ory zomy s palustr i s ) 

*A - Abundant 
C - Common 
U - Uncommon 
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Abund ance * 
Loca l ly 

A 
U 
U 
C 
o 
o 
C 
C 
o 
o 
A 
o 
U 
C 
U 
U 
A 
U 
U 
C 
H 
U 
H 
C 
C 
C 
C 
A 
U 
U 
U 
U 
o 
o 
A 



Common Name 

H i spid cotto n  rat ( S igmodon hispidu s )  
Florida wood rat ( Neo toma floridana ) 
Muskrat ( Ondatra z ibethicus ) 
House mouse ( Mus mu sculu s )  
Roof rat ( RattuS rattus ) 
Norway rat ( Rattus norvegi cu s )  
Nutria (Myocastor coypus ) 
Eastern Co ttontail ( Sy lvi lagus f loridanus ) 
Swamp rabb it ( S ylvilagus aquaticus ) 
Wh ite-tailed deer ( Odocoi leus virgi nianu s )  
Nine-banded armad i l lo ( Da sypus novemcinc tus ) 
Caribbean mantee ( Trichechus manatus ) 
Blue whale ( Balaenoptera mu sculu s )  
Common finback whale ( Ba l aenoptera physalus)  
B l ack right whale ( Eubalaena gIaCiaT1 s )  
Sperm whale ( Physeter catodon) 
Pygmy s perm whale ( Kogi a breviceps ) 
Dwarf sperm whale ( Kogia simus )  
Gu l f  s tream beaked whale ( Mesop lodon europaeu s )  
Goo se-beaked whale ( Z iphius caviro s tri s )  
Atlantic bottl enose dolphin ( Turs iops truncatus ) 
Pygmy k i l ler whale ( Fere s a  attenuata ) 

Abundanc e * 
Locally 

A 
C 
C 
A 
A 
A 
A 
A 
A 
U 
A 
U 
U 
U 
U 
H 
U 
U 
U 
U 
C 
U 

Source : U .  S .  Army Corp of Eng i neers , Ga lve s ton Di stric t , 1 9 7 5 ,  
Fi nal Envi ronmental S t atement , Maintenance Dredg i ng 
S ab ine-Neche s Waterway , Texa s . 
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Tab le K .  8 - 2  

B I RDS I N  THE TE XOMA S TUDY AREA 

Bird 

Common Loon ( Gavi a imme r )  
Re d-th roate d Loon ( Gavi a s te l l ata )  
Horned Grebe ( Podiceps aur i tus ) 
E are d Grebe ( Podiceps n i gr i c o l l i s )  
Leas t Grebe ( Podiceps dominicus ) 
Pied-b i l l e d  Grebe ( Podi lyrnbus podi ceps ) 
Audubon ' s  She arwater (Pu ffinus lhe rminie ri ) 
Whi te - tai led Tropicb i rd ( Ph ae thon lepturus ) 
Ame ri can Wh ite Pe l i c an ( Pe le c anus e ry throrhynchos ) 
Brown Pe l i c an ( Pe le c anus occide nta li s )  
Masked Booby ( Su l a  dacty l atra )  
Northe rn Ganne�orus bas s anus ) 
Doub le-c re s te d  Cormoran t  ( Phalacrocorax auri tus ) 
O livace ous Cormorant ( Ph a lacrocorax o livaceus )  
P�e ri can Anh inga ( Anhinga anhi n  a )  
Gre at B lue He ron ( Arde a he rodias 
Green He ron ( Butori des vi re s cens ) 
Li t t le B lue He ron ( Flori da cae rule a )  
Catt le Egret ( Bubulcus ibi s ) 
Re ddi sh E gret ( Di chromanassa ru fe s cens ) 
Gre at Egre t ( Casme rodius a lbus ) 
Snowy Egre t ( E gretta thu l a )  
Loui s i ana He ron ( Hydran a s s a  tri color ) 
B l ack- c rowne d Night He ron ( Nycticorax nycticora x )  
Ye l low-crowned Night Heron ( Nyctan as s a  vio lace a )  
Le a s t  Bi ttern ( I xob rychus exi li s ) 
Ameri c an B i ttern (Botaurus lentiginosus ) 
Wood S tork ( Mycte r i a  ame ri cana ) 
Wh ite- face d Ibis ( P legadis chih i ) 
Wh i te Ibi s ( Eudoc imus a lbus ) 
Ro seate Spoonbil l (Aj aia a j a j a )  
Can ada Goose ( Branta canadens i s )  
Common B r ant ( Branta be rni c l a )  
Whi te - fronted Goose ( Ans e r  a lb i fron s )  
Snow Goose ( Chen c aerule s cens ) 
Ros s ' Goo se ( Chen ros s i i )  
B lack-be l lie d Tre e - duck ( Dendrocygna autumn a l i s ) 

*A - abundant 
C - common 
U - uncommon 
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Abundance * 
Loc a l ly 

U 
U 
U 
U 
U 
A 
U 
U 
C 
U 
U 
U 
A 
C 
C 
A 
C 
U 
A 
U 
A 
A 
A 
A 
A 
C 
C 
U 
A 
A 
C 
U 
U 
A 
A 
U 
U 



B i rd 

Fulvous Tree -duck ( Dendrocygna b i co lo r )  
Ma l la rd ( Anas platyrhyn chos ) 
Black Duck ( An as rub r ipe s )  
Mottled Duck CAn as fulvigu l a )  
Gadwa l l  ( An as G""Erepe r a )  
Northe rn Pintai l ( Anas acuta ) 
Green-winged Te a l  ( Anas c recca ) 
B lue -winged Te a l  ( An as dis cors ) 
Cinn amon Te al ( AnaS-CYanoptera) 
Northern Shove ler-{Ana s  c lypeata ) 
Ame rican Wigeon (Anas americana) 
Wood Duck ( Aix sponsa) 
Re dhe ad ( AythYa ame r i c an a )  
Ring-ne cked Duck (Aythya collar i s )  
Canvasb ack ( Ay thya val i s i neri a )  
Greater Sc aup ( Aythya mari l a )  
Le s s e r  S caup (Aythya affinis ) 
Common Goldeneye ( B ucephala c langula ) 
B u f flehe ad ( Bucephala albe o l a )  
Olds quaw ( C langula hyema l i s ) 
Whi te-winged S coter ( Me lanitta degland i ) 
Surf Scote r  ( Me lan i tta persp i ci l l ata ) 
Ruddy Duck ( Oxyura j amai ce n s i s ) 
Masked Duck ( Oxyu ra domi n i c a )  
Hoode d Me rgan s e r  ( Lophodyte s cucu l l atus ) 
Common Me rgan s e r  ( Me rgus mergans e r )  
Red-breas ted Me rganse r ( Me rgus se rrator ) 
Turkey Vul ture ( Cathartes aura)  
B l ack Vul ture ( Coragyps atraEUs ) 
Wh ite-tailed Ki te ( E lanus leucurus ) 
Mi s s i s s ippi K ite ( Ietinia mi s is i ppiensis ) 
Sharp-sh inned Hawk ( Accipiter s tri atus ) 
Coope r ' s  Hawk ( Accipite r  coope ri i )  
Re d- ta i led Hawk ( B uteo j amai cen s i s ) 
Red-shouldered H awk ( Buteo lineatu s ) 
Broad-winged Hawk ( Buteo p latypte rus ) 
Swains on ' s  Hawk ( Bu teo swainsoni ) 
Rough- legged Hawk ( But.e o lagopus ) 
Fe rrugi nous Hawk ( Bute o  re ga li s )  
Go lden EagJ.e ( Aqui l a  chrys aetos ) 
Bald E ag le ( Hali aee tes l�ucocepha lus ) 
Ma rsh Hawk ( Ci r cus cyaneus ) 
Osprey ( Pandion h a l iaetus ) 
Audub on ' s  Caracara ( Caracara cher iway ) 
Pe re grine Fal con ( Falco peregrinus ) 
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Ab undance 
Local ly' 

u 
C 
U 
A 
A 
A 
A 
A 
U 
A 
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C 
A 
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A 
U 
U 
U 
U 
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B i rd 

Ame ri can Ke s t rel ( F a l co sparve r i us ) 
Me r l i n  ( Fa l co columbarius ) 
Atwate r ' s  Greater Prai rie Chi cken ( Tymp anuchus 
Bobwh i te Qua i l  ( Col inus vi rgi n i anu s ) 
Whooping Crane ( Grus ame r i c ana ) 
S andhi l l  Crane ( Grus canadensis ) 
King Rai l ( Ra l l us�e gan s ) 
Clappe r Rai l  (Rallus longi ros tr i s )  
Vi rginia Ra i l  ( Ra l l u s  l imi col a )  
Sora ( Po r z an a  carol ina ) 
B l ack Ra i l  ( Late ra l lus j amai cens i s )  
Purple Ga l l inule ( Porphyrul� martini c a )  
Common Gall inule ( Ga l l inula chloropus ) 
Ame ri c an Coot ( Fu l i c a  ame ri can a )  
B l ack-ne cke d S ti lt ( Himan topus mexi c anu s ) 
Ame ri c an Avocet ( Re c urvi ros tra ame ri cana )  
Semipa lmated P love r  ( Charadrius semipalmatus ) 
Wi l s on ' s  P love r ( Charadrius wi l s oni a )  
Ki l l de e r  ( Ch aradri us voc i fe rus ) 
Piping P l ove r ( Charadi u s  me lodu s ) 
Snowy Plove r ( Charadi u s  a le xandri nus ) 
Ame ri c an Go lden P l ove r ( P luvi a l i s  domini ca ) 
B l ack-be l l i e d  P love r ( P luvi al is squataro l a )  
Hudson i an Godwi t ( Li mo s a  haema s tica ) 
Marb led Godwi t ( Limosa fe doa ) 
Wh imb re l  ( Numenius phae opus )  
Lon g-bi lled Curlew ( Nume n i us ame ri canu s )  
Up l and S andp i pe r  ( Bartrami a longi caud a )  
Gre ate r Ye l l owle gs--( Totanus me l anoleuca ) 
Le s s e r  Ye l lowlegs (Totanus f l avipe s )  
S o l i tary S andp i pe r  ( Tringa sol i tari a )  
Wi l l e t  ( Catoptrophorus s emipalmatus ) 
S potted Sandp i pe r  ( Acti t i s  macul ari a )  
Ruddy Turns tone ( Arenari a interpres ) 
Wi l s on ' s  Pha la rope ( Steganopus tri color ) 
Ame ri can Woodcock ( Phi loh e l a  mi nor ) 
Common Sn ipe ( Ca�e l l a  gal linago )  
Short-bi l le d  Dowl tche r ( Li mnodromus gri s eus ) 
Long-b i lled Dowi tche r ( Limnodromus s colopaceus ) 
Red Knot ( Calidris canutus ) 
S ande rling ( Calidris alb a )  
Semipa lmate d S andp i per-{Ca l i dris pus i l l a )  
We s te rn S andpi pe r ( Ca lidris mauri ) 
Le ast Sandpipe r ( Ca l i dr i s  mi nuti l l a )  
Whi te - rumped S andpi pe r ( Calidris fusc i col l i s )  
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Abundance 
Loc a l ly 

A 
U 
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B i rd 

Baird ' s S an dpiper ( Ca l idri s bairdi i )  
Pe c toral S andpiper ( Calidris me l anotos ) 
Dun l i n  ( Ca l idri s a lp in a )  
S ti lt S andpipe r ( Calidris h imantopus )  
Buff-bre a s te d  S andpipe r ( Tryngi tes subru f i co l li s )  
P aras i ti c  Jae ge r ( Ste rcorarius p aras iticus ) 
Long- tailed Jae ge r ( S te rcorari u s  l ongi caudus ) 
Herring Gu l l  (Larus argentatu s )  
Ring-b i l le d  Gul l  ( Larus de l awarens i s )  
Laugh ing Gul l ( Larus atri c i l l a )  
Frank li n ' s  Gul l  ( Larus p ip i xcan ) 
Bon aparte ' s  Gul l  ( Larus phil ade l phia) 
Gul l-bi l le d  Te rn ( Ge loche l i don n i lotica)  
Fores te r ' s  Tern ( S te rna fors te r i ) 
Common Te rn ( S te rn a  hi rundo ) 
Leas t Te rn ( S te rna a lbifron s )  
Roy al Tern ( Th a lasseus maximus ) 
S andwi ch Tern ( Thal a s seus s andvi cens i s )  
Caspi an Te rn ( Hy droprogne c a spi a )  
B lack Te rn ( Ch li doni as n i ge r )  
B lack S k imme r ( Rynchops nige r )  
Rock Pige on ( Co lumba livi a )  
Whi te-winge d  Dove ( Zenaida as i at i ca )  
Mourn ing Dove ( Zenaida macroura) 
Common Ground Dove ( Columbina pas serina)  
Inca Dove ( S cardafe l l a  inca)  
Ye l l ow-bi l le d  Cuckoo ( Coccyzus ame ri canus ) 
B lack-b i l le d  Cuckoo ( Coc cyzus e ry thropth a lmu s )  
Gre ate r Roadrunne r ( Geococcyx c a l i forni anus ) 
Smooth -b i l led Ani ( Crotophaga ani ) 
Groove-bi l le d  Ani ( Crotophaga sulciros tri s )  
Barn OW l  ( Tyto a lba)  
Common S creech OWl ( Otus as i o )  
Gre a t  Horned OW l  ( B ubo virgIni anus )  
Burrow ing OW l  ( SpeotYEo con i cu laria)  
Barred OWl ( S trix vari a )  
Long-e are d OWl ( A s i o  otu s )  
Shor t-e are d  OW l  ( As i o-rLammeus ) 
Northe rn S aw-whe t OWl ( Ae gol ius acadicus ) 
Chuck-wi l l ' s-widow ( Caprimu lgus caro l i nen s i s )  
Whip-poor-wi l l  ( Caprimu lgus voc i fe rus ) 
Common Ni ghth awk (Chorde i le s  minor) 
Chimney Swi ft ( Chaetura pe l agi c a )  
Ruby- th roated Hummingb i rd ( Archi lochus colubri s )  
Be l te d  King fi she r ( Megace ryle a lcyon) 
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B i rd 

Common F l i cke r ( Co lap te s  auratus ) 
Red-be l l i e d  Woodpecke r ( Centurus caro l inus ) 
Red-heade d  Woodpe cker ( Me l anerpes e rythrocephalus ) 
Ye l l ow-b e l l i ed S ap sucker ( Sphyrapicus varius ) 
Hai ry Woodpe cke r  ( De ndrocopos vi l losus ) 
Downy Woodpe cke r ( Dendrocopos p ube s cens ) 
Re d-cock ade d  Woodpe cke r ( Dendrocopos bore a l i s )  
Ivory-b i l le d  Woodpecke r ( Campephi lus principa l i s ) 
Eastern Kingbi r d  ( Ty rannus ty rannus ) 
We s te r n  Kingbird ( Ty rannus ve rti c a li s )  
S c i s s or-ta i le d  Flycatcher ( Muscivo ra forfi cata)  
Gre at Cre s te d  Flycatcher ( Myiarchus crin itus ) 
Eas te rn Phoebe ( S ayorn i s  phoebe ) 
Y e l l ow-be l lied F ly catche r ( Empidonax f lavi ve ntri s )  
Acadia n F lycatcher ( Emp idona x vire s ce n s ) 
E a s tern Wood Pewee ( Contopus vi ren s )  
O live - s ide d  Flyc atche r ( Nutta l lorn i s  bore a li s )  
Ve rmi l i on F ly c atche r ( Pyrocephalus rubinus ) 
Horned Lark ( Eremophi la a lpe stri s ) 
Tree Swal low ( Iridoprocne b i c o l o r )  
Bank Swa l low ( Riparia ripari a )  
Rough-winged Swa l low ( S te lgidopteryx ru f i co l li s )  
Barn Swal low ( Hi rundo rus tica ) 
C l i f f  Swa l low ( Pe troche l i don pyrrhonota ) 
Purp le Mart in ( Progne s ubi s ) 
B l ue Jay ( Cy anoci tta c ri s tata)  
Common Crow ( Corvus brachy rhynchos ) 
F i s h  Crow ( Corvus o s s i fragus ) 
Carol ina Chi ck adee ( Parus c aro line ns i s ) 
Tufte d  Titmouse ( Pa rus bicolor)  
Wh ite-brea s te d  Nuthatch ( S itta caro l inens i s ) 
Re d-b re a s ted Nuthatch ( Si tta c anade nsis ) 
B rown-headed Nuthatch ( S i tta pusi l la )  
Brown Cre epe r ( Ce rthi a fami liari s )  
No rthern House Wren ( Trog lodyte s aedon ) 
Wi nte r  Wren ( Troglodyte s troglodyte s )  
Bew ick ' s  Wren ( Th ryomanes bewicki i )  
Caro lina Wren ( Thryotho rus l udovi ci anu s )  
Ma rsh Wren ( Te lmatodyte s pa lus tris ) 
Gray Catb i rd (Dumete l l a  c aro line n s i s ) 
Northern Mockingb i rd ( Mirnus po lyglottos ) 
B rown Th rasher ( Toxos toma rufum )  
Sage Thrashe r  ( Oreos coptes rnontanus ) 
Ame rican Robi n  ( Turdus migratorius ) 
Easte rn B lueb ird ( S 1alia s 1a11 s )  
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Abundance 
Loc a l ly 
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B i rd 

Wood Thrush ( Hy loc ichla mus te l i na )  
Hermi t Th rush ( Catharus guttatus ) 
Swain son ' s  Th rush ( Catharus ustulatus ) 
Gray-cheeked Thrush ( Cath arus mi nimus ) 
Vee ry ( Cath arus fus ce scens ) 
B l ue -gray Gn atcatcher ( Po l i opti la caerulea)  
Go lden-c rowned Kinglet ( Regulus s atrapa ) 
Ruby- c rowne d Kingle t ( Regulus cale ndul a )  
Water P ip i t  ( Anthus sp inole tta ) 
Sp rague ' s  P ipi t ( Anthus sprague i i )  
Ce dar Waxwing ( Bombyci l l a  cedrorum) 
Logge rhead Shrike ( Lanius ludovici anus ) 
Europe an S tarling ( S turnus vul gar is ) 
Whi te -eyed Vireo ( Vi reo griseus ) 
Ye l l ow-throated Vi reo ( Vireo f l avi frons ) 
Soli tary Vireo ( Vi reo s o litarius ) 
Red-eyed Vi re o ( Vi reo ol ivaceus ) 
Ph i lade lphia Vi reo (Vireo phi l adelph i cu s ) 
B l ack- and-whi te Warb ler ( Mniost i l ta varia) 
Go lden-wi nged Warb ler ( Ve rmivora ch rys optera)  
B l ue -winged Warb ler ( Ve rmi vo ra p inus ) 
Tennessee Warb ler ( Vermi vora pe regr ina)  
Orange -crowne d Wa rb l e r  ( Vermivora ce lata)  
Nashvi l le Warb le r ( Vermivora rufi c ap i l la ) 
Northern P arul a Warb ler ( Parula ame r i c an a )  
Ye l l ow Warb ler ( Dendroica petech i a )  
Che s tnut- s i ded Warb ler ( Dendroica pensy lvan i c a )  
Ce rulean �\1arb ler ( Dendro ica ce ru le a )  
B l ack - throated B lue Warb ler ( Dendro ica caerulescen s )  
P ine Warb ler ( Dendro ica p inus ) 
Ye l low- th roated Warb le r ( Dendro ica domini c a )  
B l ack-throated Green Warb ler ( Dendro ica viren s )  
Prai rie Warb le r ( Dendro i c a  di s colo r )  

------

Bl ackburni an Warb ler ( Dendro i ca fu sca ) 
Magno l i a  Warb le r ( Dendro ica magno l i a )  
Myrtle Warb ler ( Dendro ica coronata)  
P alm Warb l e r  ( Dendro ica palmarum) 
Bl ack Poll  Warb ler ( Dendroic a s tri ata ) 
Bay-breas te d Warb ler ( Dendro i ca castanea ) 
Ame r i c an Red s tart ( Se tophaga ruti c i l l a )  
Ovenbi rd ( Se i urus aurocap i l lus ) 
Northern Wate rthrush ( Seiurus noveboracens i s ) 
Louis i ana Waterthrush ( S eiurus motaci l l a )  
�\1orm-e ating �varb ler (He lmi th eros ve rmi vorus ) 
Prothonotary Warb ler ( P rotonotari a c i tre a )  
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AbundanGe 
Loc a l ly 

u 
U 
A 
U 
U 
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U 
U 
A 
U 
A 
C 
A 
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U 
U 
U 
U 
U 
A 
U 
U 
U 
A 
U 
U 
U 
U 
U 
A 
U 
U 
A 
A 
U 
U 
U 
A 
C 
A 
U 
U 
U 



Abundance 
B i rd Lo ca l ly 

Common Ye l lowth roa t ( Geoth lypis trichas ) A 
Ken tucky Warb ler ( Ge oth lypi s formos a )  U 
H oode d Warb l e r  ( Wi ls onia ci trlna ) U 
Canada Wa rb le r  ( Wi l s on i a  canadens i s )  U 
Ye l low-breaste d  Cha t  ( I c te r i a  vi ren s )  U 
House Sparrow ( Pa s s e r  dome s ti cus ) A 
Bob o l i nk ( Do li chonyx ory z i vorus ) U 
E a s te rn Meadowl ark ( S turne l l a  magna ) A 
We s tern Meadowl ark ( S turne l l a  ne gle cta)  U 
Ye l l ow-heade d B lackb i rd ( Xanthoce phalus xan thocephalus ) U 
Red-winged B lackb i rd ( Age laius phoe ni ceus ) A 
Orcha rd Oriole ( I c terus s purius ) A 
Balt imore Ori ole ( I c te rus galb ula ) C 
Rus ty Blackbi rd ( Euph agus caroli nus ) C 
Brewe r ' s  B l ackb ird (Euphagus cyanocephalus ) C 
Grea t-tailed Grack le ( Cas s idi x mexi canus ) U 
Boa t- t a i led Grackle ( Ca s s idix ma j or )  C 
Common Grack le ( Qu i s c alus qui scul al A 
B rown-headed Cowbird ( Mo lothrus ate r )  A 
S c arle t Tan age r ( Pi ranga olivacear-- U 
S umme r Tanager ( Pi ranga rubr a )  U 
Northern C ardi nal ( Cardin ali s cardinal i s )  C 
Rose -b reas ted G rosbeak ( Pheucti cus ludovi ci anus ) A 
Blue Grosbe ak ( Gui raca caerulea ) C 
Indi go Bun t ing ( Pa s s e rina cyane a )  A 
Pain ted Bunting ( Pa s s e rina c i ri s )  U 
Dickc i s s e l  ( Spi z a  ame ricana ) A 
Purple Finch ( Carpodacus purpureus ) C 
Pine S i s k in ( Spinus pinus ) U 
Ame ri c an Go ld finch ( Sp inus tri s ti s )  U 
Rufous-s ided Towhee ( Pi p i l o  e ryth rophthalmus ) U 
S avannah S parrow ( Pass ercu lus s andwichens i s ) A 
Gras shopper S parrow ( Ammo dramus s av annarum) C 
Le Conte ' s  S parrow (Ammo spi z a  leconteii) U 
Sharp- tai led S parrow ( Ammo s p i z a  caudacuta)  U 
Sea s i de S parrow ( Ammo spi z a  mar it ima ) A 
Ve s pe r  S parrow ( Pooe cetes grami ne us ) U 
Lark Sparrow ( Chonde stes grammacus ) U 
Bachman ' s  S parrow (Aimoph i l a  ae s tival i s ) U 
S la te - co lored Junco ( Junco hyema l i s )  U 
Chi pping Sparrow ( Sp i ze l la pas serina)  U 
Field S parrow ( Sp i ze l la pus i l l a )  U 
Harri s ' Sparrow ( Zonot r i ch i a  querula ) U 
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B ird 

White-crowned Spar row ( Zonotr ich i a  ,leucophry s )  
White- thro ated Sparrow C zonotrichia a lbico l l is ) 
L incoln ' s  Sparrow (Melospiza l inco lnii) 
Swamp Sparrow (Melospiza georgiana) 
S ong Sparrow (Melosp i z a  melod ia) 

Abundance 
Loca l ly 

U 
U 
U 
A 
U 

S ource :  U . S .  Army Corp of Eng i neer s ,  Galves ton D i s trict , 19 7 5 ,  
F ina l Environmental S tatement , Ma intenance Dredg inq 
S ab i ne-Neches Waterway , Texa s . 

- -
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Common Name 

Table K . 8 - 3  

REP T I LES AND N1PH I B IANS I N  THE 
TEXOMA STUDY AREA 

Abund an c e *  
Loca lly 

American a l l igator ( A l l igator mi s s i s s ip i en s i s )  C 
Common snapping turtle ( Che lydra serpent ina ) A 
A l l igator snapping turtle ( Mac roc lemy s temminck i )  C 
S t inkpot ( S ternothaerus odoratu s )  A 
Ra zor-backed mu sk turtle ( Sterno thaerus carinatus ) C 
Mi s s i s s ippi mud turtle ( K ino sternon subrubrum hippocrep i s ) C 
Three -toed box turtle ( Terrapene caro l ina tr iungu i s )  C 
Ornate box turtle ( Terrapene ornata ornata U 
Texas d i amondback terrapin ( Malac lemy s te rrapin ) C 
Mi s s i s s ippi map turtle ( Graptemy s kohn i )  C 
Sabine map turtle ( Graptemy s p s eudogeograph ica s abine n s i s) C 
Red - eared turtle ( P seudemy s scr ipta e legan s ) - A 
Mob i le cooter ( P s eudemy s conmnahiero glyph i c a )  U 
Mi s sour i s l ider ( P seudemy s flor idana hoy i ) C 
We stern c h i cken turtle ( De i rochelys retlcularia miar i a )  C 
Atlantic green turtle ( Che lon ia myda s  myd a s ) U 
Atlantic hawk s b i l l  turtle ( EretmOChely s imbricata 

1mbr l c ata) U 
At l antic loggerhead turtle (C aretta caretta caretta ) U 
At l antic r id ley turtle ( LepidOChelYs kemp i )  U 
Leatherback turtle ( Dermoche lys cor iacea cori acea ) U 
Midl and smooth softshe l l  ( Trionyx mu t i c u s )  C 
S p iny s o f t s he l l  ( Tr ionyx spin i feru s )  C 
Med ite rranean gecko ( Hemidactylus turc i cus ) U 
Green ano le ( Ano l i s  caro l inen s i s  carol inens i s )  A 
Eas tern fence l i z ard ( S celoporus undulatu s )  A 
Texas horned l i zard ( P hryno soma cornu tum) C 
S ix- l ined rac erunner ( Cnemidophurus sex l i neatu s )  A 
Ground s k ink ( Lygo soma laterale)  C 
F i ve - l i ned skink ( Eumeces fusc i atu s )  C 
Broad-headed skink ( Eumeces luti ceps ) C 
We s tern s lender gl a s s  liz ard ( Ophi s aurus attenuatus C 

attenuatu s ) 
Green wa ter snake ( Natr ix cyc lopion cyclopion)  C 
D i amondback water snake ( Natr ix rhombi fera rhomb i fera ) C 
Ye l low-be l l ied water snake ( Natr ix erythroga ster C 

f l uviga s ter ) 
Broad-banded water snake ( Natrix s i pedon conf luen s )  C 
Gu 1 f s a l  t. ma r s h  snake ( Na t:� �x ��I2�d� �IClEl<: i )  C 

* A  - Abundant 
C - Common 
U - Unc ommon 
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Abundance * 
Common Name Locall

.
y 

Graham ' s wate r snake ( Natr ix grahami ) C 
Gul f  glo s s y water snake--(Natrrx:-rrgrda )  C 
Brown snake ( S toreia dekay i )  C 
Ea stern garter snake ( Thamnoph i s  s irtal i s  s irta l i s ) C 
we s tern r i bbon snake ( Thamnoph i s  prox imu s )  C 
Rough e arth snake ( Huldera strIatula) U 
Eastern hognose snake ( Heterodon pl atyrhino s )  C 
Mi s s i s s ippi ringneck snake ( Diadoph i s  punctatus 

s t i ctogen y s )  C 
we stern mud snake ( Faranc i a  abacura reinwardti ) C 
Eastern yel low-be l l ied racer ( Coluber con s trictor 

fl aviventr i s )  C 
Eastern coachwhip ( Ma s t icophi s f lage l lum f l age l l um )  C 
Rough green snake ( Opheodry s  aestivu s )  C 
Texas rat snake ( E laphe obsoleta lindhe imer i )  C 
Corn snake ( E laphe guttata guttata ) U 
Great P l a i n s  rat snake ( E laphe guttata emory i )  U 
Speckled k ings nake ( Lamprope l t i s  getulus ho lbroo k i )  C 
Loui s i ana milk snake ( Lamprope l t i s  do l i ata amaura ) U 
Pra i r ie kingsnake ( Lamprope l t i s  c a l l i ga s ter call igaste r )  U 
Scarlet snake ( Cemophora coccinea)  U 
Texas coral snake ( Mic rurus f l uvius tenere ) U 
Southern copperhead (Agki strodon contor trix contor trix)  C 
we stern cottonmouth (Agk i s trodon pisc ivo r u s  leuco s toma ) A 
we stern pygmy ratt l e sn ake ( S i s trurus mil iarius s tre ck er i )  C 
Canebrake rattle snake ( Crotalus horridus atr i c audatu s )  C 
we stern l e s s e r  s iren ( S iren intermedia nettingi ) C 
Three -toed amphiuma (Amphiuma mean s tr idacty lum)  C 
Marbled s alamander ( Ambystoma opacum) C 
Sma l l -mouthed s a l amander (Amby s toma texanum) C 
Central newt ( D iemictylus viride scens loui s ianen s i s )  C 
Southern dusky s alamander ( Desmog nathus aur i c ulatu s )  A 
Dwar f  salamander ( Manculus quad ridigiatu s )  C 
Hurter ' s  spade foot ( S caphiopus hurte r i ) C 
woodhou se ' s  toad ( Bufo woodhouse i )  A 
Fowler ' s  toad ( Bufo woodhouse i fowler i )  A 
Gu l f  coast toad ( Bufo va l l i cep s )  A 
Northern cr icket frog ( Ac r i s  crepitans crepitan s )  C 
Green tree frog ( Hyla c inera c inera ) A 
Squirre l tree f rogTHyla squirerra-) A 
Southe rn gray tree frog-- ( Hyla ver s icolor chry soscel i s )  C 
Upland chorus frog ( P seudaCri s tri ser iata fer iarum) C 
Ea stern narrow-mouthed toad ( Ga s trophryne carol ine�s i s )  C 
Bull frog ( Rana catesbe i ana )  A 
p i g  f rog ( Rana gry l io )  U 
Bron ze f rog ( Rana c l amitans clamitan s ) C 
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Common Name 

Southern leopard frog ( Rana pip iens sphenoc epha l a )  
Southern craw f i s h  frog ( Rana areolata areol ata ) 
Pickerel frog ( Rana palustrls ) 

Abundance* 
Loca lly 

A 
C 
U 

Source : U .  S .  Army Corp o f  Engineer s ,  Galve s ton D i s tr i ct , 19 7 5 ,  
F inal Environment al S tat ement , Ma in tenance Dredging 
Sab ine-Neches Waterway , Texa s . 
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APPENDI X  L 

MOD I F I ED ME RCALLI INTEN S I T Y  SCALE 
OF 1 9 3 1  ( ABRIDGED , RI CHT ER)  

I .  Not f e l t .  Ma r g i na l  and l o ng-pe r i od e f f e c t s  of l a r g e  
e a r thq uak e s . 

I I . F e l t  by pe r s on s  at  r es t ,  on uppe r f l oo r s ,  o r  favo r ably 
pl aced . 

I I I . F e l t  i ndoor s .  H a ng i ng o b j e c t s  sw i ng . V i br a t i o n  l i k e  
pas s i ng o f  l ig h t  t r u c k s .  D u r a t i on e s t ima ted . M ay n o t  
be r e c og n i z ed as  a n  e a r thq u a k e .  

IV . H a ng i ng o b j e c t s  sw i ng . V i b r a t i on l i k e  p as s i ng o f  heavy 
t r u c k s ;  or s e n s a t i on of a j o l t  l i k e  a heavy ba l l  s t r i k i ng 
th e w a l l s .  S t and i ng mo tor c a r s  r o c k . W i ndow s ,  d i shes , 
do o r s  r a t t l e . G l as s e s  c l i n k . C r o c k e ry c l ashes . I n  the 
upp e r  r ange o f  IV wooden w a l l s  and f r ame c r e a k . 

V .  F e l t  o u tdoo r s ;  d i r e c t ion e s t imated . S l eepe r s  w a k ened . 
L i q u i d s  d i s tu r be d , some sp i l l ed .  Smal l u n s t ab l e  o b j e c t s  
d i sp l aced o r  upset . Doo r s  s w i n g , c l o s e , open . S h u t te r s , 
p i c t u r es mo ve . Pend u l um c l o c k s s top , s t a r t ,  change r a t e . 

VI . F e l t  by a l l . Many f r i gh tened and r u n  o u tdoo r s . P e r s o n s  
w a l k  u n s t e ad i l y . W i ndow s ,  d i shes , g l a s sw a r e  br o k e n .  
K n i c k k nac k s , boo k s , e t c . , o f f  s h e l ve s .  P i c t u r e s  o f f  
wa l l s . F u r n i tu r e  moved o r  ove r t u r n e d . W e a k  p l a s t e r  and 
ma sonary D c r ac k ed .  Sma l l  be l l s  r i ng ( ch u r ch , school ) .  
T r e e s , bu shes shaken ( v i s i b l y , on h e a r d  to r u s t l e--CFR) . 

VI I .  D i f f i c u l t  to s tand . N o t iced by d r i ve r s  o f  mo t o r  c a r s .  
Hang i ng o b j e c ts q u i ve r . F u r n i t u r e  b r o k en . D amage to 
masonary D ,  i n c l u d i ng c r ac k s .  Weak ch i mneys b r o k en at  
roof l i ne .  F a l l o f  p l a s ter , loo s e  b r i c k s ,  s tone s , 
t i t l es , cor n i ce s  ( a l so unbr a c e d  p a r ap e t s  and 
a r ch i t e c t u r a l  o r name n t s--CFR ) . S ome c r a c k s  i n  
ma sona r y  C .  Waves on pond s ; w a t e r  t u r b i d  w i th mud . 
Sma l l s l i d e s  and c av i ng i n  a l ong sand o r  g r avel 
ban k s . Large bel l s  r i ng .  C o n c r e t e  i r r i g a t i on 
d i t c h e s  damag ed . 



VI I I . S tee r i ng o f  mo t o r  c a r s  a f f e c ted . D amag e to masona ry C :  
par t i a l  co l l ap s e .  S ome damage to mas o n r y  B :  none to 
masona r y  A .  Fall  o f  � tucco and some ma sonary w al l s . 
Tw i s t i ng , f a l l  o f  ch imney s ,  f a c t o r y  s tack s ,  monume n t s , 
towe r s , e l evated tank s .  F r ame h o u s e s  moved o n  
f o unda t i on s  i f  n o t  bo l ted down : l o o s e  p ane l wal l s  
t h r own o u t . D e cayed p i l i ng b r o k en o f f . B r anches 
b r o k e n  f r om t r ee s .  C h anges in f l ow o r  temp e r a t u r e  
o f  sp r i ng s  and w e l l s .  C r ac k s  i n  w e t  g r o und a nd 
on s te ep s l opes . 

I X . G e ne r a l  pan i c .  Masonary D d e s t r oy ed :  m a s o n a r y  C 
h e av i ly damaged . some t imes w i th comp l e t e  co l l apse : 
masonary B se r i o u s ly damaged . ( G e ne r a l  damage to 
founda t i ons--CFR . )  F r ame s t r u c tu r e s , if  not 
bo l t ed , sh i f ted off founda t i ons . F r ames r a c k ed . 
S e r i o u s  damage to r e s e r vo i r s . Unde r g r o u nd p ipes 
b r o k e n . C o n sp i c u o u s  c r a c k s  in g r ound . I n  
a l l uv i a ted a r e a s  s and and mud e j e c t e d , ea r th q u a k e  
f o unda t i on s , s a n d  c r a te r s . 

X .  Mo s t  mas o n a r y  and f r ame s t r uc t u r e s  d e s t r oyed w i th 
the i r  fo unda t i on s . S ome w e l l - b u i l d  wooden 
s t r u c t u r e s  and b r i dges d e s t r oyed . S e r i o u s  damage 
to dams , d i k e s , embankme n t s . L a r g e  l ands l i des . 
W a t e r  th r own on bank s o f  cana l s , r i ve r s ,  l a k es , 
e t c . S and and mud s h i f ted h o r i z o n t a l l y  on 
beaches and f l a t  l a nd . Ra i l s  bent s l i g h t l y . 

XI . Ra i l s  be n t  g r ea t ly . Unde r g r o u nd p ip e l i ne s  
comp l e t e l y  o u t  o f  s e r v i ce . 

XI I .  D amage ne a r ly t o t a l . L a r g e  r o c k  ma s s e s  d i sp l aced . 
L i ne s  o f  s i g h t  and l eve l d i s to r ted . O b j e c ts th r own 
i n to the a i r .  

M a s o n a r y  A .  G ood wo r kmansh ip , mo r t a r , and d e s i gn : r e i n f o r ced , 
espe c i a l ly l a te r a l ly , and bound tog e t h e r  by u s i ng 
s te e l , conc r e te , e tc . : d e s igned t o  r e s i s t  
l a t e r a l  f o r ces . 

M a s o n a r y  B .  Good wo r kmans h ip and mo r t a r : r e i nf o r ced , b u t  n o t  
d e s i gned i n  d e t a i l to  r e s i s t  l a t e r a l  f o r ces . 

M a s o n a r y  C .  O r d i na r y  w o r kma n s h i p  and mor t a r : no e x t r eme weak
ne s s e s  l i k e  f a i l i ng to t i e  in a t  cor ne r s , but  
ne i th e r  r e i n f o r ced nor des i gned aga i n s t  ho r i z o n t a l  
for ces . 

Masonary D .  Weak ma te r i al s , s u c h  as adobe : poor mo r t ar : low 
s t and a r d s  o f  wo r kmansh ip : w e a k  hor i z o n t a l ly . 
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APPENDIX M 

SOCI OECONOMIC ANALYS I S  

Economic Base Ana lys i s  

Economic base analy s i s  i s  a widely used tool in regional economic 
forecasting and reg ional impac t  analy s i s . The economic base of a 
region refers to thos e  activi ties supported e i ther by the export 
of goods and services to points outs ide the region or to the 
marke ting of goods and services to buyers who come from outs ide 
the region ' s  boundar i e s . The definition of an appropriate reg ion 
is more d i f f i cult s ince the boundaries of the region wi l l  
determine the amount o f  goods and servi c e s  which wi l l  be 
exported . In thi s s tudy , the basi c region chosen was that 
def ined by the Bureau of Economic Ana lys i s  as a loc al labor 
market . Thi s i s  a regional g rid with a minimum amount of 
worker commut ing acro s s  boundaries , provid ing an approxima� ion 
to trade market area s . 

That po rtion o f  regional economic activity supported by the 
reg ional economic base i s  referred to as s ervice activity . The s e  
activ i t i e s  inc lude enterpri s e s  providing goods and s ervices for 
f inal consumption to thos e  buyers located within the region . In 
s ome c a s e s  the se f i rms may import goods and servic e s  from outs ide 
the region , but in no in s tance will any s e rvice enterprise engage 
in export activity . S ervi ce and base ac t ivi t i e s  are c lo s e ly 
re lated , wi th changes in prof i tab i l i ty and emp loyment in the 
s e rvice area fol lowing the s ame c hang e s  in base ac tivity . 

Genera l ly , economic base ana ly s i s  proceeds in four dist inct s tage s : 

( 1 )  calculation o f  the total basic activi ty ( measured by 
emp loyment , earnings , etc . ) in a region ; 

( 2 )  estimation of the proportion of b a s ic to s e rvice 
activity ; 

( 3 )  e s t imat ion of the future trend in basic activity 
brought about by changes in the reg ion or change s 
in the demand for the region ' s  output ; 

( 4 )  e s timation of total future activity , or change s in 
forec asted trend s , on the b a s i s  o f  future trends in 
b a s i c  ac tivity . 

Several weakne s s e s  exi s t  i n  the economic b a se analy s i s . F i r s t , 
the re i s  a problem o f  accurate ly identi fying basic activi tie s 
of a region within a rea sonab le time frame . Often f i rms within 
the s ame industry category w i l l  serve two d i f ferent markets , 
one ins ide the reg ion and the other out s ide . A good example o f  
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thi s prob lem can be found i n  areas heavi ly dependent on tour i s t  
activity ; i t  becomes a prob lem t o  ident ify that portion of food 
activ i ty whi c h  should be c l a s s i fied as bas i c  activity . Along 
thi s  s ame vei n , it is a l so d i f f i cult to d i s t ingu i s h  product s  
whi ch are produced and sold loca l ly but serve a s  inputs to pro
duct s  whi ch are exported outs ide the region . 

A second weakness of economi c  base anal y s i s  concerns i t s  fore
c a s ting too l , the multip l ier . This base activity multiplier 
exhibits some weakne s s e s  of other s imi lar mul t i p l iers i n  the form 
of var ious as sumption s : name ly , the i nput-output relat ionships 
are unchanging ; exce s s  c apac i ty ex i sts in all re levant sectors of 
the economY i goods and services can be supplied at c onstant costs ; 
consumer tastes do not change ; interreg ional trade f lows remain 
stable . As can be interpreted from this l i s t , the e conomic base 
mul tip l ier i s  a short- hand input-output mode l for regiona l  e cono
mic activity . The results of the anal y s i s  mus t  be tempered by 
the degree to which any o f  the se a s sump ti on s  are not ful f i l led . 

The mea s ure of e conomic activity chosen fo r thi s study was total 
worker earnings measured in 19 6 7  do l l ar s . Imp l i c i t  in thi s  cho i ce 
i s  that the under lying product ion fun c t ions have not changed from 
19 6 7  to the present . With th i s  condition , the index chosen w i l l  
re f lect reg ional output o f  goods and service s . 

The computati ons o f  the multip l i er for e ach of the two re levant 
BEAs are g iven in Tab l e s  M- l and M- 2 .  When bas i c  earnings in a 
p ar t i cu l ar o ccupation were not e as i ly ident i f i ab le , the locat ion 
quotient was used to der ive that port ion of tot a l  earning s  which 
could be attributed to basic activity i n  the part i c ular indus try . *  
This earnings mult iplier ref lects long term economi c  trends i n  
the region , but , as d i s cus sed previ ous ly , i t  incorporates one 
cruc i a l  as sumpt ion , name ly that any change in export demand can 
be met w ith no change in input prices . This me ans the re sults 
lose re l i ab i l i ty a s  the s i ze of a change in b a s i c  income increases . 

*The location quotient ref lects employment d i str ibut ion in a 
particular reg ion ver s us the dis tribut ion in the nation . The 
location quotient of 1 . 7 5 for agriculture , fore s try , and 
f i s heries indi cates that the proportion of emp loyment in this 
oc cupat ion within the Lake Charles BEA exceeds the nation a l  d i s 
tribution b y  7 5 % . Therefore , an estimate of the amount o f  earn
ings attr ibutab le to export from this sector would be 

(i :�5 ) x 1 1 9 , 2 0 0  = 5 1 , 2 5 6 . 

As noted , this me thod was on l y  used for those industries which 
cou ld not eas i ly be c l as s i fied . 
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A multiplier va lue o f  2 . 0 4 for the Lake Cha r l e s  BEA means that 
for every $1 of basic ac tivi ty there i s  $ 1 . 0 4  of secondary or 
s e rvice a ctivity supported i n  the region . Therefore , to assess
changes in economic activity in the region , i t  i s  neces s ary to 
1 )  ob tain a measure o f  the ch ange in basic ac t ivi ty in 19 6 7  
dol l ars and 2 )  mUl tiply thi s measure by 2 . 0 4 .  

E s timated regional do llar f lows were computed from cos t  es timates 
provided to FEA by Fenix and Scis son . Ad j us tments were made to 
account for the fact that a l l  purchases woul d  not be made 
wi thin the par ti cular region in ques tion . 
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Tab le M-l 

Earnings Mul tiplier - Lake Charles BEA (1970) * 

Agricul ture , Fores try , 
Fisheries 

Mining 
Contract Construct ion 
Manufacturing 
Transportation, Commun-

ication ,  Pub l ic Uti li t ies 
Wholesale & Retail Trade 
Finance , Insurance , & 

Real Estate 
Se rvices 
Government 

Total 

Location 
Quo tient** 

1 .  75 
1 1 . 40 

1 . 39 
0 . 5 7  

1 . 26 
l o ll 

0 . 22 
0 . 87 

Earnings 
(000 of 196 7  dollars ) 

119 , 200 
141 , 049 
113 , 9 50 
199 , 5 5 2 

99 , 9 76 
21 1 , 6 5 7  

3 3 , 59 2  
159 , 355 
347 , 9 19 

1 , 4 26 , 250 

Earnings 

5 1 , 256 
126 , 9 44 

3 1 , 9 06 
10 1 , 26 9  

19 , 99 5  
21 , 166  

347 , 9 l9 

700 , 4 55 

Mult iplier 2 . 04 

*Es t imates computed for 197 1  were no t substantially different . Earnings data 
from OBERS proj ect ions . 

**Computed with data from County Busine ss Patterns . The formula for 
comput ing the locat ion quotient is : 

LQ 
S . . 

(�) 
ES . .  
i lJ / 

f 
! S .  

(�) ES . 
i In 

Sij  numb er of employed workers in indus try i in B EA j ,  

S .  number of employed workers in industry i in the nation . In 
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Tab l e  M-2 

Earnings Mul tipl ier - Beaumont-Port' Arthur-Orange BEA (19 70 )  

Agri cul ture , Fores try , 
Fisheries 

Mining 
Con t ract Cons truct ion 
Manufac turing 
Transportat ion , Communi-

cat ion , Pub lic Util ities 
Wholesale & Re tail Trade 
Finance , Insurance , & 

Real Es tate 
Servi ces 
Government 

Total 

Multiplier 

*Agriculture only . 

Locat ion 
Quo tient 

0 . 7 5 
1 . 9 0  
1 . 2 8  
1 . 13 

1 . 36 
0 . 8 7  

0 . 59 
0 . 82 

**Crude petroleum and natural gas onl y .  

M- 5 

Earning s 
( 000 of 196 7  dollars)  

4 , 252* 
11 , 49 9 ** 
8 4 , 60 2  

424 , 65 7  

8 7 , 9 42 
133 , 040 

3 0 , 0 7 3  
121 , 143 
105 , 314 

1 , 002 , 5 22 

�arnings 

5 , 40 5  
18 , 612  

335 , 10 3  

22 , 86 7  

10 5 , 314 

4 8 7 , 301 

2 . 06 
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APPENDI X  N 

AIR QUALITY IMPACT OF BRINE PONDS 
AT FOUR TEXOMA S I TES 

N. l I ntroduct ion 

Brine displ aced to the br ine holding pond s from s torage cavities 
at an oi l storage s ite wou ld contain entrained crude oil which 
wou ld eventua l ly reach the atmosphe re , forming a hydrocarbon 
c l oud over the pond . Depending upon the ambient , meteoro log i c a l  
condition s , the impact o f  t h i s  volat i l e , hydroc arbon c loud might 
extend beyond the s ite boundaries and therefore cons t i tute a 
l imiting f actor with regard to the environment a l  feas ibi l i ty of 
the concept o f  the brine settl ing pond . In view of the potential 
air qua l i ty impact , an analy s i s  has been per formed to ( 1 )  determine 
the magni tude of crude o i l  d i s s o lved in brine during the f i l l  
ope ration , ( 2 )  determine the maj or pathway s for emi s s ion of 
hydrocarbons to the atmosphere and e s timate the average and maxi 
mum emi s s ions related t o  the brine ponds , and ( 3 )  a s s e s s  the 
a i r  qua l i ty resulting from the s e  emi s s ion s . 

N. 2  Magni tude o f  Crude O i l  in Brine 

The s olub i l i ty o f  crude oi l in var ious l iquids i s  s trong ly 
dependent upon the compo s ition of the l iquids and the parti
cular hydrocarbon fractions compos ing the crude o i l , as we l l  
a s  the temperature and pressure c onditions . Exper imental data 
for crude o i l  c omponents in s a l t  water ( 2 0  ppt )  s a l i n i ty under 
l aboratory conditions at about 7 50F and 1 atm pre ssure , are 
shown in Tab le N -l ( Ander son et al . ,  1 9 7 4 ) . The concentrations 
of i ndividual dis solved compounds ( Yi ) correspond to those of a 
typical Kuwai t  o i l  sample . The se concentrations wou ld be al tered 
by turbulence ,  s a l inity , and pre s s ure and temperature changes . 
However ,  there i s  l i tt l e  information avai lable on the so lub i l i ty 
of hydroc arbons in saturated brine ( 2 5 0 - 3 5 0  ppt) with e l evated 
temper ature and pres sure , and it is neces sary to estimate cor
rec t i on fac tors to account for these condi tions . 

The temperature and pre s s ure in the s torage c avi ty are expe c ted 
to be hi gher than the s tandard values at the earth ' s  surface . 
The aver age depth of the brine i s  about 3 , 0 0 0  ft where 
ambient temperatures are rough ly 1 2 50F .  The crude oi l would 
be i ntroduced i n to the cavern in the f i l l  s tage at about 6 3 0  
p s i a . For a typ i c a l  crude o i l , Tab l e  N -l summari zes the 
e s timated so lubi l i ty in brine at 1 2 50F and 6 3 0  psia . 
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Tab le N - l  Concentrations of Dissolved Hydrocarbon Fractions 
in Brine at 1 2 50F and 1 and 4 3  Atm ( 6 3 0  P S IA )  for 

Kuwait Crude o i l  S ample 

y .  ( ppm) Temper ature S a l inity Y .  (ppm )  P res sure 1 
1 atm , 7 50F Correction 

Components Seawater 

Ethane ( C 2 ) 0 . 2 3 

Propane ( C 3 ) 3 . 3 0 

Butane ( C  4 ) 3 . 6 6 

Heavy 
Paraffins ( > C 4 ) 4 . 4 3 

Aromatics ( >C 5 ) 1 0 . 0 3 

TOTAL 2 1 . 6 5  

( 1 )  B l and and Davison , 1 9 6 7  

( 2 )  Pric e , 1 9 7 3  

( 3 )  McKetta and Wehe , 1 9 6 2  

TC . 1 

( 4 )  YC . 
1 

Y .  x TC . x SC . x PC . 
1 1 1  1 

( 1 )  

0 . 5  

0 . 5  

0 . 7  

0 . 7  

2 

Correction , l l atm , 1 2 50F Correction 
S C . ( 2 )  Brine PC . ( 3 )  1 1 

0 . 1 5 0 . 0 2 2 3  

0 . 1 5 0 . 2 5 7 

0 . 1 5 0 . 3 8 7 

0 . 1 5 0 . 4 6 7 

0 . 1 5 3 . 0 1 5 

4 . 1 2 

YC . ( ppm) 
4 3 latm , 1 1 5uF 
Brine ( 4 ) 

0 . 4 0 

1 .  7 3  

2 . 6 9 

3 . 2 6 

1 5 . 0 5 

2 3 . 1 3 



As can be seen in Tab l e  N - l ,  the resulting so lubi l i ties for 
hydr ocarbons in the s atu rated brine weighted accord i ng to the 
c omponent s of the Mid-Eastern o i l  s ample would be 4 . 1  and 2 3 . 1  
ppm at 1 atm and 4 3  atm ( 6 3 0  p s i a ) , re spective ly . These 
value s depend sens i t ively on the crude oil fraction s . I f  the 
o i l  pumped into the c avern s contains les ser quant i t i e s  o f  
light saturate s and aromati c s  thaQ tho s e  i n  the s amp le of 
Table N - l , the total s olubi l i ty would be reduced . On the 
other hand , i f  the quant ity of d i s s olved ben z ene ( C 6 compound s )  
or l ight a l ipha t i c  fractions ( C2 - C 5 compounds ) were increased , 
the solub i l i ty wou ld be corre spondingly l arger . 

N . 3  Hydrocarbon Emi s s ion s to the Atmo sphere 

For d irect trans fer of the brine to the settl ing ponds , the 
large st port ion of the d i s so lved hydroc arbons would f lash 
vapo r i z e  to the atmos phere upon depr e s su r i z ation en route 
to the earth ' s  surface ( Pi rson , 1 9 5 0 ) . I f  the brine were to d i s
charge into brine tank s the se hydroc arbons would largely be con
tained . However , s i nce brine i s  to be released i nto open brine 
pond s , direct emi s s i ons to the atmos phere would result . The 
average and maximum hydrocarbon emi s s i on due to depres suri z a
t ion can be e s t imated as suming that the o i l  remaining in the 
brine has a so lubi l i ty of 4 . 1  ppm . The resulting rates for 
annual emi s s i on s  and for maximum , short- term emi s s ions are 
summar i z ed in Table N- 2 for each of the four s ites . Chemi c a l  
reactions in the atmosphere , such a s  photocataly t i c  oxidati on , 
wou ld convert an unknown amount of thes e  hydrocarbons into 
l e s s  vol atile non-hydrocarbon compounds .  The f ate of the se 
compounds , however , is unknown , so thi s e f fect is neglected . 

Some of the entrai ned hydro carbon s wou ld remain in so luti on 
or in emu l s ion unt i l  the brine reache s the settling pond . 
Vi sible o i l  would be removed with s k immers . Fine suspens ions 
of oil wou ld present a potenti a l l y  s igni fi cant water qua l i ty 
problem , and would need to be tre ated with separation faci
litie s . I n  this c as e  there wou ld presumab ly not be a s ig
n i f i c ant impact on the a i r  qua l i ty , since s eparation faci lities 
for b a l l a s t  water have neg ligible emi s s ions . The maj or por tion 
of the remaining d i s s o lved hydrocarbon s would then tran s fer 
to the atmosphere wi thin 10 days due to evaporation ( Kreider , 
1 9 7 0 )  and d irect trans fer to air ( Baier , 1 9 7 0 )  a l though about 
half of the s ing le-ben z ene ring compounds would remain i n  
s o lution ( Go rdon , 1 9 7 6 ) . Other pathways of removal from the 
water c olumn such as biological degradation or ads o rpt ion to 
a s ol i d  phase which col lect s at the edge or bottom of the 
pond s hou ld be neg l i gible for the di s so lved hydrocarbons 
( Gordon et al . ,  1 9 7 6 ) . The re sul ting emi s s ion rates for thi s 
case are a l s o  shown in Table N- 2 .  
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Table N-2 Annual and Short-Term Hydrocarbon 
Emissions to the Atmosphere for 
Four Texoma S ites 

SOURCE OF EMIS S IONS WEST HACKBERRY BLACK BAYOU VINTON BIG HILL 

FLASH VAPORIZATION 

Annual Emiss ions , 
t on /yr . 165 165 55 llO 

Shor t-Term Emissions 
g /sec .  6 . 5  6 . 5  2 . 2 4 . 3 

EVAPORATION 

Annual Emissions , 
t on /yr . 4 5  4 5  15 30 

Short-Term Emissions 
g/sec . 1 . 8 1 . 8 0 . 6 1 . 2  

TOTAL 

Annual Emissions 
ton/yr . 210 210 70  140 

Short-Term 
g /sec.  8 . 3  8 . 3 2 . 8  5 . 5  



The emi s s ion from the ponds would be increased over these values 
if o i l  in a f i lm on the surface or i n  emu l s ion wer e  a l lowed to 
degr ade . For oil f i lms , approximately 2 0 %  of the sur face o i l  
would evapor ate in l e s s  than 2 hour s ( S ivadier and Mikola j , 1 9 7 3 )  
whi le approximately 3 0 %  more would reach the atmo sphere i n  l e s s  
than 2 0  day s b y  other me an s ( Gordon et a l . , 1 9 7 6 ) . The re
mainde r o f  the s l ick , if not period i c ally skimmed and removed , 
would form tar balls which could be removed by s tandard 
engineering practices . 

N . 4  Impac t on Ambi ent Air Qua l i ty 

The downwind c oncentrations a s soci ated with the hydroc arbon 
emi s s ions from br ine ponds have been c a lculated u s i ng short-
term d i spers ion mode l s  PTMAX and PTD I S . The worst c a s e  down
wind hydroc arbon concentrations are predi cted to be not over 
2 0 0  � g/m3 at very c lose- i n  locat ions « 1 0 0  me ters ) .  The non
bouyant n ature of the hydroc arbon p lume maintai n s  the se con
centrations large ly in the vicinity of the We s t  Hackberry 
s ite . The typi c a l  c a s e  downwind concentration from the total 
emi s s ions in Sect ion N . 3 are pre sented in Table N- 3 as a func tion 
of downwind di stances . 

The downwind concentrations of hydrocarbon under typical 
meteorolog i c a l  condi tions ( i . e . , s t ab i l i ty C l a s s  D ,  wind speed 
4 . 4  m/ s )  are a ll i n  comp l i ance wi th the exi s ting standard 
( i . e . , 1 6 0  � g/m3 ) except for We s t  Hackberry and B lack Bayou at 
0 . 5 k i lometer s .  I t  i s , therefore , conc luded that the air 
qua l i ty impact from the d i sposa l  pond wou ld be a locali z ed 
phenomena and would definitely be confined within e ach o f  the 
four Texoma s i te s  for the s ample of c rude oi l con s i dered in 
Table N- l .  
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Table N .., 3  Downwind Concentrat ions from the Tota l 
Emi s s ions for Four Texoma S i te s  

3-HOUR CONCENTRAT ION 3 ( �g/m ) 

Downwind 
Dis tance 

( Km)  We st Hackberry B l ack Bayou B i g  Hi l l  Vinton 

0 . 5  2 9 7  2 1 3  1 4 7  7 6  

1 . 0  1 0 3  7 4  5 3  3 4  

1 . 5  5 7  4 1  3 0  1 6  
z 
I 2 . 0  3 7  2 6  1 9  1 0  en 

3 . 0  3 0  2 1  1 4  7 

4 . 0  1 4  1 0  7 4 

5 . 0  1 0  7 5 3 

1 0 . 0  3 2 2 1 
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APPEND I X  0 

BACKGROUND OCEANOGRAPHIC I NFORMATION 

1 .  Ba thyme t r y  

Bot tom topogr aphy i n  the r eg i on f r om 9 3 0 to 9 5 0w 
l ong i t ud e s  i s  g e n e r a l l y  r eg u l ar , w i th no pr omi nent f e a t u r es 

to br eak the pa t t e r n  o f  i s obaths* par a l l e l ing the sho r e l i ne ,  

e x c ept i n  r eg i ons o f f sho r e  the maj o r  r ive r s ,  t h e  S ab i ne and the 
C a l c a s i e u . The 2 0  meter i s obath l i es some 7 5  k i l ome ter s 

o f f sh o r e  f r om the mouth o f  the C a l ca s i e u  R i v e r . 

The shoal i ng c ond i t i o n s  so far  o f fsho r e  have l ed to 

ex tens ive al t e r a t i o n s  to al l ow unh i nd e r ed nav ig at i o n  in  the 

appr oaches to wa terways i n  the r eg i o n . Fo r e x ampl e ,  C a l c a s i e u  

P a s s  i s  a channe l , d r edged t o  some 1 2  me te r s  ( s e e  F ig u r es 1 
and 2 ) , l y i ng d i r ec t l y  o f fsho r e  o f  the C a l c a s i e u  mouth 1 5  
k i l  m e t e r s ,  thence south eastward 1 5  k i lome te r s ,  thence 

s o u t h  6 ki lome ters to wa ter  12 me t e r s  d e ep ; d r ed g e  spo i l  

abuts on t h e  we s t .  S im i l ar channel i z i ng oc c u r s o f f  S a b i ne 

L a k e . The S ab i ne Bank shoals l i e d u e  south o f  the C a l cas ieu 

mouth at a depth of some s ix meter s . Several drill ing 
p l a t fo rms s t and no r th e as t o f  the S a b i ne Bank , b e twe en the 

Bank and S ab i n e  P a s s . 

*i sobath - a line on a map or chart that conne cts a l l  points having 

the same depth be low a water surface (oce an ,  sea , lake ) . 

0-1 



11 340 (1I1C.) 

F ig u r e  1 

I 
I 

TX 

J F" I  •• • � J  �,.. .. " Cr.f; Ch.,j-. - - - (4/.,., H.,. .... C;;,.,..,., )  � c;,,.�1: .... .1 G .. ,,"'-/ C:'", __ h 

..5' .... n-c.c. : N ..... vn�"' ''' ("1(11(,11(" <�� , 
u.s ,Alt ... * __ -..l ';wtf c.....,....r� 
NO" .... , "" ... ,. . ...--.{ Q� 5"""'''1 
J .... " .. IT1'"-

N a u t i c al C h a r t I nd e x  for  the we st H a c kb e r ry 
I n ve s t ig a t i o n  A r e a  

0- 2 



F ig u r e  2 

.�� - - � � .  
i 

J'ao tiDn _/ C;"', f 11 3 4-0 
J'h_�;"j I fe le d-.. '; deprl., ;n ;:I-J, ..... � 

J"'-"o. le 1 : 4 5 8, 57<' 
s 

---- - --- );," ; !- $  0/ So..Jr.Je), ,..j" .. .  1-/ - 8 774 
I;"" f.  -; S4(.1}' � ;r...,"ys «.,of 

//"�;" ."""J 1I.  Rr�.c.J 

S e c t i on of N a u t i c a l  C h a r t 1 1 3 4 0  

0-3 



2 .  Hyd r o l ogy 

( a )  S u r face P r ope r t i e s  

G e ne r a l  

I n  a s t ud y  spo n s o r ed by NOAA e n t i t l ed " S e asonal 

Va r i at i o n s  o f  T empe r a t u r e ,  S a l i n i ty and Dens i t y  of Texas 

S h e l f  Wate r s "  Wh i ta k e r  and Va s t ano analy zed the mon thly 

d i s t r i b u t i o n s  o f  w a t e r  pr ope r t i e s  i n  the a r e a  no r th of  

l a t i t ud e  2 4 0N and we s t  o f  l ong i t ud e  9 3 0W .  Th i s  pr obably 

r e pr e s e n t s  the b e s t  i n f o rmat i on on the mean temp e r atur e ,  

s a l i n i ty , and dens i ty f i e l d  ava i l abl e . The d a t a  was ac c umu l at ed 

by t h e  Depa r tm e n t  o f  Oc eanog r aphy , T e x a s  A&M Un ive r s i ty 

( T AMU ) and was pr ov i d ed by the N a t i o n a l  O c e an og r aph i c  Data 

C e n te r . These d ata we r e  supplemented and upd ated w i th 

t empe r a t u r e  and sal i n i ty r ec o r d i ng s  f r om TAMU d epa r tmental 

d a ta f i l e s , the Un ive r s i ty of T e x as M a r i ne S c ienc e s  I n s t i t ute , 

t h e  U . S .  Geo l og i c a l  S u r vey ( C o rpus Ch r i s t i ) , a nd the N a t i on a l  

Ma r i ne F i s he r i es S e r v i c e  ( G a l v e s t on ) . Ad d i t i o n a l  d a t a , 

c o l l e c ted by the Mex i c an N avy , I n s t i tu to N a c t i o n a l  de P e sc a ,  

and o t he r s  we r e  a l s o  i n c o r po r a ted . 

Mo n t h l y  s u r f a c e  c h a r t s  o f  temp e r a t u r e ,  s a l i n i ty ,  a nd 

d e n s i ty ,  c omp u t ed f rom the o b s e r v a t i o n s , we r e  con s t r uc ted by 

mac h i n e  pl o t t i ng the v a l ue s . The r e s ul t i ng f i e lds we r e  

sc anned for  tr end s ,  and isopl e t h s  we r e  d r awn to r e f l e c t  the 

o b s e rved tendenc ies ( F i g u r e s  3 - 8 ) . 

S e a  S u r f ace Tempe r a t u r e  F i e l d  

Mo n t h l y  maps o f  s e a  s u r face tempe r at u r e i nd i c a t e  

t h a t  i so t he rms g e ne r a l ly par a l l e l  the c o a s t . Th e sea 

s u r f a c e  t empe r a t u r e g r ad i e n t  is  a max imum d u r i ng J a n u a r y  
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o v e r  the s t udy a r e a . Th r o ug h the fo l l ow i ng f o u r -month 

pe r i od , the g r ad i ent pr og r e s s i v e l y  r e l ax e s  und e r  the 

i n f l ue nce of i n c r e a s i ng s e a s o n a l  heat i ng . F r om J une thr ough 

S e ptember , the sea s u r face i s  i n  a ne ar i so t he rma l cond i t i o n .  

D u r i ng Oc tobe r ,  November , a nd De cembe r , s e a s o n a l  c o o l i ng 

pr od u c es an i n c r e as i ng tempe r at ur e g r ad i ent . 

Fo r mo s t  o f  the year , c o o l e r  wate r i s  fo und nea r s h o r e  and 

the temp e r at ur e  in the s h a l low water  i nc r e as e s  as  one moves 

s o u t h  al ong the c o a s t . The e x c ept i o n s  are June , July , and 

Aug u s t , wh en the s u r f ac e  tempe r a t u r e  i n c r e a s e s  f r om s o u t h  to 

n o r t h  ove r the ent i r e  shel f .  The s u r f a c e  tempe r a t u r e  e a s t  

o f  G a l v e s t o n  i s  g r e a t e r  t h a n  2 9 0C d u r ing J u l y  and g r e a t e r  

t h a n  3 0 0C i n  Aug u s t . 

S e a  S u r face S a l in i ty F i e l d  

T h e  monthly pa t te r n  of i s ohal i nes , l i k e  s u r face 

i so the rms , pa r a l l e l  the coast d u r i ng mo s t  o f  the year . 

Beg i nn i ng i n  May ,  the i sohal i n e s , und e r  i n f l ue nce o f  l e s s  

s a l i ne water  i n tr oduc ed fr om the east , b e c ome i n c r e as i ng ly 

perpend i c u l a r to the c o a s t . I n  S e ptembe r , t he i so h a l i nes 

are  ag a i n  pa r a l l e l  to  th e c o a s t , a nd they ma i n t a i n  t h i s  

pa tte r n  thr ough the r ema ind e r  o f  the year . Th r oughou t the 

ye ar , the fr e s he s t  wate r is fo und ne a r s ho r e  east o f  G a l ve s ton . 

Fr om J a nu a r y  thr ough Apr i l , the 3 6 . 4  ppt i so h a l i ne i s  

fo und o f f s ho r e  over  the she l f  b r e a k . Near sho re , abo u t  2 9 0N ,  

t h e  s a l i n i ty c hanges f r om the l ow t h i r t i e s  i n  Ja n u a r y  to th e 

twe nt i e s  i n  Ap r i l . I n  the pe r i od of J a n u a r y  thr o ug h  Ma r c h , 

the l a r g e s t  s u r f a c e  s a l i n i ty g r ad i e n t s  a r e  f o und ne a r s h o r e  

i n  t h e  a r e a e a s t  o f  G a l ve s ton . 
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The i n f l uence o f  i n c r eas i ng r iver  o u t f l ow ,  f i r s t  seen 

i n  Ap r i l , b ecome s mo r e  ev i d e n t  d u r ing May , J u n e , J u l y , a nd 

Aug u s t . Th e s u r face s a l i n i ty i n c r eases al ong the coa s t  f r om 

e a s t  to we st as we l l  as i n  the o f fsho r e  d i r e c t i o n  i n  th i s  

t ime pe r i od . 

Mo n t h l y  s u r f a c e  s a l i n i ty p a t t e r ns , f r om S eptember thr ough 

Decembe r ,  i nc l u s ive , a r e  qu i t e  s im i l ar . S a l i n i t i e s  of 3 0 . 0  

ppt to 3 1 . 0  ppt a r e  fo und east o f  G a l ve s ton . Pr o c e ed i ng 

o f fsho r e  fr om G a l v es t o n , the s a l i n i ty i n c r e a s e s  t o  3 6 . 4  ppt 

ove r the she l f b r e a k , ex cept fo r D e c ember when the max imum 

s a l in i t y  is 3 6 . 5 ppt . 

S e a  S u r f ac e  D e n s i ty F i e l d  

Th r o ug h  t h e  year , the l e a s t  d e n se s u r f a c e  wa t e r  i s  

fo und eas t o r  s o u t h e a s t  o f  G a l ve s to n . These d e n s i t i e s  

r a nge f r om 1 . 0 1 5  gm/cm3 dur i ng M a y  to 1 . 0 2 4  gm/cm3 i n  

D e c embe r .  The o c c u r r ence o f  the m i n imum dens i t y  i n  May 

r ef l ec t s ,  a s  the May t empe r at u r e and s a l i n i ty f i e l d s , the 

i n f l u e n c e  o f  the f r eshe r wa ter  o r ig i n a t i ng i n  the ea s t .  

F r om Ap r i l  t h r o u g h  J un e ,  a nd i n  the pe r i od S ep temb e r  thr oug h 

November , t h e  tempe r a t u r e and s a l i n i ty exper i enced i n  th i s  

mo r e  ocea n i c  env i r onment i s  i nd i c a t i v e  o f  t h e  dens i t y  

var i a t ion , 1 . 0 2 3  t o  1 . 0 2 5  gm/cm 3 • 

The sequence o f  s u r face i sopyc na l s  found d u r ing the 

Decembe r thr ough M a r c h  pe r i od is i n te r es t i ng because o f  the 

pe r s i s t ence o f  v e r y  d e nse s u r f a c e  wa t e r s .  In D e c embe r ,  a 

tongue o f  wa t e r  ( d e n s i ty = 1 . 0 2 5 5  gm/cm3 a nd g r e a te r ) 

ex t ends f r om 9 3  deg r ee s  west a l ong the o u t e r  r eaches o f  the 

she l f . Dur i ng J a n u a r y , the 1 . 0 2 5 5  gm/cm3 i so pyc nal 

o u t l i n e s  a s l igh t ly sma l l e r  area c ompa r ed w i th the p r ev i o u s  

mont h ,  bu t a tongue o f  den s i ty 1 . 0 2 6  and g r e a t e r  i s  found 

w i th i n t h e  1 . 0 2 5 5  gm/cm3 i sopl eth . 
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S u r f a c e  d en s i t i es o f  1 . 0 2 6  gm/cm3 and l a r g e r  a r e  

fo und ov e r  a l a r g e  po r t i o n  o f  t h e  she l f  d u r i ng F e br u a r y . 

O f fsho r e ,  i n  the open G ul f ,  the s u r face wa t e r  d ens i t y i s  

l e s s  than o r  equa l t o  1 1 . 0 2 5  gm/cm3 ; by Ma r c h ,  the d e n s e r  

wate r s  o f  g r e at e r  t h a n  o r  e q u a l  to 1 . 0 2 6  gm/cm3 ex i s t  as  

a n  e l onga ted c e l l cen t e r ed a t  l a t i tude 2 8 0N ,  l ong i t ud e  

9 5 0  5 0 ' w .  

( b ) Wa t e r  C ol umn P r oper t i es 

Hyd r og r aph i c  se c t i o n s  have been t a k e n  o f f s ho r e  be twe en 

l ong i t ud e s  9 2 0W and 9 6 0w by Texas A&M Un i ve r s i t y  and the 

N a t i o nal Ma r i ne F i she r i es S e r v i c e  ( F ig ur e  9 ) . The r e l a t i v e l y  

s h a l l ow wa te r c o l umn i s  o b s e r ved to r e spo nd r ap id ly t o  

meteo r o l og i c a l  phenome na , s u c h  as c o l d  f r o n t s , r e s ul t i ng i n  

ve r t i c a l l y  homog eneous t emper a t u r e and sal i n i t y  p r o f i l es fo r 

some 5 0  t o  1 0 0 k i l om e te r s  o f fs ho r e  i n  m id-w i n t e r  a f t e r  

p a s s ag e  o f  a f r on t .  

S a l i n i ty and tempe r at u r e cond i t i o n s  ( F i g u r es 1 0 -1 5 )  

r e f l e c t  s e a s o n a l  c i r c um s tan c e s . Wi n t e r  sto rms , a c t i ng to 

m i x  the upp e r  l aye r and i ns h o r e  wa te r s ,  r e s u l t in ve r t ic a l ly 

homog e neo u s  wa t e r s ,  f r eshe r onsho r e  due to r i v e r  d i s c h a r g e . 

C o nd i t io n s  o n  the O u t e r  C on t i n e n t al S he l f  r e f l ec t the 

pr esence of the s ub t r op i c a l  underwa ter  mass pr e s e n t  in the 

we s t - c en t r a l  Gul f of Mex i c o ,  a c o o l e r , l owe r s a l i n i ty wa te r 

mass wh i c h  r ema ins b e l ow the 7 5  m e t e r  depth . 

Spr i n g  and summe r cond i t io n s  a r e  d e te rm i ned by a 

c omb i n a t i on o f  i n c r eased d i sc h a r g e ,  enhan ced s u r face evapo r a t io n ,  

a nd th e l a r g e- s c a l e  c ur r e n t  s t r uc tu r e  i n  the G ul f o f  Mex i c o .  

F r esher , wa rmer r iv e r  d i sc ha r g e  s ub s t an t i al ly d e t e r m i nes 
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o nsho r e  s u r f a c e  and wa ter c o l umn sal i n i ty and tempe r at ur e  

i n  the r eg i o n  o f f s h o r e  o f  We s t  H ac k b e r r y  t o  the a r e a  o f  

G a l v e s t o n  Bay . I n  that r e g i on ,  fr eshe r , wa rm s ur face wa te r 

l i es onsho r e , enhanced by the g e ne r a l ly we stwa rd sur fac e 

c u r r ents d r aw i ng M i s s i s s i pp i d i sc har g e  i n to the r eg i o n .  

F u r ther s o u thwe st , s ur f a c e  tempe r at ur e and sa l i n i ty max ima 

o c c u r  we l l  o f fsho r e  as fr esh d i sc h a rg e is tr anspo r t ed out o f  

t h e  r eg i on b y  t h e  e a s twa rd r e t ur n  fl ow .  

Au tumn s e e s  a r e t u r n  to i n c r e a sed m i x i ng ,  w i th l ow r iv e r  

d i sc h a rg e ,  h e n c e  a p a t t e r n  o f  a r e l a t i v e l y  homog eneous wa ter  

c o l umn b u t  l e s sened ho r i zontal  dens i ty g r ad i en t s  w i th 

r espect to spr i ng cond i t i on s .  C o l d e r  wa ter i s  pe r i od i c al ly 

d r iven o n s h o r e  by s t r ong e a s te r ly and so u th e a s t e r l y  w i nd s  as 

fa l l  pr og r es se s  i n t o  w i nt e r  t ime c ond i t i o n s . 

Wa te r mass type s a r e  i n f l ue nced by po s i t i on in  the Gul f .  

Mo r e  we s twa r d  r eg i o n s  show s t r ong ev i d e n c e  o f  r emnant 

S ub an t a r c t i c  I n te rmed i a te wa ter  fl ow s a l i n i ty and low 

t empe r atur e ,  wh i l e  m i x i ng w i th C a r i bbean wa t e r  i nc r eases 

bo th sal i n i ty and t emp e r atur e ea s twa r d . Thus , t r a ns e c t s  

s h ow a sal i n i ty m i n imum o f fsho r e  in  the we st , b u t  n o t  to  t h e  

ea s t .  
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3 .  T i d e s  

The t id al r eg ime i n  t h e  r eg i on i s  m i x ed ( F igure 1 6 ) , 

w i th d i u r n a l  t id e s  d om i nant over sem i d i ur n al compo n e n t s . 

Spr ing t id e s  tend to be sem id i ur n al , wh i l e  n e ap t id e s  ar e 

pr imar i ly d i u r n a l  ( s ee F i g u r e  1 7 ) . T id a l  cophase l i n e s , 

c o nne c t i ng po i n t s  w i th s imul taneous occ u r r e nc e  o f  h i g h  

t id e s , t end to pa r al l e l  t h e  coas t l i ne ,  s o  t h a t  t h e  we s t e r n  

G u l f o f  Me x i co a c t s  somewh a t  as a c i r c u l ar ba s i n  i n  c o

os c i l l a t i o n  w i th t i d a l  dr iv i ng f o r c e s .  Th e r e  i s ,  h oweve r ,  

a r o ta r y  c ompo n e n t  to the t id e ,  so  t h a t  t i d al c u r r en t s  

sh i f t  d i r e c t i o n  c o n t i nu o u s l y , r at h e r  t h a n  pa s s i ng thr oug h 

pe r i od s  o f  s l a c k  wa ter . T i d al r ang e i s  m e as u r ed at  one to 

two feet in ope n water , and somewhat l e s s  i n  c o a s t a l  wa te rways . 

T id a l  h a r mo n i c  analy s i s  r ev e a l s  t h a t  the d om i n an t  d i u r nal 

( K l ) c ompo ne nt o f  t id e  is  ne a r ly in ph ase thr oug h o u t  the 

we s t e r n  G u l f  bas i n ,  wh i l e  the sem id i ur n a l  compo nen t  ( M 2 ) 

i s  of muc h l ower ampl i tud e and ac t s  as a pe r t ur b i ng f a c t o r  

o n  the dom i na nt d i u r nal componen t .  The geog r aph i c  e x t e n t  of 

m i x ed ve r s us d i u r na l  t id e s  o n  the coast i s  a func t i o n  of how 

muc h phase d i f f e r en c e  ex i s t s  b etwe en the two compo nen t s , as 

we l l  as o t he r , secondary , compo nents a t  a pa r t i c u l ar po i n t . 

E x am i nat i o n  o f  the d i str i b u t i o n  o f  cophase/ c o r ang e  l i ne s 

f o r  obs e r ved t id e s  c an be i n s t r uc t ive . Cophase ( o r  c o t id e )  

l ine s con nec t po i n t s  o f  s imul taneo u s  h ig h  t id e  ( o r  any o th e r  

po i n t  i n  the t id a l  cyc le ) , and a r e  r e fer r ed t o  a c ommon 

d a t um po i n t  in hour s b e f o r e  h ig h  t id e  at  t h a t  d a t um .  P ub l i shed 

t id e  t ab l e s  for  the G u l f  C o as t ,  h oweve r , i nc l ud e  ma ny 

s t a t i ons wh i c h  ar e i n  enc l o s ed bay s , o r  a r e  sub j e c t  to 

topo g r aph i c  e f f ec t s . Mu r r ay ( 1 9 7 6 ; pe r s o nal commu n ic at i o n  

1 9 7 7 )  u s ed the t id e  tab l e s  to d e r ive a cophase map ( S ee 
F ig u r e  1 8 ) . 
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Figure 1 6 . Tidal Currents , 
( Source : Tidal 

Ga lve ston B ay E nt rance 
Current Tabl es , NOAA , 1 9 7 7 )  
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F ig u r e 1 7  G u l f o f  Me x i co T id a l  Reg ime s  

( f r om E 1 e u t e r i us ,  C .  K . , 1 9 7 4 . M i s s i s s i pp i  S u perpo r t  

S t udy , Env i r onmental As s e s sment ) . 
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Lo c a t i o n  Map o f  Lo u i s i an a  C o as t a l  Wa t e r s . 
Cop h a s e  l i nes o f  the t id e  i n  ho u r s  b e f o r e  h ig h  
wa t e r  a t  B a r a t a r a  P a s s  a r e  shown as he avy s o l id 
l i ne s . Co- r ange l i ne s  o f  the t id e  i n  feet a r e  
shown a s  d ashed l i n e s . Smnal l n umber s i nd i c a t e  
obs e r ved s a l i n i ty r ang e s  ( ppt ) i n  b a y s  and 
es t ua r i e s  ( Af t e r  Mur r ay , 1 9 7 6 ) . E x t ens i o n  o f  the 
ch a r t  westwa rd wo u l d  show a pa t t e r n  wh i c h  
m i r r o r s  the above mov i ng we s twa r d . 
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The r e s u l t s  i nd i c a te the C a l c a s i e u  P a s s  r e g i o n 

i s  a po i n t  wh e r e  the coph a s e  l i nes sh i f t  d i r ec t i o n ,  i . e . , 

t id e s  occur  at C a l c a s i e u  P a s s  e a r l i e r  than po i n t s  e i th e r  to 

the we s t  or to the E a s t , up to the ne a r e s t  da tum po i n t s  

( G a l ve s to n  Bay t o  t h e  We st , Bar atar i a  P a s s  t o  t h e  E a s t ) . 

T h u s , t id a l  c r e s t s  move sho r eward at C a l ca s i e u , thence e a s t  

and we st , c on f i r m i ng t h e  behav i o r  o f  t h e  we st e r n  G u l f of  

Mex i c o  as  a qu a s i - e o- o sc i l l a t i ng bas i n .  
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4 .  C u r r en t s  

C u r r e n t s  i n  c o a s t a l  wa t e r s  a r e  r e l ated to w i nd s ,  

r iv e r  o u t f l ow ,  and l ar g e- s c a l e  fl ow patt e r ns .  Bo th shal low

w a te r w i nd - d r i v e n  c u r r e n t s  and bar Q t r op i c , w i nd - i nd uc ed 

s l ope c u r r e n t s n e a r l y  p a r a l l e l  i s obaths . De ns i ty-d r iv e n  

c u r r e n t s  a l s o  t e n d  to fo l l ow bot tom contour s .  Th i s  f l ow 

c omponent i s  a r e s ul t o f  o f f s ho r e  dyn am i c  g r ad i e n t  due to 

f r eshwa ter  i np u t  near the coast . I n  ad d i t i on , the l a r g e  

s c a l e  c i r c u l a t i o n  o f  t h e  G ul f o f  Me x i c o  i n f l u e n c e s  the 

n e a r sho r e  l ow d y n am i c s . 

( a )  S u r face C u r r en t s  O b s e r vat ions D e r i ved f r om S h ip D r i f t  

Th e N a t ional O c eanog r aph i c  Data C e n t e r  (NODC ) o f  the 

NOAA ' s  E nv i r o nme n t a l  Data S e r v i c e has deve l oped a S u r face 

C u r r e nt D a t a  S y s t em (SC UDS ) u s i ng sh i p  d r i f t  d a t a  ac q u i r ed 

f r om the U .  S .  N av a l  Oceanog r aph i c  O f f i c e . Th i s  techn i que 

o f  ob s e r v i ng s ur f a c e  c u r r e nts is one sour ce of s uppo r t i ng 

ob s e r v a t i o n s  fo r anal y t ic  s t ud i e s  o f  l a r g e- s c a l e ocean 

c ur r e n t  sys t ems . Ind iv i d u a l  c u r r ent vec t o r s  c an be av e r ag ed 

e i t h e r  by v e c t o r a l  or s c a l a r  p r o c ed u r es . Th e s e  methods c an 

l e ad to d i f f e r ent r e s ul t s .  D i f fe r e n c e s  c an be r a t ional i zed 

by a c a l cul a t i o n  of c u r r e n t  s t ab i l i ty ,  S ,  d e f i n ed in te rms 

of the ave r ag ed v e c to r a l ve l oc i ty ,  V a nd the ave r ag ed 

ar i thme t i c  ve l o c i ty ;  l V I , e x p r e s s ed as : 

S 
v 

x 1 0 0  
I V I  

S t ab i l i ty ,  t h u s  d e f i n ed , r ang e s  b e tween z e r o  and 1 0 0 . Wh en 

e ac h  vec t o r  is i n  the same d i r e c t i o n  S = l O a ;  in th i s  c a s e  
• 

the vec t o nal mean eq u a l s  the s c a l a r  mean . 
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An a l y s e s  o f  the SCUDS f i l e  d a t a  ind i c a t e  t h a t  a cur r e n t  

fl ows i n  a we s te r l y d i r e c t ion al ong the T ex as-Lo u i s i ana 

coast appr ox ima t e l y  par a l l e l  to the sho r e l ine w i th speeds 

fr om 0 . 2  t o  0 . 4  k n ot s ( s ee F i g u r e s 1 9  and 2 0 ) . F l ow i s  

pa r al l e l  to i s obaths i n  the s t udy a r e a  and r el at ive ly s t ab l e  

( S  = 5 0 ) . These s u r face c u r r e n t s  a r e  r e l a ted bo th to 

w i nd cond i t i o n s  and ba r oc l i n i c  e f fe c t s  due to r i v e r  r u n o f f .  

( b )  Mean C o a s t a l  C u r r e n t s  

I n  the shal l ow wa te r s  o f  the s tudy r eg i o n , m e a n  c u r r e n t s  

ar e d r iven b y  w i nd s , d en s i ty d i f f e r ences , a nd l a r g e r  s c al e 

o f f s ho r e  fl ow p a t te r n s . The w i nd f i e l d  d r i v e s  an E k man 

t r an spo r t  d i r e c ted appr ox ima t e l y  9 0 0 to the r ig h t  of the 

w i nd .  I n  the l a te fa l l  and w i n te r , w i nd s f l ow pr edom i nantly 

fr om the e ast d r iv i ng a nor thwa rd f l ow i ng E kman tr anspo r t . 

D u r i ng spr i ng and s umme r ,  w i nd s  a r e  s t r ong e r  and g e ne r al ly 

sh i f t tow a r d  the no r thwe s t .  Ekman t r an spo r t  now f l ows 

towa r d  the nor theas t .  Fe b r u a r y  and S eptembe r a r e  t r an s i t ion 

pe r iods b e tw e e n  these f l ow f i e l d s . A s e cond compo nen t in  

the me an c u r r e n t  f i e l d  i s  the b a r oc l i n i c  f l ow . F r om S e pt ember 

t h r ough Ap r i l , t he l owe s t  d e n s i ty wa te r s  ar e n e a r s h o r e  and 

i so pyc n a l s  par al l e l  the sho r e l i ne an d i so b a th s . Du r i ng 

M a r c h , a n  ant icyc l o n i c  ed dy pa t t e r n  is  c e n t e r e d  at ab o u t  

l a t i t ud e  2 80N ,  l ong i t i tud e 9 5 0 3 0 ' W .  May t h r oug h Aug u s t  

i s  a t r ans i t i o n  per i od w i th i s o pyc na l s  b e c om i ng mo r e  

pe r pend i c u l ar t o  t h e  c o a s t l i ne . S u c h  a pa t te r n  i s  not 

typ i c a l  fo r c o a s t a l  wate r s  i n  o t h e r  ar e as and i s  probably 

r e l a ted to t h e  s t r ong spr i ng r iv e r  r un o f f .  
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( c )  Ver t i c a l  C u r r e n t  Var i ab i l i ty 

The r eg i on we st o f  the M i s s i ss i pp i  De l t a  to the 

Texas b(lrd(�r ha s nc t bE�en we l l  surveyed for e i ther water 
c o l umn pr ope r t i e s  or c u r r ent f i el d � . Th e few r ec o r d ed sh ips 

r epo r ts ar e far too spa r se for  d e f i n i t ive c h a r ac t e r i z a t io n  

o f  the r eg i o n .  On e l o ng c u r r e n t r e c o r d  f r om a s i ng l e 

s t at i o n  does , howev e r , e x i s t . 

Cu r r e n t  me te r ob s e r v a t i o ns we r e  ob t a i ned fr om the 

B uc ca nee r pl a t fo rm ( l at i tude 2 8 05 3 ' N ,  l ong i t i t ud e  9 40 4 2 ' w) 

f r om Oc tober , 1 9 7 1 t h r ough Aug u s t ,  1 9 7 3 . Ob s e r v a t i o ns we r e  

t a k e n  at d epths o f  3 . 7  m ( 1 2  f e e t ) , 1 0  m ( 3 2  f e e t ) , and 1 7  m 

( 5 7  f e e t ) , b e l ow the wa ter  s u r f ac e . Mo n t h l y  c u r r e n t r o s e s  

fo r these th r ee s e ts o f  obs e r v a t ions a r e  shown ( s ee F i g u r es 

2 1  t h r ough 2 3 ) . 

The s u r face wa t e r  c u r r ents we r e  pr ed om i nantly towards the 
we st f r om Ma r ch thr oug h J u n e . Fr om J ul y  t h r ough S eptembe r ,  

t h e  s u r face wa te r c u r r en t s  a r e  p r edom i na n tly towa rds the 

nor thea s t .  Fr om Oc tober thr oug h Febr u a r y , the c u r r e nt 

d i r e c t i o n  wa s v a r iab l e .  S u r f a c e  wa te r c u r r e n t s  g r ea t e r  than 

5 1  cm/ s e c  ( 1  k n ) o c c u r r ed mo s t  o f t e n  f r om May thr oug h 

Aug u s t . 

M i d - d epth wa ter  c u r r e nt s  we r e  mo r e  d i r ect i o n a l  than 

the s u r f a ce c u r r e nt s .  C u r r e n t s  w e r e  ma in ly towa rd s the we st 

d u r ing Ma r c h  thr oug h June and ma inly towa rd s the no r theas t 

f r om J u l y  thr ough J a n u a r y . C u r r e nts g r e a t e r  than 5 1  cm/ s ec 

( 1  k n ) o c c u r r ed mo s t  o f ten i n  J u l y  and Aug u s t . 
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B o t tom c u r r e n t s  had pr edom i na n t l y  we s twa r d  compo nents 

f r om Febr uary thr ough May and dur i ng Oc tober and a p r e d om i na n t l y  

e a s tward compo ne n t  i n  J ul y ,  Aug u s t , N ovember , a nd D e c embe r . 

No obse r v a t i o ns we r e  r ec o r d ed i n  J u n e  o r  S e pt embe r . The 

s t r ong e s t  c u r r e n t  o c c u r red in July and Aug u s t  w i th c u r r e n t s  

ove r 5 1  em/ s e c  ( 1  k n )  appr ox imately 1 5  pe r c e n t  of the t ime 

towa rds t h e  no r th e a s t . 

( d )  T id a l  C u r r e n t s  

Th e r ang e of t i d e s  i n  t h e  G ul f i s  on t h e  o r d e r  of one 

me te r , w i th the d i ur nal t i d e s  domi nan t over t h e  sem i d i u r nal 

t i d e s i n  most r e g i o n s . Z e t l e r  and H an s e n  ( 1 9 7 2 )  e st imate 

mean t i d a l c u r r e n t s  o n  the sh e l f  to be ab o u t  0 . 5  k n .  Th e 

NOAA T i d al C u r r e n t  T a b l e s  s t a t e  t h a t  the t i d a l  c u r r e n t s  near  

S ab i ne Bank a r e  r o t a r y  in  na tur e and se ldom ex ceed 0 . 3  knots 

( N OAA , 1 9 7 7 ) . A l t h o ug h  t i d e s  i n  the G ul f  have a sm a l l  

r ange , t hey d o  have impo r t an t  r o l e s  in  mod i fy i ng c u r r e n t s  

and ac cel er a t i ng t he movement o f  wate r t h r o ug h  nar r ow 

p a s s ag e s . 

( e )  S e r i al D a t a  f r om GUS I I I  S u r veys ( 1 9 6 3- 1 9 6 5 ) 

Deta i l ed ser i a l  s u r veys o f  the C o n t i n e n t a l  she l f  r eg i o n  

o f  the no r t hwe s t e r n  G u l f o f  Mex i c o , c o nduc ted by t h e  NMFS 

d u r i ng the pe r i od 1 9 6 3 - 1 9 6 5  has a f fo r d ed a spec i al oppo r t un i ty 

t o  d e sc r i b e  the phys i c al oceanog r aph i c  cond i t i ons and 

v a r i ab i l i ty in the s t udy a r e a .  Th e se s u r v eys we re c o nduc ted 

adj acent to the s tudy area by the Ga lve s ton Laboratory 
o f  the B u r e a u  o f  C omme r c i al F i s he r i e s  ( n ow t he N a t i on a l  

Mar i n e  F i sh e r i e s  S e r v i c e )  us i ng the RV G U S  I I I . Dur i ng t h e  

t h r e e year s ,  s t andard s t a t i o n s  we r e  occup i ed mo nthly ove r 

t h e  C o n t i ne n t a l  S h e l f  o f f  Texa s ( S e e F i gure 2 4 ) . 

0- 3 5  
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F ig u r e 2 4  L o c a t i on o f  GUS I I I  s t at i o n s  fo r wa t e r  C i r cu l at ion 
and S u r face S a l i n i t y  
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The c i rculation pattern r epresentative of the entire 
wa ter c o l umn , a l ong w i th the s u r face sal i n i ty d i s tr i bu t i on 

i s  shown ( s ee F ig u r e s 2 5  and 2 6 ) . I n  w i n t e r , i so hal i n e s  

pa r al l e l  ba thyme t r y , w i th l ow sal i n i ty wa te r ( 3 3  ppt )  n e a r  

t h e  c o a s t  and h ig h  s a l i n i ty wa ter  ( 3 6 . 5 )  c ov e r i ng t h e  o u t e r  

s he l f . Du r i ng spr i ng , s al i n i ty d ec r e as e s  as fr esh wa t e r  

d i sc ha r g e  fr om the r iv e r s  i n c r e ases a n d  spr eads o f f sho r e  

Al so , the h i g h e r  s a l i n i t y  wa t e r  o f fs ho r e  sh i f t s  e a s twa rd . 

T h r ough s umme r , wa ter  o f  g r e a t e r  than 3 6  ppt cove r s  most o f  

t h e  she l f , w i th r em a n t s  o f  t h e  l ow sa l i n i ty wa te r appe ar i ng 

to  have b e e n  tr anspo r t ed back to  the eas t .  I n  fal l ,  d es p i t e  

t h e  f a c t  that r i v e r  d i sc har g e  i s  a t  n e a r  m i n imum amoun t s , 

t he amou n t  o f  l ow s a l i n i ty wa te r ag a i n  i n c r e a se s ,  and 

spr ead s  to the we s t  and s o u t h  ove r the i nne r she l f .  

Th e d a ta i nd i c at e  that o v e r  the o u t e r  s h e l f , f l ow i s  

to  th e no r th and e a s t  f r om m i d-Ma r ch t h r oug h S ept em be r , and 

to  th e we s t  and so uth fr om Oc tobe r thr o ug h  F e b r u a r y . In the 

nearshore wa ters , f rom Gal ve s ton wes tward , f low was 
t yp i c al ly to the s o u thwe s t  fr om October  thr oug h m i d-J u n e ,  

and nor th- e a s t wa r d  o n l y  i n  J u l y  and Aug u s t .  A z o ne o f  

c o nv e r g e n c e  d ev e l oped i n  the wa t e r s  o f  the i n n e r  and 

m id d l e  s h e l f  and wa s most pr onounced in spr i ng .  The n a t ur e 

o f  th i s  z o ne i s  s u c h  t h a t  the near s h o r e  l o c a t i on o f  the 

c on v e r g ence z o ne tend s to sh i f t  up t h e  coast d u r i ng spr i ng 

t h r ough e a r l y  s umme r . Th i s  c o nv e r g e n c e  appa r e n t l y  d eve l ops 

b ec ause of c o n t r as t i ng fl ows of ne a r s ho r e  and of f s ho r e  

wa te r .  These d a ta r ep r e s e n t  th e b e s t  obs er v a t i o n s  near  th e 

s t ud y  a r ea , a nd a r e  l i k e ly to appl y w i th i n the r eg i on o f  

i n t e r e s t  a s  we l l .  
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F ig u r e  2 5  S h e l f  wate r c i r c ul at ion and s u r face sal i n i t y  
( 0/00 ) GUS III  c r u i s es ( 1 9 6 3 - 1 9 6 5 ) . 
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5 .  Wav e s  

The d i s t r i b u t i o n  o f  wav e he igh ts fo l lows t h a t  

o f  the w i nd s  f o r  the ar ea . Wav e s  g r e a t e r  than 1 1  f e e t  have 

been o b s e rved fo r al l mon t h s  of the year . H e ig h ts of 20 f e e t  

o r  g r ea t e r  have b e e n  o b s e rved f r om S e pt ember to Ap r i l  and i n  

J u n e . A wave he ig h t  o f  2 8  f e e t  wa s o b s e r ved d u r i ng h u r r i c a ne 

Aud r ey i n  June 1 9 5 7 . 

As the r e  ar e i n s u f f i c i e n t  d ata fo r a c l imato log i c a l  

c o nc l u s i o n  o n  wav e s , t h e  i n fo rma t i o n  be l ow shows s ta t i s t ic a l  

e s t ima te s f o r  t h e  ar eas g iv e n  b y  the NCC : 

Mean Recur r en c e  I n t e r v a l  

Max imum S ig n i f i c a n t  Wav e  

He ig h t  ( fe e t )  

5 yr 

3 0  

1 0  yr 

3 3  

2 5  yr 5 0  yr 

3 8  4 2  

O n  the av e r ag e , o ne o c c u r r en c e  eve r y  1 0  y e a r s  w i l l  h ave a 

s ig n i f ic an t  wave he i g h t  ( av e r ag e  o f  the o n e- t h i r d h ig h e s t  

wave s )  o f  3 3  f e e t . T h e s e  v a l u e s  r e fe r  o n l y  to the d e eper 

wa te r s  w i th i n the s t udy a r e a .  In s h a l l ow wa te r s , wave 

he ig h ts are l im i ted by b r e a k i ng to abo u t  0 . 7 8 of the wa t e r  

d ept h .  

0 - 4 0  
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APPENDI X  P 

Sedimento logy and Geomorphology of the Gul f coa s t  

The hi story o f  the Gu l f  Coast o f  the United S tate s  i s  the 
hi story of the development of the Gul f  Coas t geo sync l i ne , whi ch 
has a l andward l imi t at the onlap o f  Me sozoic and basal 
Ter tiary rock s approximately 2 0 0  mi les north o f  the present 
shorel ine . The southern l imi t i s  considered to be i n  the 
proximi ty of S ig sbee Sc arp with an axi s south of the present 
s horel i ne ( Ewing and Antoine , 1 9 6 6 , Figure P- l ) . 

The Gul f  of Mexico ha s undergone f ive d i f ferent Quaternary 
depo s i tional epi sode s coupl ed with four intervening eros ional 
epi sode s .  The se epi s ode s are the re sult of sea-level fluctua
tions ( a s  low as - 4 5 0  f t . )  ac companied by the growth and 
mel ting of the continental ice caps ( F igure P- 2 ) . The se di f ferent 
formations grade f rom coarse ( gravel ) to f ine sed iments ( sand , 
s i l t ,  and c lay ) wi th decrea s i ng age of depo s i tion , both be tween 
and wi thin formations . Doer ing ( 1 9 5 6 )  s tate s  that there wa s 
continental ( inter ior ) upl i f ting and warping dur i ng the be
ginning o f  the P lei s toc ene , and the accel erated ero s ion that 
succeeded caused coarse ma ter ial to be depo s i ted on the coa st 
(as  the base of the Wil lana formati on ) . Suc ceed i ng i nterglac ial 

cyc l e s  began with a progre s s ively more degraded eros iona l 
surfac e ; there fore , the basa l s ediments for succeed i ng formations 
were not a s  coarse . The s econd pro c e s s  occurred during each 
glac ial cyc le and i nvolved the normal depo s i tional al terations 
taking place dur ing e s tab l i s hment of grad i ng i nto a river 
env i ronment . A s  s ediments are depo s i ted , the shore prograde s 
seaward . The s tre�m ' s  gradient decrea s e s , and subsequentl y ,  i t s  
compe tency *decrea s e s . Only the f i n e r  sediments reach the coast . 
Thi s d i f ference i n  s tream gradient between the upland por tions 
and the coastal portions i s  enhanced by the natural proce s se s  
o f  coastal subsidence accompanied b y  a n  upl i ft i n  the i nterior 
of the geo sync l i ne . The olde s t  depo si ts s lope at approximately 
1 5 - 2 0  f t/mi le , wherea s the younge s t  deposits s lope less than 
1 f t/mile . 

Bes ides textural d i f ference s , other fac tors co ntr i bute to the 
marked non-conformi ties , no t only between the various P lei s to
cene forma t ions , but a l so a t  the P l iocene-Pl e i s tocene and 
Plei s toc ene-Holocene boundar i e s . Thes e  bounda r i e s  are e a s i l y  
observed by the sharp color contras t  between the bright upper 
sur face of the o lder formation and the dul l  gray of the basal 
younger formation . A s  sea l eve l decreased , the recently 
depo s i ted surface became expo sed to atmo spher i c  cond i tion s ,  and 
there fore oxidation proces s e s  occurred . When transgr e s s ions 
o f  the sea took place in re s ponse to inc r ea s i ng sea level , 
the succeeding depo s i ts were no t expo sed to atmo spher i c  
co nd i t ions and rema i ned i n  a reduc ing conditio n .  
*Compe tency the abi l i ty of a stream to transport materi als 
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Fi g . P- l  

GULF O F  M E X ICO 
AND ADJA C [ N T  

COAS TAL P L A I N S  EJ R e c e n t  t N W  G u l l  
R e Q i o n  only) 

IlllIrn Ple,stocene (,ncludin9 
Rteent in S E G u l l )  

Generalized geologic map of  the Gulf coas tal p lains and the 
principal hydrographic features of th£ Gul f  of  Mexico . 
Modif ied af ter Greenman and LeBlanc (1956)  and Ewing , 
Ericson and Heezen ( 1958) . 
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E s sential ly , the glacial stages ( fluxuat ion of sea l eve l s )  were 
periods of eros ion and interglacial s tages were period s  of 
deposition . Depo s it ion wa s predominate ly in the form of coa l e s c ing 
al luvial deltaic and coastal interde ltaic plains princ ipally 
deve loped by the ma j or river and coastal regime s dur ing higher 
stand ing sea leve l (Fi gure P- 3 ) . Depos i tion occurred i n  an o f f lap 
manner ( i . e . , each format ion was depos ited further gul fward than 
the preceding one ) . In this respect , a part of the preced ing 
formation was l e f t  exposed ( Doer ing , 1 9 5 6 ) . 

Evidence of a previous Plei stocene shore l ine can be seen in 
Je f ferson and Orange County , Texas by a series o f  s trandp l a in or 
barrier i s land depo s i t s  ( sand ) presumab ly formed during the 
Sangamon ( or later interglacial s tage ) . This anc ient shore l ine 
wa s eventual l y  over lain by late P l e i s tocene Trinity and Neches 
River deltaic sediments that prograded gul fward to the proximity 
of the pre sent coastl ine dur ing the Peorian Period ( forming the 
Beaumont Prairie terrace s ) . Remnants of the se delta di str ibutary 
systems ( sand ) are also evident on the Prairie surface . Wi lhelm 
and Ewing ( 1 9 7 2 ) state that the Peorian Beaumont Prairie Terrace 
forms a thin veneer of sed iments extend ing to the edge of the 
continental she l f . They presume that for all the areas whe re the 
prairie terrace retreats from the she l f  edge ( with the exception 
of the Mi s s i s s ippi River De l ta area ) , the pres ent she l f  was 
del ineated during Peorian time . With regard to the coastal mar s h  
system in Loui s iana and the pres ent coa stl ine of Texas , the 
resulting depos it ional phase occurred during the l as t ,  high 
s tand ing sea leve l s tage and , thu s , are known as Holocene depo s i t s . 

The continental shelf o f f  the Texas - Loui s i ana border is approximate ly 
1 2 0  nautical mi les wide . It  s lope s gradually ( 3 - 3  ft . /mi l e )  out 
to the 3 0 0  foot contour after which it s lopes approximately 
30 ft . /mi le to the 6 0 0  foot contour ( continental s lope , Fi aure P� 4 . 
The portion o f  the continental s lope in th i s  region i s  con sidered 
to be very rugged wi th respect to topography and it i s  the 
greate s t  width in the northern gul f . The entire she l f  and s lope 
is predominantly a region of c lastic deposi tion . 

Lowman ( 1 9 4 9 )  primar ily deve loped the concept that the continental 
she l f  and s lope are mobile features whi ch have advanced into the 
open sea during the Eocene to P leistocene overal l ,  regre s s ive 
sed imentation . This s equence was aquitted to the numerous 
cycles of f l uxuat ing sea leve l s  and the continental s ubs idence of 
the depo sits due to gravi tational adj ustment . However , the rate 
of subs idence wa s l e s s  than the rate of depos ition and the sediments 
prograded into the open gul f .  Moore and Cur ray ( 1 9 6 3 ) , from sonic 
pro f i l e s  taken off Port Arans as , Galve s ton and Cameron ( F I GURE S  5 
and 6 )  on the continental she l f  and s lope , found e s sentially 
hor i z onta l , strat i f ied depo sits unde rlying the she l f . The smooth 
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Continental shelf and slope o f f  the Texas-Louisiana coas t  
showing contour sloDes (Moore and Currav . 1963 ) . 
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Figure P-S Line drawing of Electro-Sonic Pro filer record of the 
Galveston line . (Moore and Currav . 1963 ) . Arrows 
indicate centers of unthrusting . 
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Figure P-6 Line drawing o f  Elecgto sonic Profiler record o f  the 
Cameron line . (Moore and Curray . 1963 ) . Arrows 
indicate center s .  of up thrus t ing . 
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changE� extends over the she l f  break into the seaward dipping 
continenta l s lope depo s i t s . The. author s proposed that thi s 
stratif icat ion could be tr aced all the way to the S igsbee Deep . 
Conc lus ion s  were that th i s  sedimentation pattern could only be 
the result of a prograding upward and outward proce s s  (Figure p- 7 ) . 
The upward prograd ing sequence occurred dur ing high- stand ing sea 
leve l stage s ,  and the outward proce s ses dur ing the r i s ing and 
low- s tanding sea leve l stage s .  During pre-Plei stocene times , the 
bal ance be tween depos it ion and subs idence re flected changes in 
the coa stl ine and fos tered deposit ion on both the continental 
she l f  and s lope . 

Dur ing per iods of lower -stand ing sea level , coastal river regime s 
cut chann e l s  acro s s  the expo sed continental she l f  and depo s i ted 
the ir load at the then-exi sting coastl ine . During per iods o f  
max imum regre s s i on o f  the shorel ine , the r iver s debouched directly 
onto the continental s lope . The topography of the pre sent shelf 
reveals remnants of past drainage networks ( e . g . , the Mis s i s s ippi 
and Alaminas Canyon s ) .  Bouma ( 1 9 7 1 )  proposed that th i s  later 
feature is the integration of the drainage networks from the north 
suppl ied by Texas and southwe st Lou i s iana Rive r s  ( e . g . , Calcasieu , 
Sabine , Neche s , Trinity , Brazos and Co lorado River s ) . Bernard 
and LeB lanc ( 1 9 6 5 )  s tate that sequences s imilar to the P l e i s tocene 
coastal plain depo s i t s  can be traced in the subsurface o f f shore , 
almost to the edge of the continental she l f .  At this location , 
the sediments grade into progress ively thicker deltaic and 
inter fingering , thickening wedges of marine sed iments whi ch 
po s s ibly repre sent both g l ac i a l  and interglac i a l  stages . 

Bal lard and Uchupi ( 1 9 7 0 )  describe the last shoreline tran s gr e s s ion 
sequence wh ich oc curred during the Hi scon s i n  glacier rece s s ion . 
Previou s ly , sea leve l dur ing thi s  period wa s at its min imum 
( - 4 5 0  ft . )  and substant ial amount s  of sediments were being deposited 

on the continental s lope . It is presumed that duri ng th i s  time 
o f  max imum regre s s ion that the extens ive Mi s s i s s ippi cone/fan wa s 
formed with the last ma j or c lastic sed iment being depo s i ted on 
the Mi s s i s s ippi cone during early Hol ocene time (Wi lhe lm and Ewi ng , 
1 9 7 2 ) . The Holocene transgress ion was shown not to have been a 
continuous proce s s  of increas ing sea level s ,  but a s  a direct 
sequence of increas ing and standing sea leve l s . With th i s  in mind , 
the aui:hors recogn i z e three d i s tinct zones that are para l l e l  to 
the coas t .  The f i r s t  two zone s ( approx imately 6 0  and 1 6 0  m in 
depth ) are relict shor e l ines on the middle and outer shelve s , 
respectively . The third z one , located on the inner shel f ,  repre sents 
both a recent and modern province . Evidence for the se relict 
shore l ines are recogni zed by the presence o f  anc i ent ree f s  
( approximate l y  2 0  m deeper than present shorel ine s ) , the pre sence 
of spi t-bar remnants a l so at the s hore l ines , ancient channe l s  
which d i s sect the continental s he l f  and terminate a t  the contour s , 
and by d i stinct bulges which are indicat ive of previous deltaic 

_ depo s its . The increase in sea leve l from approximately 6 0  m to 
pre sent leve l s  wa s a l so erratic and i s  we l l  documented in F i gure p- 8 
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Fig . P- 8  P o s i tions of Late Quaternary Buried Trenches .  S trand Plains . and 
Del tas o f f  Lou i siana Coa s t .  

(Fisk and McLellan .  1 9 59 ) . 
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( F i sk and XcLe l lan , 1 9 5 9 ) . Thi s i s  ob served by the numerous 
pre sence of delta bulges and r i s ing s ea level s trand plain ridges 
from 6 0  m to near the present shorel ine conditions . 

Parker and Curray ( 1 9 5 6 )  had previously ob served three zone s of 
coal growth at 1 8 , 55 and 82 meter s ,  attr ibut ing to the standing 
sea leve l s  approx imately 2 0  m further landwar d .  Poag and Sweet 
( 1 9 7 1 )  a l so agree that three leve l s  of shore l ine features exist 
in the Gu l f  at 1 6 0 ,  6 0  and approx imately 40  meter s ( depth 
contour s ) . The conc lus ion i s  that the prominence s  are known a s  
c l ay pile . Stetson and F lower Garden Banks , orig inat ing as 
evaporite intrus ion s , were occupied by reefa l a s semb lage s dur ing 
the 4 0  meter s t i l l stand dur ing mid-Holocene t ime s ( approximate ly 
8 0 0 0  BP ) . Fo l lowing , r i s ing sea leve l s  caused drowning and 
morta l i ty of the reefa l environment . Speculations are that 
continual upward movement of salt may have accelerated the reefs 
to grow upward , and this upward growth may have ceased with the 
decrea s ing sedimentat ion rates wh ich oc curred dur ing late 
Holocene . Curray ( 1 9 6 0 )  conc luded that the present sedimentation 
rates are lower than dur ing early Holoc ene . 

Much has been learned within the past few years concern ing the 
Gu l f  of Mexico topography . It has been known for some t ime that 
the conti nental slope of the northern she l f  wa s hummocky and 
Carsey ( 1 9 5 0 )  postu lated that this irregular upper s lope topography 
wa s indicative of diap i r ic structure s .  This has s ince been 
conf irmed by sonic pro f i l e s  (Moore and Curray , 1 9 6 3 ;  Ewing and 
Antoine , 1 9 6 6 ; Uchupi and Emery , 1 9 6 8 ) , and from core dr i l l ing 
( Lehner , 1 9 6 9 ) . S e i smic ev idence a l so suggests that the swe l l s  
i n  the lower s lope are due to intru s ive structure s .  Wilhelm and 
Ewing ( 1 9 7 2 )  state that s ince no evaporite s tructure s  have been 
observed on the S ig sbee wedge , that there is a que stion as to 
whether or not the evaporites on the escarpment are autochthonous . 

The abrupt terminat ion of the s lope at the S igsbee scarp i s  
sugge s t ive of a ma s s ive forward movement o f  evaporites from the 
s lope toward the aby s s a l  gul f .  The bulg ing of the s carp ( between 
9 4 0 and 9 30 W) appear s to be rel ated to the degree of depos it ion 
and , thu s , suggests further evidence . There fore , it appear s 
that the evaporite ridge wh ich forms the excarpment has had a ma j or 
effect on sddimentat ion in thi s area of t he s he l f .  

The kno l l s  i n  the S igsbee deep o f  the abyssal gul f  were a l so 
speculated to be indicative of evaporite diapirs ( Ewing and 
Antoine , 1 9 6 6 ) . This wa s conf irmed in 1 9 6 8 , when the Cha l lenger 
Kno l l  wa s succe s s fully dr i l led (Wi l he lm and Ewing , 1 9 7 2 ) . Ewing 
and Antoine ( 1 9 6 6 )  suggest that evapor ite s do not form a 
continuous blanket over the gul f  f loor (F igure P - 9 ) and i s  
absent from the aby s sa l  plain . They state that depos i tion 
the geos ync l ine to the north did not initiate the se kno l l s  to r i s e , 
but rather they were orig inated from a lateral northwa rd flow 
from under the Campechne Bank . The later ( formed by carbonate s ) , 
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Chart of Gulf of Mex ico . Shaded area repre sents o f f shore 
distribution of buried salt ( Antione and Bryant , 1 9 6 9 ) . 
Dashed area represents boundary of kno l l s  and dome s on 
aby s s a l  pla i n  and i n  Bay of Campeche a s  surveyed by 
Wor z e l  et al . ( 1 9 6 8 ) . 

( a fter Ewi ng and Ant ione , 1 9 6 6 ) . 
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prevented the evapor ites from r i s ing with in its con fine s . Thus , 
the evaporites moved o f f shore unt il it contacted l e s s  re s i s tence 
and rose in the aby s s a l  deep . 

The aby s s a l  gul f ( approximately 1 6 0 0- 2 0 0 0  fm at maximum depth ) i s  
compo sed of a we s tern part , the S igsbee plain and continental rise , 
and an eastern part , the Mi s s i s s ippi Cone ( Ewing , et a l , 1 9 5 5 )  
which wa s formed from depo s its from the Hiss i s s ipp1Rlver during 
Plei stocene and early Holocene rising sea leve l stage s . After sea 
leve l s  rose to near present leve l s , sediment s  were depos ited on 
the she l f .  Uchup i and Emery ( 1 9 6 8 )  demon strated , us ing sei smic 
prof i l e s , the presence of diapiric structures in the cone , with 
a maximum s urface expre s s ion of approx imate ly 3 0 0  m .  The continental 
rise ( S ig sbee wedg e )  is presumed to have been originated from 
gravitat ional f l ow on the unstable continental s lope . A thin , post
Wiscon s i n  layer has been depo s i ted on the aby s s a l  plain overlapping 
the S igsbee wedge and Mi s s i s s ippi Cone . The aby s s a l  plain 
sed iment s  be low the cone and wedge are approximately 1 1 , 0 0 0  feet 
thick and are leve l bedded ( being der ived from r ivers to the north ) . 
The continental rise wh ich reaches 1 , 6 0 0  fathoms s tops abruptly 
at the base of the S igsbee scarp . 

Little new s ediment has been reaching either the chenier or 
strandp lain shore l ine ( southwe st Lou i s iana- southeast Texas gulf 
coast ) s ince the Mi s s i s s ippi River has been d i scharging through 
its P laquemine delta lobe . Sed imentation from sma l ler r iver s  
( e . g . , Tr in ity , Neche s , Sabine , and Cal cas ieu)  d id not remain 
s tat ionary with increas ing sea leve l . The result has been drowned 
r iver va lleys loc ated far inland of the h inge l ine , with the 
boundary between al luvial and deltaic environments for the se 
s treams lying at the bay head s - -not at the coastl ine . There fore , 
l ittle sed iment i s  depos ited o f f  the coast by these r ive r s  
( Be rnard and LeBlanc , 1 9 6 5 ) . 

At present , the modern strandp lain systems ( southeast Texa s ) 
continues to be ero s iona l in character and i s  continuing its 
l andward retreat . The chen ier coastl ine ( southwe st Loui s iana ) 
i s  a l so exhibiting incipient eros ion wh ich may continue to 
increase with the d imin i shing long shore sed iment s upply . Moore 
and Curray ( 1 9 6 3 )  state that large areas of the outer continental 
she l f  h ave been receiving li ttle or not sedimentation s i nce the - '  
pres ent s eal leve l was e s tab li s�ed . Cur ray ( 1 9 6 0 )  s tate s that 
the locus of depos i tion i s  with i n  2 0  miles of the c oa s t , and 
that depo s i t ion has been progre s s ive ly more rap id on the she l f  
in the we s tern part o f  the Gul f  than i n  the e as t .  S c ruton 
( 1 9 56 ) ob s erved that as mus t  as 7 5  percent of the Mi s si s s ippi 
Rive r s edimen ts load is depo s i ted to the we s t  wi th the ma j ority 
of tran sport oc curr ing dur ing th e wi nter- spr ing h i gh d i scharge 
months corres pond ing to the period when eas ter ly winds predomi nate . 

The recent standing sea leve l s tage i s  generally acc epted a s  
having begun approximately 5 0 0 0  years BP ( Greenman and LeB l anc , 
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Dur ing this t ime , the Mi s s i s s ippi Delta i s  thought to have been 
located near Marsh I s land and the Gul f  shore l ine to the wes t  of 
the delta bay a long the inner edge of the chenier plain . S ince 
5 0 0 0  years BP , there have been only minor c hanges in sea l evel 
( approx imate ly 15 feet ) resul ting from compaction of the sed iment 
and s low subs idence of the bas in . The coa s tal zone has evo lved 
to its present condi t ion by eros ion , depos ition , compaction and 
subs idence ; proc e s s e s  which are cohtinuously act ive at the present . 
Active , but gradual fault ing continues a s  P l e i s tocene and older 
gul f  basin delta mud s cont inue to compac t .  The fol lowing s cenario 
of the last 5 0 0 0  years of coastal proc e s s e s  can be given : 

. 4 0 0 0 - 5 0 0 0  BP - Maringouin or Sale Cypremont was depo s i t ing 
sediments in the region of Iberia and St . Mary Parishes . 

. 4 0 0 0 - 3 8 0 0  BP - Rivers shi fted to Cocodri e-Mi s s i s s i ppi Delta 
resulting in a decrease in long shore sediment supp l i ed to 
the wes tern marginal areas . 

. 3 8 0 0  BP - Deltaic s ed imentation shi fted to the Tech-Mi s s i s s ippi 
system and c lastic detritus again f looded the we stern coast 
and the beaches were stranded by prograding mud f loods . 

. 2 8 0 0  BP - Shift to S t .  Bernard Delta--coastal progradation 
cea sed along southwe st Lou i s i ana and southeast Texas . 

. 1 2 0 0  BP - Sedimentation again shifted we s tward with great 
inf lux of sediment . Ave rage progradation rates were in 
exc e s s  of 50 ft . /year . 

. 5 0 0  BP - Shift to present course . 

The net result of thi s  sedimentation sequence has been the formation 
of a series o f  interf inger ing len s e s  of deltaic and marginal mar ine 
c lays and sand s . Dur ing periods of we s tward depo s i tion , the 
coa s t l ine of southeast Texas and southwe st Loui s iana wa s mo s tly 
mud and prograded seaward very rapid l y .  When the Mi s s i s s ippi River 
s hi fted to an eastern del ta lobe , s hel ly beaches ( chenier s )  we re 
deve loped by swash and backwash action . Th i s  continual-but-i rregu lar 
shi fting of the Mi s s i s s ippi River from eastern to we s tern delta 
l akes and vi sa ver sa has been correl ated by C 1 4  dating with 
alternat ing s low beach deposition and rapid coa s t l ine progradat ion , 
respectively . During the last 3 0 0 0  years , the broad Sabine 
embayment wa s progre s s ive ly separated from the open gul f  by 
several periods of extens ive s hore l ine acc retion . Thi s separation 
resulted in the depo s i tion o f  chenier plains a s  much a s  1 0  m i l e s  
wide . A minute s tretch o f  Gu l f  shorel ine ( five miles ) we s t  o f  Sabi ne 
P a s s  i s  the onl y  portion of the Texas coast accreting ; however , 
it i s  showing s igns o f  incipient eros ion . The s hore l ine i s  a 
broad mud flat be ing formed in part by the rework ing of dredged 
spo i l  which was deposited relative ly o f f s hore and we st of the 
Sabine P a s s  j ettie s . Bernard , et al ( 1 9 7 0 )  have described the 
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growth of Galves ton I s l and . They attr ibute the growth to the last 
5 0 0 0 - 6 0 0 0  year standing sea leve l s tage with growth seaward by 
beach accret ion and southwe stward by spit accretion in the 
direction of long shore dr i f t . 

Sed iment transport downdr i f t  in the Gulf on we sterly currents i s  
cau s ing progradation a t  several points along the Lou i s iana coast 
with substant ial deve lopment of mudf lats in the form remini scent 
of cu spate foreland s d i scernible on either s ide of the Calcas ieu 
River mouth and Sabine Pa s s .  The se subaerial depo s i t s  are not 
river delta s , but are largely compo sed of sediment impounded from 
long shore current s  by hydrodynamic ob stacles ( inc luding tidal 
f luxuation s ) . This may be compl icated by the pre sence of 
stat ionary j etty obstac l e s . Hydrodynamic obstac l e s  are re spon sible 
for the depo s i tion of sed iment on the updrift s ide and also in a 
large gyral eddy off shore on the down current s ide . Fi sher , et al 
( 1 9 7 3 ) states that t idal currents in Sabine Pass are strong enough 

to scour the tidal channel and carry a sed iment load into the 
e s tuary dur ing f lood conditions and out of the e s tuary dur ing ebb 
condition s .  The curren t s , together with the reworked dredge 
spoi l ,  are the pr imary sourc e s  of sediment of the Ebb Tidal Delta 
in the Gul f  we st of Sabine Pa s s . 

From the present Mi s s i s sippi position , southwe st Lou i s iana has been 
e s sentially i so l ated from a direct supp ly of muddy sed iment s .  The 
sediment has been eroded from the shore l ine and inner she l f  of 
Lou i s iana and extreme southeast Texas , and then transpor ted in the 
southwe st direction . S ince the construct ion of the Sabine P a s s  
j e tties , the maj or ity of the sed iment load i s  being trapped behind 
the north j etty and net seaward accretion is occurr ing . The 
j etties have signif icantly af fected the stab i l ity of the Gu l f  
shore l ine in the area o f  southeast Texas and the shore l ine for 
twe lve mi les past Sabine P a s s  which is beginning to erode . 

The open Gul f  coa stline in southeast Texas exhibits two mode s : 
( 1 )  a strandplain system ;  and , ( 2 )  a c henier and mud f lat sy stem . 
The strandplain system (which i s  we st of Knight Lak e )  con s i sts of 
a narrow , partially wave -cut beach and a landward series of 
beach r idge s ( F i gure P - l O ) . The chen ier sys tem ( e a s t  o f  Kn i ght Lak 
con s i st s  of chen ier ridge and interven ing lows and swa l e s  with 
salt and brack i sh mar s h  vegetat ion . Mudf lats are exten s ive on the 
shore l ine a long the plain . 

The inner continental s he l f  i s  predominant ly f loored by relict 
P l e i stoc ene sands and mud s with extens ive biological activity . 
The shoreface water s extend to approx imately 3 0  feet . In the 
we stern part of the Te xoma s tudy area ( i n  southe ast Tex a s ) , the 
sedimently are fairly thin and are sand dominant .  Howeve r ,  to 
the east , the sediments are chie f ly d i s continuou s , thin mud . 
Re l i c t  P l e i s tocene depo s i t s  are expo sed and eroded at various 
location s . Typical shore face ( upper , middle and lowe r )  des ignati 
are not va l id in are a s  where ac tive dr'po s i t ion is not occurr ing . 
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Figure P- 10 
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CROSS S ECT ION CROSS SECTION 

Modern strandplain-chenier and offshore systems along Gul f of Mexico , 
Beaumont-Por t  Ar thur area . Chenier beach edges were deposited along 
muddy coas tline near Sabine Pass ; sandy s trandplain deposits  occur 
southwes tward of cheniers where mud s  are less abundant . 
Generalized cro s s  sec tions contras t s trandplains and chenier plains . 

(after Fisher , et al . 1 9 7 3 )  . 
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var iat ion in sediment type i s  s igni f icant in the coastal area . 
H i ldebrand ( 1 9 5 4 )  analyzed the bottom sediments o f f  S abine P a s s  
and state s them as follows : 

( A )  Beach t o  8 fa thoms - s and , mud and some she l l  with 
S ab ine Bank be ing rocky . 

( B )  8 - 1 8  fathoMs - she l l s , Murex fulrescens and Strombus 
alatus ( prickly conchs ) .  

( C )  1 8 - 2 0  fathoms - mud bottom . 

( D )  2 0  fathoms and out - mud . 

Greenman and LeB lanc ( 1 9 5 6 )  observed a wide var iat ion in sediment 
type coupled with inadequate core-to-core correlation in she l f  
cores taken from the northwes t  Gul f ( Fi gure P- l l ) . They con c l ude 
that the maj or z one of the sedimentary fac i e s  i s  norma l to the 
shore l ine and is primarily based on water depths . However ,  a 
second type of east-"we st zonation i s  postul ated . The eastern , 
deep environment of the northeast Gul f  i s  calcareou s ; whereas , 
the northwe st i s  one of accumulating c l a stic depos i t s . Depos ition 
in the northwe st Gul f occurs in five ma j or envi ronments : 

( 1 )  To depth of 6 0 0  feet - she l f  area with a coarse c l a stic 
fac ie s .  

( 2 )  Ri ses on the outer edge of the she l f  and upper s lope-
coarse c lastic and calcareous b io s tromal facie s . Other 
depo s i t s  between r i s e s  are s imilar to she l f  fac i e s . 

( 3 )  Upper s lope - 6 0 0 - 3 , 0 0 0  feet with a homogeneous c l ay 
faci e s . 

( 4 )  Lower s lope - 3 , 0 0 0 - 1 2 , 0 0 0  feet we st S ig sbee Deep with 
mottled c lay facie s .  

( 5 )  East S igsbee Deep - foramini fera l ooz e ;  we sternMo st part 
of large eas tern Gul f  i s  calcareous are a .  

Greenman and LeB lanc ( 1 9 5 6 )  found that the average thickne s s  of 
the Holocene depo s i t s  of the s lope and deep increased toward the 
shore and from we st to east in the deep . Sedimentation rates were 
calculated at 3 6 0 ,  4 8 0 , 5 4 0  and 1 , 0 0 0  year/inch for the upper 
s lope , lower s lope , we st and east deep , respective ly . Depo s i tion 
rates 3 0 - 6 0 t ime s greater in recent sediments as compared to 
Holocene sediments wa s postulated . 

Uchupi and Emery ( 1 9 6 8 )  provide a sed iment chart comp i led from a l l  
ava i lable data ( Fi gure P - 1 2 ) . I t  portrays a terrigenous s i l t  and 
c l ay mantle area o f f  the Mi s s i s s ippi Delta , and the cont inenta l  
she l f  we s t  of the delta i s  b lanketed by terr igenous sediment that 
grades from sand near the shore to s i lt and c lay o f f shore . The 
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Figure P- ll Cro ss Sec tion of Near-Surface Shelf Depos i ts Along Line 
Approximately Parallel to Louisiana Shor e .  

(Greenman and LeBlanc , 1956 ) . 
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Figure P-12 Sed iment map o f  Gulf o f  Mexico and vic inity based on data 
from S tetson ( 1 9 5 3 ) , Trask ( 1 9 5 3 ) , Gould and S teward (1955 ) , 
Scruton ( 19 55 ) , Thompson (195 5 ) , Ginsburg ( 19 5 6 ) , Parker 
and Cur ray ( 195 6 ) , Ludwick and Wal ton ( 1 9 5 7 ) ,  M .  Ewing 
et al . ( 1 9 5 8 ) , Creager (1958) , Shepard (1960) , Curray (1960) , 
Harding ( 19 64 ) , Ludwick ( 1 9 64 ) , P i1key et a1 . ( 1 9 6 6 ) , Pratt  
and McFarlin (1966 ) , Lynts ( 19 6 6 ) , and unpublished material 
from Woods Ho le Oceanographic Ins ti tu t ion - U .  S .  Geological 
Survey Atlantic Continental Margin Program . 

(after Uchupi and Emery , 1 9 6 8 ) . 
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later continues s eaward beyond the she l f  to form a broad belt on 
the cont inental slope and r i s e . It  i s  portrayed that the ent i re 
s he l f  we st of the Mi s s i s s ippi Canyon to f1exico i s  predominately 
non-carbonates . Be rnard and LeBlanc ( 1 9 6 5 )  state that mean 
grain s i z e  of the recent , terrigenous shore l ine deposits 
( betwe en the Mis s i s s ippi River and the Rio Grande ) i s  fine to 

very fine sand . Thi s f ine texture character i s t i c  i s  due to the 
predominance of r iver borne , de ltaic sedimen ts being depos ited 
over depo s i t s  derived by coa s t l ine eros ion of un indurated sediments 
of older deposits of non-de ltaic origin . 
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APPEND IX Q 

B IOLOGICAL OCEANOGRAPHY OF THE GULF OF MEXICO 

Pul ley ( 1 9 5 2 ) recogni zed the northern Gul f  ( Mi s s i s sippi 
River to Matagorda I s land )  a s  a zone of faunal uni formi ty 
based on s tud ies o f  the bivalve mo l luscs . 

Hedgepeth ( 1 9 5 4 )  considered the nor thern Gu l f  o f  Mexico one 
ecological complex , requi r i ng both e s tuarine and ner i ti c  
wa ters f o r  i ts integrity , and extend i ng from the i nner bays 
to 1 5 - 2 0 fathoms o f fshore . The fauna con s i s t s  primari�y o f  
penae id shr imp and o ther dec apods , s c i aenid f i she s , polychaete 
worms , and a secondary oyster b iocoeno s i s  and various minor 
communi ties , mo s t  characteri s tic of tran s i tional ( be tween 
temperate and trop ic ) water s .  The number of endemic spec ies 
i s  low ( 1 0 %  for mo s t  i nver tebrate groups ) ,  and thi s  could be 
a reflec tion of vary i ng environmental condi tions of the 
previous mi l l ions o f  years , as recorded i n  the sedimentary 
record s ince the Tertiary ( Lowman , 1 9 5 1 ) . The se condi tions 
would favor wide rang ing spec ies with broad ecological to lerances 
ra ther than a restri c ted local biota . 

S tudies o f  the biota of the Gul f  o f  Mexico are scattered and 
l i ttle s i te speci f i c  information i s  avai l able except for 
several areas l ocated near re search s ta tions ( e spec i a l l y  off 
the Port Aransas a rea and Galve s ton ) . Even wi th thi s ,  the 
research e f fort has been heavily skewed in the direction of 
tho se spec i e s  d i rectly i nvolved in the commercial and , to a 
les ser degree , the sport f i s herie s . The se s tud ies have 
centered mainly on the s truc tural aspec ts of ecology , wi th 
representa tive data cons i s ti ng of var ious indicators of 
abundance ( e . g . , c atch per uni t  ef fort or seasonal and 
spatial d i s tr ibution ) . The functional a spec ts of the Gu l f  
eco system have been r arely touched . Pr imary produc tiv i ty 
s�udies have been virtua lly non-exi stent , as have stud i e s  of 
nu trient cycl ing and energy flow . Muc h res earch i s  needed 
before real i s tic a s se s sment of ecolog ical impacts c an be 
made . 

Riley ( 1 9 3 7 )  s tudied the d i s tribution of chlorophyl l i n  the 
Gul f  along the Loui s iana/Texas coa s t  and found highe s t  
values near the mouth o f  the Mi s s i s s ippi River ( See Figure 
Q- l ,  but the influence of long shore dri ft and increased 
productiv i ty a s soc i a ted wi th the conti nental shelf are 
obviou s ,  as values greater than 7 . 5  Harvey uni ts/ l i ter we re 
found as far we s t  as Ga lve s to n ,  decreasing in an o f f shore 
d irec tion . 

Q-l 



F igure Q- l Chlorophy l l  D i s t r ibution on the 
Surface Layer 
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Diatoms are o ne of the mos t  impor tant primary producers i n  
open water s i n  the Gu l f  o f  Mexico . Freese , ( 1 9 5 2 ) , noted 
two diatom blooms in hi s s tudies in the Rockport Bay area , 
one i n  la te winter-early spring and the other i n  early 
summer . He s tates tha t they were so abundant on both 
occ a sions a s  to make the water soupy i n  appearance . The 
winter mo nths seemed we l l  suited to diatom growth i n  the 
area . 

The area o f f s hore o f  the s tudy area includes a variety o f  
hab i ta ts rang ing f rom natural ree f communi ties and sandy 
beaches to man-made platforms and j e ttie s . The fol lowing i s  
a d i scus s ion o f  the hab i tats encountered ( from the f i r s t  
landward l i ne o f  sand dunes to the open Gu l f ) . I t  should be 
noted that the s hrimp ground communities are by f ar the mo s t  
ex tens ive a nd will receive the brunt o f  the brine e ffect s �  

Upper beach - above high tide . The gho s t  crabs ( Ocypode 
i3.1b i c an s) and o ther fas t-moving c rus taceans l ive i n  burrows 
on the beach dur ing much of the day , becoming more active a t  
night . When ac tive , they feed a t  the edge of the tide l i ne , 
fol lowing i t  i n  and ou t .  Ju s t  above high tide l i ne on the 
sandy beache s , the re are o f ten wi ndrows of algae , e spec i a l l y  
Sargassum i n  spring and s ummer and red a l gae i n  wi nter , 
which have washed onsho re . Thi s vege tation o f ten has a s sociated 
with it one to several specie s o f  beach hoppers (Amphipod� ) 
inc luding Orche stra gri l l i s , o .  platen s i s , and Talorche s tla 
longicornis ( Hedgepeth , 1 9 5 3 , -r9 5 4 ) . 

Intertidal Zone - Thi s i ncludes the lower beach and upper 
shoreface (down to mea n  low sea level ) .  The s and beaches 
af ford poor sub s trate for algal coloni zatio n ,  so in thi s  
respec t the y are quite barren . Also , s i nce the s ands are 
generally fine in texture , l i ttle interstitial habitat i s  
ava i l abl e .  Thu s , the i ntertidal zone i s  a l so generally 
l a ck i ng i n  microfauna . S everal spec ies of the bivalve Do nax , 
the butterfly c lam or coguina , along with Emer i ta portoricens i s , 
which feed on wash detri tus and plankton are fairly commo n ,  
the bivalve s  occurring i n  colon i e s  o t  several thous and to 
several mi l l ion . S everal spec i e s  of the sma l l  toxoglo s s id 
worms , �ereDra , prey upon uonas . worms I po � y c n a e � e s )  are 
no t abundant be tween the tide marks due pos s ib l y  to cons tant 
redi s tribution of the sediment , and are onl y  occasionally 
found under mo s t  condi tions . The overall sparsene s s  of the 
inter s ti ti a l  fauna probabl y  reflects lowe red tempera ture s 
and sea leve l s  dur ing the wi nter months , which lead to 
desiccation s tres s .  

Q - 3  



The upper shoreface ( F i sher et al . , 1 9 7 2 )  from mean sea 
level to about 1 2 -foot dep th ,  is the zone of maximum wave 
i nten s i ty and cons i s ts of the lower i ntertidal zone (d i scus sed 
above ) a nd the area below mean low sea leve l . Breaker bars 
( u sua lly three p a i r )  charac ter i ze thi s  lower zone in areas 

where the shoreline i s  accre ting , but along the Texas coa s t  
w i thin the s tudy area , the shorel i ne i s  eros ional a nd the se 
bars are no t we l l  developed . 

The longshore troughs between the bars are the habi tat for a 
fairly d iver se communi ty includ i ng the portunid c rabs , 
Ca l l i nectes and Arenaeu s , Albunea gibbe s i i  and C a l l i ni s s a ,  
the keyho l e  urc h i n ,  .Me l l i ta gui ngue sperforata , holo thuro ideans , 
Thyope briareus and Thyonact i s  sabanal l epsis along with the 
b ivalve mo l lu s c s  Andara , Dj nocardium robustum , �, posina , 
pecten , Te ll ina , Anatina and several other genera , and the 
gastropods Phlium oranulatum . Terebra . Polinices . Bu§vcon , 
O l iva sayana , Murax , O l ivella a nd Luidia .  Al so found are 
As tropecten spp . ( s tar f i sh ) , and the mud shrimp ( Ca l l iana s s a ) .  
This f auna i s  charac ter i s tic of the we s tern part of the 
s tudy area where the sediments are sandy in nature . Proceed i ng 
eastward toward the Texas/Lo u i s i ana coast and i nto Lou i s iana , 
the upper shorefac e  become s muddy , thereby eXGluding many 
members , e spec i a l ly the b ivalve s , large ho lo thuro ideans , and 
f i l ter -feed ing lame l l ibranchs . 

The mo s t  common larger f i sh of the Gul f  beach are the spot 
� .  xanthurus ) ,  the mul let (Mug i l  cephalus ) ,  and the s tingaree 
(Da syati s s abina ) . The f ine s and and mud character l s tlc o t  

the oeacnes i n  the s tudy area of fer few l arg e spac e s  for 
i nter s ti ti a l  f auna s uch as copepods , tardigrade s and sma l l  
worms , a nd they are l argely abs ent from the area . Micro f lora 
( espec i a l ly b ac ter i a )  are , however qui te abundant , espec ial ly 
near the pas ses where a muddier subs tra te exi s ts ( Zobe l l , 1 9 4 6 )  

Ke i th and Hul i ng s  ( 19 6 5 )  reported the results of monthly 
samples taken in the shallow s ubl i ttoral between Sabine P a s s  
and Bo l ivar Point , Texas . The i nf auna s tudied , whi le not 
including all i nfaunal group s , cons i s ted o f  17 spp . of 
crus tac eans , 1 2  spp . of polychaetes and s ix spec i e s  of 
mol lu sc s . S tations A, at Bo l ivar Point , S tation P B ,  at 
Pear l Beach , and S ta tion C ,  at McFadden Beach are charac
ter i zed by s andy bottoms . S tations D and SD , a t  McFadden 
Beach and Sabine P a s s  respec tively , are muddy bo ttom habitats 
( F igure Q - 2 . Se asonal temperature , sal inity ana oxygen aata 
for each s tation are presented in Tab le Q l . The f a l l  1 9 6 3  
data reflect the e f fects o f  Hurri cane C i ndy o n  the phy s ico
chemical character i s t i c s  o f  the various habitat s . Tables Q � 2  
and Q-3 present a spec ies breakdown of the orga� i sms s amp led 
and the maximum and op timum dep th of penetration of the 
infauna ( in the sediment ) . I n  terms of number of i nd iv idua l s , 
the po lychaetes were the mos t  abundant , w i th l i ttle change 
in maximum dep th ( 1  to 2 inches ) seasonal ly . 
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Table Q- 3 clearly shows that certain spec ies were characte r i s ti c  
o f  sandy bottoms ( Haplo s colopolos fragi l i s , ParaUQis sp . ,  
Spio seto s a ,  Streblospio bompyx, Haus tor ius �p . , wh i le the mud 
bottoms were characteri zed by Neanthes succ i nea , Amphi thoe sp . , 
Corophium cyl i ndricum ,  and Petroicola pho ladiformi s .  
Hurr i cane C i ndy had very l i ttle effect on the organ i sms l iving 
i n  sand , but had a drastic effect on tho s e  oc cupyi ng mud 
bo ttoms , w i th salinity decrease s ,  O2 depletion , turbulence , and 
suffoca tion due to mud a l l  probably involved in the dec l i ne . 

Rei d  ( 1 9 5 5 , 1 9 5 6 )  s tudied the f i sh and fauna on the upper 
shoreface of Gilchri s t  Beach j u s t  we s t  of High I s la nd . Of 
the 2 5  spec ies of f i s he s  c aught in 1 9 5 4  ( Table Q- 4 ) , 8 spe c i e s  
comprised 9 6 . 7 % of  the to tal number , with the menhaden and 
anchovy mo st abundant . Only 5 spec ies c aught o f f  the shore 
were no t taken in the adj ac ent bay ( noted in Tab l e  Q- 4 ) , 
indicating a c lo s e  relationship between the two hab i tats . 

S hrimp Ground Community Lower Shorefac e  and Conti nental Shelf 

The lower s hore f ace , extending from the two -to -s ix fathom 
depth , where the shoreface meets the continental She l f , 
( 3 - 5  miles off shore ) , i s  a zone of les ser wave intensity than 

upper beac h ,  with subs trate cons i s ting of s andy mud . The 
sediments become more muddy on the shelf , because of the sma l l  
s lope . The se shal low spawning grounds extend v a s t  d i s tances 
i nto the sea , with the 1 0 -fathom depth extending 3 5 - 4 0  mi l e s  
o f f shore i n  the s tudy area . 

Thi s  area i s  occup ied by an a s s emb l age of se s s i le , s edentary , 
and mo tile invertebrate s ,  and bottom feeding f i shes , with 
various penae id shr imp as dominant member s .  The lower 
shoreface community i s  s imilar to that of the upper shoreface 
troughs , except for the exclus ion of certain fi lter feed ing 
lame l l ibranchs and larger holo thuro ideans , i n  relative proportion 
to the amount of mud in the subs trate . The mud shrimp i s  
common i n  thi s area , and burrowing worms become more commo n .  

The inner Continental She l f  fauna i s  d ivided into two ma i n  
communities based primarily on the d i s tr ibution o f  the 
domi nant spec i e s  of penae id shr imp , P .  setiferus and P .  a z tec us . 
The wh ite shr imp ( P .  setiferus ) occurs on tne-:l:nner she l f  
to depths of abou�l O  fathoms , where it i s  l argely repl aced by 
P .  a z tecus . Al though many bo ttom forms extend the entire 
width of the s he l f , some depth var i ations are noted . The 
sea pansy , Renil l a  mul leri , whi ch occurs in fanta s t ic numbers 
at certain times , i s  charac ter i s tic of the P .  seti ferus z one , 
while the sIna ll sea s tar Astropec ten anti l len s i s  and several 
b ivalves , P i tar cordata and Chione lateral is are more 
characteristic of P .  a z tecus zone . Living commen sally i n  
the sea pansy colonies a r e  the s c a l e  worm ( Lep idono lus sublev i s )  
and the nud ibranch ( Arminia tigrina ) , wh ich preys on R .  mul l eri . 
I so l ated patches of a lgae ( Grac i l aria and Oiger i a )  occur o n  
the f irmer subs trates of the area , but a r e  no t extens ive . 
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Other very common forms on the se shrimp s pawning ground s 
include the gorgonian , Leptogorgia setacea , and also the tube 
dwe l l i ng Onuphid worms ( including Diopatra cuprea ) ,  crabs 
of the genera Hepatu s , Calappa and Persephone , the anemone 
Paranthu s rapti formi s and certain gas tropod s ,  including 
Bu syco n ,  Murex , Dolium and Fasciolaria . The gorgonians also 
support a sma l l  as soc iatio n ,  including the gas tropod S imnia 
uniplicata and the wi nged barnacle Balanus galeatu s . The 
large red crab , Petroch kalamens i s  l ives in abandoned she l l s  
o f  the se l arger gastropods w1th anemones ( especially Call iactus 
tricolo r )  usua l l y  attached on the outside surface o f  the 
she l l s ,  and ins ide , l iving commensally wi th the hermi t crab , 
i s  the porcelain crab , Porce llain sayona . S tomatopods , 
e spec ially Squilla empres s a  are also pre sent i n  i rregularly 
spaced colonie s . 

Among the o ther penaeid shrimp are the pink ( P .  duorarum) , 
the sea bob ( Xiphopeneus kroyer i ) , Trach�peneus s imi l i s  and 
two spec ies of hard s he l l  shrimp , S i cyon1a do rsalis and �.  
breviro s tri s . Other crabs inc lude several Por tunus spp . and 
several Call i nec te s  spec ie s , C .  danae and C .  s apidus . The 
only sponges that are present-to any extent on the se bottoms 
are the predato ry boring sponge s of the genu s  Cl iona . The 
sea s tars Luidia clathratha and L .  al ternata are also pre sent . 
The more mo tile invertebrates include two spec ies o f  squid , 
Lo l liguni cula brev i s  and Loligo pealei . 

Fish feeding on or near the bo ttom i nclude the s and trout 
( Cynoscion no thu s ) , the croaker ( Mic ropogon undul atu s ) , the 
thread fin ( Po lydactylus octonemus ) ,  the catfi sh ( Galei chthys 
feli s ) , the moonfish ( Vomer setap inni s ) , the s tar drum 
( S tel l i fer lanceolatus ) ,  two f latfishe s , ( Syac ium gunteri 

and Symphurus plagui sa)  and two o ther s c i aenid s , the spo t  
(Leio s tomus xanthuru s ) and the whi ting ( Mentic irrhus americanus ) . 

S ince mo s t  data for the se spawning grounds came f rom trawl s , 
the burrowing forms , inc luding the po lychaete s  and bivalve s , 
were no t adequately represented in thi s  l i s t . Many o f  the 
forms mentioned for the intertidal and shore face area are 
undoubtedly present . 

Hi ldebrand ( 1 9 5 4 )  reported that only in the area ins i de 8 
fathoms did the whi te s hr imp exceed the brown shr imp in 
abundance . Greate s t  numbers of known s hr imp were taken 
during July and Augu s t ,  and lea s t  numbers were taken during 
the spring . From the s hore to 1 0  fathoms , P .  s e ti ferus and 
Xi phopeneus kroyeri were mo s t  abundant . Occa s ional l arge 
numbers of young P .  a ztecus were res tric ted to o f f s hore . P .  
a z tecu s , Trachypeneus s imi l i s  and S icyonia dorsa l i s  were the 
dominant penaeid s  in the 1 2- 2 5 fathom depth . The whi te 
shr imp i s  o f ten found out to 2 5  fathoms o f f  Lou i s iana , whi l e  
i t  i s  rarely f i shed i n  depths greater than 1 6  fathoms in 
Texas water s .  
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Hi ldebrand concludes tha t Penaeu s a z tecu s , Ca l l i nectes 
danae . P itar cordata . Busycon contrar ium , AstrQpecten 
anti l l ens i s , Syacium gunterr i ,  and Poronotus triac anthis 
were the dominant organi sms o f f shore as c omp ared to P .  
seti f eru s , C .  donae , Reni l la mu ller i , P i tar texa s i ana , 
Cyno s c ion nothu s ,  Mic ropogon undulatu s ,  Polydactylu s 
oc tonemus and Galeichthys f e l i s  on the i nshore ground s . 

Hildebrand ( 1 9 5 4 )  presents the results of trawling o f f  
S abine Pas s , Texas ( Table Q- 5 )  at 6 to 7 f athoms where large 
numbers of f i sh were taken compared to o ther areas of the 
Gul f . Th irty- s ix spec i e s  belonging to 2 4  f ami l i e s  were 
c aught , with 4 8 %  S c i aenidae , and together w i th Polynomidae , 
Tr ichiur i dae and Oto l i thi dae , the four f ami l i e s  compri sed 
9 0 %  of the f i she s . Thi s depth zone roughly corresponds to 
the whi te s hr imp ground s . 

Table Q - 6 _ presents a co�parison of the results of samp l i ng by 
Gunter ( 1 9 4 5 )  on whi te shr imp ground s , and H i ldebrand ( 1 9 5 4 )  
on the brown s hr imp grounds ( 1 2 - 2 5  f athoms ) o f f  Texas , and 
s hows only 2 spec ie s ,  C .  no thus and Syc ium gunteri in the 
f i r s t  ten mo s t  abundant specie s  from both a reas . 

Hildebrand ( 1 9 5 4 ) pre sents results of h i s  s tudy and that of 
Gunter ( 1 9 4 5 , 1 9 5 0 )  on the spec ies c aught i n  the whi te s hr imp 
zone ( le s s  than 1 2  f a thoms ) and the brown s hrimp zone ( 1 2 - 1 5  
fathom s )  a long the Texas coa s t  ( S ee Tab l e s  Q - 7  and Q- 8 )  . 
Comp ar i son of the number of spec i e s  of d i ff erent taxonomic 
group s revealed that by f ar the grea te s t  d i f ference was 
among f i shes , wi th 8 1  spec i e s  c ap tured i n  s hrimp trawl s 
inshore agains t 1 2 2  spec i e s  i n  the 1 2 - 2 5  f athom zone . 

Moore e t  a l . ( 1 9 7 0 )  report o n  a ser ies of trawls taken a t  
depths of 7 to 1 1 0  me ter s  ( 4- 6 0  fathoms ) o f f  the Texa s  and 
Loui s iana coasts . F igure Q - 3  s hows the transects occupied 
during the s tudy . Transec t 5 is  o f f  Galveston , whi le transect 
6 is o f f  Cameron , Lou i s iana . The former transect is at the 
f ar wes tern edge of the s tudy are a ,  and the l a tter p a s se s  
through the loc a tion o f  the Wes t  Hackberry brine d i sposal 
area . Table Q- 9 i ndica te s  the location , depth , and y ear of 
s amp l i ng for the se two transe c ts . Table Q- I O  summar i ze s  the 
c atch s tati s ti c s  for the s e  transec ts . Compar i son of yearly 
catc he s for each of the more inshore s tations which were 
sampled every year s howed no s igni fi cant d i f ferences ( See 
Table Q - l l ) . Catche s were general ly muc h  l arger for the 
Lou i s iana transect w i th the greater d i f ference s in s hal low 
water . There were also pronounced seas onal d i f ferences 
( See F igure s Q-4 and Q- 7 )  in c atches for e ac h  area , with both 
showing max imum c atche s in the summer , and again the tendency 
is for the c atch to increase o f f s hore . On a yearly bas i s , 
( F igure Q- 8 ) , the inshore c atche s are s imilar for both areas ; 
the main d i fference be ing that the larger catches are farther 
o f f shore in Lou i s i ana . 
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Tab le Q - 5  

Catch o f  Fi::"h During June ofT Sab inf". Texas i n  6-7 Fathorn's* 

'Iicropogon u n dulatus 
PolyJaCh"!us octonem us 
Trichiurl�s lepturus 
C)'no�cion nothus 
C..-nosrion arenarius 
P�ronotus triucanthU5 
Centropristes philadelphicus 
Galeichth..-s feli  ... 
Larimus {asc iatus 
" orner sf"tapinnis 
.\Ientirirrhus americanus 
Chloro!-'comhru,<; rhr\'su rus 
Anchoa mit(' h i l l i  di�phana 
Prionotu .... rubio 
Chaetodipterus faher 
Leio:o'tomu5 xanthurus 
Pr ionotus tr iLulus 
Peprilus paru 

Tab le Q - 6  

- ----�� - �-----
SH.SOO O�cot'ppha lus cub ifrons 
2H.HOO Pte-roplatea micrura 
2-+.900 Opi�thonema ogl inllm 

6.550 Pomatom lls saltatrix 
1 .5S0 Anchoa iJep!"f'tus 
I,.1H6 Citharichthys ,pilopterus ..... � .. 
LOBS Para l ich th �·s iethost igma 

975 :\(:h iruo.:; ra�('iatus 
675 Nautopaed iu m rorosissimum 
480 Da.o::.'Iatis sanina 
.t30 nrt>�'oortia patronns 
290 Hippocampus hu d�()n ius 
270 Syngnathus lou i!-'ianae 
250 Narc ine bra�il i{>n�is 
1.15 A prionodon i�odon 
75 Oph ichthys j!omesi 
50 na�yatis' sayi 
26 R h inohatus If"nli�i nosuo::. 

2,) 
1 6  
1 2  
1 2  
JO 

•• J •• 10 , 6 
4 
.1 
.1 
2 

The Order "f Abundance of the Twenty Fishes Most Often Taken in Trawl Haul. on the White Shrimp 
Grounds· and Brown Shrimp Grounds in  Tt"xas a re Given for Comparisont 

White Shrimp Grounds· 
Cynosc ion nothus 
:\licropogon undulatus 
Polydactyl us oclonf"mu:, 
Galeichthr, felis 
Cynosc ion arenar i u� 
Vomer setapinnis 
Stellifer l anceolatus 
Symphurus plagiusa 
Leiostomus xanthurus 
Syac iu m gunteri  
'Ienticirrhus americanu .. 
Etropus crossotus 
Dasyatis �aLina 
Orthopristis chryso pterus 
Anchoa m itch il l i  diaphana 
An.l1oa ht"psctus 
<":hloroscombrus chrvsurus Ach irus fasciatus 

. 
Bagre marina 
Poronotll<; tr iacanthu� 

.. From CUblU (Ill'S). 

Gulf 

Brown Shrimp Grounds 
Sycium gunteri 
Poronotus triacanthus 
Cyciop!':etta chittr-ndeni 
Stenotomus caprinu ... 
Cynoscion nothus 
Synodus foetens 
Paracentroprbtes pomospilus 
Prionotus runio 
D ip l ectru m arcua r ium 
Cen tropri"tes ph i I  a del p hicus 
Cynosc ion art"nnrius 
Trichiuruc; lepturus 
't irropogon undulatlls 
Engyophrys sentus 
Chnetod ipterus faber 
Citha ri(:hthys spiloptt'rus 
Menticirrhus amt'ricanus 
Nautopat'dium porosissimunl 
Vomer �etapinnis Lepoph idium nrevibarbe 

Q- l l  



Table Q- 7 

Lists of Species Caught in Shrimp Trawls in Depth:, of 12 to 25 Fathoms along the Tt'xas Coast. 
This compilation is composed of my data 

--��- -- --------'-------'------------'---------

Kenilla mulleri 
Virg-ularia rniral."ili::; 
Calliactis tricolor 
Crepidula plana 
Strombus pugilus 
Phaliurn granulatum 
Sconsia striata 
Distorsio c1athrata 
Tonna galea 
Oot'orys sp. 
:\Iurex fulvcscens 
Cantharus sp. 
Busj"con contrarium 
Busycon pyrum 
Fasc iolaria gigantea 
Conu" austini 
Polystria albida 
Pteria colyrnbus 
A.trina serrato. 
Pecten papyraceus 
Ostrea equestris 
Echinochama arcinella 
Laevicardium laevigatum 
Chione elenchi 
Pitar cordata 
.Macoma tagel iformis 
Lolliguncula hrevis 
Loli;!o pf>alei 
RO ... sia tenera 
Squilla ernpusa 
Lysiosquilla scabrirauda 
Pcnaf'us set iferus 
Penaeus aztecus 
Penat·u-.; duorarum 
Trachypeneu'i !'imili� 
Siryonia dorsalis 
Sieyonia lnevirostris 
Solenocera vio�cai 
sc:yllar ides aequinoctialis 
Porcel lana savana 
Petrochirus h�ha mensis 
stenorynchus seticornis 
Libinia emarginata 
Leiolambrus nit idu� 
Portunus gibhesi 
Portunus spin imanu� 
f:allinectes sapidus 
Callinectes danae 
Calappa sp rin/Zer i 
Heratus ephel iticus 
Astropecten a n ti l lensis 
Luidia alternata 
Luidia clathrata 
Ec:hinaster echinophorus 
f:lypeaster ravenelli 
Stich opus badionotus 
Pep rilus pani 
Poronotlls triacanthu:o> 
seriola dumerili 
Trachinotus carolinu:-i 
Selar crumenophthalmus 
Trachurus latha m i  
Caranx: h ippos 
Chloro�{'ombrus chry�urus 
Vomn �etapinnis 
Selene vomer 
Pomatomus saltatrix 
Racliycentron canadu� 
Garrupa ni/Zrita 
Promicrors itab ra 
Diplectrum an'uariwn 
St'rranirulus pumilio 
Ct"ntropristf"s philadelphicus 
Para('t'ntropr i�tt"s pomo�pilus 
Priacanthu� arenatus 
Lutianu:-i hlackfordi 
Lutianu� .... ynag:d .. 
P ristipomoiJe� an dt'rson i  
Rhombopl ite� aurorubens 
Bathy�toma a. rimator 
Conodon nobilis 
Orthopri�tes r!trysoptenls 
stenotomus capTinu .... 
Lagodon rhomboide<.; 
Eu-cinostomu:-, guia 
Eucino�tomus argenteu� 
U pen eus parvus 
Larimus faS('iatus 
stelli ff"r laneeoiatus 
Leiostomus :o<anthurus 

�!olpadia cuban a 
Styela partita 
Styela plicata 
�lustelus canis 
Carcharhinus l imbatus 
Carcharhinus milberti 
Carcharhinus ohscurus 
Carcharhinus porosus 
Spbyrna diplan. 
Sphyrna tiburo 
Spbyrna tudes 
Squat ina dumerili 
Prist is pectinatus 
Rhinobatus len tiginosus 
Raja texana 
Narcine brasiliensis 
Dasyatis sayi 
Pteroplatea micrura 
Harenguia pensacolae 
Bre .... oortia patronus 
Anchoa hepsetus 
Anehoa mitchilli  
Congrina Aa .... a 
Hoplunnis macrurus 
Neot'onger mucronatus Uroconger sp . 
Gymnothorax nigromarginatu .... 
!\h�triophis intcrtinctus 
Bagre marina 
Galeichthys fel is 
Synod us foetens 
Synodus poeyi 
Saurida brasiliensis 
Bregmaceros atlanticus 
Cropilycis Aoridanus 
Paralichthys alh igutta 
Paralichthys lethostigma 
Ancylopsetta quadrocellata 
syacium gunteri 
Citharichthys macrops 
Citharichthys spilopterus 
Trichopse.tta vf"ntralis 
Engyophrys sentus 
Achirus fascjatus 
Gymnachirus texae 
symphurus diomedianus 
symphurus civitatum 
Symphurus p lagiusa 
Syngnathus Iouisianae 
Hip pocampus hudsonius 
Fistularia tabaearia 
sphyraena guachancho 
Polydactyl us octonemus 
scomber colias 
scomheromoru5 maculatus 
Trichiurus lepturus 
�licropogon undulatus 
�Ienticirrhus american us 
Cynoscion arenarius 
Cynoscion nothus 
Caulolatilus cyanops 
Chaetodipterus faber 
S('orpaena cakarata 
Prionotll� ophryus 
Prionotus paralatus 
Prionotus pectoralis 
Prionotus rub io 
Prionotus scitulus 
Prionotus stearnsi 
Prionotus tribulus 
Gobionell us gruci l l imus 
Rollmannia communis 
Echeneis naunates 
Lon('hop;�thes l indneri 
Katht"tostoma albiJ!utta 
Rrotula barhata 
Lt'pophidium brt"\ibarbe 
;'\autopaedium porosis�imum 
Balistes capriscus 
:\[onaeanthus hisp idus 
Alutera srhoepfi 
Lactop h rys tricorn is 
Lagocephalus lae .... igatus 
sphoero ides nephelus 
Sphoeroidt"s spengleri 
Chilomycterus schoep fi 
Antennarius seaher 
Antennarius radios-us 
Ogcocephaiu!' euhifrons 
O�cocephalus sp. Halieutichthys aculeatus Q- 1 2  



Table Q - 8  

List o f  Spe('it"� Caught i n  Shrimp Tra\",.ls i n  Lf"SS Than 1 �  Fathom:: :\ Ion!!: thl' !exa� C�a�t. Thi ... 

Compilation i� Compiled of My D
_
ilta �n ���_�_��o�!��_����� 1 19·b and 19,5O )  

Calliacti:; tricolor 
Lepto;.,;-orgia �etacea 
Rcn i ! ! a  nlullt'ri 
Virgularia m i ra b i l is 
Zoobotryon pcllucidum 
Crepiuliia fornirata 
Crt'pidllia plana 
Strombu-i ulatu.-:. 
Polynict,s duplicatn 
Phalium i!runulatum 
BU":'H'on ('on trarium 
Bus}'C'on pyrum 
�1ur(''\ fu! \'t'�('ens 
1'lw is harffio..:.toma 
Torma �aleJ 
Oli .. a "uya na 
-\rca {·ampf'chicn ... i�  
:"ioNia pondt'ro�a 
Echinochama arcinella 
O:-;tr",a ('Ti�tata 
Dino{Oardium roilustUlll 
Chionf' C'anrclbta 
Chionl'" rlf'nclli 
Arenaeus nibrarius 
Menippe merccnaria 
Calappa springeri 
Hepatus f"phditicu!:i 
Persl"phona rrinita 
Prrsephona punnata 
:htropecten anti l lensis 
Astropecten artieuIatus 
Astropecten dipIicatus 
LuiJia alternata 
Luidia cIathrata 
tIleHita Cl il inquiesperforata 
AprionoJon isodon 
Carrharhinus leucils 
Spbyrna liuuro 
Rhi nooatlls Ientiginosus 
Raja texan a 
�arcille brasiliensis 
D .. l.->yati., sabina 
Dasyatis sa}j  
Dasyatis americana 
Ptl' r oplatE'.1 micrura 
Hart'n�lIIa pensacolae 
Opisthonema oglinum 
Brc\oortia patronus 
AndlOd IH"psctll:, 
Anchoa mitchill i  
B.1:.:r� marina 
(;nlt'il'illhy!:' fdis 
Urophycis floridanu::. 
Synodus fot>tcns 
Paralichthys Iethostig:ma 
Paralichthys albigutta 
Ancyclopsetta quadroceHata 
'-';�:,]cilJm �unteri 
( .� dop�t'tta rhittendeni 
Citharichthys spiloptf'fllS 
Citilarit'hdl)s macrop� 
EtroplIs crossotus 
:\("lIirlis fineatus 
Achirus fasciatus 
";} OJ phurus plagiusa 
Sym phurtls eivitalum 
S\ n �'nathu.5 loui:5ianae 
Hi ppocampus hudsonius 
Sphyraena gua('hancho 

Q- 1 3  

Pitar It'xa�iana 
Spi!'ula �olidi..;�ima 
'\[acoma tngt' l i formi� 
£larnp,] costata 
Lol liguncu la bn·\ is 
I ,oligo Ilt'alt'i 
�Cl u i ! l a  ('nlpu-.n 
Pena{·tls setifcfll� 
Penaeus azt('rus 
PenaPlls duorarum 
Trarhypcnt"u..; simi ! i� 
TracltYiH'neu<; con,..;tnctus 
S in onia hn'\ i ro ,..; tris 
Sk;'onia dor..;aJj" 
Xiphopeneus kn)reri 
Pon"{' l !ana �a) ana  
Petro('hiru!' bahamt"n..;j" 
L i b tnia f'maq!inata 
Leiolambru� n i t i du ... 
Portllnus gibbe..;i 
Cal1 inectes sapidus 
Ca li incctE's danat> 
OYalipes oCf'i1atu ... 

Scomberomorus maculatus 
Trichiurus lepturus 
Pepri lus paru 
Poronotus triaca.nthus 
He.mil"aranx amb1rrhynchus 
Caranx hippos 
TradlufliS lathami 
Chloroscombrus chryslJrus 
Vomer setapinnis 
Pomatomus saltalri'{ 
Ct'n tropristes philaddphicus 
Di plt"l'trunl arruarium 
Luti:.lnus bbckfordi 
ConoJon nolJilis ' 
Orthopristis chrysoptenis 
Stt'notonlus caprin us 
La�odoll rbomhoides 
EUeinostOnlllS gula  
Eucino:;tomus argrnteus 
Upt'neus par'iU� 
Larimus fasciatHs 
Stellifer lanceolatus 
Leiostomus xanthurus 
!'tlicropogon undulatus 
\lenticirrhus ameril'anU5 
\fentidrrhlls focaliger 
Cyno�cjon arenarius 
Cynosrion nebulosus 
Cyno-;cion nothus 
Chaetodipterus hher 
Scorpaena ginsburgi 
PrionotU5 rubio 
Prionotus tribulus 
Prionotus pectoralis 
Prionotus scitulus 
Astro-..copus r·gr;J.ecum 
Rissola marginata 
Lepnphidiurn brevi bar be 
Otophidillm welshi 
Nautopaf'dium porosissimunl 
BJl i�tes capriscus 
\!onacanthus hispiJus 
L.1(!o!,t'phalus Iae\ igatus 
Sphoeroidt'S nepht:lus 
Chilom)('tf'rU5 schoepfi 
Og.ocepilalu'i cubifrons 
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F igure Q - 3  

Locations o f  stations a t  which samp les were taken dur ing a t  
least 1 year , 1 9 6 2 - 1 9 6 4  ( transect numbe r s  in parentheses ) 
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2 

3 

4 

6 
53 

5 .  
5� 

Table Q-9 

L1 t1tUJf" 
,, :\ vrlh) 

2'r 0 1 '  

2 H '  4 0' 

2f:'  I S' 
2t-:'  oS' 
27" :l,�' 

2<)' 1 '1 '  

2 � '  00' 

2<)" 03' 

LOIlIl:!tude 
l \\"(>st) 

95' OS' 

9 1-' 56' 

9+' 46' 

'W ·W 

9-1-' 31:1' 
')+' �f>' 
'IV ·.1 '  

'lY 31:1 ' 
()� ' 06' 

Location , depth , and year o f  sampl ing at each station 
off the Texas and Lou i s i ana coa s t , 1 9 G 2  through 1 9 6 4  

Depth 

;\1.  Fm, 
1 4  

2 7  

� 

6 J. 

82 
1 1 0  

7 

73 

7.5 

1 5  

25 

3 5  

45 

bO 
4 

4{) 
+ 

Year:. sa III pled 

x 
X 
X 
X 
X 
X 

X 
X 
X 

X 
X 
X 
X 

X 
X 
X 

X 
X 
X 

Strltion ,E ) 

2 

3 

4 
5 

(i 
5 1  
52 

Latlll1d,· 
(:-':ol"th) 

28' �' 

21:1' 2H' 

2 K '  I I '  

2S' 06' 
2 7 "  '19' 

2K'  09' 

2\)' 42' 

J nnp;itude 
(\\ est) 

93" 2(Y 
93" 20' 

93" 20' 
9 3 "  20' 

93 ' 20' 

9 3 '  20' 

9Y 20' 

9l' I ll' 

Dt'pth 

M. Fm. 

1 4  

27 

.. 6 
6+ 

82 
1 1 0 

73 

7 .5  

1 5  

25 

35 

+5 

m 

40 

4 

Yea.rs sampled 

1962 1903 1964 
X 
X 
X 
X 
X 
X 

X 
X 
X 

X 
X 

X 
X 
X 

X 

Table Q - 1 0  Catch i n  pounds ' per h Q u r  o f  demersal f i she s  
combi ned ) b y  year , s tation , depth , tran s ect , 
from Texa s and Lou i s i ana , 1 9 6 2 - 6 4  

( spec i e s  
and month 

\V· l 

E · l  

\\'-2 
E-2 

\\'-'3 
L 3  

\Y-" 
E-+ 

\\'-6 
E-ti 

\\"-'i5 

\\'- '13 

E · 5 2  

\V- l 

E- l 
\\ � 
F " 
\\' � 

£ 3  

\\' 5 1-F ,  [ 
'.\'-6 

\ \' ).) 
\\'- 5 3  
£· ,2 

\\' 1 
1: 1 

\\- -2 
F ) 

\ \ � 
E 3 

\\ S .. 

Depth 

1 4  7.5 

27 1 5  

46 25 

3 'i 

82 

! 1 0  60 

4 

+ 

1 4  7 .5 

2 7  1 5  

46 25 

7 3  +0 
1 1 0 60 

.. 

H 7.5 

2 7  1 5  

+6 25 

73 40 

Tri1n�t'l t 
I1u.llber 

5 
6 

5 
6 

5 
6 

5 
G 

5 
6 

5 
6 

5 
Sa 
6 

5 
6 :; 
6 

5 

5 
6 

:) 
5a  
6 

5 
6 

5 
6 

:) 
6 

5 

( Ni ght catc�es a r e  in ita l i c s )  

�ronth 
--- .. � - ---�--�--- -

lauuaJy l't·!wudry' ':\lurdl .\pnl \}".... J une J u l y  August September October �oHmher December 

5"5 
1 6 )  

1 5 0 

220 

1 20 

2()() 
1 1111 

+0 

60 

26 

jl) 
1 3 5  

l lJl) 

12n 

7t! 

J }'j 

30 

,\ 
3 3  

.!) 
lOr) 

1 2 5  

3 
335 

3 U  

l 'iO 

20U 

225 
'10 

1 5 0  

Ill) 
2110 

1 ')0 
1111) 

6 

10 
32 

1 0  

50 

1 0() 

31)() 

Wi 
3 7 ') 

I I!  
22:') 

2 

6 

]0 

S 
S 

1 7'; 
+00 

1 2 5  

600 

:;0 
3 5  

30() 
ZOO 

1 SO 
I HO 

50 

3:;0 

sO 
I SO 

1 5 5  

::1)0 

50 

1 0  

]1)0 
1 ,') 
1 00 

1 5  

I ')  

20 

H50 

1 7 0  

l 'iO 

l 'iO 

5 0  

2 5  

Y U  

60 

<)0 

HO 

'i'> 

70 

6S 

30 

75 

20 
50 

1 20 

7 5  
1 5  

1 0  

65 
1 75 

'F) 

-4 

tiO 

1 ')  

b() 

J.'O 

+0 

11)0 

1 7 ')  

1 1 0 

·WO 

1 00 

Q- 1 S  

KO 
�5 
1 5  
Z(' 

1 50 
I SO 

1 5 0  

1 00 

80 

8 5  

20 

2UU 

Yi 
30 
30 

1 1 0 
50 

·10 
1 30 

20G 
iO 

[ 7') 
H I  

3 5  

+0 
1 8  

20) 

ZOO 

')0 

6U 

1 1 0  

3 5  

1 2-S 
Ii') 

30 
3 5  

30 

32U 

1 00 

ZUll 

·HI 

SUO 

I SO 

1 2() 

50 

3()  

H 

1 2  
1 1 5  

K O  

1 80 

21! 

liJl! 

1 51} 

so 

4 0  

.1-(J 
hU 
3')0  
+; 

(, 
3D 
A I) 

200 

+0 

20 

50 
60 

60 1 50 

ZOO 1 .000 

375 

1 25 

1 /):; 
1 00 

',0 
HI') 
1 3  
85 

1 +0 
1 3 0  

4{) 

l50 

200 

200 

1 50 

l .-J O  
75 

1 0  

1 5  
Z50 

1 20 50 
1 4{) ZOO 

5 -10 

1 30 1 5 ()  

1-10 40 

1 2() 30() 
·,S So  
71) 2') 

5S 1 00 

200 

hO 
1 5 0  

. .!"'5(} 
5 5 0  

2 5  

,1' 5  

5 0  

30 

8 5  

80 

21)0 

1 2 5  

jlJO 
1/)0 

1 51) 

1 1 0 
3 1 10 

75 

25 

3 5 0  

�)U 
+) 1 

60 
75 

7 ,) 
1 5 ()  

1 20 
1 00 

00 

60 
1 ')0 

80 
1 00 

1(1) 

3f}0 

10 

30t) 

SU 
7� 
10 
MJ 
70 

-/0 
250 

1 1 5 

1 '>1) 

225 

35 

2 5 0  

3 u{J 
6 )U 

300 

60 
200 

()() 
1 5 0 

3-. 

22 

3 0  
4 5  

5 0  

7 0  
ZOO 

1 5 0  H ') 
1 3 0  
1 10 

l ot )  

IU 

+5 

36 

25 

5 
1 5  

3 5  1 2  

2+0 300 

llJO 60 1 7'i 70 

1 5 0  1 2 5  

3 1 0  l 'iO 

' I I I  11)1) 
lll! j ')  

60 1 1 0  

20 

o'i 
5 5  

1 5  

] 5 1)  

2 

5 ()  

1 00 
3 '  " 
J U  

5 3  

1 5 5  

2(j(i 

3 5 0  

22'i 

.15 

70 

100 

122 

300 

1 7 5  

lJO 

l J () 

3U 

25 
1 0  

4 5  

3 0  

i)  
50 
1 25 

HI) 

H() 

35 

10 

1 5  
30 

1 2  

60 

1 5  

1 5  

30 

1 00 
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Figure Q - 8  
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9 6' 9�' 

(j U L  F O F  

A L L  S E A S O N S  
t J A N .  - D E C .  ) 

9 . ' 93' 

KILOGRAMS [II] i i "  , 0 5 - 22 1 0' 22 7- • •  9 

M E X I C O  [] :.:.: . 4 � 4 - 90 3 

0 . 90 7 - 1 0 1 0 
0 " 8' 4 - 362 • 

[J 362 9 - 7 2 5 3 

cr 

9 2 ' 9 1' 9 0' 

��Q l ative abundance (by we ight ) o f  demersal fi she s from 1 9 6 2 -
1 9 6 4 ,  e s t imated from the average catc h o f  a l l  f i s h  at each 
station . 

�I. 
Depth 

Fm. 
(o..1.stal 
regIOn 

1"--
-

7�5-----r��s
-

27 1 5 

25 

Table Q - 1 1  

Louisiana 

Texas 

Louisiana 

Texas 

Louisiana 

Number 
of the Silme Test resc.it5 
month'i In ,\\"('rage catch 

'V' .. luch samples ( potluds!1tour) F \ alue 

Station \-.t're I.Acn 
-----

nW�I�r_���_�2 _ _ ��.� ___ �%4 __ �_.f. __ yC:tb �lollths. 

W I  
E l  
YV 2 

E 2 
W 3  

E 3 

1 2  

8 

1 1  

1 2  

1 1  

9 

78 64 74 

221 1 03 1 32 

66 62 7 1  

216 1 49 203 

1 68 98 1 40  

25-� 196 22-4 

2, 29 0. 1 8  1 .99 

2, 1 4  0.�9 0.9 1 
2, 20 0.06 0.9 1 

2, 22 0.7+ 1 . 5 7  

2, 20 222 0.7+ 

2, 16 0.33 1 . 6·5 

POU � D S 
1 - 4 9 
5 0 - 99 
1 0 0 - 1 9 9  
2 0 0 - 399 
.00 - 7 99 

800 - 1599 

Compari sons of average c atch between ye ars by s tation , 1 9 6 2 - 1 9 6 4 . 

Q - 1 6 

27' 

26' 

89' 



Figure Q-4  

G U L F O F  M E X I C O  

AVE RA G E  CATCH 
K I L O G R A M S  00 ' 0 5 - 2 2 2 0 ' 2 2 7 - 4 4 9 D'  4 5 4 - 90 3  0 '  90 7- 18 1 0 

5 0 - 9 9  

1 0 0 - 199 

2 0 0 - 399 o 1 8 1 4 - 3 6 2 4 4 0 0 · 799 

Re lat ive abundance (by we ight ) of demersal f i shes in the spr i ng (Apr i l -June ) ,  e s t imated from the average catch o f  a l l  f i sh at each station , 1 9 6 2 - 1 9 6 4  

9S" w. 97 " 96 " 

98" 97" 96" 

Figure Q-S  
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AVE RAGE CATCH P E R  HOUR 
K I L O G R A M S  P O U N D S  ITTIJ] ' 0 5 - 2 2 2 1 - 4 9  0 ' 2 2 7 - 4 4 .9 5 0 - 99 0 ' 4 5 4 - 9 0 3 1 0 0 - 199 

0 '  90 7 - 1 8 1 0 2 0 0 - 399 D " 8 ' 4  - 3 6 2 . 4  4 00 - 7 9 9  

rJ '  3 6 2 9 - 7 2 5 3 8 0 0 - 1 5 99 

9 1 " 9 0' 

He lative abundance ( b¥ we ight ) o f  demersal f i she s in the surrnner ( July-September ) ,  e s t lmated from the average catch of a l l  f i sh at each stat i on , 1 9 6 2 - 1 9 6 4 " 
Q - 1 7  
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It ' � O G R A M S  
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50 -99 
100 - 199 
200 �99 
40( - 7 99 
8CC 1599 
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F i g'Jrc n - G 
Re lat ive abundance ( by we ight ) of demersal f i she s in the fall  
(October- Decembe r ) , e s t imated from the aver age catch o f  f i s h  a t  

each s t a t ion , 1 9 6 2 - 1 9 6 � . 

Figure Q- 7 

Re lative abund ance ( by we i ght ) of demersal fi shes in the winter 
( January-March ) ,  e s t imated from the average catch o f  a l l  f i s h 
at each station , 1 9 6 2 - 1 9 6 4  

Q - 1 8  
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Table Q-1 2 ,  whi ch i s  based on coa s twi se resul t s , l i s ts the spec ies that cons ti tuted one percent or g reater of the c atch off each area , wi th the Atlantic c roaker by far the mo s t  abundant o f f  Lou i s iana , wi th only the longspine porgy cons ti tuting greater than 1 0 %  o f  the ca tch . Fo r Texas , the long spine porgy was the o nly spec ie s greate r  than ten percent of the catc h ,  wi th the Atlantic c roaker and I nshore l i zard f i s h  a t  9 %  each . Tables Q - 1 3  and Q- 1 4  give a breakdown of the depth and seasonal d i s tribution o f  the ca tch for all species which cons ti tuted 5 %  or grea ter o f  the c atch . The greater abundance of the long spine porgy in deeper water , and that of the Atlantic c roaker in shal low dep ths , i s  clearly s hown for both s ta te s . However , the greatly reduced impor tance of the croaker in Texas as compared to Lou i s i ana i s  clearly evident , with the Southern ki ngf i sh , which i s  found in numbe r s  greater than 5 %  only in winter sha l low wa ter o f f  Lou is iana , reported as the dominant shal low wate r  species in winter and f a l l o f f  Texas ,  where i t  w a s  reco rded during a l l  months a s  constitu ting grea ter than 5 %  of the catch . 
NOAA ( 1 9 7 6 ) , in the i r  review o f  available biological informa tion for BLM concerning the Gul f  Continental S he l f , defined two dominant and d i s tinct f i sh communi ties in the nor thern Gu l f  o f  Mexico , corresponding to a n  inner ( 0 - 2 7  m )  whi te shrimp ground f auna . I n  i ts report , NOAA a l s o  summar i z ed results  o f  various s tudies concerning the shrimp o f  thi s  area . 

The results  o f  shrimp trawls o f f  Ga lve s ton , Texa s in s tat i s t i c a l  area 1 8  a r e  reported ( NOAA 1 9 7 6 ) . This inc ludes a l arge part of the brine disposal area . F i gures Q- 9 and Q- I O  show the transects taken o f f  the s t udy area ( transects 6 and 1 7 )  and F i gure Q- l l  de fine s s t at i s tical area 1 8 .  Table Q- 1 5  delineate s the stat ions for transects 6 and 1 7 ,  and give s the mean catches over a l l  seasons for each s tat ion . Overa l l  l arge s t  catches were made f rom the 1 3 . 7 - 2 7 . 5  meter zone . Table Q- 1 6  shows the overall results of the survey . Peak populations occurred in the 1 3 . 7  to 4 5  me ter depth , after wh ich they declined precipitou s ly .  

Table Q- 1 7  shows that , except for high values for 1 9 6 1 ,  year year var i ations are sma l l .  Shrimp were pre sent dur ing a l l  months with lowe st populations in March through July , and hi ghe st popu lations in September and January-February ( S ee Table Q - 1 8 ) . Table Q- 1 9  shows that the brown shrimp was mo st abundant , with the white and pink shr imp next in abundance . Tab l e s  Q- 19a and Q- 2 0  show that the brown shrimp was mo st abundant in the 2 7  . 5  and 4 5 . 8 me ter zones , wh i le the wh ite and pink shr imp were mo st abundant at the 7 . 3 and 1 3 . 7  me ter zones and the 2 7 . 5 me ter zone re spectively . 
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Table Q- 12  

Species that constituted one percent o r  more 0 1  the average catch by weight of all 

demersal fishes caught off Louisiana and Texas, 1962-64 

Species 

Atlantic crocker, Micropogon undulalus 

Longspinc porgy, Slcnof(,nllJ.s caprinlls 

Inshore l izanlfi'h. Synodus {octens 

Sand seatrout, CynosciOll arerzarius 

Sea catfish, Galpichlh!'s {elis 

Silver sealrout, CyrlOsciulI rlOthus 

Blackflll searobiIl, Priorwtus rubio 

Spot, Leiostomus ranthurus 

Rock sea bass, Celltropristis plziladelphicus 

Atlantic cutlass fish, Trichiurus leplurus 

Southenl k in g fish, ;\lclIlicirrlws (JrIlrricallus 

Gulf butterfish. Poronu/uS burli 

\Venchnwrl, Prisliporrwitics Qlluilonaris 

Shoal flounder. S.)'(Jciunl [(unlai 

IVlexican ::;earobiu, Prionolus paralalus 

Mexican fiouncll'r, Cyciupsella chittendeni 

Star drum, Stpl/i{er lanceola/us 

Red goatfish, ,\luI/us auratus 

Bumper, Chloroscombrus chrysurus 

LOllisinna 

35 

ttl 
3 
5 

5 

3 

4 

4 

� 
2 

Pl' t ll'nt of tulili catch 

TC\.J'> Entllc loa�t . - -----
9 28 

21 1 9 
9 5 

5 5 

2 4 

7 4 

2 4-
4 4 

4 3 

2 2 

3 2 

4 2 

5 2 

4 2 

4 2 

2 

1 

2 

Table 0- 13 

Species that cOllStituteti five percent or more of the average catch by weight of all demersal fishes 

caught off Lou isiana, 1 962-1964 
( Listed by seasoJl and dcpth zone) 

Season 

._- ---- ---
-_ . _----

- --- - -----
-

-
-

\Vmtcr (Jan -�Iurch) Spring ( A pril-June) SUJnlll("r ( J uly-Scpt , )  Fall (Oct.-De<.) 

- ------_._. -- �-- -.--------� 

P(,!"(C'llt of P('n cn t  of Percent of Percent of 

Depth lone Spcoes tut.d catc:h Spt,>oes tot,;i c,;tth Spt'l..ies tut.1I (<ll<.h Species towl catch 

Inner zone Atlantic croaker 5 1  Atlantic croaker 49 Atlantic croaker 4:i Atlantic croaker 66 

7- 1 4 m. Sea cil t fi,h 1 0  Sea catfish 1 4 Sca catfish 8 Sea catfish 8 

( 4-7.5 fm.) Southern kingfish 7 Sand scatront 6 Sand seatrout 8 

Longspine porgy 5 Atlantic cutlassfish 5 Spot 7 

Spot 5 Atl antic cutlassfish 6 

Middle zone A t lantic croaker 39 Long'pinc porgy 27 Long'pine porgy 29 Atlantic croaker 4<l 

27-46 m. LOllgspille porgy 22 Atlantic croaker 20 Atbntic croaker 21 Longspine porgy 20 

( 1 5-25 fm.) J nshore lizardfish 1 0  Blackfin searobin 5 Silver ,eatrout 6 

Atlantic cutlas,fish 7 Blackfin sea robin 5 

Blilckfin searohin 7 S"ot 5 

SLtlld sent rout 6 

Outcr zonc Lon{':spine porgy 3 1  I ,ongspinc poq'(y 38 Lon gspine porgy 54 Lon gspine porgy 23 

51- 1 1 0 m. Inshore lizard fish 1 0  BlilCkfin sear:Jhin 1 1  l\lexican flounder 6 Atlantic croaker 1 2  

( 3 5-{)0 fm.) Atlantic croaker 9 AtLItltic croak"r 9 Roc k sea bass 6 Bl ackfin scarohin 9 
Blackfin searohin 8 Roch sea hass 9 Blackfin searobin 5 Sanel seatrout 9 
Rock sea hass 5 

Rock sea bass 7 

Spot 7 

Entire shelf A tlantic croaker 36 Atlal l tic croaker ZS A tlan tic croaker 33 Atlautic croaker 41 

7-1 00  m. LOJlI:;spine porgy 20 Longspine porgy 1 9 Longspine porgy 1 7  Longspine porgy 1 6 

(4-60 1m.) Sea ca tfish 6 Sand scatrout 6 Bluckfin seilrobin 6 
Sand seatrout 5 Sea catfish 6 Sand seatrout 5 

I nshore lizard fish 5 Spot 5 

Black fin soarabin 5 

Atlantic cutlassfish 5 

Q- 2 0  

Speues 

Sea catfish 

Sand seatrout 

Spot 

Atlantic croaker 

Longspine porgy 

Sih-er sea trout 

Black fin searobin 

Longs pine porgy 

Blackfil l  searabin 

Atlantic croaker 

Rock sea bass 

Inshore lizardfish 

Atlantic croaker 

Longspine porgy 

SluHI s{'ntrout 
Sea catfish 



Dc-pili zone 

Il Inpr zone 

7- 1 � nL 
( -t... 7 .') h ! ! .  t 

Middle zone 

27-46 m. 

( 1 5-23 fm.) 

10 I 
[\.) 
f--' 

Outpr zone 
6+-1 1 O m. 

(35--60 fm.) 

Entire shclf 

7-1 1 0  m. 

( 4-- 60 fm.) 

Species that cOHStituted five p�rcent or more of the average cHtch by weight of all demersal fishes 

cHught off Texas, 1 962-1 964 

(Listed by season and depth zone) 

Season -. � - -- -- - ._------_. 
"'wler (J.m.-�Iarch) - ----- ----- --Pf"rc:ent of 

$pc'{.ies totul catch 

Spring (April-June) 

Percent or 
S[l('1""ics tlJt�11 \ .I tch 

---_._- - .. _---------

Soutlwn I kingfish 26 Silver seatrout 26 

Spot 1') j\ tldlLtic crooker 1 5  

... · , : J ; c: :" "" I " { )ut I :.'  Sea ca tfish 1 0  

S ih t'l" seatrout 7 Spot 7 

Southen . killgfish 5 

Atlantic cutlassfish 5 

Longspi ne porgy 38 IlIShore lizanlfish 1 5  

Saud seatrout 8 Longspinc porgy 1 5  

Imhore lizanlfish 7 Shoal flolllLder 1 4  

Shoa l Ooullder 7 Gulf huttedish 1 1  

H()("k spa bass 6 Rock .ea Lass 9 

Atl<l!lt ic cruaJ..er 5 SilV('r seatrout 6 

LOJlg:-.piJlt' porgy 29 LOllgSpi l lP  porgy 26 

VY(,lIchman 18 Illshore lizn nlfish 1 6  

I l lshon' lizard fish 12 VVl'lIchnlan 12 

1\1t>xican sea robin 9 Hock sea bass 6 

Mt"xicllll sea robin 6 

LOtlgspi t le  porg�' 28 Silver "", trou t 1 2  

I l IShore lizanl fish 9 LOtl gs!, i l l "  porgy 1 1  

'Y{,llchnlfln 8 I I I ,ho.·" liza rdfish 9 

Sand scatrout 6 C u l f  butterfi,h 7 

1\l(lxicaJ1 seaJ'ouin 5 A t1al l tic croaker 6 

Shoal OOll t lder 5 

Hock �ed bil:..S I) 

SLHlllllcr (July-Sept.) Foil (Oct.-Dec.) 
Percent of P<-rrent of 

Spt'{:ies tutal catch Sl}(."(-jes total catch 
Atlantic croaker 30 Southern killgfish 23 

Sand ,ea trout 9 Atlan tic croaker 1 0 
Silver scatrout 7 Sand seatrout 9 
Sen t catfish 6 Silver seatrout 7 
SOlltlH'rII kingfi,h 5 S�a catfish 5 

Shoal flounder 5 

Longspine porgy 5 

Longspi ne porgy 25 Longspinc porgy Z6 
Atlantic croaker 9 Atlantic croaker 1 2  

I nshore l i zanlfish 9 Shoal floulLder 8 

Silver seatrout 9 Spot 8 

Sand sea trout 7 I l lshore l izanl fish 7 

Shoal flollnder 5 Si l vcr ;ca trout 6 

LOl lgspil le porgy Z6 LOl Igspi ne porgy 27 

I l lshore l izanlfish 1 4  Ins}"..-e lizard fish 1 3  

'YPtlchman 12 'Yenchman 1 2  

M('xican searobin 8 Mexican searoLin 8 

Hock sea Lass 6 Hock sea bass 5 

Atlantic croaker 1 7  Longs"ill!' porgy 24 

] ,()ng:..piJ 1(> porgy 1 5  Atlantic cmaker 8 

Inshore lizard fish 7 I llshore l izanlfi sh 8 

Silvcr spatrout 6 Sa lid seatrout 6 

Shoal OOllnuer 5 

All seasons (Jan.-Dec.) 

Percent of 
SjX'cies tuti.ll catch ---- ---

Atlantic croaker 20 

Silver seatrout 1 4  

Southern kingfish 1 1  

Sca catfish 7 

Spot 7 

Sand sea trout 5 

Longspine porgy 27 

Inshore lizardfish 9 

Shoal floulLder 9 
Atlalltic croaker 7 

Salld seatrout 7 
Silver seatrout 5 

Hock seil Lass 5 

J ,OJIg-spine porgy 27 
IlI.hore }iz"" d fish 1 4  

VYellchm8t1 1 4  

1\1e )(ica n searoLin 8 

Hock sea hass 5 

LOl lgspine porgy 21 

Atl a l l t i c  croaker 9 

Illshor� liza nl fish 9 

Silver seatrout 7 

VY"nehmal l 5 
5(J 1 J ( 1  :"Ciltl'Out 5 

------
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Tab le Q- 1 5 

Geometr ic ( G )  and a d  thmetic (A) mean c atch ( number of ind ividuals) per hour by s tation 

number , station code , period , depth zone , coordinate position , and stat istical area . 

s tation Station Depth 
S tatistical Number 

Number Code Period Zone Latitude Longitude Area of tows G A 

(Meter s )  

�3 1  W 5 3  1 % 3-65 7 . 3  29° 19 ' 94°41 ' 18 28 29 . 7  

3 3  W55 1963-65 7 . 3  29°03 ' 9 5°06 '  18 32 45 . 3  

1 WO l 19�1-65 1 3 . 7  29°0 1 '  9 5°0 5 ' 18 61 102 . 4  

4 1  W6 3 1961-62 1 3 . 7  29° 1 2 ' 94°45 ' 18 17 1 3 1 . 4  

4 �  W6 4 1961-62 27 . 5  2 8°4 3 '  94°0 3 ' 18 17 38 . 3  

2 >'102 1�6 1- 6 5  2 7 . 5  2 8°40 ' 94° 56 ' 18 60 169 . 7  

3 W 0 3  196 1- (, <)  45 . 8  28° 18 ' 94°46 ' 18 59 86 . 9  

4 W04 1961-62 64 . 0  2 8°0 5 '  94�41 ' 18 12 5 . 5  

3 2  W54 1963-65 7 3 . 2  28°00 ' 94° 38 ' 18 2 2  6 7 . 5  

5 W05 1961-F.2 82 . 3  27° 58 ' 94° 38 ' 18 

6 W06 196.1-65 109 . 8  2 7° 5 5 ' 94° 3(, ' 
2 3  5 . 3  

18 29 1 . 9  

':'ab l� Q - 1 6  
Geometr ic ( G )  and arithmetic (A) mean catch ( number 

of individua l s )  p e r  hour by depth zone . 

Depth Number 
Zone of tows G A 

(Me ter s )  

7 . 3  142 29 . 1  101 . 7 

1 3 . 7 189 7 3 . 4  178 . 6  

2 2 . 9  2 4  127 . 7  2 89 . 5  

2 7 . 5 191 141 . 5  3 26 . 5  

4 5 . 8  193 7 5 . 1  2 18 . 2  

6 4 . 0  6 2  28 . 2  103 . 4  

7 3 . 2  48 8 . 8  2 5 . 6 

8 2 . 3  7 2  14 . 0  44 . 4  

109 . 8  7 1  4 . 5  19 . 2  

Q- 2 4 



Table Q- 1 7  

Geometric ( G )  and arithmetic (A ) mean catch (number of individuals )  per. hour b y  y e a r  

Number S tatis tical Area Year of 18 
Tows G A 

1961 93 75 . 3  2 3 7 . 9  1962 72 2 5 . 6  1 5 2 . 2  1963 80 30 . 5  1 5 7 . 3  1964 72 40 . 1  16 0 . 3  1965 43 6 1 . 6  167 . 4  
---

Table Q- 1 8  

Geometric ( G )  and ari thmetic (A)  mean catch ( number of individua l s ) per hour b y  m o n t h  

Number Statisti cal Area 
Month of 18 

Tows G A 

January 28 8 7 . 3  284 . 2  
February 2 5  5 8 . 5  15 8 . 2  
March 3 1  3 2 . 9  7 7 . 0  
April 29 2 1 . 6  6 1 . 2 
May 39 15 . 1  92 . 0  
June 38 36 . 9  2 l0 . 8  
July 28 2 5 . 7  20 4 . 3  
Augus t 3 7  5 1 . 1  2 76 . 1  
September 2 1  92 . 2  2 1 3 . 7  
October 30 4 2 . 9  1 2 3 . 7  
November 2 7  68 . 5  2 3 0 . 9  
December 2 7  10 4 . 3  2 3 5 . 6  

Q- 2 5  



Table Q - 1 9  

Geometric ( G )  and arithmetic (A)  mean catch (number o f  indiv idua l s )  per hour by 
statistical area and specie s .  

Statistical 
Area 

18 

18 

18 

Number 
of Tows 

360 

360 

360 

Penaeus 
az tecus 

(Brown Shrimp) 
G A 

9 . 5  6 1 . 8  

S i cyonia 

brevirostris 

( Rock Shrimp )  

G A 

2 . 7 46 . 1  

s i cyonia 
atlantidu s  

G A 

0 . 004 0 . 0 1 

Penaeus 
setiferus 

(White Shrimp) 

G A 

2 . 8  3 2 . 9  

S i cyonia 

dorsal i s  

G A 

0 . 6 14 . 3  

Trachypeneus 

s imi l i s  

G A 

2 . 1  2 0 . 2  

Q- 2 6 

Penaeus 
duorarum 

( Pink Shrimp )  
G A 

0 . 4  1 . 6  

Sicyonia 

stimpsoni 

G A 

x iphopeneus 
kroyeri 
( Seabob ) 

G A 

0 . 2  1 . 2  

solenocera 

vioscai 

G A 

0 . 00 2  0 . 00 3  0 . 04 0 . 1  

Trachypeneus 

constri ctus 

G A 

0 . 0 1 0 . 6  

Parapenaeus 

longi rostr i s  

G A 

0 . 0 1 



:0 I N 
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Table Q-1 9 a  

Geometric ( G )  and ar ithme tic ( A )  mean catch ( number of individua l s ) per hour by s tation 
number , station code , period , and species . 

Station Station 
Period 

Number 
Number Code of tows 

1 WO l 1961-65 61 
2 W02 1961-65 60 
3 WQ 3 1961-65 59 
4 W04 1961-62 12 
5 W05 1961-62 2 3  
6 W06 1961-65 29 

31 W53 1963-65 28 
3 2  W54 1963-65 22 
33 W55 1963-65 3 2  
41 W6 3 1961-62 1 7  
42 W64 1961-62 1 7  

ation Station 
Per iod 

Number 
mber Code of tows 

1 WOl 1961-65 6 1  
2 W0 2 1961-65 6 0  
3 W03 1961-65 59 
4 W04 1961-62 1 2  
5 W05 1 96 1- 6 2  2 3  
fi W06 1961-65 29 

II  W5 3 1963-65 28 
l2  W54 1963-65 2 2  
1 3 W55 1963-65 32 
1 1  W6 3 1 961-62 1 7  
. 2  W64 1 961-62 1 7  

Pena eus aztecus Penaeus s e t i ferus 
( Brown Shr imp ) ( Wh i  te Shr imp ) 

G 

7 . 2  
7 4 . 2  
3 0 . 8  

1 . 7  
4 . 6  
1 . 8  

1 . 2  
4 . 5  
2 . 2  
8 . 0  
8 . 8  

XiEhoEeneus 
kro:r:eri 
( Seabob ) 

G A 

0 . 3  1 . 1  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  

0 . 5  0 . 9  
0 . 0  0 . 0  
0 . 8  0 . 6  
0 . 5  8 . 9  
(l . 0  0 . 0  

A G A 

6 7 . 5  30 . 5  80 . 4  
1 74 . 3  0 . 3  3 . 0  

7 8 . 7  0 . 04 0 . 2  
3 . 6  0 . 0  0 . 0  

1 1 . 1  0 . 0  0 . 0  
5 . 2  0 . 0  0 . 0  

5 . 1  19 . 1  6 8 . 4  
7 . 5  0 . 0  0 . 0  

2 7 . 8  26 . 6  9 9 . 5  
4 3 . 1  49 . 3  96 . 9  
39 . 1  0 . 0  0 . 0  

Sicyonia brevi ros tr i s  
( Rock Shr imp ) 

G A 

0 . 1  0 . 1  
1 1 . 6  4 5 . 5  
35 . 8  184 . 2  

2 . 6  5 . 2  
0 . 7  2 . 7  
0 . 0  0 . 0  

0 . 0  0 . 0  
1 . 8  9 . 2  
0 . 02 0 . 0 3 
0 . 04 0 . 1  

2 4 . 0  156 . 2  

Penaeus duorarum 
( P i nk Shrimp ) 

G A 

0 . 4  0 . 9  
1 . 8  7 . 0  
0 . 1  0 . 8  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  

0 . 2  0 . 3  
0 . 0  0 . 0  
0 . 4  0 . 8  
0 . 2  0 . 3  
0 . 7 1 . 9  

Sicyonia dorsalis 

G A 

0 . 1  0 . 3  
10 . 0  85 . 0  

0 . 2  0 . 5  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  

0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 1  0 . 1  
0 . 3 0 . 7  
0 . 0  0 . 0  



Table Q-1 9 a  ( cont inued ) 

Si-ation Station 
Period 

Number S icyonia stimpsoni Solenocera vioscai Sic;ton i a  

Number Code of tows a t l antidus 
G A G A G A 

1 WOl 196 1-65 6 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2 W02 1961-65 60 0 . 0  0 . 0  o . ell 0 . 0 2 0 . 0 2 0 . 1  
3 W0 3 1 96 1 - 6 5  5 9  0 . 01 0 . 0 2  0 . 1  0 . 2  0 . 0  0 . 0  
4 W04 1961-62 12  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
5 W05 1961-62 2 3  0 . 0  0 . 0  0 . 1  0 . 1  0 . 0  0 . 0  
6 W06 1961-65 29 0 . 0  0 . 0  0 . 2  0 . 6  0 . 0  0 . 0  

3 1  W53 196 3-65 28 0 . 0  0
"
. 0  0 . 0  0 . 0  0 . 0  0 . 0  

3 2  W54 1963-65 22  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
3 3  W55 1963-65 32 0 . 0  0 . 0  0 . 1  0 . 2 0 . 0  0 . 0  

10 4 1  W63 1961-62 17 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  I 42 17 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  N W64 196 1-�2 0 . 0  OJ 
;tation Station 

Period 
Number Trach:iEeneus Trach:iEeneus ParaEenaeuB 

lumber Code of tows simi l i s  constrictus lonsirostris 
G A G A G A 

1 WOl 1961-65 6 1  5 . 2  30 . 9  0 . 1  0 . 4  0 . 0  0 . 0  
2 W02 1961-65 60 14 . 8  6 7 . 9  0 . 1  2 . 4  0 . 0  0 . 0  
3 W0 3 1961-65 59 0 . 9  7 . 8  0 . 1  0 . 2  0 . 0  0 . 0  
4 W04 1961-62 12 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
5 W05 1961-62 23 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
f) W06 1961-65 29 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

3 1 W53 1963-65 28 0 . 8  2 . 6  0 . 3  0 . 5  0 . 1  0 . 4  
32 W54 1963-65 22 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
3 3  W55 1963-65 32 1 . 1  5 . 8  0 . 3  0 . 6  0 . 02 0 . 0 3 
4 1  W63 1961-62 17 5 . 0  3 1 . 7  0 . 0  0 . 0  0 
4 2  W64 196 1-62 ' � 1 . 2  3 . 5  0 . 0  0 . 0  _ I  



Table Q-2 0 

Geome tric ( G )  and ari thmetic ( A )  mean catch ( number of individua ls ) per hour by species , s tatistica l area , and depth 
zone . Data resulted from monthly sampl ing in 1961-196 5 . 

STATION DEPTHS (Meters ) 
,tatis tical 7 . 3  1 3 . 7 2 2 . 9  27 . 5  4 5 . 8  64 . 0  7 3 . 2  82 . 3  109 . 8  area G A G A G A G A G A G A G A G A G A 

Penaeus aztecus (brown shrimp ) 

18 ( 6 0 ) .Y 
( 7 8 )  ( 0 )  ( 7 7 )  ( 59 )  ( 1 2 )  ( 2 2 )  ( 2 3 )  ( 2 9 )  

1 . 7  1 7 . 2  7 . 4  6 2 . 2  47 . 0  1 44 . 5  30 . 8  78 . 7  1 . 7  3 . 6  4 . 5  7 . 5  4 . 6  1 1 . 1  1 . 8  5 . 2  

Penaeus seti ferus (white shrimp ) 

18 ( 60 )  ( 78 )  ( 0 )  ( 7 7 )  ( 5 9 )  ( 1 2 )  ( 2 2 )  ( 2 3 )  ( 29 )  
2 2 . 8  8 5 . 0  3 3 . 9  84 . 0  0 . 2  2 . 3  0 . 04 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

10 
I Penaeus duoran:.m (pink shrimp ) f\.) 

\.0 
1 8  ( 6 0 )  ( 78 )  ( 0 )  ( 7 7 )  ( 5 9 )  ( 12 )  ( 2 2 )  0 . 3  0 . 6  0 . 3 0 . 7  ( 2 3 )  ( 29 )  1 . 5  5 . 9  0 . 1  0 . 7  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  Xiphopeneus kroyeri ( seabob ) 

1 8  ( 60 )  ( 7 8 )  ( 0 )  ( 7 7 )  ( 59 )  ( 1 2 )  ( 2 2 )  ( 2 3 )  ( 2 9 )  
0 . 6  3 . 6  0 . 3 2 . 8  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

S i cyonia dorsa lis 

1 8  ( 60 )  ( 7 8 )  ( 0 )  ( 7 7 )  ( 59 )  ( 1 2 )  ( 2 2 )  ( 2 3 )  ( 29 )  
0 . 0 3 0 . 01 0 . 1  0 . 3  5 . 5  66 . 2  0 . 2  0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

Sicyonia atlantidus 

1 8  ( 6 0 )  ( 78 )  ( 0 )  ( 7 7 )  ( 59 )  ( 12 )  ( 2 2 )  ( 2 3 )  ( 29 )  0 . 0  0 . 0  0 . 0  0 . 0  0 . 02 0 . 04 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
So lenocera vioscai 

18 ( 6 0 )  ( 78 )  ( 0 )  ( 7 7 )  ( 59 )  ( 1 2 )  ( 2 2 )  ( 2 3 )  ( 2 9 )  0 . 0 3 0 . 1  0 . 0  0 . 0  0 . 0 1 0 . 0 1 0 . 1  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1 0 . 1  0 . 2  0 . 6  



-:atistica1 
area 

1 8  

18 

iO 
, w 0 

18 

1 8  

1 8  

Table Q- 2 0  ( cant . ) 

7 . 3  1 3 . 7  
G A G A 

( 6 0 )  ( 7 8 )  
0 . 0  0 . 0  0 . 0  0 . 0  

( 6 0 )  ( 7 8 )  
0 . 3  0 . 6  0 . 1  0 . 3  

( 6 0 )  ( 7 8 )  
0 . 0 1 0 . 0 2 0 . 1  0 . 1  

( 6 0 )  ( 7 8 )  
0 . 1  0 . 2  0 . 0  0 . 0  

( 6 0 )  ( 7 8 )  
1 . 0  4 . 3  5 . 2  3 1 . 0  

, I 

V number a f  tows 

2 2 . 9  
G A 

( 0 )  

( 0 )  

( 0 )  

( 0 )  

( 0 )  

STATION DEPTHS ( Meters ) 
2 7 . 5  4 5 . 8  64 . 0  7 3 . 2  8 2 . 3  1 09 . 8  

G A G A G A G A G A G A 
S i cyonia st impsoni 

( 7 7 )  ( 59 )  ( 12 )  ( 2 2 )  ( 2 3 )  ( 29 )  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

Trachypeneus con s trictus 

( 7 7 )  ( 5 9 )  ( 1 2 )  ( 2 2 )  ( 2 3 )  ( 29 )  

0 . 1  1 . 8  0 . 1  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

S i cyonia brevirostris ( rock shrimp) 

( 7 7 )  ( 59 )  ( 12 )  ( 2 2 )  ( 2 3 )  ( 29 )  

1 3 . 7  70 . 0  3 5 . 8  184 . 2  2 . 6  5 . 2  1 . 8  9 . 2  0 . 7  0 . 3  0 . 0  0 . 0  

Parapenaeus longi rostris 

( 77 )  ( 59 )  ( 12 )  ( 2 2 )  ( 2 3 )  ( 29 )  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

Trachypeneus s imi 1 i s  

( 7 7 )  ( 5 9 )  ( 1 2 )  ( 2 2 )  ( 2 3 )  ( 29 )  
9 . 2  5 3 . 7  1 . 0  7 . 8  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  



Table Q- 2 1  shows the commercial catches o f  shr imp for 
s ta t i s tical area 1 8  for the 1 9 7 0- 1 9 7 4  year s . In all cas e s , 
the o f f s hore areas y i elded the large s t  catches , indicating the 
gre ater impor tance of the o f f shore a rea for brown shr imp and 
a l so for pink shr imp . 

NOAA ( 1 9 7 6) described the penaeid larvae o f f  the no r thwe s t  
Texas coa s t  ( S ee F i gure Q- 1 2  for location o f  transe c t  7 and 
Table Q- 2 2  for pre c i s e  location of e ac h  s ta tion on trans ect 7 )  
and found d i s tinct seasonal trend s ( S ee F i gure Q - 1 3 ) . 
In  the ne ar shore zone ( 7 . 3 - 1 3 . 7  m) the larva l abundance wa s 
cha racteri zed by two seaso nal peak s ,  one i n  spring and one i n  
fal l , with the larvae generally r e s t r i c ted t o  Apr i l  through 
Oc tob er in thi s  zone . Thi s time per iod coincides with the 
spawning period of the wh i te shr imp ( L i ndner and Ande r so n  
1 9 5 6 )  . 

The depth zone s  from 2 2 . 9  to 8 2 . 3  me ter s showed s imi lar trend s , 
wi th spring and f a l l -early wi nter peak s and the greate s t  
popula tions found i n  the fa l l . Larvae we re present dur i ng 
a l l  seasons , and the f a l l -wi nter peak o ccurred later i n  the 
year with i nc rea s i ng depth , probably a s so c i a ted with the 
movement of brown shr imp o f f s hore wi th coo l i ng temperature , as  
mo s t  o f  the se larvae are attributed to the brown shr imp 
spawnings . 

Higgins ( 1 9 3 7 )  ha s previously shown , f rom tagg i ng experiments , 
that whi te shrimp move o f f shore in the winter in Lou i s i ana . 

The z one from 8 2 . 3  to 1 0 9 . 7  me ters s howed greatly reducea 
numbers and probably represents the outer l imi ts o f  the 
brown shr imp spawning grounds . Seasonal trend s were s imi lar 
to tho se of the intermediate zone s , but c atches were s po tty . 

Tab le Q- 2 3  shows that larval populations i nc reased out to 
4 5  me te rs and then declined further o f f sho re . Figure Q- 1 4  shows 
the areal d i s tr ibu tion and rela tive abundance of Penaeus spp . 
larvae for the entire south Texas OCS s tudy area . A fur ther 
del i nea tion of the data is given in Tab l e s  Q- 2 4  and Q- 2 5  
for the 1 9 6 2  and 1 9 6 3 - 1 9 6 5  year s respec tively for the trans ects 
o f f  Ga lve s to n .  In the 7 . 3 - 1 3 . 7  me ter depth zone , l arvae 
were present from Apr i l  thro ugh Augus t  wi th maximum abundance 
varying dependi ng on the particular year . I n  the 2 2 . 9 - 2 7 . 5  
me ter depth , larva l popula tions oc curred i n  l a te summer with 
a l e s ser peak in spring . Winter popu lations were lowe s t  
with no l arvae found dur i ng many year s . Two s imi l ar peaks 
are also seen i n  the 4 5 . 8  meter depth , w i th the l arge s t  
populations later in f a l l  than for the previous zone . The 
zone s in the 6 4 - 1 0 9 . 7  me ter range showed decreas ing popu lations 
wi th increas ing depth , wi th only o ne popul ation peak ( fa l l  
through ear ly wi nter ) .  Few larvae were usua l ly present from 
February to June . 

Q- 3 1  



Tab le Q - 2 l  

Commercial shrimp catch (pounds , heads-off ) by statistical area , dePth �one 
(offshore vs . inshore ) ,  year , and species , and value of catch by year , 

and s tatistical are a .  

Statistical 
Area 

Depth 
Zone 

Penaeus 
aztecus 

( Brown Shr imp )  

Penaeus 
seti ferus 

(White Shrimp) 

Penaeus 
duorarum 

(Pink Shr imp) 

YOther 
$ Value of 

Catch 

18 

18 

18 

18 

18 

Offshore 
Inshore 

O ffshore 
Inshore 

Of fshore 
Inshore 

Offshore 
Inshore 

Offshore 
Inshore 

2 , 849 , 580 
966 , 459 

7 , 2 2 7 , 439 
1 , 2 7 3 , 3 7 2  

4 , 2 30 , 678 
9 0 2 , 46 1  

1 , 8 54 , 800 
59 3 , 411 

8 , 0 86 , 470 
883 , 640 

19 70 

2 , 48 3 , 7 8 1  
2 , 3 5 1 , 060 

1971 

2 , 50 3 , 5 5 2  
1 , 9 2 3 , 9 2 5  

19 7 2  

2 , 088 , 1 2 3  
2 , 0 70 , 394 

1973 

2 , 64 3 , 9 1 3  
2 , 64 7 , 870 

1974 

1 , 2 80 , 14 2  
1 , 5 5 3 , 479 

Q- 3 2  

2 , 06 5  

655 

1 , 10 5  14 , 120 

46 , 88 2  
80 

4 , 89 1 , 8 5 4  
1 , 894 , 1 1 2  
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Tab le Q - 2 2  

Stations a t  which 20-minute p lankton hauls were made monthly i n  1962 
and 1963-1965 . 

19 6 2  196 3-1965 
stations Depth Location Stations Depth Location 

(m) Lati tude Longi tude ( m) Lati tude Longi tude 

w- I 1 3 . 7  2900 1 ' 9 5°0 5 '  W- 5 5  7 . 3 29°0 3 ' 95°06 ' 
w- 2 2 7 . 5  2 8°40 ' 94°56 ' W-5 3 7 . 3 29°19 ' 9 4°4 1  ' w- 3 4 5 . 8 2 8° 18 ' 94°46 ' 

9 5°0 5  ' w- 4 6 4 . 0  2 8°05 ' 9 4°41 ' w- I 1 3 . 7 29 °0 1 ' 
w- 5 8 2 . 3 2 7° 5 8 '  94°3 8 ' w- 2 2 7 . 5 2 8°40 ' 9 4°56 ' 

w- 6 109 . 8  2 7°55 ' 94°36 ' w- 3 4 5 . 8  2 8° 18 ' 94°46 ' 

7 3 . 2 2 8°0 0 ' 9 4°38 ' 
W- 54 

w- 6 109 . 8  2 7° 55 ' 94°36 ' 

Table Q- 2 3  

3 
Average yearly catch ( #/100 m ) of Penaeus spp . larvae by depth zones 

over a 4-year period , 1962-1965 

Depth 
Zones 1962 1963 1964 1965 

7 . 3 -1 3 . 7  5 . 0  1 5 . 5  4 . 1  8 . 9  
2 2 . 9-27 . 5  6 . 9 5 7 . 6  48 . 3  14 . 8  

45 . 8  2 5 . 0  2 18 . 0  7 1 . 4  1 4 . 4 
64 . 0-8 2 . 3  7 . 6  2 4 . 7  54 . 6 10 . 4  

109 . 7  2 . 1  3 . 6  3 . 6  0 . 3 

Q-3 4 
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F i gure Q- 1 4  

\ 
\ 
I 

G U L F O F  

A V E R A G E  L A R V A L  
C A  T C H  ( #  fl 0 0  M 3' 1  
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8 1 -3 2 0 :l1li 

Average areal distribution and relative abundance of Penaeus 

over the south Texas oes s tudy are� . Data are derived from monthly 

catche s over a 3 -year per iod , 1 9 6 3 - 196 5 . 
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Table Q-2 4 .  Average monthly catch ( # / 1 0 0  m3 ) of  Penaeus spp . 
l arvae by stations ( 1 9 6 2 ) . 

D E P T H  
I 3 . 7 m 2 7 . 5 m 4 5m 6 4 . 0 - 1 0 9 . 7m 

Mo n t h - Y e a r  S T AT I O N S  

. _ -----_.- . - - W - J  W 2 W 3 W - 4  W - 5  --�-- --

01-62 0 . 0  0 . 0  0 . 0  3 4 . 1  0 . 0  
02-62 0 . 0  0 . 0  0 . 0  20 . 0  0 . 0  
0 3-62 0 . 0  0 . 0  0 . 0  
04-62 

0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  

0 5- 6 2  
0 . 0  0 . 0  

1 4 . 7  8 . 3  1 3 . 7  
06-62 

0 . 0  0 . 8  
0 . 0  0 . 0  1 . 9  

07-62 
0 . 0  

1 . 6  1 . 3 1 7 . 3 
08-62 

0 . 0  0 . 0  
39 . 8  2 . 7  0 . 0  

09-62 
0 . 0  0 . 0  

0 . 0  46 . 8  2 . 7  
10-62 3 . 2  8 . 1  
1 1-62 

0 . 0  3 . 0  6 . 5  
0 . 0  0 . 0  1 2 . 0  

1 2-62 
3 1 .  0 3 . 6  

0 . 0  0 . 0  3 4 . 7  2 80 . 6  

No sample taken . 
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W 6 

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 7  
2 . 9  
0 . 8  
0 . 0  



T ab l e  Q - 2 5 . Av e r a g e  m o n t h l y  c a t c h  ( If / 1 0 0m 3 ) o f  P en a e u s  s p p . 
l a r v a e  b y  s t a t i o n s  ( 1 9 6 3 - 1 9 6 5 )  

J;!E P TH 
7 . 3 - 1 3 . 7 m 2 2 . 9 - 2 7 . 5 4 5m 6 4 . 0 - l 0 9 . 7 m 

M o n  t h -Y e a r
-� 

S TA T I O N S 
III 53 Ill: 5 5  Ill: ] Ill:� 2  Ill: 3 Ill:- 5� Ill:- 6  

01-63 3 0 . 0  0 . 0  20 . 0  3 . 9  1 . 4  

0 2 - 6 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

0 3 - 6 3  0 . 0  0 . 0  4 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

04-63 0 . 0  0 . 0  0 . 0  3 . 1 40 . B  0 . 0  0 . 0  

0 5 - 6 3  0 . 0  0 . 0  0 . 0  2 2 B . B  9 3 . 2  0 . 0  0 . 0  

06-63 16 . 0  40 . 0  10 . 5  10 . 0  20 . 0  0 . 0  0 . 0  

07-63 0 . 0  0 . 0  35 . 2  10 . 2  14 . B  2B . B  1 . 3  

OB-63 0 . 0  0 . 0  0 . 0  
09- 6 3  0 . 0  0 . 0  0 . 0  976 . 0  1244 . 4  1 5 2 . 6  15 . B  

10-63 0 . 0  0 . 0  0 . 0  l 3 . 0  1B1 . 3 1 . 6  0 . 0  

1 1-63 0 . 0  0 . 0  0 . 0  1 1 . 2  1 7 3 . 6  4 2 . 4  1 . 3  

1 2 - 6 3  0 . 0  0 . 0  0 . 0  7 . 4  70 . 1  20 . 3  1 2 . 0  

01-64 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  2 . 3  

02-64 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

03-64 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

04-64 0 . 0  0 . 0  0 . 0  0 . 0  3B . 0  0 . 0  0 . 0  

05-64 0 . 0  0 . 0  5 . 9  2 7 . 9  2 5 . 4  0 . 0  0 . 0  
06-64 0 . 0  20 . B  0 . 0  4 3 . 2  3 1 . B  3 3 . 3  7 . 7  
07-64 5 . 6  0 . 0  5 . 2  2 . 1  1 2 . 0  1 . 4  0 . 0  
OB-64 3 . B  0 . 0  0 . 0  9 1 2 . 7  14 . 4  5 . 1  0 . 0  
09-64 0 . 0  0 . 0  0 . 0  9 1 . 4  2 2 . 5 l 3 . 9  1 . 7  
10-64 0 . 0  0 . 0  0 . 0  6 . 0  1 15 . B  4 . 1  0 . 0  
11-64 0 . 0  3 4 . 7  2 50 . 6  94 . 6  2 1 . 4  
1 2-64 0 . 0  0 . 0  0 . 0  1 . 7  2 B . 4  16 . 6  3 . 3  

-- - - �-- � . - --

01-65 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  2 . 9  
02-65 0 . 0  0 . 0  0 . 0  4 . 6  3 . 3  4 . 3  0 . 0  
03-65 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
04-65 0 . 0  l 3 . B  14 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 5 - 6 5  0 . 0  0 . 0  3 . 9  29 . 0  3 . 6  4 . 6  0 . 0  
06-65 3 2 . 0  0 . 0  0 . 0  2 1 . 0  0 . 0  0 . 0  0 . 0  
07-65 0 . 0  
OB-65 0 . 0  0 . 0  0 . 0  1 B . 6  0 . 0  0 . 0  0 . 0  
09-65 0 . 0  0 . 0  0 . 0  10 . 3  14 . 3  
10-65 0 . 0  
1 1 - 6 5  0 . 0  
1 2 - 6 5  0 . 0  0 . 0  0 . 0  0 . 0  BB . l  16 . 1  0 . 0  

.!I No samples taken . 



Diurnal vert ical migrations o f  p lankton ic crustacea are wel l  
known , con s i sting o f  an even ing ascent , a midnight s inking , 
a d awn r i s e  to near optimum light condi tions and a s ub s equent 
decrease to daytime depth ( Cushing ( 1 9 5 0 ) . 

Temple and F i s cher ( 1 9 6 5 )  reported on the di s tribution o f  
penaeid meroplankton a t  the 3 6 . 5  me ter depth contours approxi
mately fi fty mi l e s  south of Galve s ton . S amples were taken at 
four hour interva l s  at each of three depth s ( 2 ,  18 and 3 4  meters 
from s ur f ace ) . They state that brown shrimp s pawn in the open 
Gulf as far as 1 1 0  mi les of fshore ( up to 1 1 0  meter contour ) . 
The eggs are s l ightly more den se than sea water and are de
po s i ted on the bottom . After h atching , young p lanktonic shrimp 
go through 3 larval ( naup l i i , proto zeal and mys i s )  and s everal 
po s t - larval s tages and enter the bays as advanced postlarvae , 
where they grow to s ubadult s i ze and migrate of f s hore . The 
a uthors state that the water currents of the northwe s t  Gul f  
may b e  o f  cons iderable importance i n  the s urvival o f  the 
p l ankton ic stage s , because the current s  vary with depth . 
Fi gure Q-1 5  shows the verti cal dis tribut ion at each date for 
a l l  s tages combined . The abundance varied with date but 
depth distr ibution was s imi l ar over al l date s . The data for a l l  
s tage s comb ined s howed that immature penaeids were two to 
four time s as abundant at the 1 8 - 3 4  meter depths than at 2 
meters . The proto z ea l  and mys i s  s tages were frequently found in 
deeper portions of the water column whi le the po s tlarvae occurred 
mo s t  frequently in the upper portion . The vertical d i s tribu
t ion of the proto z e a  and mys i s  stage s found here agree s we ll with 
the ob servation s of Rus s e l l  ( 1 9 2 5 ) and Heegaard ( 1 9 5 3 ) , the 
latter reporting on the larval s tages of � .  seti feru s . Thus , 
the vertical distribution of the larvae reversed with age . 
During November , when no s trat i f ic ation o f  the water column 
exi s ted , l arvae of a l l  stages were equally d i s tributed through
out the water column due to vertical mixing of the water column . 
All three summer col lections s howed the presence o f  a thermo
c l ine and vertical d i f ferences for each planktonic stage . 

Distribution ( Figure Q-16 ) showed no change d i urnally for 
November due to mixing of the water column , while on all other 
dates all s tage s extended the ir di str ibution into the surface 
layer at darkne s s , with mys i s  and pos t l arval stages appearing 
to migrate at an earlier hour , and to remain in the surface 
layer longer than d id the proto z e a l  s tage s .  Again the results 
agree with tho se of Rus s e l l  ( 1 9 2 5 )  who reported that decapod 
larvae in general extended the ir range into the s ur face l ayer 
with darkne s s . Of the four date s , larval abundance was lowe s t  
i n  September , and , except for November , n ight catches exceeded 
day catche s , be ing twice as great during June and Jul y .  

Q- 3 9  



Figure Q- 1 S  Depth di str ibut ion of iDJ'1ature 
( p l ankton i c )  p e n a e i d s .  
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F igure Q- 1 6  Var iat ions in the vertical d i strj 
hut ion of i!':lnature ( p lankton i c )  p e n a e i d s  over a 2 "' -·hour per iod . 
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As i s  c learly s hown by Gunter ( 1 9 6 7 ) , the species that dominate 
the f i sher ies of the Gu l f  of Mexico are dependent on the 
estuar ine system for support during at least some part of the i r  
l i fe cyc l e . Commerc i a l l y  important spec i e s  inc lude one or 
two spec ie s of menhaden ( Brevoortia patronus and B .  gunteri ) ,  
two spe c i e s  of c roaker (Micropogon undulatus and Leio stomus 
xanthurus ) ,  three spec ies o f  shr imp ( Penaeus seti feru s , P .  
a ztecus , and P .  duorarum) , the blue c rab ( Ca l l inecte s s aPIdus ) , 
and the oyster ( Cra s sostrea vi rginica ) .  Except for the oyster , 
all the se spe c i e s  ut i l i ze open Gul f water s  at certain t ime s o f  
the year e ither t o  spawn o r  to avoid environmental ( e spec i a l l y  
temperatur e )  stre s se s .  Al though there are large temporal 
d i f ferences in migrat ion patterns between spe c i e s , the general 
trend is for movement to the Gul f in fall and return to the 
bays from mid-winter to Apr i l . The mature mul let , howeve r , 
returns to the coa s t  from o f fshore immedi ately afte r  spawing 
in early fa l l .  A s  wi l l  be s een below , year t o  year d i f ference s  
are o f ten large , e spec i al ly i n  relation t o  period of maximum 
abundance , indicat ing that spawn ing seasons vary over a con s id
erable period of time . However , in addition to u s ing the off
shore for spawning , many organi sms a l so uti l i ze it for rpfuge 
from adverse environmental condition s . Thus , the open Gul f  
and e stuar ies are both important i n  thes e  l i fe hi s tor ie s , and 
should be viewed a s  one continuous system . 

Gunter et al . ( 1 9 6 4 )  state that it i s  wide ly known that fauna 
in e stuaries change s ea sona l ly a s  the i soha l ine l ine s move in 
and out wi th wet and dry sea sons , and the i n f lux of h i gh 
s a l inity organi sms into the northern Gul f coast bays reache s a 
peak in the f a l l  during a time when temperature s  are b eginning 
to drop . A s  temperature s continue to drop , many of the se moti l e  
forms leave the bays f o r  the open Gul f . Thi s  may account for 
the d i f ferent seasonal patterns of abundance reported for certain 
Gul f specie s by d i f fe rent authors .  

Temperature al so seems re spon s ible for the seasonal appearance 
of migrant spec ies of f i shes such a s  the span i sh macker a l , 
b l ue f ish , and j ack , which generally appear in the l ate spring 
and depart from coastal waters in fal l .  

Members o f  the croaker fami ly ( inc lud ing the sea trout , drum , 
and Atlantic croaker ) are the mos t  numerous f i sLes col lected 
in Texa s  coastal waters . Two spec i e s , the common croaker 
Mi cropogon undul atus and the spot' Leiostomus xanthurus make 
up 7 5 %  of the c atch of " industrial fis he s " . Thes e  spe c i e s  
move into the s a l ine waters o f  the Gul f from October through 
December ( F i gure Q- 1 7  ) .  Mo st f i shes then re turn to the bays 
from F7bruary to Apr i l  ( Gunter , 1 9 6 7 ) . In  t�e Sabine D i s trict , approxlmate ly 5 , 0 0 0  pound s of croaker-type f l Sh were cauaht for 
the period January - August 1 9 7 6 . The do l lar value of thi s  
c atch exceeds $ 1 0 0 , 0 0 0  ( NOAA , 1 9 7 6 )  

Q- 4 1  
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Gunter ( 1 9 4 5 )  found the croaker to be mos t  abundant in summe r  
and leas t  in winter in Texa s  G u l f  coast bays and sha l l ow waters . 
Hi ldebrand ( 1 9 5 4 )  did not f ind croakers abundant on the o f f shore 
brown shrimp grounds ,  although , like the spot , they were found 
in deeper water in the wint e r .  Croaker s  were found to b e  
extreme ly abundant o f f  S abine in, June . Polychaete worms seemed 
to be the preferred food . Data presented earlier , (Moore et a l . ,  
1 9 7 0 )  seem to confirm the greater abundance o f  thi s  speci e s  in 
the shallow waters , especially o f f  Loui s iana . 

Other important commercial f i shes whos e  sea sonal migrations 
bring the young into e s tuarine waters include : the mul let 
(Mugil cephalus ) and the menhaden ( Brevoortia p atronus and 
�. gunter i ) . 

Roe mul let are found around the e stuary or lagoon mouth s during 
late October to mid-November , and are repo rted to spawn during 
late f al l .  Arno ld ( 1 9 5 8 ) found spawn ing mul let 4 0 - 5 0  mi les o f f  
the coa s t , s o  it appears that they range widel y  over the coa s t .  
Post- larvae appear b y  mid December ,  and dri ft into the e s tuarie s .  
The y return to the e stuarie s soon a f ter spawning . Mul let are 
detritivore s ,  feeding on the sur face of the muddy bottoms . 

Menhaden use the e stuaries for more than h a l f  o f  the i r  first 
year ( Reintj e s  and Pacheco , 1 9 6 6  ) .  They spawn in the Gul f , 
and a fter hatchin g , the l arvae , whi ch feed selectively on 
z ooplankton , move into the estuari e s . They are f i lter feeders 
a s  postlarvae , feeding predominantly on pl ankton ic diatoms 
and dinof l age l late s . They range out to 2 5  mi l e s  o f fshore , but 
are predominantly near the shore ( Christmas and Gunter , 1 9 6 0  ) .  
Seventy percent o f  the 2 b i l l ion pounds of menhaden caught in 
the Gul f  were taken in 5 - 2 4 0/ 0 0  salin ity , but B .  patronas 
ha s been found in s a l inities up to 6 0  ppt s alinIty in the Laguna 
Madre . 

Re int j es ( 1 9 7 0 )  pre s en t s  the results o f  a s tudy o f  menhad en 
spawning grounds ( See Figures Q- 1 8  and Q- 1 9 . The area of 
the brine di sposal i s  seen a s  the a re a  of maximum den sity o f  
menhaden egg s , and F igure Q - 1 9  shows that peak egg abundance 
occurred in December , with eggs present from October through March . 
Thi s  temporal pattern i s  s imi l ar to that observed on the South 
Atlantic coa s t  ( Reintj e s , 1 9 6 1 ) ,  Hi gham and Nicho l son ( 1 9 6 4 ) , 
whi l e  further north spawning takes place from May through October 
o f f  New England and New York ( P er lmutter 1 9 3 9 , Whentland 1 9 5 6 , 
Richards 1 9 5 9 , Herman 1 9 6 3 , Bige low and S chroeder 1 9 5 3 , Marak 
and Colton 1 9 6 1 ) . Larvae enter e stuaries from May to October 
in the New England state s and October to June in the mid-Atlantic 
s tate s ( H i ldebrand and S chroeder 1 9 2 8 ,  Pearson 1 9 4 1 )  and December 
to May in the South Atl antic s tates ( Deubler 1 9 5 8 , Tagatz and 
Dudley 1 9 6 1 ) , with the latter probably the s i tuat ion 
in the Gul f  coa s t .  
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Young and adult menhaden can to lerate a wide range o f  s a l initie s , 
from fre s h  water to h igh sal inity l agoons ( H i ldebrand 1 9 4 8 ,  Gunter 
1 9 5 6 ) . D arne l l  ( 19 5 8 )  found j uven i le Gul f  menhaden feeding 
on phytop lankton , sma l l  crustacean s , and detritus and graz ing 
directly on Anabaena ( blue -green algae ) . Peck ( 1 8 9 4 )  and 
Anderson , Jone s , and Odum ( 1 9 5 8 )  found menhaden with s tomach 
contents indi cative of bottom feeding ( detritu s , s and , mud , 
c lay , and benth i c  d i atoms ) . It appears that menhaden form the 
food b a se of a number of marine carnivores ( E l l i son 1 9 5 1 ,  
Bige low and Schroeder 1 9 5 3 ) . 

Although many species of crabs are pre sent in Texas coastal 
water s ,  the b lue crab ( Ca l l inectes sapidus)  is the only 
c rab extensive ly exp loited by man . I n  contrast to the shr imp , 
adult b lue crab populations are harve sted in near shore bays 
as we l l  as on the inner she l f  of open Gul f  water s .  D i s tribu
tion o f  total c rab c atch in Texas in 1 9 7 1 , is shown in Figure 
Q- 2 0 . Sabine Lake and s imilar bay systems are re spons ible 
for 7 0 %  o f  the total Gul f  b l ue crab catch . The Sabine D i strict 
alone was responsible for approximate ly 3 6 0  thousand pounds 
o f  b l ue crab s , valued at 2 . 1  mi l l ion do llars for the per iod 
January-August 1 9 7 6  ( NOAA , 1 9 7 6 ) . 

Darne l l  ( 19 5 9 ) , Dougherty ( 1 9 5 2 ) , Gunter ( 1 9 5 0 ) , and Hi ldebrand 
( 1 9 5 4 )  are primarily re spon s ible for inve stigating and 

documenting the l i fe history of the b lue crab on the Texas 
coast . Gener a l ly , the l i fe span varies from two to three 
year s .  Females may spawn more than onc e , produc ing from one to 
three mi l lion eggs per spawning . Ferti l i z at ion o f  the eggs 
tak e s  p lace in the pas ses and e stuar i e s . After mating , the 
female c a-rr ies the eggs to deeper , more saline Gul f  water s  for 
depo s ition . Adult ma l e s  remain in the l andward wate r s , where they 
may mate with matur ing female s .  During exceptionally dry year s ,  
many o f  the ferti li zed female s may remain in the more saline 
e stuaries and lagoon s . The eggs deve lop and hatch in about 1 5  
days i n  the Gul f  water s .  After hatching , larval crabs c a l led 
" zoeae " migrate via the currents through the coastal p a s s e s  to 
the e stuaries and lagoon s , where they feed and grow to maturi ty . 
During the second s ummer , at the age of 1 2  to 1 4  month s , the 
c rabs mature and mate . Critical s urviva l periods oc c ur during 
the inland migration of the larva in the fal l and spring . 

T he mating apparently take s place in warmer month s , with the 
fema l e s  noticeably absent from the e stuar ies in February and 
Marc h , 2 - 3 months be fore the appearance of the spr ing young , 
and again in August and September be fore fall  recruitmen t .  
The females are re lative ly s carce i n  the e stuaries i n  the winter . 
an''! may overwinter o f f s hore . Dur ing the l.::m g  ;:;pawn ing season 
s ucce s s ive wave s o f  d i f ferent instars may appear in the estuary . 

Q - 4 6  
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Daugherty ( 1 9 5 2 )  s tate s that in mild year s , spawn ing c an take 
p lace a l �  year , but dur ing mos t  years it is spread over the 
warmer months with 2 peak s , one in the spring and the 'other in 
fal l ,  e ither of which c an be larger . 

Food hab i t s  of the blue c rab have been summarized by Van Ens e l  
( 1 9 5 8 )  and Darne l l  ( 1 9 5 8 ) . Zoea l arvae have been found to 
grow succ e s s f u l ly on ly when fed yel low dino f l ag e l late s . The 
megalops are omn ivorous , as are the po s t l arvae . The blue crab 
i s  cann iba l i s t i c . Darne l l  ( 19 5 9 )  conc l uded that in Lake 
Pontchartrain the spec i e s  is a detrit ivore , bottom predator , and 
genera l scavenger . 

Darne l l  ( 19 5 9 )  found some indicat ion o f  a d iurnal pattern of 
activity in the b lue crab s , with maximum individual s  t aken during 
dark period s . 

Both Gunter ( 1 9 5 0 )  and H i l debrand ( 1 9 5 4 )  found b lue crabs very 
abundant in the white and brown s hrimp zones . 

The American oyster ( C r a s so strea virg in i c a )  occurs in e stuaries 
with s a l in ities ranging from 10 to 3 0  ppt . The commerc i a l  
harve s t  d i s tr ibut ion i s  centered in Galve ston Bay , S ab ine Lake , 
and Trin ity Bay s  ( See F i gure Q- 2 1 ) . Oyster c atches have 
dec l ined over the past three years from 4 . 6  mi l lion pounds to less  
than 4 . 0 mi l l ion in 1 9 7 2 . 

Maturation o f  gonads in the oyster occur s in the ear ly s pr ing , 
usua l ly February and Mar c h .  A s  the gonads en large and 
deve lop , the oyster a s s umes a "mi lky " appearance . As the water 
temperatures reach 2 4 0C ( 7 5 0F ) , u sua l ly from Apr i l  to October , 
spawning i s  tr iggered . Spawning by one oyster s t imulates others 
to spawn . T here fore , the maj ority o f  oysters in an area may be 
spawning at the s ame t ime . 

The sperm and eggs are expe l led out into the water , whe re fer
t i l i z at ion occurs . After fert i l i z at ion , the eggs undergo divis ion 
and many-c e l led embryo s , cap ab le o f free sw imming , are formed . 
A " she l l "  begins forming and the min i ature oys ter larva , known 
a s  a " sp at , " settles to the bottom in search of a c lean , firm 
s ub s trate on which to cement itse l f . Un less  a s u it able 
attachment s ite i s  found , the spat will die . Once attached 
i t  remains for l i fe . As adu l t s , oysters get fat in the winter 
and lean in the summer and f a l l  a fter the y  have spawned . It 
appear s that the fatnes s of the oysters corre sponds to the 
peak bloom of p l ankton organi sms , which occur s dur ing the 
winter and s pr ing ( Gunter , 1 9 6 7 ) . Two critical periods exi s t  
for oys ter s : ( 1 )  the winter-spr ing , when h ighe st qual i ty i s  
attained from p l ankton blooms , and ( 2 )  immediately after 
spawn ing , when the l arvae may exh ibi t  ve rtical migrat ion in 
the water column before settl ing as spat . 

Q- 4 8  
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Dur i ng late spr ing and early summer , migrant species arrive 
along the Gu l f  coast s hores and depart in the fall in re spon se 
to coo l inq water s .  Inc luded in thi s  group are Span i s h  mackeral , 
blue f i s h ,  j ack , and cob i a .  

Shrimp are the s ingle mos t  va luable mar ine product in Texas . 
Shrimp landings in the state amounted to 9 2  percent of the 
total dollar value of f in f i s h  and she l l f i sh in 1 9 7 0  and 1 9 7 1  
( Boyk in ,  1 9 7 2 ) . From 1 9 6 6  to 1 9 7 1 , Texas landing s have ac
counted for 3 7  percent of the Gul f  s tate shr imp catche s . 
Brown s hr imp are the mos t  abund ant s hrimp in Texas wate rs 
and tend to be concentrated in the intermed i ate zone from 
Ga lve s ton to Rio Grande ( s ee F igure Q - 2 2 ) . White shr imp are 
relative ly more abundant in the coa stal area of Jef fer son 
County ( see Figure Q- 2 3 ) . P ink shr imp are a l so caught com
merc ially in thi s  region . In the S ab ine D i stric t ,  the total 
s hr imp catch was over 1 . 1 mill ion pound s for the per iod 
January -August 1 9 7 6 .  White s hrimp made up approximate ly 8 0  
percent o f  the c atch (NOAA , 1 9 7 6 ) . 

Hedgepeth ( 1 9 5 4 )  felt that the d i s tr ibution of c losely related 
spe c ie s  of penae id shr imp was due to s a l inity pre ferences at 
various j uven i le stage s . 

Gun ter and H i ldebrand ( 1 9 5 4 )  noted a marked decl ine in pro
duct ion of whi te shr imp during a drought in the Gul f  area in 
1 9 4 7 - 5 7 . Gunter ( 1 9 6 2 )  reported increased product ion once 
the drought was broken ( 1 9 5 8 )  , with catches increa s ing 3 3 1  
percent . Gunter et al . ( 1 9 6 4 )  conc luded that the commerc i a l  
c atch of whi te shr imp i s  l imited b y  rainfa l l . 

Gunter e t  a l .  ( 1 9 6 4 ) state that the k ind o f  s hr imp species in 
coastal waters wi l l  vary seasonally and from year to year 
with the rainfall ( and hence s a l in ity) . Lower s a l in ity 
leve ls at which white , brown , and p ink s hr imp were found were 
. 4 2 ,  . 8 0 ,  and 2 . 5  ppt in the northern Gul f .  Young white 
s hr imp have been shown from several studies to be mo s t  abun
dant in s a l in ities less than 10 ppt , brown shr imp 1 0 - 2 0  ppt , 
and p ink shr imp 1 8  ppt and above . This  agrees with commer
c ial catches which show greatest abundance of wh ite shr imp 
in the low s a l in ity water s o f  southeastern Lou i s i ana , whi le 
the greate s t  catches of brown s hr imp are from saltier Texas 
water s .  P ink s hr imp prefer areas of oceanic salinity . P ink 
s hrimp have been taken in waters of s a l in i ty 6 5  ppt , whi l e  
the other species have not been taken above 4 5  ppt . 

Will i ams ( 1 9 6 0 )  found from laboratory exper iments that the 
three princ i p le spec ies of shr imp in the Gul f , the brown , 
white , and p ink , had d i f ferent substrate preference s .  P .  
duorarum was found mos t  frequently on she l l  s and , whi le-P o 
a z tecus and �. seti ferus were found mo s t  frequently on softer 
muddier s ubstrate s ,  includ ing s andy mud and muddy sand . Thi s 
corresponds well to the d i str ibution s found in the Gul f  of 

Q- 5 0  
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Mexico ( Hi ldebrand , 1 9 5 4 , 1 9 5 5 )  where the pink shr imp i s  found 
princ ipally over calcareous mud and s and or mixtures of shel l 
and sand , whi l e  P .  seti ferus and P .  a z tecus were found in 
greater den s i t i es over bottoms of-terrigenous s a l t .  Wi l l i ams 
( 1 9 6 0 )  noted the abi l i ty of P .  duorarum to burrow into coarse 
substrate s , with the anima l s-generally rema ining bur ied during 
the day , with most activity at night . Older P .  a z tecus bur
rowed into mud s ubstrate s ,  but the younger were o f ten found 
on sandier s ubstrates where they did not burrow . Activity 
wa s generally restricted to the n ight , al though a few could 
always be found on the surface . The pink shrimp showed a d i f
ferent burrowing aspect , with the long antennae of thi s spec ies 
laid on the s urface of the s ubstrate . 

Wickham and Mink ler ( 1 9 7 5 )  found activity patterns o f  the three 
commerc ial shr imp species to be very s imi lar to thos e  reported 
by Wi l l i ams ( 1 9 5 8 ) . The pink shr imp were active dur ing the 
n ight , with all individuals inactive or burrowed during the 
day . The brown shrimp were also active dur ing the ni ght , and 
rema ined qui e scent on the s urface or burrowed dur ing much o f  
the day , with a few individuals act ive o n  the s ur f ace through
out the day . Whi te shrimp showed the greates t  activity , and 
were not seen to burrow . They were mo st ac tive at n ight , but 
were exposed on the s ubs trate or swimming o f f  the bottom day 
and n ight . They were the least re spons ive of the 3 spec i e s  to 
alterations of the l i ght-dim cyc l e ,  whi l e  the pink were the 
mo st respon s ive . Thi s  sen s i t ivity to changes in the l i ght-dim 
cyc le may be re lated to the water c larity in the i r  pre ferred 
habitats . 

Numerous instan ce s o f  food pre ferences have been reported . 
Wi l l i ams ( 1 9 5 5  ) found that h i s  experimental organi sms con
tained detritus , plant fragments and s and . Laboratory cul
t ures have demonstrated that P .  seti ferus larvae can l ive on 
algae , copepod s ,  and ground fIsh , and the adul t s  on ground
f i sh or shr imp ( John son and F i elding 1 9 5 6 , Pearson 1 9 3 9 ) . 
Fl int ( 1 9 5 6 )  reported P .  seti ferus larvae eat blue -green alga e ,  
and larger s i ze s  are omn i vcrous , consuming among other things , 
f i l amentous b lue-green algae , li thophytic a lgae and di atoms . 
Fos ter ( 1 9 5 3 ) has shown that daudean shrimp are coprophagous . 
Woodburn et al . ( 1 9 5 7 )  found P .  duorarum to be omn ivorous , and 
it is expected that the s ame-i s  true of P .  a z tecus and P .  
seti feru s . A change o f  diet i s  apparent-between larva l-and 
post larva l s tage s . 

F i gure Q- 2 4  depicts the l i fe cycles o f  a l l  three shr imp in 
Texas waters . As with the finfi shes , spawn ing occurs o f f shore , 
and the larvae mu st migrate through the pa s ses into the e s tu
arine nursery ground s . Aga in , the time at which migration 
occurs is important .  
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Coastl ine Ad j acent to Inlets 

This area contai n s  s everal communiti e s , inc luding those of 
the t idal mud flats ( which replace the upper shoreface sands 
of the non-depo s i tory coa s t ) , the lower shoreface mud ( a l 
ready d i scussed ) , the ebb tidal delta mud , and the s ubaqueous 
spo i l  depos i ted on the downc ast 's ide of the j etty . 

The coa s tal mud flats contain no macro s copic vegetation , being 
subj ect to moderate tidal act ivity . Animal spec ies common to 
thi s area be long to the fol lowing genera : Petricola ( c lam) , 
Anachis ( snai l ) , Neanthes , Polydora and Lumbr inereis ( poly
chaete worms ) ,  and the crustaceans Corophium and Amphi thoe . 
Infauna dominate the assemblage ( F i sher et al . ,  1 9 7 3 ) . 

The ebb tidal delta , which extend s to depths of approximately 
3 0  feet , contains a d iverse epi fauna includ ing gastropod s 
( Li ttorina , Neri t ina , Bulla , POlinice s , Bus ycon and Tha i s ) , 
crabs ( Uca,  f iddler crabs and Paguru s , hermit crab ) , sea urchins 
(Me l l i tar-and oc c a sionally the oys ter ( Cras sostrea virginica ) .  

The biota of the s ubaqueous spo i l  depends on a number of fac
t or s , including sediment character i s t i c s , age o f  spoi l ,  and 
depth . 

Jetty Community 

General descr iptions o f  the j etty macrobiota ( exclus ive of 
f i s he s )  wa s given by Hedgepeth ( 1 9 5 3 , 1 9 5 4 ) . The communi ty 
which deve lop on this atypically rocky habitat can be s ub
d ivided into vert ical zones , j ust as in other oceans of the 
world . F i gure Q-2 5 ,  from Hedgepeth , s hows the general zona
t ion characteristics  o f  the community . This communi ty i s  
apparently l imited to hardy forms capable o f  withstanding the 
occas ional low winter temperatures , wave shock , s udden va ri
ati ons in temperature , and exposure during abnormally low 
tides accompan ying north wind s . The three f loral z ones in
c lude : the upper Ulva z one , an intermed i ate red algae z one 
( e s pecially Grac i laria and Ge lidium ) , and a lower brown 

a lgae z one ( dominated by Padina ) . Sea sonal ly , there i s  a 
green algae growth above the Ulva zone . Thi s  d i e s  off i n  
winter during per iods of lowered tide s . Be low the Padi na 
z one , occur the subtidal bryozoa , sponges and hydroids with 
s ome encrus t ing s ponge s . S uper imposed on this f lora are the 
anima l s , the common , l e s s  mot i le of which are s hown in F igure 
Q- 2 5  ( for Port Arans a s  j etty ) . In add i ti on , several moti l e  
arthropod s Pachygrap sus transversus and Ligia exotica move up 
and down the assemblage with change s in water level . Port 
Aransas j etty is s imilar to the j e tties further east ( i n  the 
s tudy are a )  except for the absence of Brachidontes recurvus 
and other mus s e l s  at Port Aransas . Most of these j ettie s , in
c lud ing those at Calcas ieu Pas s , Sabine Pass and Galve s ton , 
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are l e s s  than 1 0 0  years old , and the commun ity includes 
some spec ies found nowhere else in the northern Gul f ,  due 
to the l ack of su itable natural substrate . Members have 
southern a ffinities . Kapraun ( 1 9 7 4 )  presented the results 
o f  sampl ing benth ic algae from the Louis iana coas t , inc luding 
monthly col lect ions from the east j etty at Calcasieu River 
during 1 9 6 8 . Tables Q - 2 6 and Q- 2 7  s how the temperature and 
sal inity regime , the 1 8  species encountered , and the s easonal 
di stribution o f  spec ies col lected at the j etty . For the 
al gae frequently col lected , two group s could be recogn i z ed 
on the bas i s  o f  the i r  seasonal di s tribut ion . One group , with 
greate st growth in summer , had distinct tropical a ffinities . 
Mo st species developed maximum growth in winter or early 
spring , probab ly due to the relative ly mild winter , wh i ch 
al lowed growth of temperate and s ubtropical forms in colder 
months . Of the 1 8  s peci e s  found at Calcas ieu j etty , 1 0  
were restricted to the j etty , and mos t  o f  these were probably 
relatively stenohal ine . Vertical zonation trend s were 
apparent , with some correlat ion between s pec ies compos ition 
and expo sure to wave action . The vertical extent of the 
algae wa s 1 . 5  meters in winter , and 1 . 0  meters in summer . 

P lat forms 

Sonnier et al . ( 1 9 7 6 ) report that one is within s ight of oil 
plat fo rms virtua l ly anywhere within 1 4 0  km o f  the Lou i s iana 
coast , with greater than 3 , 0 0 0  having been erected o f f  Loui
s iana . There plat forms provide s ub strates with a vertical 
pro f i le unsuitable in any natural occur ing environment in 
the Gul f  o f  Mexico . The authors reported on visual observa
tions of plat form- a s sociated fi shes in water depths of 1 8 - 5 5  
m between 9 00w and 9 30 W .  The results are shown i n  Tables 
Q- 2 8  and Q - 2 9 .  Of  special interest i s  the fact tha t many 
plat forms showed species common to the reefs ( Table Q - 2 8 )  and , 
there fore , o f  tropical affinity . The lower species divers ity 
of the platforms was related to the lower niche ( due to lesser 
epi faunal growth ) and the fact that mos t  plat forms were located 
north of the mo s t  o f f shore and tropical-related ree f .  Very 
few nektoni c  f i sh were as soc iated with the plat forms . 

Gunter and Geyer ( 1 9 5 5 )  examined the epibiota of s everal oil 
p lat forms loc ated in ten fathoms o f  water ( maximum dept h )  
o f f  Freeport , Texas , and the resulting d i s tribution determi
nations are s chematical ly shown in Figure Q- 2 6 .  Sma l l  bar
nacle s ,  the hors e  oyster ( Ostrea eque s t i s ) ,  and a bryozoan 
dominated the fouling organi sms on the lower 2 5  feet . The se 
organi sms bec ame much less abundant on the upper hal f  o f  the 
struc ture and near the sur face a few commercial oysters ( C .  
virgin i c a )  were present . Hydroids ( in ma s s e s ) were the -
dominant s e s s i le organi sms at the mudl ine . Arc she l l s  (Arca 
transversa ) and filamentou s green algae were found at th-e--
upper leve l s . Serpuled worm tube s and the coral Astrangia 
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( hhroph.\ 1 . 1  F 01  .\  \ 1  ( )  " j )  
B l i d i l l g i d  I l largll lata C C C H 
B. l l t i l l i l l ld  C C C 
Chal'toIllorpha l i nunl H C R 
( :Iadophora dall l lat ica C C C ;\1 ;\1 C C C C H C C 
Elltenmwrpha clat hrata C ;\1 :vi C C C C C 
E. l i l lza :VI \1 1\1 M C C C It C C C 
E. pcoii fl'ca C C C 

Elltodadia tt'"t dl'll f l l  C C C 
P:-;pudt,tulodol l i Ul I l  SU bIIldl i l l tl l I l  C C C C C C C C c :  C C C 

Hl l"dHp! l \  t<l 

Ballgia at l 'opurpun'i\ IVI 1\I C C C It R C C 
Bo..;t rychia l'dd icCl l lS  C C ;\1 C C C C C C C 
Ery t lnocladia sui l i l l tt'grd H R It C R 
Eryti lrotricl i ia  carl lt ' i t  It 
I' "' \ l h t i l I S  ... i II l i l  H C C C C C 

1)\ld('tlpIIYta - --- �-
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A jlf)p,Ol/ "'([{ U/II I I I \  C C C ( )  

UUc/I) ( f'JI / ) OJl ((/ i / (U / U III · ( )  C 
C aUIIi " itijljJO-I ' C C C c :  
c:. /a / u \  • C C C c :  

Flap,alis bi/)i l l l / Illata 0 C R 
5;l'!( lie 1I0JJt('r"" C () c :  
Scrio/a dll l / I t'l l /i'" C C c: c :  
1 . ll tjU1l lo UJ llljJ('( //(/1 / /1) . c: C c: 
L. eyalloj)I('/"IlS R R 

L. grist/I:; C 0 C 

IUIOII I/JojliilCj a u rv r u lJon4 0 c :  c: 0 
llanl111/01l (1 l l 1 ohllCo l l l l U 4i  c:  0 
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},:yjJI/ (ll lI l )('(((/ / l ix c: C c :  
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I loln((l I / tlt lls iN' I III ude1 l sis C C c :  C 
/I ,  ci/i({ 1 l .� () 0 0 () 

II. t ricolor 0 0 R 
POII/(l(a lllh IlS jUl fIl C C C c:  

PO Ill(lCl'll tnB vnriabilis C C C c :  

A m b lyciJ � lt i t llS pillos () 0 R 

lioili(/ lI l1S jJ II l£ hdi,o 0 0 
Ii. rUfus - C C C R 

Tlta/(lHOIll<l b i/a5cia t lllt 1  C c :  C () 

Sj)!l) r({ella bnranuia C C C C 

SC()III [Jl'fOIll O l llS Utr'alla C C 
. ..J l!llcUiJ 5{ l ij)t ll � . R R 

n(lIi.�'l'S en jnil( 10 - C C C C 

Ii. " c l ui" R ( )  R 

CU IlI/u:rines jluii '" It 0 
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A genera l i z ed graphic d i stribution of the common foul ing organi 
along the two Texas oi l-we l l  plat forms descr ibed in the text . 
greatest depth was s ixty feet . Except for the alga , organi sms 
were not found ri ght at the surface or right at the mudl ine . 
Re lat ive abundance at depths are s hown very roughly by thickne s s  
o f  the l i ne s . 
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were found at lower leve l s  only . Hydroid s ,  Corophium ( mud
depo s i t ing amphipod ) and Acanthodes i a  ( encrusting bryozoa)  
were pr e sent at a l l  level s .  

In general , the top to bottom d i stribution o f  s e s s i le anima l s  
repre sented a summary of hori zontal benthic di str i bution from 
e stuari ne waters to sea water ( over a d i stance of many mi les ) 
with the sal inophi lous organi sms found at lower leve l s  and 
more e s tuari ne organi sms taken near the surface . 

O f f shore Ree f s  

Along the outer edge o f  the continental she l f , i n  areas o f  
9 0 - 1 0 0  fathom depths , are sma l l  patches o f  r e e f  located on 
topographic r i s e s  ( 1 0 - 2 5  fathoms of surfac e ) , which have 
recently been c onfirmed as being expre s s ions of intru s i ve 
s tructures ( sa l t  domes ) .  The se reefs al ong the Texas and 
Loui siana coas t s , the largest being the Flower Garden s , 
were found to contain tropical , s tenohal ine communi t i e s  rep
resenting northern frangments of Carribean ( West Indian ) 
ree f s . The pre sence o f  thes e  ree f s  i s  correlated wi th the 
1 80 C i sotherm of minimum temperature , whi ch is the lower 
limit for the formation of signi f ic ant ree f depos i t s . Parker 
and Curray ( 1 9 5 6 )  di scuss the re sults of dredge s amp l ing on 
s everal of the se bank s , and inc lude a compar i son and reeva lua
tion of their f i nding s with those of Stets on ( 1 9 5 3 ) , who a l s o  
sampled s ome o f  these areas . Data from both s tudi e s  are pre
sented in Tab l e  Q - 3 0  and inc lude the mo llusc s , a large Ophi
ruid echinoderm ( brittle star , Ophioderma rubicundum )  and 
coral s .  S tetson reported five cora l s  present , but Parker and Curray , 
who reexamined the ma terial , conc luded that only one spec i e s , 
Madra c i s  mirab i l i s  wa s alive at the t ime o f  col lect ion . 
Thi s coral i s  an encru sting spec i e s , not a reef builder . I t  
appears that the coral s were living on the se r i s e s  dur ing a 
time when sea leve l s  were lower , since the depth s of the se 
rises are below the normal depth o f  reef formation . The ma
j ority of the calcareous substrate has been contributed by 
the abundant l iving l i thothamnoid algae and bryoz oan s , such 
as Smittina , Schi zopre l l a  and Mami l lopora . 

A total o f  1 3 7  spe c i e s  of mo l lu s c s , living and dead , were 
col lected in the two s tud i e s  from the bank s . Practically 
a l l  the l i vi ng and dead species o f  the se and the other or
gani sms collected are of tropical a f f in i ty with only 5 2  of 
the s pec i e s  of mol luscs being previously reported north o f  
the central F lorida coa st . The ma j ority are a l so character
i s t i c  of shal low water s ,  with many living in bays and intert idal 
waters in the We s t  Indi e s . The se shal low water forms were 
morpho logically d i stinct ( subspec i fic leve l )  from thei r  
tropical counterpart s .  
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Species 
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M()lJ.�'<;J," 
A bra llOica 1),111 J SSt 
Ac ;;>(U'.l pld" la,'I: l Idl�)ling 1 7 7 9  
Ar!eoll, new spC'ri,.s Ar.qlli/)Cc{cn ?1t'�::c·)s:(s \\'cOLI 1 S:S )) 
:l na.('his Ir,ll:s/iI,/!./ Ravenel IS()l ]) 
Anachis, L e W  S:H:l ! L :; j) 
A nomia sim/,fc1 Or'i:i .:nv I 2. �:,:> Il 
A l1lrgolia s!ri.:.:iiti1/(J. j)d.ll l C)OJ D 
A rc(J umbDI: 'll,� La'nan k l � l l)  D 
A rea zp-!Jra Swain·,)!! 1833 A 
A rco})sis cJalnsi E. A. Smith I S�)'. A 
A rcui)sis a. C(llltadillll1. Dan 1 �)g6 D 
A rene gel/PUrl Tnumn·' and l{.)lmc:'; 19s6 )) 
A5:r1.l.f'J car/'Jtll Grllc1in 1 iSQ 
RMbu!ia (,J)ocdl'1ril' Lam,trck r � I 9  ])  
Parb.lti� CJ tlrl£d.1 Gmrlir 1 i<)CJ D 
Barbalia dJmi,tgcnsis Lam,m.:J... ! 319 D 
Barb<ltia lenem C. B. J\Jams I ?'..;.S D 
BotulaJusca Gmdin 1 79 2  
Rulh eburnea Dall rSSI? D 
Cailiaslo17J:Jjuju'tinum ra<':'501:i Dall 18-89 j) 
Calyptraea celtlraliJ Conrad 1 8  P 
Cerithiopsis e )"ife C. H. Adams l&SO 
Cerifhiopsis jZa,:.'Um C. n .  Adams ISS0 
Cerifhiopsis greeni C. B. Ariarns IS39 
Ceri!hinpsis laJum C. B .  Adams 1850 
CeritJJil)psis s:ibul rtuin :\lontagu ISOS A 
CerithilJm lilcra!um Horn 1 7 30 
Cerodrillia lhefJ J)�ll 1883 
Chi1r.�a cm:gregala Conrad 1833 A 
Ch'J11J..J. m<lcerophylla Gmdin 1 192 D 
Chiom; grljl Holmes I8�8 D 
Chlamys benedicti Verrill and Bush 1897 D 
Omul steJrH.si Conrad I SOQ D 
Corb:lla aeiui�,tllris Phili )pi 1836 

��:t:�: li��f��;)(}.IB��dams x852 
D 

Corb:tla s:iliftiana C. B. Adams 1852 D 
C,a.fSi;�ella marli;tice,tSis Orbiuny 18.,p D 
Crenella dit'llricata Or: il,ny 18.,p 
Crepid'tia plana �3.y ISH 
Cuspidari,l nrnaiissirna OrLignv 1 3 . .\-2 D 
Cuspidariu perrostrafa J).,ll I:)�I 
Cyclocardia armilla D;lll 10:l.' 
Cy(los/rema (JrM1)ilis Dall 1889 
Cythara bartleUi Dall [�8<) D 
Denlaiiu1IJ laque'1lum Verrill 1335 
Dentalium, spc:ies 
Diod"ra ca}'e�nsis Lamarck 1822 D 
Dislorsia clathrafa Lamarch I 8r 6 D 

lJriftia acestra DaU r 889? D 
DrWia d�:ecta Dan ISSr? D 
nrupa didym'l. Schwen�el 19 13 D 
F.m1rginlu,J phrixodes Dall, 1927 D 
Emargi"141a sicula Gray 1 8 2 5  D 
Erato ma.llgeriae Gray 1832 D 
Glyph'lsloma graluia Dan rS8r 
GOMlJia C3rina. C. B .  AdarT's t8�S A 
Hat,.innea l!<ccinea Conr.lu 18.j.6? 
II ial.;!ta arctica Linn"; 1 767 D 
Lemi,uina decussata Gmd il 1 'il}l D 
Lima peiIucida C. B. Adam:i rR.i1'l A 
Lim'). tC7Iera Sowerby 1 S.}6 D 
Liotia b(lirdi DaIl I88Q D 
Liotia, new species 
LithopJu;gc aristJta Dillw} n 1 8 1 7  

Lithophaga bis:tlcata Orbi��'lY 18..;.:: 
Litiopa melanollom" Rang I�29 
Lucapilta $oU'�rbii Sowerc·y 1835 

M (J(;Ont'l extenuaia DaB 1 (JC<) D 
M a1lce1ia plila Bush 18S5? D 
M angeli.')., species D 
MalJsild,l scitula Dall I8,�() D 
Melatf.eUa arcuala C. B. :\(l.a.ms IS50 D 
MelantL'a biUmala Alder 1 8,�8 
J[ elanelia patula Dall & Simpson 1900 

D 

D 

D 

D 

j) 
\l 
lJ 

D 
D 

D 
J) 
D 

A 

D 
D 
D 

D 

D 
A 

D 

D 
D 

D 
[) 
D 
D 

D 

L> 
,� 
I )  
� ) 
II 
. , 
] ,  
• >\ 

D 

11 
D 
D 

j, 

D 

D 

A 
j) 
A 
A 
A' J) A' 
D 

A 

A 
A 
A 

A 
D 

D 

D 

D 

A 

A 
D 

D 
A 
A" 

,\ 

[ ,  
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Korlil Carol:",., t t ,  \\ . r  
�f:l" � .  t o  � .E. H r i  h 

3 .. 6 fms. 
\·. ,t((f. 

;:;:tt-r. 
\\ilter. 

:\ c:w Y'),L t·· \\".:'�t lw\;C' - -·�h,1l 1t ,\ .- \\ :ltn. 
� !':. j;lorid:l [0 \\'.  1 2 )  1,1 7') im';. 
Sortll C ll-" Ll,t to \\". 1 .  ,",.l..tlu\·, water. 
:!'orth (':\.r . ) I : , :a to W. I .-·-:< U:i..l'-' \\".t tCf. 
�ort:l (';.lr�)!i'1.� t,) Brac:i!- --:-:::.,l:;)'s \\ :ltcr. 
.!\urth Cnr�jl i :  .. l to ['!<lri.la 2.'1 blS. 
Korth Car.)li!la t·) l\r,tzil -- 1 2- 2 2  i:llS. 
SE. Florida ! n  \Y. I . --.'h dIp'S v;,lt<-r. 

A" S. Fhrid."l. to W .  I .  _ _ �ll.\!l, ,\', wah'r. 
};'orth C .... f(Jli ,�a to Bi"J.,eil--'"'n,l.lhw \\'.J.lt.:r. 

A* >:. c. to \\'�S� Indies -Rn:k.; at low ti(l'.-'. 
Fiori(h to \\'v:;t I wlic"-S!, dlow water. 

A" S. C.  to We"t In iies-S:ld!ow nn rocks. 
?\'. Carolina to W. 1.--103-3>7 f:ns. 
Lower Keys tu W. I.-I t<) ICJ fms. 
?\'orth Carolina tv \V. l. ---Sil,di()w Wolter. 
Jamaira- -Littural Zone (1-5 f:-m.). 
Jam<l ica-Littoral Zone ( I - 5  fIn..;.) .  
Mass. to West In,lics-3 t o  1 0  fms. 
Ja.maka-S!laliow water. 
We:;,t In<iies--2 to 15 fm3.. 

A S. Floriul to W. I.--Sh:>.l !  .. w wattr. 
S. Flori,lJ.-Sancl L,lrs in in:-iJe ml.ttTS. 
North CamiinH. to W.I.-I to 7 f;n�. 
Florida to W. I.-ShJ.ll<lw. pr\Jte.:t(�,L 
},'"orth Carolin3- to YUl·J.tan-·i 2 to (" fm-;. 
West Indie5- 25 to 72 fms. 
Florid,� to Yuca.liin--4 to 6 fms. 
Porto Rico--Shallo'.\· water. 
Florida. Keys-Shailwi \\ ater. 
�orth Carul:uJ. tr) W. 1.-2 to 18 fmc:;. 
�orth Clrolin<L to W. 1.-6 to 1 00  ims. 
Mass. to West In,lie� -Shrdlow water. 

A 1\orth Carol ina to W. 1.-20 to 50 fms. 
Canlda. to Texas-I to 3 fm:i. 
North Carolina to W. 1.--2 to 1 00  fms. 
�fass. to \Vest ladieS-58 to 5X> frns. 

·�W. Florida to TC.'GlS-2-1 to 1 6 )  fms. 

i��a\\��s;oI\���cr.=��
o
�� .��ol f�!.rns. 

�orth Carolin3. to \V. 1.-10 to 193 fms. 

�faryland to Brazil-� to 3 fms. 
�. C. to Colombia, S. A.--22 to 1 24 fmc:. 
Florida. Straits, \V. I.-Over 400 fms. 
Gulf of �Iexic{)--339 fms. 
SE. Florirh-5 to JS fms. 
North Carolina to W. 1.-20 to 1 10 fms. 
Mediterranean, \r�t In(lif:'s--8 to 250 fms. 
Fk.rid..."\ to West Inllies-.! fm�. 
Florida to W. 1.--"227  t,) 2.�; fms. 
Flvrida to \V. I .-Sh:lilow \\a.ter. 
Florida-Shores to 2 fms. 
Grp.enland to \\'. I.-I to 100 fms. 
S. Florid). to \r. I.-Lo�\· tide to 3 fmq. 
N. C. to \\"C3t Indies-Slullow water . 
S. Florida to W. I.-Shallow at low t.ide. 
�. c., Fla. Keys, Yucat2.r.-I5 to 1 2 7  fms . 
Taken only oIT Tex:\s 
S. Florida to WC5t IndiC3, La. Jolla to Peru 

in coral in shallow \\iJ.tcr. 
A" K. C. to "'est Indie:?-Sh:lllow wat:.-r. 

Pelagic in warm sea�. 
Florida Keys to Br:lzil--'Vnder rocb a t  10 .... 

tide. 
Gulf of Mexico in 32 fm�,. 
Nort.h Carolina to W. 1.-16 fro!.. 
Taken only oIT Texas 
�ortb Carolina to W. 1.-49 to 29� fms. 
North Carolina to \\'. I.-Shallnw W:lter. 
North Carolina to W. 1.-':-;0 depth �iven. 
Georgia to Porto Rico-Shallo .. .". water. 



Table Q- 3 0  ( cant o ) 

}.! icru. ardilrU': fm:lI, cr"J,m. Rf'hder f.: Ah-
hott I()$I 

M i!fO r,,1iuf,)!.11 (;mt'lin I iQ::'J 
Mi{rdi(1 1Iln�I[(1, 111'\,- :-'lh�l'" j!" M ilrc,r, jU\'(-! il2' 
Jlusculus (Vlil!!it1/�/"lg!lS (;rndin l i00 
}.1tuc.d'ls opijex �ay I � 7 :!  
l\·ass.1T;fltl F.1YP((l Bush IS8,; 
AaH,�,iu.t ambir,l'us Pu!t ney I FJ-1 
.. 1\;·(].tica (tIlfr(;n(1 Linne 1 7S.s 
l\'uCltla crolli/ala A. A.d'lJilc. TbS(j 
Nuwlilna .f(/mairc�sis Orh;."!lY rS.:p 
Odostomic scmi,!ur!o C. H .  :\r!ams rR30 
Pap}:ridea s(I/(nijrnmis HruguiC're nf.:.i 
Pccitm papyra'-(lIs (�;�b!J 1873 
Pcrt'slickia '<lreia Ihll I SSq 
l'eristir/;ia, sprciC', 
Pitar i:.lminata ?\.l cllke 18,30 
Plicatula gibbum Lamarck 1801 
Podode:,mus n:Jis llrodcrip 1 834 
Polinias, !'pecies 
l'rUtlllln, specics 

Pluir), colymbus Roiling I7Q8 
PyCtlodo7lfa hyntis Linne 1 758 

Yyramide./la cren/ lata. Holmes 1859 
Pyramidelle, species 
Pwunculus cadallfs Bush 1885 
Rhisorus acutus Orbigny 184! 
Rimula aequis(ulpta Dall 1<)27 
/?in"icbla semistriMa Orbigny 18..1.1 
Rissoi1ta brow1lia.1ta Orhigny 1842 

Rissoina cancellaJa Philippi r8_1-7 
Rissoit.a chesneli .Michaud r832 

Rissoina clcgantissima Orbigny 1842 
Rissaina nmltieosta!a C. n .  Adams 18so 
/?l)cellari{J hians Gme!in 1790 

���it::�d��;�r}toC: e�llr8��r 

S'pondylus americanus Herman I71h 
1 einvstoma, new species 
Teinos/ama, new species 
Tritlosloma, new species 
Tellina promcra DaB 1900 
Tellina r!J.diata Linne 1 758 
Tel/itw t'aste% r Dekay 1 84.3 
Tenogodus squamatlts B1ainviile I8zi 
Tltyasire trisimlata Orbigny 18.p 
Trachycardiutn magnutn Linne 1 7 5 8  
Triphora illttrmedia C .  B .  Adams 18-"0 
Triphora melanura C. B .  Artams 1850 
Tripkora p/Jehel/a C. B. Adams 18so 
Triphor!J. turristhomae Orbigny I8.p 
Triphora, species 
Trivia sl'iJusa Gray t832 
Turbonflia i11-Cisa Bu!'h r8�9 
Turri/ella exoleta Linne 17 s8 
Varicorbda opuculf1./a Phi lippi 18 ... ,'; 
Vtrmiculorill spira/a Philippi 1836 
Vurinella mullistriata Verrill IS�-1 
Willil'lmia krt'''si h10rch 1877 
Yo/dia salelloides Dall  1881 
Ztidora. bigto1r.d Farfante t94i 

EClfI:-<ODERM 
Qphioderma rubicundtun Ltitken 1856 

COI.ALS 
J.! adracis mirabilis Duchassair.g and 

M ichelotti, t861 
PoriJes astroeoides Lamarck t816 

MonJ!Htrea amwlaris Ellis and Soiander. 
1786 

M anicina g)" osa E!lis and Solander 1786 
Diploria strigosc; Dana I S.�6 

D-Indicales dead occurr(:nces. 
A-Indicates taken alive . 

Baku 
[Jan/; 

( 11 
f,ils.) 

j) 
!l 
j )  
j)  

D 
D 
D 

D 

D 
D 

D 
D 
D 

• -Taken by Stetson, Feb. to March, 10.7. 
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j )  
J' 
1> 

j)  
]) 
n 
]) 

Tl 
]) 
]) 
D 
IJ 
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D 

D 
D 
D 

D 
J) 

D 
D 

D 

D 

D 

D 

D 
D 

]) 
A 
A 
J) 

D 

,; 
,\ 
D 
A' 

D 

D 
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j) 

D 

A 
D 

A 
A 
D 
A 
A 

A 

A 

D 

A 

DO 

DO 

no 
DO 
DO 

Fast 
Flnidt 
Gardr;l 

(30 i""') 

A '  

A '  

AO 

({thu Occurrences 
([lcpi/;) 

Gulf Pi �It:'\il 0 - 20 to 60 im:o.. 

X. C. t,) "'t'Sl Indif':,·-- LCl\\' tide, under ro:k '. 
M. hll:,!k i�  a bay f()rm. 
Taken or.!y of! Tc.\a�. 
Ftt,rida to lr. 1.- - ]  to , (mo;. 
i\orlh Cr�rolilla to Br.uil--ShalJow wakr. 
N.C. to FloridJ. J..: ('YS�I4 to 63 fm.:. 
t\.c. to Wc!'t IUllic.., -Lo\\' tide l inr ti' 6 fn).:. 
J\.c. to West Indies- Low t ick' ! i ! lc .  
�.c. to "'e�t Inrtie<:-30 t()  15'J fm�. 
1\ .C. to \\'£:,;t lndies-s ... to (, .• 0 hlS. 
�oya Scotia to Fla.-Sho:-c- to I l  (m:;. 
S. Florida to Hruzil--Low tide to .' fm". 
Gulf of �I c'\ico to W. 1.-30 to 6':\ fm:;. 
N. C. to F!orida-·2 to 22 fms. 
Taken only 0(( Tcxi1!>. 
N. C. to Bra7,;jl-I to 6 fms. 
N. C. to West Indies-Interlid::d--:?o fm" 
Florida to W.I.-Intertidal to 3 frm. 
Taken only off Texas. 
Taken onlv off Tnas. 
N. C. to W. I -Intertidal to 4 fm�. 
Florid3. to W. 1.-2:) to 50 fmo;. 
S. Carolina to W. I.-I to 6 fms. 
Taken only off Texac::. 
North Carolina to Florida-ts to �3 fms. 
North Carolina to W. f.-IS to 1 24 fms. 
S. Florida to \V. L-I to 2S fms. 
Korth Carolina to \\'. 1.-31 to 107 fm�. 
Nor(h Car�):ina to W. l.-Gras�y bottom in 

littoral Z'lce. 
Florida. to W. I.-Eel grass, 1-2 fm::i. 
North Carolina to W. I.---ShaBo\\" inter 

tidal. 
Cuba to \Vcst Tnrties-Shallow wr.tcr. 
Florida to West Indies-Intertidal. 
N. C. to \Y. I.-Coral in shallow water. 
N. C. to Cuba-f>, to 32+ fmc::. 
Mass. to West IndieC:;-I to 6 fms. 
Florida to W. 1.-5 to 24 fms. 
Taken only off Te;{;ts 
Genus found S. Fla. to W. I.-ShaI!O'...-

water under rock'S. 
Fla. to Trinidad-Shallow, interti(bL 
S. Carolina to W. I.-Shallo\\' s.'lnriy. 
Rhode Island to W. I.-I to 10 fms. 
Florida to W. 1.-20 to 16:) fms. 
Nova S('otia to \Y. 1.-- 1 ,)  to <')0 fms. 
Lower Keys to W. I.-Shallow \vater. 
Jamaica-Shallow wa ter. N. C. to West Indies-Shallow wat'.'I .  
Florida to \V. I.-I to -\0 fms. 
N. C. to West Indies-Shallow water. 
Taken only off Texas. 
S. Florida to \V. I.-I to 1-1 fms. 
SW. Flnrida-No depth given. 
S. Florida to W. 1.-5 to i fms. 
N. C. to \Ve�t Inciie!'-5 to 250 fms 
S. Florida to W. 1 .-- 1 to I 4  fms. 
N .  C. to West Indies-3 to r. p  fms. 
Fla. Keys to W. I.-Io to .30 fms. 
Gulf of Me:dco-20 to r [8 fms. 
S.  Cuba-I75 to ns fms. (dead) only taken 

once. 

Cape Florida, Bahamas and W. 1.-9-12  
lms. 

A- Florida Keys to West Indies-o--too fms. 

Bermuda, S. Florida. W. I. to Brazil-
0-:20 fms. 

Florida to West Tndies, C. America-Outer 
edges oi reefs. 

Florida anrt Caribbean-o-ro {ms. 
Bermuda, F!orida, West Indics-;"fassin:: 

reef builder. 



There i s  an equally striking paral lel for the f i sh fauna of 
these bank s . Sonnier et al . ( 1 9 7 6 )  who s urveyed the ichthy
o f auna vi sually , confirmed earlier observat ions ( Casey 1 9 6 9 , 
Mo se ley 1 9 6 6 , Wa l l s  1 9 7 3 ,  Hi ldebrand et al . 1 9 6 4 ,  and Pul ley , 
1 9 6 3 )  that tropical elements preva i l ed . The results of thi s  
study are shown i n  Table Q- 3 1 . They noted a c lear reduct ion 
in species diver s i ty from o f f shore to inshore , with the mos t  
c harac ter i s t i c  tropical components being rep laced b y  more 
temperate spec i e s . Very few nektonic f i shes were associated 
with the ree f s , and those that were did not use them for 
feeding . They noted a striking s imi larity between thi s  
l i s t  for the F lower Gardens and that pub l i shed b y  Smith and 
Taylor ( 1 9 7 3 )  from a tropical Bahamian reef . They noted 
paral lels  in other groups also , among these , the presence 
of substant ial number s of Florida rock lobster ( Panul irus 
argus ) ,  arrow crab ( Stenorhynchus seti corn i s ) ,  and cleaner 
shrimp ( Stenopus h i spidus ) . 

Kapraun ( 1 9 7 4 )  reported on benthi c  algae f rom the Flower 
Garden area , l i st ing 10 spec ies ( see Table Q - 3 2 ) , s ix of 
which were previous ly unreported from the s tate . The study 
seemed to indicate that the benthi c  off shore flora cont inues 
along the northern arc of the Gul f ,  where water temperature 
and l ight penetrat ion permit .  S ee a l so Tab le Q - 3 3  for spatial 
d i str ibution of benthic mar ine algae along the Lou i s i ana coast . 

Q - 6 4  



-Table 0- 3 1  

\ 1 ' 1 1 . 1 1 .., 1 ' 1' 1 \ 1 \ 1 : 1 1 ' \ "' ,( ) ( [ \ 1 1 I I \\1 1 1 1 P, r J i �. 
(> ( 01 1 1 1 1 1 1 ) 1 1 ;  () ·()( ( . ! , i I J l I : I i :  R 1 ,l l t · ;  ' :-;pl'l i u l (  1 1 '0  

;! \ ,l i I .dd{  . 

Cfl)C/IfI J /{i f l l l \  It' l i f O '>  

(;U/{'(), CJ (iu  ( Il i 'il J i �  
(;illg/}llIo.�tO}!l1 /  ( i' l fl / lf fll 

A clul'dl i.\ 1/(O il/il l i  

CY"l llotllvraX 11I())illga 

SY1l0dlO S)' I 1Uri l l 'i 

llv/U( c u t / IIS as(( '}niUlli5 

Il .  ruf1l5 

,l 1y, ijl1 i5Iis jacou I"· 

A Illo)/OfllllS lII(l( u/a/ lts 

J�jJl·lIl.'IJ/I Clus (J  1I{'!/ lftl l ( l I 1�  

F. g u l l a / u s ·  

I�. iJlCl lJlis 

Myrlao/,elro ' " U l a  

J I .  i'l'II(' 1W,}(j 

l'nra n t h ias / i l l citer 

It 
I:  
() 
o 

c 

c 

It 

c 

I'riacall tllliS (l l ol (l f u 5 - R 

A I)ogOl1 jJ� e /l duJ/w ( ll l(lllB R 
Alcclis C l inilus  

C U 1 (11l(lX u a d /lO!vlJltlci 

C. {llgll U l is 

1�lltjalius JOCH 

llaefll u !oll llIelrlll U f/111 l  

COlaf/llB 1I0t!O,}US 

Fq ul' / u s  IJ llll(/lI t U ) ·  

.\[Il 11oidictll),s lIlll / til/jCIlS 

J ''}clfdflj}flll.' U 5  1l1fl ( lIlrttliS 

A)'phosus iflriHn 

Cen/lOpyge a rgi 

Chaelodv1Z Cll j)ls1 wt us 

C. seLien tarius 

c. � t Tiatlis 

P / vgllalh u�les llClllcllllB 

Chrofllis ( )'(l 1/('IH 
C, c1lc/nys l11 1lS 

C.  tIIlllt ilillt'a t u!1 ·  

,\lic r05jJa l /to<iull cIlIJ) 1 l 1 l t ) '(  

J)vn/(l(ell t rl l�  l;a rlit lH 

ClcjJti( us jl(l / J a t  

llalicll Ot:1o (a udalis 

II.  gamoli 

Lac1ol OloiJJltB 1lI0XilllllS 

Sea no c]'oiCt'l!sis 

S. tal'n ioIJ / CI u s  

SIW Tisonla (/ 1 l / o/l ellt/ f IlHl 

". ( Ii/ ide 

. 1 .  1 11 1 / 1 ! ! ,:) I / 1  

J 1 1 1 1: \ 1 1 1 1 1 / \  ({{f( / i l / u t l l l  

\ { I ) ' IN/cUrt J// ,  1 1 1 1 1 /  

('(Ui l/U"l I ld I I i ldf  I { I I , I ; , \ "  

.\ Jeli( /It/,.\ \  / l iL!  I 

J fie ffl/'/II y.\ If I , i / , / I  II (J I l l !) 

J .. [ l i f/ l I d n  

lJJ.ud(j1J fIU/()( I l l / f l i l l "  
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Table Q- 3 3  

Spatial d i � t l ' ibu tlOJ t of i ll' l l th i c  l I tarinp alg;lt· ,dol Jg tht' Louisialla (oast 

Cldl !!!JpfJ.\ 1 . 1  

Biidillgia HlHrgi nata 

B 1 I 1 I J I I I l Ja 

( ;hdl'tolllO'"pha l i , l u rn 

( ;Lu lopl l { ) l d d a l l l l i l t icil 

C n'pPIJ"; 

E I J tp[ 'o l l lorplia cLl l i Iri i ta 

E. H(''\ [ l (hH 

E. l i l t l:it 

E� pnJl i fl'!'d 

F. I"d I I I  l i lo";it 

E l l t ud , H i i d  fp� t a r t l l ! l  

� � � - - -- - - - - _  .. -

X 
X 
, 
x 

, 
X 
X 
'-

'-
P'lt , t l ( iPJ u/Ot In/ l i l l l l i  ..;u hmari l l w l l  , 
H h i zorl ( ) I J i W l t  k ( )c i l i d l l U l l l  

L lot h r i ,  Ibccil 

I ' h�d / ;" t L l l d 

H I " "!"I,ln (,1  

.:\CI'Oci ldt ' t i t l f l l  IlPX ! l I hUl l l  
I �d l lgid  d l n J [ )I!I ' I H ln'd 

Bo ... tn c i l i a  I\ld icdt l..;  

{ :i t I ( )�.do""""'d I l 'prit'u l ' i i  

Ln t h mcLLdi i L  .... u h i J l f I 'gril x 
En ' ' 'rot!  i el l i . !  Cdl  IH'iI  
( ; ra c i Ll ri n  ful i t ft 'nl  

Puh " i pliol l i d  1 1 , , \  dl lP I l " is  

I '  ..... l Ih l i l i .., .., i l l l i i  , 

1 ) I I . I ( ·"pl l \ ) . 1  

Bd( 1 1t 'jot ia  d l l t i i / a rt l l l i  

F (  I I ICdl  p l h  1 ! l l l ' r l l H' d i lh x 
L .., i l ind()"; lh x 
( ; i fTonlid f l l i t < h l · ! l i i lP 

( ;  f " c t l l .., jdt'  

' t rt ' j , j ( j f lt ' l l l i !  (dq .. {(hPOI' I l I l I. 

1 , _ ,  " . I  
J, t ' \  

H , ·, I I I , I I  j J ' J I t I t ..  1..;1 H I l I I \,, ( ·,t  1 '. J" Ol ( \ L u  .. I I  I .. L o t ! . )  
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S a lt in the Mar ine Envi ronment 

A decade ago , Copel and ( 1 9 6 7 ) fore saw the prob lems a s soc iated 
with increased uti l i z at ion of the re sourc e s  of the Gul f  Coast , 
e spec ially in relat ion to water ava i labil ity . He noted 
that increas ing needs for fresh water along with d iminishing 
suppl ies of u sable ground water would lead inevitably to 
desal ini zat ion of sea-water ,  wh ich would be accompanied by 
d i spo sal of exc e s s  br ine into the Gu l f  of Mexico . 

Among the potent ial ef fec t s  of br i ne d i sposal on ma rine 
organ i sms , one can inc lude o smotic e f fec t s , ion imbalance ,  
lower d i s so lved oxygen concentrat ion s ,  adve rse pH , strange 
buf fer systems and large potential tempe rature fluctuation s . 
Secondary e f fects such as induced dens i ty strat i f icat ion are 
a l s o  pos s ible . 

Kal le ( 1 9 7 1 )  present data ( Figure Q- 2 7 ) showing the rel at ion
ships between var ious properties of sea water (den s i ty , l i ght 
re frac tion , el ectr ical conduc tivity and speed of sound ) and 
temperature and sal inity . He s tate s that the se change s in 
phy s i cal properti e s  can cause a who le series o f  important 
biological and cl imatological con sequences and s igni f icantly 
inf luence the large scale mixing proc e s s e s  in the oceans . 

Salt content mod i fies the dens i ty , o smotic pre s s ure and vapor 
pre s s ure , and consequently the free z ing and boil ing points 
a s  we l l  as dens ity maximum . Increas ing salinity causes 
den s i ty and o smotic pre s s ure to increase , and vapor pre s s ure 
to decrease . For example , temperature of max imum den s i ty of 
water of ppt sal inity i s  4C , while at 3 5 . 5  ppt salinity , 
it i s  lowe red to - 3 . 8 C .  Free z ing po int dec l ine s l e s s  rapidly 
with a free z ing po int depre s s ion at 3 5 . 5  ppt of 1 . 9 6C .  

Cope land ( 1 9 6 7 ) decr ibe s the di fferential precipitat ion of 
salts when sea water evaporates ( F igure Q- 2 8 ) . Ferric oxide 
and c a lc ium carbonate begin to separate out in the area of 
70  ppt sal i ni ty , bor ates at approx imately 1 2 0  ppt calc i um 
sulfate at 1 5 0  ppt , sodium c hloride , magne s i um sul fate and 
magne s ium chlor ide all precipi tating at 2 9 0  ppt , and sod ium 
bromide and pota s s ium chloride forming the ma j or ity o f  the 
d i s solved sol ids at 3 0 0  ppt . The se ionic c hange s are 
re spons ible for a number of other c hang e s  in chemical propertie 
of water s of increas ing salinitie s . As pH approaches 9 ( a s  
it doe s in going from 4 0 - 7 0  ppt a s  CaCo 3 reaches saturation ) 
the ac id-base imba lance may have a tox ic e f fect on some marine 
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TClmpClraturCl (oe )  

Figure Q- 2 7  

Some important properties o f  sea water a s  a func tion o f  
salinity and temperature . Den s i ty - - - ;  l i ght re frac tion . . .  
( p lace 1 . 3  be fore the numbers given ) : electrical conduc tivity 
( reciprocal ohms time s 1 0 0 0 )  + + + ; and speed of sound 
(m/sec ) From Ka l le ( 1 9 7 1 ) .  
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Precip itation of salts during evaporat ion o f  seawater (mod i f ied 
from Thomp son and Robin son 1 9 3 2 ) . The end of the bar indicates 
the sal inity at wh ich prec ip itation f i r st occurred . 
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organi sms that are adapted to lower and more s table pH , 
and thi s may be e spec i a l l y  true o f  the larval s tage s . 
Photo synthe s i s  by a l gae unable to uti l i z e  bicarbonate s i s  
pos s ible s ince the C02 content o f  s e a  water a t  p H  9 i s  about 
zero . 

Kinne ( 1 9 6 7 ) state s that s igni ficant change s in the ion ic 
compo s i t ion o f  surround ing water may mod i fy le thal l imits 
and sal inity preferences a s  we l l  a s  the capa c i t ies for growth 
reproduc tion and competition ; hence may a f fect the abundance 
and di stribut ion of e s tuarine speci e s . 

Carpe lan ( 1 9 5 7 ) , places an upper l imit on the hypers a l i ne 
realm at 7 0  ppt which correspond s to the f i r s t  ma j or upset in 
the ionic ration of sea water ( prec ipitat ion of CaCo 3 ) .  I t  
i s  at t h i s  point ( 7 0  ppt s a l inity ) that the euryha l ine 
marine fauna fa l l s  out , and i t s  occurrence may be l inked to 
the ionic imbalance ( predominat ion by sodium ,  pota s s ium 
and magne s ium hal ide s )  . 

Bl inks ( 1 9 5 1 ) found tha t Laminaria ( mar ine plant ) may be 
k i l led in pure NaCl or CaC1 2 solut ion s ,  al though it can l ive 
in a mixture of the two . 

Kinne ( 1 9 7 1 )  pre sent s data ( Fi gure Q- 2 9 )  showing the re lat ive 
numbers of aquatic invertebrates spec i e s  a long the sal inity 
gradient from fresh water to 2 0 0  ppt . It can be seen that the 
e stuarine assembl age i s  quite depauperate compared to the 
marine fauna and i s  predominantly marine in origin , being 
derived from the mo st euryha l ine components o f  this group 
which are , by and large , i ntolerant of sal inity change . 

Dahl ( 1 9 5 6 ) , in attempt ing to e s tabl i s h  ecological sal inity 
boundar ies , state s that curve s of number o f  spec ies versus 
salin ity show a great decrea se from 3 4 - 3 0  ppt leaving only 
tho se euryha l ine mar ine forms below about 28 ppt . 

Pearse and Gunter ( 1 9 6 7 )  state that mo st marine invertebrate s 
have body fluids i sotonic with their medium and have no o smot ic 
problems in sea water . However , they have a very l imited 
range of salinities in which they c an survive . Thu s , it  can 
be stated that mo st marine forms are stenoha l ine , with only 
a sma l l  percentage of the ir members adapted to cond itions of 
lowered salinity . In a s imilar re spec t ,  mo st marine forms 
have been shown to be intolerant of increases in sal inity . 
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Day ( 1 9 5 1 )  and Hedgepeth ( 1 9 5 1 ) found that the mar ine fauna 
as a whole doe s not penetrate beyond salinities of 4 0  ppt 
and Dahl ( 1 9 5 6 )  a l so fee l s  that this pro bably repre sents an
ecological tran s ition zone , separating the marine s tenohal ine 
from the marine euryhal ine forms . 

It i s  generally agreed that there i s  no characteri s t ic endemic 
fauna o f  the hyper sal ine realm ( 4 0- 8 0  ppt salinity)  with mo s t  
e l ements be ing drawn from the e stuar ine realm ( Day 1 9 5 1 , 
Hedgepeth 1 9 5 7 , Carpe lan 1 9 5 7 , Emery e t  al . 1 9 5 7 ) . S immons 
( 1 9 5 7 )  pre s ents a l i st o f  fi shes taken in the Lagune Madre at 

hypersal ine ( 6 0- 7 0  ppt )  cond ition s ,  and a l l  ten are also found 
in s a l inities from 2 5  ppt up and are found on Gunter ' s  ( 1 9 5 6 ) 
l i st o f  euryhal ine f i s he s  o f  the U .  S .  This ind icate s that 
f i s h  required to o smoregulate in water s of varying salinity 
are better able to cope with hypersal ine water s than thos e  
species l iving in more stable environments o f  the open ocean . 
Copel and ( 1 9 6 7 ) presents a graph ( Figure Q - 3 0 )  s howing the 
inverse relationship be tween sal inity and the numbers o f  
species of fi shes i n  a hypersaline lagoon o n  the Gul f  Coas t  
o f  Mexi co . In February 1 9 6 4 , a fter sal inities had varied from 
1 1 0  and 1 2 0  ppt for almo s t  one year , only two f i she s ,  Cyprinodon 
variegatus and Menidia beryll ina remained , and they di sappeared 
at 1 4 0  ppt . Af ter 1 5 0  ppt only Artemia sal ina was present in 
December 1 9 6 4 , when sal inity reached 2 9 5  ppt , even in the brine 
shr imp had di sappeared . 

Thu s , the number o f  mar ine species dec l ines as the sal inity 
var ies from the optimum ( full s ea water ) ,  with the ma j ority 
o f  marine forms having relat ive ly narrow range s of salt 
to l erances . In cons e quence , the food chains are re
lat ive ly s imple and the competition ma inly intras pec i fic 
in the se hypo- and hyper sal ine hab itat s .  

An area o f  ma j or concern with rel ation to salinity impacts i s  
the benthic community . Fir s t , the benthic in fauna and much of 
the eipfauna are relatively s edimentary and , as  such , have 
little abil ity to avo id the brine d i scharge . The re s ponse o f  
the in fauna to an increase i n  interstitial sal initie s would 
be to burrow deeper into the sediments . They are , however , 
l imited as to maximum depth o f  penetration by such vert ical 
gradients as redox , pH , and oxygen content . Second , Kinne 
( 1 9 7 1 )  and others have s tated that the interstitial habitat 
is more stable ( le s ser degree of fluctuat ion of environmental 
variabl e s )  than the over lying water column . As a resul t , 
the infauna i s  less  adapted to s a l inity c hanges than the 
organ i sms in the water column , and should represent one o f  
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the mo st s tenohal ine components o f  the aquatic system . 
Sanders et aI, ( 1 9 6 7 )  studied the relat ion ships between various 
water qual i ty parameters of the overlying waters and inter
stitial water at a number of stations along a salinity gradi ent 
in a Ma s sachusetts estuary ( f luctuating type ) . In contrast 
to the marked f luctuations in the salinity of bottom waters 
( o f  the wa ter column ) the interstitial water wa s stable and 

relative ly cons tant ( Tabl e s  Q- 3 4  and Q-3 5 ,  and Figure Q- 3 1 )  
with the magn itude and rate o f  change o f  sal in ity i n  the 
sediments an order of magni tude lower than for the water . 
The ratio of epi fauna to infauna for the se soft , mud substrates 
was much l e s s  than 1 ,  ind icating a l e s s  rigorou s envi ronment 
for the re latively stenoha l ine in fauna . They found for 
S tation 3 (mid-e stuary ) that t idal sal inity d i f ference s  at 
the sed iment surface were 2 6  ppt , whi l e  at 2 cm be low the 
surface there wa s less than 5 ppt c hange and at 7 cm , l e s s  
than 0 . 1  ppt change . They a l s o  found that the rate of pene 
tration o f  salt depended on the nature o f  the sed iment , with 
loose , coarse , porous sand s showi ng greater rates of penetra
tion by salt water , fol lowed by soft mud s , with least penetra
tion of s t i f f ,  hard packed mud s . They a l so showed that 
integrated salinity de f i c i t  of the bottom water at low tide 
compared to mud is 1 . 6  time s as great as the integrated 
sal inity exc e s s e s  at high tide , ind i cating that high sal inity 
water i s  more than ha l f  again as e f fect ive in de termining the 
s ed iment s a l inity than is low salinity water . Thi s i s  i n  
accord wi th the results o f  Laevas tu and Fleming ( 1 9 5 9 )  who 
found that replacement o f  fresh intert idal water with salt 
water in an e s tuary wa s rapid , but the reverse proce s s  wa s 
much s lower , and the overall rate of c hange being dependent 
on sediment type ( see also Kinne 1 9 6 7  and Hicks 1 9 7 3 ) . 

Ne l son ( 19 5 9 , 1 9 6 2 ) who s tated the intertidal water chemi s try 
in Ches apeake Bay found that sodium replaced calc ium as the 
dominant exchange cat ion as the s a l i n i ty increased , with con
centrations of ma gne s ium and pota s s ium a l so increas ing . The 
pH changed from s l i ghtly acid in fresh water to moderately 
alkal ine a s  a re sult of saturation of the sed iment exchange 
complex with bas ic cations . Thus , the s i tuat ion is directly 
ana lagous to soi l s , except that in the latter , natural drainage 
proce s s e s  cause removal of chlor ide and cons equent d i s ruption 
of the phys ical struc ture of the soil mas s .  S ince chloride 
would always be pres ent in the marine sed iment s ,  this prob lem 
i s  not anti c ipated . S ince sal inity increa s e  are known to 
decrease oxygen holding capacity o f  the water and increase 
temperature fluctuat ion due to decrea se in spe c i f ic heat , 
secondary e f fects are pos s ible . Sal inity s tress could cause 
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higher metabo l i c  rates in infauna , leading to h i gher 
02 requi rements during periods when 02 capac i ty is lower . 
Depletion of oxygen , in addi t ion to caus ing asphyxiat ion o f  
the benthic community could cause ma j or change s in the inter
tidal water - water column element exchange balance . Mortimer 
( 1 9 4 2 )  noted that an exchange ions between lake sediments 

and water began to occur a s  s oon a s  d i s solved oxygen con
centrations fell below 2 ppm . However , thi s accelerated 
exchange can occur independently of induced oxygen relat ion
ship s . Feick et al ( 1 9 7 2 ) who were aware of the problem o f  
s a l t  add i tion s t o  surface water s ,  inve stigated the role of 
NaC l in determining the ratio of mercury in water to mercury 
in sed iment . In laboratory exper iment s ,  they found that the 
equil ibrium for sandy soil s was higher than that for organic 
soi l s  i nd icat ing that the organic soil s held the mercury more 
tightly than the sandy soi l s . Thi s  in turn wa s due to greater 
cat ion exchange capac ity in the former . Add i tion s of NaCl 
( 3 5  g/ l i ter ) increased the ratio several order s of mag

ni tude . They felt that thi s  wa s due to the chloride com
plexing with the mercury of the sed iment s ,  and the replace
ment of mercury on the exchange s i tes of the soil by sod ium . 
The e f fect tended to increase as the mercury burden o f  the 
sediments increased . 

To th i s  mus t  be added the interactive effects of sal inity , 
temperature and other environmental factors ( such as concen
trations of toxins ) .  Temperature-salinity interac tions are 
wel l  documented ( see Kinne 1 9 6 7 )  and both factors are related 
to the relative tox icity o f  certain contaminants ( e . g .  heavy 
metal s  and hyd rocarbons )  to the b iota . Dorge lo ( 1 9 7 6 )  con
clude s  that the effect of temperature on salt tolerance can 
be benefic ial or harmful depend ing on the spec ies . Ritchie 
( 1 9 5 7 )  who s tud i ed temperature -salinity relations i n  Phoma , 
a mari ne fungus , found optimum salt concentrations increa s ing 
with increas ing temperature within the l imits of tolerance of 
the organi sms . However , th i s  relationship was not s een in 
all spec ies tested . Mc Lee s e  ( 1 9 5 6 ) ha s s hown the interact ive 
effect of temperature and sal inity on the survival of the 
American lobste r . Will iams ( 1 9 6 0 )  has shown a temperature 
sal inity interac tion in j uvenile brown shr imp and adult pink 
shr imp but found that temperature had a far greater e f fect on 
survival than sal inity . 

Lewi s ( 1 9 6 6 )  and Lewi s and He lter ( 1 9 6 8 )  found that the 
accl imation hi story and rate of c hange in environmental var iables 
( t emperature and salinity) were mo st important in determining 
tolerance in the Atlantic manhaden , but temperature wa s far 
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more important than salinity , with high tempe ratures ( greater 
than 3 5 C )  causing extens ive mortal ity . They s tate that 
since the temperature in the nursery areas can exceed 3 3 ° C ,  
the rate o f  c hange will be a d.etermining factor . They also 
reported that year lings were more sens itive to higher sal inities 
than younger f i s he s . S immons ( 1 9 5 7 ) noted that the d i s solved 
oxygen decreases with both high temperatures and increas ing 
sal inity , and f i s h  k i l l s  in the Laguna Madre might be a com
bination o f  reduced oxygen content of the water at t ime s o f  
maximum physiological stre s s , combined with t h e  greater me ta
bolic need s o f  organi sms for o smoregulation . 

Lockwood ( 1 9 6 2 )  s tate s than ionic regulation i s  therma l ly 
influenced and multiple environmental factor s ,  eac h  at a 
sublethal level , can interact synerg i s tically to cause death . 

Jone s et al ( 1 9 7 6 ) found that both high and low sal inities 
increa sed the toxic ity of copper to the polychaete , Nere i s  
diversicolor ( an e stuar ine form ) and they sugge sted that 
synerg i stic e f fec t s  of thes e  facto r s  rather than the amount 
of copper per se may be the important lethal factor . 

Vernberg and Vernberg ( 1 9 7 2 )  found that the g i l l  t i s sue s o f  the 
fiddler crab , Uca pugil ator were the main s i te of mercury con
centration , with s ign i f icant concentrations a l so in the green 
gland and hepatopancreas . A concentration o f  mercury , sub
lethal under opt imum cond ition of temperature and sal inity , 
greatly reduced survival under temperature or salinity s tre s s . 

Vernberg and O ' Hara ( 1 9 7 2 ) , O ' Hara ( 1 9 7 3 ) , Jone s ( 1 9 7 3 , 1 9 7 5 ) 
and Thurberg et al ( 1 9 7 3 ) have a l l  ind icated that increased 
toxicity o f  metals was due to lo s s  o f  o smoregulatory functioni 
the latter being due to the pre sence o f  the meta l s . 
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EFFECTS ON F I SHERIES OF US ING BLACK LAKE 
AS A LEACH ING/D I S PLACEMENT WATE R SOURCE 

S ince phys icochemi cal changes induced in Black Lake and in 
as soc iated water bod i e s  by wi thdrawa l o f  water from the lake 
would be r elative ly s l i ght as analy z ed with the MIT WATER 
QUAL ITY NETWORK mode l ,  no s igni f i c ant long-term changes i n  
the capac i ty of th i s  sys tem t o  support f i s heries spe c i e s  are 
fores een . A long- term change is one that per s i s t s  
f o r  more than a year after the end of a period of water 
wi thdrawa l .  Fi sheries species would certai nly be depleted 
over the s hort- term , but their reproductive powe rs would en
able them to recove r rapidly . 

The empha s i s  o f  thi s analy s i s  i s , therefore , upon the magni tude 
of losses whi c h  could be s ustained during and a fter 
water wi thdrawals . The los s e s  o f  shrimp will be con s i dered 
f i rs t .  Two species are equa lly important in the reg i on , wi th 
respect to in shore harve s t s . 

Both spec i e s , the whi te and brown shr imp , use B lack Lake 
and i t s  adj acent waterways as s taging areas prior to the i r  
return to the Gu l f  of Mexi co , where they spawn . The shr imp 
are harve sted in these inshore s taging areas and offshore in 
the Gul f . Mar s h  areas ad j acent to s taging areas serve as 
nursery areas wi thin whi ch much of the growth of the s hrimp 
occur s .  Nursery areas have been proposed to be managed as 
s anctuaries by res earchers in the Loui s i ana wi ldlife and 
F i s her ies Comm i s s ion (White and Boudreaux , 1 9 7 7 ) . 

Near Black Lake on the we s t , northwe s t ,  and southwes t  are 
impoundment and part i a l  impoundment areas whi ch also pres ently 
funct ion as nur series (White and Boudreaux , 1 9 7 7 ;  Lowery , 
1 9 7 7 ) . These impoundments are thought to be respons ible for 
an ups urge in brown shr imp production . Prior to the se impound
ments functioning as significant nur sery area s , mos t  brown shr imp 
harve s ted in the area were thought to have developed e l sewhere . 
Circumstantial evidence indicated Rocke feller Re fuge might have 
been the location . They apparently then migrated into the Cal
cas ieu Ba sin and used i t  as a s taging area ( Gaidry and Whi te , 1 9 7 3 ) . 

In  proportion to i t s  s i z e ,  the Black Lake area i s  reqarded a s  
highly produc tive o f  certain commercial species ; and i s  
not simply an exten s i on of Ca lcasieu Lake ( Lowery , 1 9 7 7 ) . 
S everal mi l l ion dol lars per year of income probably result 
from Black Lak e area s hrimp catches ( Lowery , 1 9 7 7 ) . However , 
thi s c annot be veri f i ed f rom o f f i c i a l  records .  Only the catch 
sold to c ommerc ial dealers is reported on these records , and 
catch location s are not i dent i fi ed spec i fical ly enough to 
s ingle out the Bl ack Lake area . Mos t  of the s hr imp c atch i s  
not reported (White and Boudreaux , 1 9 7 7 ) . Perhaps 9 5  per cent 
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of the s hrimp obtained from the B lack Lake complex i s  for home 
consumpt ion or marketed without going to a dealer ( Andy ' s  
Seafood S hop , 1 9 7 7 ) . An e s t imate of a typ i cal brown s hrimp 
catch in Alkali D i tch of about 2 0 , 0 0 0  lbs/night ( Shaugnessy , 
1 9 7 7 )  duri ng the spring season , combined with a period of good 
catches extend ing over about two m?nths (Whi te and Boudreaux , 
1 9 7 7 ) , gives a s ea sonal harve st of 1 , 200 , 000 lbs . from this 
source . This e s timate a s s ume s an ave rage of 2 0  boats per 
n ight and an average catch of 1 , 0 0 0  lb s per ve s s e l  per night 
fo r 60 nights . There are a l so 1 0  or 1 5  boats whi ch f i s h  B lack 
Lake itself  wi th trawl s ,  usually wi th 1 6 - foot net s and occasi onally 
2 4 - or 3 0 - foot nets ( Andy ' s  Seafood S hop , 1 9 7 7 ) . Their c atch would 
add another few hundred thousand pounds . Some shr imp are also 
captured with stationary nets as they move into the southern , 
breached impoundment located on the we stern s i de o f  Black Lak e .  
An e s t imated 3 0 , 0 0 0  lbs were caught i n  this manner i n  1 9 7 6  
between June 1 and July 1 by one sma l l  s hrimping group . Approxi
mately 3 , 0 0 0  lbs could be caught in 2 hour s  from a 4- foot wide 
channe l and with a water flow of 1 . 5  fps ( Lowery , 19 7 7 ) . 

The values given above do not consider the fract ion of the 
o f f s hore brown s hr imp harve st whi ch is dependent on the nursery 
and s taging areas in the Black Lake area . Commerc i a l  c atches 
from o f f s hore of Cameron Pari s h ,  reported by the National Marine 
Fisheries S ervice , are on the order of 2 to 5 time s  the reported 
commerc i a l  inshore catch for 19 7 3  and 1 9 7 4 , respect ive ly . Mo st 
of the o f f s hore harves t  i s  probably reported . The off shore 
catch for 1 9 7 3  was approximate ly 1 . 2  mi l l ion pound s . The o f f s hore 
c atch for 1 9 7 4  was approximately 1 . 7  mi l l ion pounds . The 
Calca s i eu Es tuary lake s , including the Black Lake complex , are 
the main s taging location in thi s part of Loui s i ana , and much 
of the o f f s hore harve st is dependent in some way upon i t . 

White s hrimp o f f s hore commerc i a l  h arve s t  data have been higher 
than for brown shrimp . A breakdown for 1 9 7 2 , 1 9 7 3 ,  and 1 9 7 4  
g i ve s  3 , 6 2 5 , 0 0 0  lbs o f f s hore , 7 0 0 , 0 0 0  lbs in shore ; 4 , 2 5 0 , 0 0 0  
lb s .  o f f s hore , 9 0 0 , 0 0 0  lbs in shore ; and 4 , 0 0 0 , 0 0 0 lbs off s hore , 
1 0 0 , 0 0 0  lb s inshore ; respect ive ly . Once again , the in shore 
values are underestimated becau se muc h  of the catch i s  not 
reported . I f  a s igni f i c ant fract ion o f  the whi te shr imp 
harve st i s  dependent on the Blac k Lake area , a s  i s  evidently 
true for brown s hrimp , the overall shr imp harvest d irectly 
attributab le to the B lack Lake sys tem s eems to stand at a lower 
l imit of between 1 and 2 mill ion pounds . 

Based on body propo rtion s ,  s hrimp longer than about 4 5  mm long 
wou ld not be s us ceptible to entrainment through the sma l le s t  
intake screen m e s h  s i z e  ( about 9 . 5  mm o n  a s i de ) . The bar 
screen in front of thi s screen on the lake s ide wou ld have 
a me s h  with opening s 1 2 . 7  rom on a s i de and wou ld not admit 

R- 2 



shrimp longer than about 6 0  rnrn . Shrimp too l arge to pass  
through the 9 . 5  rnrn screen but l arge enough to pass  the 1 2 . 7  
rnrn sc reen could potentially be trapped in the space between 
them . Although the 9 . 5  rnrn sc reen would be a trave l in g , 
mechanically cleaned screen and should not c log , the 1 2 . 7  rnrn 
screen may be susceptible to clogging . I f  thi s occurs , the 
intake ve loc i ty would increase and impingement could become 
more s igni f icant . 

There i s  a d i f ference o f  opinion among shrimp researchers as to 
whethe r shr imp too l arge to be entrained could be impinged at 
the proj ected intake ve l ocity of 0 . 5  fps Char les White ( 1 9 7 7 )  
indi cated that s ubadults ( emigrating j uven i les ) wou ld be able 
to res i s t  this ve loc i ty .  Cities Service Re f ine ry intake s creens 
sometime s become clogged wi th shrimp at about 1 . 5  fps (White , 1 9 7 7 )  
Dr . K i rk S trawn o f  Texas A&M Un iversity ( 1 9 7 7 )  thought that even 
emigrating j uven i l e s  would be unab le to avoid an 0 . 5 c f s  ve loc ity 
and could be imp inged . I t  seems c lear that postl arvae and the 
sma l l e s t  j uven i les wh ich corne into the i n f luence of the intake 
would be entra ined . The emi grating j uven i l e s  u sual l y  le ave on 
the outgoing t ide and at ni ght . The currents get strong enough 
in B l ack Lake Bayou so that boat s invo lved in shrimping have to 
be tied o f f  to keep them from dri fting (Andy ' s  S eafood Shop , 1 9 7 7 )  

and the currents in the other out lets pre sumably also reach s imi l ar 
strength s . It  i s  near these out lets that the shr imp are obs erved 
in the greate st numbers ( Shaugne s sy , 1 9 7 7 ) . They are apparent ly 
concentrated in the se location s  by the prevai l ing current p atte rn s . 

Unde r natural cond i t i ons , postl arval dens ity i s  not a good 
ind icator of later popu lat ion dens ity . It indi c ates only 
potential recruitment * .  Hydrological conditions in the e s tuary 
l ar gely determine the s i z e s  attained by j uven i l e  shr imp popu
lations (White and Boudreaux , 1 9 7 7 ) . Morta lity is very high 
from the larval stage throughout the rest o f  the l i fe cyc le 
(White and Boudreaux , 1 9 7 7 ) . The adult fema les produce 
tremendous numbers of eggs ( 5 0 0 , 0 0 0  to 1 , 0 0 0 , 0 0 0  per female ) 
( Mo f fett , 1 9 7 0 ) . According to White and Boudreaux ( 1 9 7 7 ) , Gunter 
felt that the weekly mortality of shr imp in the bays could be 
under 4 0 percent a week , but that egg and l arval mortal ity was 
higher . A mortal ity leve l of 4 0  percent per we ek was con
s idered low enough to permi t a cont inuing increa se in the total 
we ight of growing shr imp . However ,  Kuhn found natural mort ality 
to be so high in every case i n  f i e ld observations that a con
tinuing dec l ine in total weight would occur if the shrimp were 
not harvested as soon as they were of legal s i z e . 

* Recruitment i s  the increa se in populat ion numbers resulting 
f rom irnrnigr2 t ion . 
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For purpo s e s  of e s t imating brown shr imp entra inment i t  i s  
a s sumed that a l l  po stlarvae i n  the intake water wou ld be 
lost . P o s t larva l numbers are est imated based on two s amp le 
s tation s , one in Calcasieu P a s s  and one in a nearby channel 
to the eas t . An inf lux of post larvae at a den s i ty of 8/ 1 0 0  m3 
for each o f  1 1  week s and a den s ity peak of 5 4 0 / 1 0 0  m 3 for 1 
week , for an average o f  approximately 5 0 / 1 0 0  m3 over 1 3  weeks , 
i s  as sumed . This conve rts to 8 1 , 8 1 2 . 5  po s t larvae entrained per day 
during leaching and 1 1 6 , 9 2 3 . 7  po s t l arvae per day dur ing d i s p lacement 
for 13 weeks o f  each year invo lved or totals  per year o f  approxi 
mately 7 . 4  x l O b and approximately 1 . 0 6 x 1 0 ' ,  respectively . 
These l o s s e s  would not be s ign i f icant in terms o f  harvestable 
shr imp . As d i scus sed be low for wh ite shr imp , the se l o s s e s  
would amount to roughly 1 0 0 0  lbs . o f  harvestable brown shr imp 
lost . 

Juveni l e  brown shrimp les s than 4 5  rom long would a l so be 
expe cted to be lo s t .  It  i s  estimated that thi s  los s wou ld occur 
over about 9 to 10 weeks . This time duration and the est imate 
of j uven i le den s i ty be low are based on compos ite value s  for 
week ly s amples for Calcas ieu Lak e , inc luding the s hip channel 
vicinity near the ICW . Juveni le shr imp are good predictor s ,  
and are u s ed in sett ing the opening dates o f  the in shore shr imp
ing sea sons . The up- to - 4 5-mm brown shr imp j uven i l e s  are e st imated 
to have an averaqe den s i ty of 2 / 1 0 0  m3 . Thi s c onverts to a 
l o s s  of 3 , 2 7 2 . 5  j uven i les per day during leaching or about 2 . 2 x 
1 0 5 f or the 6 6  day s o f  each year involved . During displacement , 
the estimate o f  j uven i l e  brown shr imp entrainment i s  approxi
mate ly 4 , 6 7 7  per day , or approximate ly 3 . 1  x 1 0 5 over a 6 6  day 
per i od . Brown shrimp i n  the less- than- 4 5 -rom- l ong s i z e  range , are 
approximately a month or more away from harvestable s i z e .  Given 
high shrimp natural mortality rates , mo st of them wou ld have 
died wi thout ever reaching such a s i z e . As suming high survivor
ship of 1 3  percent per month in j uven i l e s  and about a month 
to reach smalles t  harvestab le s i z e , less than 1 , 0 0 0  lbs 
of br own shr imp would be lost in a year in which there was 
either leaching or displacement . Predators on s hrimp would b e  
af fected b y  the reduct ion in a food s ource . 

Whi te shrimp postlarvae enter the estuary in greate s t  abundance 
from June through S eptember . Juven i le s  under 5 0  rom long are 
pre sent from July through September , somet ime s o ccurring as early 
a s  June . By late summer and ear ly f a l l , mos t  of the white 
shrimp j uven i l e s  are between 50 mm and 1 0 0  rom long . Near ly a l l  
o f  the whi te s hr imp le s s  than 4 5  rom long are found in the 
nursery are as and no t in the s tag ing areas such as Black Lake . 
Most o f  the potential in ter ference with the whi te shr imp harves t  
resulting f r om entrainment l o s s e s  would involve entrainment o f  
post larvae . Whi te and Boudre aux ( 19 7 7 )  s tate that the Calcasieu 
Bas in doe s not usually have a s trong i n f lux o f  post larvae . 
However , numbers o f  j uveniles are h igh in both the nursery 
and s tag ing areas . Th i s  ind icates a hiqh s urvivo r ship . The 
order of magn i tude of postlarva l  dens i ti e s  c an be e st imated by 
ref erence to dens i ty values for two o ther coastal z ones which 
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are characteri z ed by s imilar ly low pos tlarval immi gration . 
The estimated average den s ity of postl arvae i s  approximately 
2 . 5 /1 0 0 3 . As suming this i s  an average for June through 
mid- October , or 18 week s , approximately 5 . 2  x 1 0 5 po stlarvae 5 would be lost during each year o f  leaching and about 7 . 4  x 1 0  
post larvae wo uld b e  lost for every year that displ acement 
ove rlapped wi th immi gration . The average fal l den s i ty of 
j uven i l e  white shrimp in the Calcas ieu sys tem i s  estimated at 
approximately 1 . 1/1 0 0  m3 , so that at lea s t  44  percent o f  the 
po stl arvae immigrating in f a l l  general ly survive to be f a l l  
j uven i l e s . A certain proportion o f  these would develop to 
harve s t  s i z e  and a certain fraction of these survivors would be 
taken by shrimpers . As wi th brown shr imp , the fract ion o f  
entrai ned whi te shrimp j uven i l e s  which would otherwise have 
survived to harvestab le s i z e  i s  e s timated to be very sma l l , 
the equivalent of less than 1 , 0 0 0  Ibs . per year o f  leaching 
or displ acement . The moni toring program which provi ded infor
mation for analyses of shr imp entrainment losses was c arried 
out by the Lou i s i ana wildlife and Fi sheries Conwi s s ion 
(Wh i te and Boudreaux , 1 9 7 7 ) . 

Other fi sheries spec i e s  reported in the Black Lake area are 
menhaden and blue crab s ( Lowery , 1 9 7 7 ) . Some 2 5 , 0 0 0  Ibs of 
blue c rabs were harve s ted in an impoundment to the west of 
Black Lake in 1 9 6 6  ( Lowery , 1 9 7 7 ) . S uch crabs have p l ankton i c  
early s tage s , a smal l  fraction o f  whi ch would b e  entrained by 
use of Bl ack Lake water for l eaching and d i sp l acement . 

Menhaden eggs and larvae are known to enter the Baratar i a  
Bay es tuarine system from September to Apr il and thi s  appears 
fairly typi cal for the estuaries along the ent ire coastl ine of 
Lou i s i ana ( Dunham , 1 9 7 2 ) . They appear to be susceptib l e  to 
entrainment up to a length of about 3 4  mm and to be ab le to 
pass  through the bar s creen of the intake up to a s i z e  of 
approximately 3 9  mm . The great ma j ority o f  the menhaden in the 
estuary are j uveniles too large to be entrained , i f  Barataria Bay 
data are indeed typ ical . 

The suscept ib i l i ty to impi ngement of young menhaden , shrimp , 
and crabs larger than thos e  wh ich could be entr ained i s  an 
unan swered question . S uch in formation wi l l  probab ly 
require original re search . 

In s ummary , s ince the phys ical and chemical changes induc ed in 
Black Lake and a s soc iated water bodies would be sl i ght , the 
habitat of commerc i ally important spec ies would not exper ience 
any irreversible change s .  Thus , no permanent change s in the 
capac ity to support f i sheries spec ies are predicted . F i sheries 
spec i e s , such as brown shr imp , would experience some degree o f  
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entrainment dur ing susceptible stages of the ir l i fe cyc l e . 
The inf luence of th i s  morta l ity on population dynamj cs is not 
straightforward and c annot be stated with abso lute certainty . 
However , i t  i s  known that shr i�p populations are adapted to 
he avy mortal ity , e spec i a l ly in the younger l i fe stage s . An 
adult fema le can produce 5 0 0 , 0 0 0  to 1 m i l l ion eggs during her 
l i fe . Obviously on ly a few of thepe off spring reach matur ity 
and reproduce . By virtue of the tremendous reproductive 
c apac ity and migratory behavior o f  shr imp annua lly into Black 
Lake , we c an conc lude that regardle s s  of the direct e f fect on 
shr imp dur ing a given t ime per iod , popu lations would recover 
the year fol lowing ces s ation of wate r withdr awa l .  
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APPENDI X S 

PART I - �ENE RAL DI SCUSS ION AND USE OF EXI STING CAVERNS 

S . l  I NTRODUCT ION 

The storage of crude o i l i n  the Strateg i c  Petro l eum Reserve Program 

wi l l  enta i l the contact of oi l wi th bri ne so l uti ons . Thi s contact wou l d 

resu l t  i n  the di s so l v i ng and entrai nment 'of sma l l concentrati ons  of hy

drocarbons i n  the bri ne through  a number of p hys i ca l  phenomena .  I n  order 

to asses s the magn i tude of oi l concentrati ons di scharged i nto the bri ne 

s urface control faci l i ti es ,  a study was performed to determ i n e  the me

chani sms of i nteracti ons between the oi l and bri ne wi th i n  a typ i ca l  unde�

g round o i l s torage cavern . Th i s  appendi x d i s cu sses the res u l t s  of that 

s tudy .  

T h e  primary cavern i nteracti ons wh i ch wou l d d i stri bute the o i l i nto 

the bri ne  are d i s so l ut i on and d i spers i ve reacti ons . D i spers i ve reacti ons  

req u i re a phys i ca l  energy i nput to  the  system to  ag i tate the m i cro o i l 

parti c l es i nto the underl yi ng br i ne .  D i s so l uti on occu rs on the mo l ec u l ar 

l evel  where the hydrocarbon so l u te d i s so l ves i nto the bri ne s o l vent system . 

Al though both of these react i ons occur s i m u l taneous ly  du r ing  certa i n  oper

ati ona l phases , the study i nd i cates that pri n c i p a l l y  d i s so l ved components 

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

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

br ine  d i scharge wou l d  conta i n an esti mated max imum 32 parts per mi l l i on 

( ppm ) of oi l .  However , th i s  cond i ti on i s  not  expected to occu r .  A more 

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

from a typ i ca l  cavern duri ng i n i ti a l fi l l  i s  approximate ly  1 6  ppm , 

duri ng approx imately the l ater 1 0% of an i nd i v i dua l  cavern d i s charge and 

6 ppm duri ng tne enti re i ndi v i dua l  cavern di scharge peri od for su bsequent 

refi 1 1  s .  

The secti ons wh i ch fol l ow descri be the oi l / bri ne  i nteract i ons 

wi thi n a s torage cavern ( Secti on S . 2 ) , di s so l v i ng react i ons ( Secti on S . 3 ) , 

d i spers i ve react i ons ( Sect i on S . 4 ) ,  expected concentrati on of oi l - i n-br i ne 

d i scharged to the surface bri ne contro l faci l i ti es ( Secti on s . 5 ) , and con -

c l u s i ons  ( Secti on S . 6 ) . 
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S . 2  O I L/BR INE  I NTERACTIONS IN  A SALT SOLUT ION-MINED  STORAGE CAVERN 

The fol l owi ng sect i o n s  br i efl y descr i be the maj o r  i nteract ions  that 

occur between the o i l , br i ne , and raw water wi th i n  a sa l t  dome sto rage 

c avern . The i nte racti ons wh i c h  occur dur i ng the operat i o n a l  phases of 

the sto rage p rogram are i l l ustrated schemat i ca l l y  i n  F i gure S - l and a re 

descri bed here i n  as : 

The i n i t i a l  o i l f i l l  and d i scha rge of  bri ne ; 

The l ong -term sto rage of  o i l  i n  a qu i escent state ; 

Raw water i nj ect i on to d i s p l ace o i l ;  

Storage cavern cond i t ions  afte r o i l i s  d i s p l aced ; and 

The second and su bsequent ref i l l s .  

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

The sa l t dome ca vern , pr i or  to the i n i ti a l  o i l  f i l l , i s  f i l l ed w ith  

br i ne .  As  c rude o i l  i nject i on beg i ns , jett i ng ( appro x i mate ly  8 feet per  

s econd ) cau ses tu rbu l ence at the  o i l -br ine  i n terface wh i c h  p roduces an  

emu l s i on o f  o i l  a nd bri ne and  affects so l u t i on  of various  hydrocarbons 

i nto the bri ne . Tu rbu l ence wou l d  be confi ned to approx imately the upper 

50  feet of  the cavern . As cavern fi l l i ng conti nues , i n terface turbu l ence 

wou l d  decrease as  the i nterface descends . At a depth of approx imate l y  

50  j et d i ameters , the o i l  j et momen tum wo u l d be one-tenth o f  i t s  i n i t i a l  

va l ue and i nterface tu rbu l ence wo u l d have ceased (Amer ican  Petro l eum 

I n sti tute , 1 969 ) . 

The l i g hter , mo re so l ub l e hydroca rbons  d i ffu se across  the o i l -bri ne 

i nterface , wh i l e  the heavi e r ,  l ess  so l ub l e  components s l ow ly  beg i n  to 

form a rel at i vely dense and v i scous refractory l ayer between the o i l  and 

bri ne . Thu s ,  the maj o r  o i l contami nati on of  the bri ne occurs du ri ng the 

i n i t i a l  per iod  of  the f i l l i ng phase wh i l e  tu rbu l ence i s  h i g h . 

D i sso l ved and d i spersed o i l i s  expected to rema i n  wi t h i n  the upper

mos t  1 00 feet of  the br ine  co l umn du ri ng i n i t i a l  f i l l  due to a l ow rate 

o f  vert i ca l  d i ffus i o n .  Consequent l y ,  during  the ea rly stages of  fi l l  the 

o i l  concentrat ion  of  the d i scha rged br i n e  wo u l d be near zero . As the o i l / 

bri ne i nterface approaches the bottom of the br i ne di s p l acement tub i ng , 

o i l  concentrat ion  of  the d i scharged bri ne wou l d  i ncrease and average 1 6  
ppm duri ng the f i n a l  stages o f  fi l l  ( Sect ion S . 5 ) . 
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INITIAL OIL FILL 

OIL DISCHARGE 

CAVERN AFTEFI OIL IS DISPLACED 

F I GU RE S - 1  Operat iona l  p hases o f  o i l s torage p rogram 
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5 . 2 . 2  Long-Te rm Oi l Storage 

Du r i ng l ong-term o i l storage , a brine  l ayer is ma i n ta i ned at the bottom of the sol uti on cavern and wou l d  amoun t  to a pprox imate l y  5 percen t of the tota l cavern vol ume . The o i l concen trati on with i n  th i s  bri ne i s  as sumed to reach equ i l i bri um duri ng l ong-term storage . A refractory l ayer wou l d  form at the oi l br i ne i nterface because of the l os s  of s o l ubl e hydroca rbons i n to the underlying  brine  and a consequent enri chment of heav i e r ,  re l ati vely i n s o l ub l e hyd rocarbons . Any rema i n i ng sma l l  fraction  of d i s pe rsed o i l i n  brine  wou l d  be ex pected to r ise  to the o i l -bri ne i n terface contri but i ng to the refractory l aye r or be abs o rbed by sus pended parti c l es and in turn sett l e to the bottom . The l ong-term storage i s  the on ly  phase of the prog ram where time a l l ows the hyd roca rbons to d i s so l ve and estab l i s h  equ i l i b r i um cond i ti ons wi th respect to the bri ne.  

5 . 2 . 3  I nj ection of Raw Water and Di spl acement of Oi l 
The o i l i s  d i s p l aced from the cavern by i nj ecti on of raw water i nto the l ower l evel , caus i ng the upward d i s p l acement of o i l .  The raw water wou l d  d i l u te the res idua l brine s o l u t i on i n  the bottom of the cavern and may res uspend settl ed pa rt i c l es .  The res u l tant d i l ut i on of both the bri ne and d i s so l ved o i l concentration  wou l d  a l l ow fu rther d i s s o l ution  of o i l  i n to bri ne.  I n i ti a l ly ,  there wou l d  be tu rbu l ence at  the o i l -brine  i n terface wh i ch may d i s perse some of the  o i l .  The refractory l aye r at  the  o i l -bri ne i n terface wou l d  effectively l im i t  d i ffus i on and  d i s pers i on .  When the crude o i l i s  d i sp l aced from the s torage cavern , a n  o i l fi l m  wou l d  rema i n  o n  the cavern wa l l s .  Th i s  oi l fi l m  wou l d , i n  time , part l y  d i s s o l ve i n to the bri ne and partly ri se t o  the o i l -brine  i n te rface a s  s o l ution  of the underlyi ng sa l t  prog res ses . For ca l cu l ation  pu rposes , i n  th i s  report,  th i s  o i l  fi l m  was assumed to be tota l ly d i ss o l ved , add i ng approx imately 1 . 6  ppm to the o i l - i n-bri ne concen tra t i on . 

The raw wa te r be i ng i nj ec ted i nto the cavern wou l d  r i se toward the s u rface due to i ts l owe r dens i ty and i nduce a ci rcu l ati on wi th i n  the bri ne . Th i s  may res u l t in an i nc rease in the d i ffus i on of o i l i n to the 



n ow non-equ i l i bri um system . As the i nterface ri ses wi thi n the cavern , 

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

d i l uti on  o f  the raw water .  The bri ne temperature wi thi n  the cavern wi l l  

eventu a l l y  ri se to approximate l y  1 500F and an i n crease i n  s a l i n i ty wi l l  

occur as  the di sso l ut i on  of the cavern wa l l s  proceed s .  The net effect 

i s  a decrease i n  oi l s o l ubi l i ty because the sa l i n i ty factor has a greater 

i nfl uence than that of temperature ( Secti on 5 . 3 ) . The d i s so l ved o i l con

centrat i on i n  the bri ne at the end of thi s operat i on i s  therefore the 

resu l t  of : 

( 1 )  the twentyfo l d  d i l ut i on  of the res i dua l  bri ne  whi ch had 

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

the cavern , 

( 2 )  s ome di s so l ut i on of the oi l l ayer on the cavern wal l s ,  and 

( 3 )  some sma l l add i t i on a l  d i sso l ut i on at the o i l -bri ne i n terface 

duri ng di s p l acement .  

5 . 2 . 4 Storage Cavern Condi ti ons After O i l i s  D i spl aced 

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

sma l l  amount of the crude oi l wou l d  be retai ned as a b l anket on top of 

the bri ne co l umn . The oi l b l anket acts as a barri er between the so l ut i on 

cavern cei l i ng and the bri n e ,  thereby m i n i m i z i n g  sa l t d i sso l uti on around 

the cemen ted cas i ng .  The oi l at the o i l -bri ne i nterface wi l l  be composed 

of a rel at i ve ly  dense , v i scous l ayer and wou l d on l y  a l l ow s l ow d i ffus i on 

of  the so l ub l e  hydrocarbon components . The add i t i ona l  o i l concentrati on 

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

5 . 2 . 5  Second and Subsequent O i l Ref i l l  Phase 

The oi l - bri ne i nterface wou l d  now have had suffi c ient  time for a 

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

and d i s so l uti on duri ng subsequent refi l l s .  Throughout subsequent oi l 

refi l l s  approxi mate ly  6 ppm of o i l i n  bri ne ( as ca l cu l ated i n  Sect i on 5 . 5 )  

wi l l  be d i s charged to the surface bri ne control faci l i t i es ,  prov i d i ng 

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

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

t i ons s im i l ar to those of the i n i ti al fi l l  cyc l e wou l d  occur.  

5 - 6  



S . 3  D I SSOLUT I ON REACT IONS DUR I NG CAVERN OP ERATIONS 

The so l ub i l i ti es of  various hydrocarbons in wa ter and in brine have 

been stud i ed by a number of workers . The data i l l ustrated in F i g ure S -2 

i nd i cate that for each homo l ogous  ser i es of hydrocarbons , the l ogar i thm 

o f  so l u b i l i ty i n  wa ter i s  a l i near fu ncti on o f  hydrocarbon mo l a r  vo l ume . 

The so l u b i l i ty of  hydroca rbons  as i l l u strated i n  F igure S -2 and l i sted i n  

Ta b l e S - l  i ncrea se wi th a decrea se i n  mo l a r  vo l ume and mo l ecu l a r  wei ght  

and  an i nc rea se i n  branch i ng and  degree of  unsaturat ion . The mos t  so l ub l e 

hydrocarbons  a re the l ow mo l ecu l a r we i g ht aromat i cs ( Pr i ce , 1 973 ; McAu l i ffe , 

1 976 ) . 

Re v i ew o f  stud i es wh i ch we re conducted to determi ne the satura t i on 

concentrat ions  for o i l i n  seawa ter and i n  fres hwa ter ,  i nd i cate that a s  

the hydrocarbons  d i s so l ve ,  s o l u b i l i ty rates decrease befo re equ i l i bri um 

cond i t i o n s  are esta bl i shed ( Pri ce , 1 973 ) .  

Equ i l i br i um concentrations  at sta nda rd temperatu re and pressure for 

four d i fferent crudes are l i sted i n  Tab l e  S -2 .  Equ i l i b ri um concentrat ions  

found by o ther resea rchers fo r crude o i l  i n  both fres hwater and  s a l twa ter , 

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

ppm (McA�l i ffe , 1 976 ; Fra n kenfe l d ,  1 975 ; Cand l e ,  1 977 ; Anderso n ,  1 974 ) .  

Se l ected data fo r the La Ros a  and Murban crudes , p resented i n  Tab l e  

S- 3 ,  revea l s the vari a t i o n s  i n  equ i l i br i um concentrat ions  wh i c h  can be 

expected . Th i s  data i nd i cates that the hydroca rbon compos i t ion  of  a par

t i cu l a r  s to red c rude wou l d  effect the concentrat ion  of d i sso l ved o i l  be i ng 

d i scharged wi th the bri ne . For the pu rpose of  ca l cul at i ng estima ted o i l  

co ncentrat ions  i n  a br i ne d i sc ha rge , the M i dd l e East Murban crude was 

co n s i dered a s  a poss i b l e  crude to be sto red i n  the Stra teg i c  O i l  Reserve 

Program. 

The equ i l i br i um concentrat ion  of  Murban crude in seawater wi th a 

s a l i n i ty of  36 ppt  i s  27 . 9  ppm at standard temperature and  p res sure a s  

s hown i n  Ta bl e S - 2 .  

A s  temperature and pressure change wi th i n  the storage cavern , the 

res u l tant equ i l i br i um concentrat ions  can be expected to change . Genera l  

hydroca rbon  so l ub i l i ty stud i es i nd i cate that as  temperatu re and pres sure 

i nc rease , sO l ub i l i ty and  equ i l i br i um concentrations  i ncrea s e . I ncreas i ng  

S - 7  



TABLE S - l Aqueous s o l ub i l i tv va l ues of  i n d i v i dual  compounds at 2SoC ( ppm) . 

COMPOUND PRICE MCAUL I F F E  

P E NTANE 39.5 38.5 

H E X A N E  9.47 9.5 

HEPTA N E  2.24 2.93 

OCTANE 0.431 0.66 

NONAN E 0.122 0.22 

ISO PARA F F I N S  

2.3 - D I M ETHYLBUTAN E 19.1 

2,2 - DIMETH YLBUTArlE 2 1 .2 

2 - METHYLPENTANE 13.0 

3 - METHYLPENTANE 1 3.1 

2,4 . DIM E T H Y L P E NTANE 4.41 

2,2 - D I M E T H YLPENTANE 4.40 

2,3 - D I M E T H Y L P E NTANE 5.25 

3,3 - DIMETHYLPENTANE 5.94 

2,2,4 - T R I M E T H Y LP E N T A N E  1 . 1 4  

2,3,4 - T R I ME T H Y L P E N T A N E  1,36 

ISOPENTAN E 48.0 

2 - M E T H Y L H E X A N E  2.54 

3 - M E T H Y L H E X A N E  2.65 

3 - METHY LH EPTANE 0.792 

4 - M E T H Y LOCTANE 0.1 1 5  

BICYC LOPAR A F F I N  

(4.4.0) BICYCLODECANE ,8S9 

NAPTHO-AROMATIC 88.9 

C YCLOPA R A F F INS 

C Y C L O P E N TA N E  1 60 156 

M E T H YLCYCLOPENTANE 4 1 .8 42 

PROPYLCYCLOPENTANE 2.04 

P E NTYLCYCLOPENTANE 0. 1 1 5 

1 ,1 ,3 _ T R I M E T H YLCYCLOPENTANE 3,73 

CYCLOHEXANE 66.5 55.2 

METHYLCY C L O H E X A N E 1 6.0 14.0 

1 ,4 _ TRANSDIM ETHYLCYC L O H EXAtJE
1 

3.84 

1 , 1 ,:1 - T R I M E T H Y LCYCLO H E X A N E  1 ,7 7  I 

AROMATICS 

B E N Z E N E  1 740 1780 

T O L U E N E  554 5 1 5  

M - X Y L E N E  1 3 4  

0 - XY L E N E  1 67 175 

P _ XYLENE 157 

1 .2 ,4 - T R I M E T H Y LB E N Z E N E  5 1 .9 57 

1 .2,4,5 - TE TRAME T H Y LB E N Z E N E  3,48 

E TH Y LBE N Z E N E  1 3 1 . 1  1 !i 2  

ISOPROPYLBE NZ E N  E 48.3 50 

ISOBUT Y L 13 E N Z E N E  1 0 . 1  

S O U R C E :  P R I C E ,  1973. 
McAU L l F F E , 1969 

S -2  
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TABLE S -2  Hydrocarbon s  d i s s ol ved i n  s ea water* eau i l i brated w i th o i l 
sampl es . 

COMPOUND SOUTH LOUISIANA 

C R U D E  

( 1 )  
ppm 

A L K A N E S  

ETHANE .54 

PROPANE 3.01 

n BUTANE 2.36 

ISOBUTANE 1.69 

n PENTANE .49 

ISOPENTANE .70 

CYCLOPENTANE + 2 METH Y L P E NTANE .38 

M E T H Y LCYCLOPENTANE .23 

HEXANE .09 
CYCLOHEXANE 

METHYLCYCLOHEXANE .22 

n HEPTANE .06 
C

1 6  
n PARAF F I N  .012 

C
1 7  

n PAR A F F I N  .009 

TOTAL C
1 2  

- C
24 

n PA R A F F I N S  .089 

AROMATICS 

B E N Z E N E  6.75 

T O L U E N E  4.13 

ETHYLB E N Z E N E  1 .56 

M - P - X Y L E N E  

0 - X Y L E N E  .40 

TRIM ETHY L B E N Z E N E  .76 

NAPHTHA L E N E  . 1 2  

1 METHYLNAPHT H A L E N E  .06 

2 METHYLNAP�:THAL E N E  .05 

DIMETHYLNAPHTH A L E N E  .06 
OTH E R  AROMATICS .021 

TOTAL SATURATES 9.86 

TOTAL AROMATICS 13.90 

TOTAL DISSOLVED H Y D R OCARBONS 23.76 

.Se awater (36 PPT) a t  Standard Temperature and Pressure 

A N D E RS O N ,  .t. al •. ( 1 9 7 4 )  
MCAU LI F F '::' ( 1 9 7 6 )  

S - l O 

KUWAIT V E N E Z U E L A  M I D D L E  EAST 

C R U D E  LA ROSA MU RBAN C R U D E  

( 1 )  C R U D E  ( 2 )  
ppm (2) ppm ppm 

.23 2.01 1 .23 1 
3.30 3.63 2.150 

3.66 1 .BB 2.S80 

.90 .76 .800 

1 .31 .60 1 .340 

.98 1.030 

.59 

.190 .275 .355 

.290 '.65 1 .35 

. 1 9 0  . 4 1 0  

.080 .160 .235 

.090 .100 .330 

.0006 

.0008 

.004 

3.36 3.30 6.0S0 

3.62 2.S0 6.160 

1 .58 .275 .825 

.840 1.940 

.67 .350 1 .0 1 0  

.73 .300 .750 

.02 

.02 

.OOS 

.02 

.013 

1 1 .62 1 1 .200 1 1 . 1 00 

10.03 7.860 16.BOO 

2 1 .63 19.000 27.900 
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TAB LE 5 - 3  Re l at i ve a roma t i c  components o f  crude and the i r  e ffec t  on equ i l i br i um concentra ti ons * .  

MURBAN C R U D E  
LA R O S A  C R U D E  ( A B U  D H A B I )  

( V E N E Z U E L A )  
EQUI L I B R IUM PERCENT COMPO S I T I ON 

E O U I L I B R I U M  
P E R C E N T  COMPOS I T I O N  

CONCENTRATIONS ppb 
IN C R U D E  

CON C E N T R A  n O N S  ppb 
I N  C R U D E  

1----. 
' -

B E N Z E N E  
6,080 

. 1 3  3,300 .07 
T O L U E N E  

6,IGO 
.49 2,800 ,22 T R I ME T H V L B E N Z E N E  

750 .74 300 ,3D TOTAL 
1 2,990 

1.3G% 6,400 
.59% -In Se.lwilU,Jr at Standard Tlitmpora[ur. and Pro$\uro 

R E F .  M C A U Ll F f E , 1 976 



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 reduct i o n  o f  the equ i l i bri um concentrat i ons . The fol l owing  

sect ions  summari z e  the anti ci pated changes in  cavern equi l i bri um con 

centrat ions  o f  the o i l  i n  br ine  as a resu l t  of  a temperature i ncrease 

to  l SOo F ,  an i ncrease i n  pres sure to approximate l y  1 500 p s i  and an i n

c rease i n  s a l i n i ty to 31 0 parts per thousand . 

S . 3 . 1  I ncrea sed Temperature Effects on Equ i l i br i um Concentrat i ons  

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

rel ati onsh i p i s  non- l i near and  unti l temperatures i n  exces s of  2 S 70F 

a re reached s i gn i f ic ant i ncreases i n  s o l ub i l i ti es do not  occur . The 

o perati ng temperature for the caverns wi l l  be appro x i ma te l y  l SO
o F .  

P ub l i s hed data i nd i cate that for an i ncrease o f  from 700F to l SOo F an 

equ i l i br i um concentration  i ncrease of  1 . 5 i s  the maxi mum that can be 

reasona bl y expected ( Pr i ce , 1 97 3 ;  Gri swo l d ,  1 942 ) . For mode l  ca l cu l a

t i o n  purposes , a temperature mu l ti p l i er of 1 . 5 has been uti l i zed . 

S . 3 . 2  In creased Sal i n i ty Effects on  Equ i l i bri um Concentrat ions  

The  aqueous so l ub i l i ty of  hydrocarbons  i s  an i n verse funct i o n  of  

sa l i n i ty ( Pri ce , 1 97 3 ;  Cand l e ,  1 977 ) .  W i th i n  the  sa l t dome caverns 

br i ne concentrati o n s  wi l l  be i n  exces s of 31 0 parts per thousand ( ppt ) 

( McAu l i ffe , 1 96 9 ) . The res u l ts of  so l ub i l i ty exper imen ts on  d i s crete 

hydrocarbo n s  l i sted i n  Tabl e S -4 i nd i cate that l arge reducti ons  i n  

hydrocarbons  so l u b i l i ty can be expected wi th  i n creases i n  sa l i n i ty .  

Recent s tudi es on  a number o f  domest ic  crude o i l s  (Tabl e S - S )  exh i b i t 

s im i l ar decreases  i n  hydrocarbon so l u bi 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 mu l ti p l i er 

o f  0 . 1 5  i s  reasonabl e and perhaps even conservat i ve . 

S . 3 . 3  In creased Pres sure Effects on Equ i l i bri um Concentrat ions  

The effect o f  i ncrea s i ng pressure on  the  so l ub i l i ty o f  hydrocarbons  

i s  to  i ncrease the i r  so l ub i l i ty .  A s  i l l ustrated i n  F i gure S -S , thi s 

effect i s  mo st s i gn i f i cant for the l i ghter or  l ower mol ecu l ar we i g ht 

hydrocarbo ns  such  as methane and buta ne . S imi l ar effects for l arger 

hydrocarbon mol ecu l es cou l d not be i dent i fi ed .  The data as  l i s ted i n  

S - 1 2  
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TAB LE S -4 So l ub i l i ty o f  i n d i v i dua l hydrocarbons i n  aqueous s o l uti ons 
at  250C as a funct ion  of NaCl c on centra t i on .  

-NaCI 
CON C E NTRATION 

I N  PPM PENTANE 

0 39.5 

1 ,002 36.8 

1 0 ,000 34.5 

SEA WATE R · 27.6 

34,472 

50,030 22.6 

1 25,1 00 1 0.9 

199,900 5.91 

279,800 2.64 

358,700 •• 2.01 

• ARTI FI C I A L  SO L UTION 

SATURATED NaCI SOLUTION 

S O U R C E :  Ptlce, 1 973 

SOLUB I L I TY OF HYD ROCARBON I N  PPM 

B E N Z E N E  T O L U E N E  METH Y LCYC LOPENTANE ! 
1740 544 41.8 

1 7 1 8  526 38.0 

1628 490 36.3 

1391 402 29.2 

1 1 94 359 27.0 

593 1 82 1 2.7 

388 1 06 5.72 

2 1 4  53.8 3.36 

1 34  37.2 1.89 
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TAB LE S - 5  O i s s o l ved oi l content o f  br i nes enu i l i brated w i th vari ous o i l s .  

BR I N E  GRAVIMETR I C  

ppt mg/I 

GULF COAST TEXAS 1 9.64 

CONDENSATE 30 5.83 

1 00 2.45 

G U L F  COAST TE XAS H I G H  1 6.87 

GRAVITY C R U D E  
30 4.03 

100 2.15 

LOUISIANA MEDIUM 1 6.16 

GRAVITY C R U D E  
30 5.53 

1 00 3.68 

EAST TEXAS MEDIUM 1 1 1 .49 

GRAVITY C R U D E  30 6.96 

1 00 3.1 1  

EAST TEXAS LOW 1 5.02 

G RAVITY CRUDE 30 3.96 

1 00 2.41 

CAL I F O R N I A  LOW 1 0.40 

G RAVITY C R U D E  3 0  0.31 

100 0.60 

CA LI F O R N I A  MEDIUM 1 9.64 

G RAVITY C R U D E  30 4.58 

1 00 3.87 

ALASKA CRUDE 
1 9.56 

30 7.83 

1 00 5.04 

FLO R I DA C R U D E  
1 10.51 

30 7.51 

100 4.15 

SOURCE: Caudle, 1 977 
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F IGURE S - 5  Press u re effect o n  so l ub i l i ty 
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Ta bl e S -6  and shown i n  F ig ure S - 5 , taken  at  a temperature of l 600F to 

approximate cavern condi t i ons , i ndi cates a correspondi ng i ncrease i n  

s o l u bi l i ty wi th pressure i n  add i t i o n  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 .  Th i s data s uggests that pres sure 

has  a d im i n i sh i ng effect on the sol ubi l i ty of the hydrocarbons  as the i r 

mo l ec u l a r  we i g hts  and bo i l i ng po i nt s  i ncrease ( Pri ce ,  1 973 ; McKe l ta and 

Wehe , 1 962 ) .  For conven i ence , the bo i l i ng po i nts o f  the hydrocarbon s 

are a l so l i sted on F i g ure S -5 .  S i nce no data was l ocated for pressure/ 

so l ub i l i ty rel at i onsh i ps for the hi g her bo i l i ng p o i n t  hydro carbons , a 

pressure mul t i p l i er of  5 wa s u sed for ca l cu l at i on p urposes . The pres sure 

mul ti p l i er of 5 i s  p l o tted on F i g ure S -5 i n  rel ati on to the bo i l i ng po i n t  

o f  benzene . T h e  pressure mul t i p l i er factor o f  5 appears t o  be a reason

ab l e worst case a ss umpt i o n  and only o perat i ng data or prec i s e  experimenta-

t i o n  wou l d  prov i de c l o ser approximati ons . 

S . 3 . 4  Ca l cu l at i ons  of  Di sso l ved Oi l Concentrati ons  

Ba sed on  the preced i ng d i scuss i o n , expected cavern equ i l i bri um con -

centrat i o n  for Murban crude can be computed a s  fo l l ows : 

Pressure Seawa ter Temperature Sal  i n i ty 
Equ i l  i bri um �lu l t i p l  i er Mul t i p l  i er Mu l ti p l i er 

( 2 7 . 9  ppm ) X ( l . 5 )  X ( 0 . 1 5 )  X ( 5 )  = ( 31 . 4  opm ) 

A l l owi ng t he cavern br i ne to reach equ i l i br i um cond i ti on s , the con 

centrat i o ns o f  hydrocarbo ns wi l l  be ro ug h l y  equ i va l ent t o  that of  sea

water concentrati o n s  as  determi ned by McAu l i ffe . Persona l commun i cat ions  

w i th McAu l i ffe o n  th i s  subj ect revea l s  that  25-30 ppm wou l d be a reasonabl e 

equi l i bri um concentrati on . 

The equ i l i br i um concentrati on  wo u l d occur on ly  duri ng the l ong o i l  

storage peri od . However , th i s concentrat i o n  wo u l d u l t i mate l y  be di l uted 

by a factor of 20 by raw water duri ng di sp l acement of the o i l ( see Sect ion 

2 and 3 ) .  Th i s d i l u t i o n  wo u l d  l ead to no n -equi l i br i um cond i t i on s  and a 

resumpti on  of  d i sso l uti on . Dur i ng the re l ati vel y s ho rt per i ods  between 

cessati on o f  o i l  wi thdrawa l and comp l et i o n  of  cavern refi l l  the ent i re 

vo l ume o f  br i ne s ho u l d not atta i n  an equi l i bri um concentra t i on of  d i s 

s o l ved o i l . So l ut i o n  wou l d  be reta rded by the refracto ry l ayer at the 
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TABLE S - 6  P res s u re effect on s o l ub i l i ty .  

SMOOTHED VALUES FOR THE SOLUBI L ITY OF 

METHANE IN WATER I N  THE VAPOR-LIQUID R EG I ON 

P R ESSURE, 

psi a 

200 

400 

600 

800 

1 ,000 

1 ,250 

1 .500 

2,000 

2.500 

3,000 

3.500 

4,000 

5,000 

6,000 

7,000 

8,000 

9.000 

1 0,000 

-Temperature of the System 
S O U R C E :  M c Kana and Weh. ( 1 962) 

S- 1 9  

MOLE F RACTION C li
4 

X 1 03 

1600 F ·  

0.203 

0.407 

0.599 

0.780 

0.945 

1 .133 

1.308 

1 .608 

1 .861 

2.094 

2.309 

2.5 16 

2.888 

3.221 

3.519 

3.782 

4.007 
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TABLE 5 - 6 con t i n ued . 

SOLUBILITY OF "-BUTANE IN WAT E R  

PRESSURE 
MOLE F RACTION O F  "-BUTANE X 1 0

3 

psia 160
0 F ·  

20 
0.01 2 

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 

-Temperatura or the System 

S O U R C E :  Mc Kena and W.he ( 1 962) 

5-20  



br i ne/o i l  i nterface and downward d i ffus i o n  o f  d i s so l ved o i l  wi l l  proceed 
very s l owl y .  

The d i s so l ved o i l concentrat ions  contri buted from t h e  cavern wa l l 
( based on  the d iment ions  of  cavern number 4 at  Bryan Mound ) wi l l  be 1 . 6 
ppm. Th i s  cal c u l at i o n  was ba sed on an  est i mated 50 mi cron o i l  f i l m  re
ma i n i ng on  the wa l l d u r i ng o i l  d i sp l acement and s ubsequent d i s so l u t i on 
i nto the br ine  as  the under l y i ng sa l t  i s  d i s so l ved away . The o i l  fi l m  
adher i ng to the cavern  wa l l  wou l d be t h i c k  for heavy , v i s co u s  crude s 
but  rel a t i ve l y  th i nner for the l i ghter more fl u i d  crudes . An effect i ve f i l m  th i ckness was cal cu l a ted by con s i deri ng the l argest ( i n mo l ecu l ar 
v o l ume ) hyd roca rbon wh i ch has a measurabl e so l u b i l i ty .  Under cavern 
o pera t i ng cond i t i ons , the l argest norma l paraff i n  wh i ch wou l d  d i sso l ve 
i n  apprec i ab l e amounts  i s  C 1 0  ( decane ) wh i ch has a typ i ca l  l ayer th i ck
ness  o f  50 m i c rons . A mo l ecu l a r  l ayer was estimated to  rema i n  on  the 
cavern wa l l .  

An a na l ys i s o f  the wa l l  o i l  l ayer component to the bri ne ( ba sed on 
cavern  n umber 4)  i n d i cates  that for a mi l l i meter wa l l  l ayer , the o i l i n  
b r i ne concentrat ion  wou l d  i ncrease to 28 . 6  ppm . The l atter concentration  i s  roug h ly  equ i val ent to the  equ i l i br i um concentrat i o n  for the  ent i re 
vo l ume .  

The amount  o f  hydrocarbons  wh i ch wou l d  d i s so l ve from the o i l -br ine  
i nterface dur ing  o i l  fi l l  and  wi thd rawa l and duri ng non-o i l  storage pe
r iods  i s  d i ff i cu l t to  est ima te due  to the  l ack  o f  experi men ta l  data . 
The rates o f  so l u b i l i ty as  determi ned by Pri ce ( 1 973 ) were based on  
s t ud i es o f  hydrocarbons  and br ine  so l ut ions  i n  test tubes . Under these 
cond i t i o n s , Pri ce observed that i t  requ i red 2-4 days to ach i eve equ i 
l i br i um cond i t i o n s . Under these re l at i ve ly  s l ow rates and  g i ven the 
i nf i n i te l y  l a rger vol umes of the cavern , it  i s  reasonab l e to ass ume that o n l y  the brine c l o se to the o i l -bri ne i n terface wo u l 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 thdrawa l phases . The d i s so l ut ion  
o f  hydrocarbo ns dur i ng the  o i l wi thdrawa l a nd  refi l l  phases s ho u l d  be 
red uced wi th the ex i s tence of the refracto ry l ayer at  the o i l -b r i ne 
i nterface .  Th i s  l ayer wi l l  devel o p  a s  a resu l t o f  l i g hter , mo re so l ub l e 
hydrocarbons  d i s so l v i ng i nto the underl yi ng bri ne l ea v i ng the heav i er ,  
rel a t i ve ly  i nso l ub l e hydrocarbons a t  the i nterface . The res i stance o f  
t h i s  l ayer to d i s so l ut ion  woul d i nc rease wi th t ime unt i l  practi cal l y  
a l l  d i ffus i on acro s s  the i n terface ceases . 
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The hydrocarbon concentrati on due to d i s so l ut i on occurri ng duri ng  

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

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

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

of  s uch  s hort durati on  so that on l y  the �ol ume of  the u ppermost  50 feet 

of bri ne  wi l l  approach equ i l i br i um .  As s umi ng  a 500 foo t  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  occu r ;  re

s u l t i ng i n  3 ppm of o i l d i s persed wi th i n the bri ne col umn . Thi s average 

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

the br i ne  d i s charge cyc l e .  The addi ti on of th i s  component to the total  

hydrocarbon concentrati on  be i ng d i scharged wou l d  be mi nor  du r i ng fi rst 

quarter of a cavern l s  d i s charge cyc l e  and i nc rease as the o i l bri ne ' i n

terface descends toward the bottom of the bri ne  p i pe .  The near equ i l i b

r i um concentrati on  c l ose  to the  o i l br ine  i nterface wou l d  not  be d i s 

charged due t o  cavern enl argement and d i ffu s i on dur i ng o i l wi thdrawa l 

and refi l l  phases . 

The tota l d i s s o l ved hydrocarbon concentrati o n  expected to  be d i s 

cha rged i s  deri ved a s  fol l ows : 

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

of bri ne attai ns  equ i l i br i um of 
31 . 4  ppm and i s  d i l u ted 20 ti mes 
duri ng o i l wi thdrawa l . 

( 2 )  Wa l l  Oi l Component = 1 . 6 ppm The s o l ut i on of the 50 mi c ron  
o i l f i lm  from the  cavern wa l l i s  
s urface .  ( cavern geometry dependent ) 

( 3 ) Oi l W i thdrawa l , Non
S torage Peri od and 
Ref i l l ,  Non-Equ i l i bri um 
Component = 3 . 1 ppm Ass umes the upper mos t  fi 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 vo l ume , 
( cavern geometry dependent ) 

Tota l d i s s o l ved hydro-
carbon concentrati ons = 6 . 1 ppm or 6 ppm 
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S . 4  D I SPERS I ON REACT IONS 

Whereas d i s so l u t i o n  occurs on  a mo l ec u l a r  l evel , d i s pers i ve reac 

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

t he o i l  i nto parti c l es and d i spers i ng them i nto the under lyi ng  br ine . 

The energy for th i s  react i o n  i s  produced duri ng the i n i t i a l o i l  i nj ec

t i on where o i l  i s  j etted at  a vel oc i ty of  appro x i mate l y  8 feet per sec

o nd i n to the br i n e  and m icro pa rt i cl es d i s persed i n to the upper a rea o f  

b r i ne .  Th i s  a g i tat ion  wou l d  d i mi n i sh a n d  eventua l l y  cease as  the down 

ward o i l -j et momentum i s  ba l anced by the buffer i ng force o f  the o i l  

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

Stud i e s  o f  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 icate 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 ustrati ve purposes da ta for Bunker C ,  l i sted i n  Tab l e S -7 , show the 

d i str i but ion  of  part i c l e s i zes ranges from 1 0  to 80 mi crons . 

The s u spen s i o n  t i me for o i l pa rt i cl es i n  the bri ne wou l d be very 

s hort because o f  the l a rge den s i ty d i fferen t i a l  o f  the o i l ( sp . gr . a pprox . 

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

Ta b l e S -8 ,  i n  seawater i l l u stra tes the ra te o f  f l oatati on . W i th the 

g reater dens i ty d i fferent i a l , as  in saturated b r i ne , the d i spersed o i l  

wi th i n  the caverns wo u l d  be expected to show even fas ter f l oata t i o n  rates . 

W i t h i n  the cavern , even under the most rap i d  f i l l  rates , the d i s persed 

part i c l es wou l d have severa l weeks i n  wh i ch to ri se and coa l es ce at the 

o i l / br ine  i nterface . Th i s  i s  be l ie ved to be suff i c i ent  t ime for the d i s 

persed o i l  concentrat i ons  to decrease to va l ues o f  l ess  than 1 ppm . For 

c a l c u l a t i o n  o f  o i l  i n  br i ne , a va l u e  o f  1 ppm o f  d i spersed o i l  i s  a s s umed 

to be d i scharged to the br i ne surface contro l fac i l i t i es .  
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TABLE S - 7 D i s tr i but i on o f  parti c l e  s i ze benea th an o i l s p i l l * .  

NO. AND VOL. O F  PARTICL�S I N  l1l�CRON RANGE CENTERED AT 

10u 20u 

NUMBER 323 1 47 

VOLUME 0.45 0.96 

• BUNKER C OI L  

S O U  RC E :  The F ate o f  Oil Spilt a t  Sea 

lOu 

57 

1 .42 

40u 50u 60u 

19 4 3 

1 .35 0.40 0.66 

TABLE S -8  Settl i n g  t ime and  di s persed o i l  parti c l es* . 

TIME OF SETTLING DAYS 
OIL CONTENT PPM 

0.01 
31 

0.02 
10 

0.04 
4.5 

0.33 
2.5 

1 .0 
4.6 ·· 

1 .1 
1.5 

2.2 
2.7 ·· 

147 
0.6 

S O U R C E :  T H E  FATE OF O I L  SPI LT AT SEA. 

TYPE OF CRUDE OIL NOT STATED 

• •  REASONS FOR O I L  CONTENT INCREASE NOT GIVEN 
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70u 

3 

1 . 1 2  

SOu 

1 

0.60 



5 . 5 D I S CHARGE OF  THE O I LY BR INE  TO THE SURFACE CONTROL FAC I L ITY 

The d i scha rge of  bri ne conta i n i ng hydrocarbo ns , as  schemat i cal l y  

i l l u strated i n  F i g ure 5 -6 ,  wi l l  i nvo l ve d ifferent scena r i os dependent 

upon  whether it i s  dur ing  i n i ti ta l  fi l l  or  subseq uent refi l l s .  

For i n i t i a l  f i l l , an  ass umption  was made tha t the to p 50  feet of  

br ine  became saturated wi th hydrocarbons  ( 3 1 . 4  ppm ) and  th i s  was di l uted 

i nto the uppermos t  1 00 feet yiel d i ng ap proximate ly  1 6  ppm ( see Sect ion  

S . 2 . 1 ) .  Th i s  i n i ti a l l y  h igh  hydrocarbon concentration  wou l d  res u l t from 

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

tory l ayer befo re f i l l  i s  compl eted . I n  su bsequent f i l l s  the refracto ry 

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

(0 to 3 1  ppm) when d i scha rged ; however , i ts average o ver the di scharge 

period i s  expected to be abo u t  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 

wou l d  be d i scharged cont i nuo u s l y  duri ng subsequent refi l l s .  Conti ngent 

upon d i ffer i ng cavern geometr ies , the o i l  co ncentrati on  wou l d vary from 

4 to 1 5  ppm .  

The o n l y  avai l ab l e data from s im i l ar operations  a re from the German 

o i l  storage faci l i ty at  Etzel , Germany and the French o i l  sto rage faci l i ty 

at  Mano sque , France . 

The Etzel data ( Ka vernen Bau - und  Betri ebs - BmbH , n . d . ) i nd i ca te 

that t he o i l  concentrat ion  of  br i ne d i scharged from the br ine  con tro l 

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

The Ma no sque data ( LOOP , I nc . , 1 97 5 ) i nd i cate an o i l  concentrati on 

o f  1 7  ppm in the brine d i scharged from the cavern to the surface fac i l i 

t ies . Ne i ther the durati on  o f  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 ca te tha t wi t h  an  expected e i g hty percent reduct ion  of  the o i l  con 

cen trat ion due to vapor i za t i o n  of  l i g ht hydrocarbo n s  s uch as  butane , 

pentane and benzene ( McAu l i ffe , 1 96 9 )  and an add i ti ona l reduction  by oi l 

s k immi ng , the estimated o i l  concentra t i o n  i n  the di scharged bri ne of 

a pproximate ly 6 ppm a ppears reasona bl e for the propo sed U . S .  fac i l i ti es .  
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DISSOLVED 
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B R I N E  
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B R I N E  
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1 6  -- - - -- - - -------- - - - - - ---.:..- - - - - - - - - ------ - -- - - - - - . - - - - . 

6 

o �--------------------------�------------X o 
TIME (DAYS) 

INITIAL O I L  F I L L  

6 �---------------------------------------

o L-------------------------------------------X o 
TI ME (DAYS) 

SUBSEQU ENT OI L F I L L  

F I GURE S -6 Schemat i c  representati o n  of o i l i n  bri ne concentrati ons 
d i scharged from a typ i ca l  cavern 
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5 . 6  CONCLUS I ONS OF THE O I L  BRINE  STUDY 

The majo r  conc l u s i on of  th i s  study i s  that  there i s  i ns u ff i c i ent 

t ime , turbu l ence and c i rcu l at ion  wi th i n  the cavern du r i ng o i l  f i l l  and 

w i thdrawa l phases , to a l l ow the d i s so l ved o i l  to reach equ i l i br i um .  

Equ i l i bri um concentrati ons for the th i rteen crudes stu d i ed wi l l  n o t  ex

ceed approx imately 3 1  ppm under the cavern operati ng condi ti ons . Thu s , 

duri ng the t ime when the cavern i s  pr i nc i pa l ly  fi l l ed wi th n on-equ i l i b

r i um o i l -br ine  concentrat i ons of l es s  than 3 1  ppm , d i s s o l ut ion  and d i f

fus i on react i ons  wi l l  occur i n  the upper bri ne col umn . 

The res u l ts o f  the s tudy i nd i cate that the d i s s o l ved o i l i n  the 

b r i ne d i scharged to the br ine  s urface 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 i mate ly 6 ppm for subsequent o i l ref i l l s  from a 

cavern of spec i f i c  geometry .  D i ffer i n g  cavern geometry effects the dur

at i on of  the i n i t i a l  o i l d i s cha rge and the concen trat i on of  the d i s s o l ved 

o i l  i n  s ubsequent d i s charges . The o i l concentrati on in the bri ne wi l l  be 

p r i nc i pa l l y  composed of  d i s so l ved hydrocarbons rather than d i s persed o i l  

a s  i s  common ly  found  beneath o i l s l i cks at sea . The d i s persed o i l com

ponent wh i ch i s  created dur ing  i n i ti a l  turbu l en t  o i l i nj ecti on i s  q u i ck ly  

and natura l ly  remov ed from the  br ine  co l umn due to  i ts h i gh buoyancy and  

l es s  than 1 ppm wou l d  be  expected in  the bri ne d i s charge .  

S tu d i es o f  the effects on  hydrocarbon s o l u b i l i ty as a functi on o f  

i nc rea s i ng the temperature of 1 500F ,  pressure t o  1 500 ps i a n d  s a l i n i ty 

to 3 1 0  ppt i nd i cate that s o l u b i l i ty changes of : 1 . 5  t imes wou l d  occur 

due to temperature i ncrea s e ,  5 . 0 times for pressure and 0 . 1 5  t imes for 

s a l i n i ty .  The net effect o f  these wou l d  be an i n crease i n  so l u b i l i ty 

o f  on ly  1 . 1 25 t imes i n  compari son to seawater equ i l i br i um concentrati ons . 

Thu s , cavern o i l equ i l i br i um concentrati ons wi l l  be very s im i l ar to va l ues 

measured for the vari o u s  crudes i n  seawater at standard cond i ti ons  of  tem

perature and pres sure .  

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

c i ab ly  affect the net o i l concentrat i ons  of  the bri ne due to the l arge 

d i l uti on effect wi th i n  the cavern and the es t imated 50 m i cron th i cknes s 

o f  the wa l l  fi l m .  
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At the s tart of fi l l i ng operati ons the oi l j et ve l oc i ti es s h ou l d  

b e  contro l l ed to l i mi t the amount o f  turbu l ence duri ng i n i ti al  fi l l  and 

the pos s i bl e  di s rupti on of the refractory l ayer duri ng the su bsequent 

refi l l s .  

A refractory l ayer i s  expected to form at the oi l bri ne i nterface 

wh i ch wi l l  reduce di s s o l uti on and to a degree di s pers i on reacti ons . 
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PART I I  - SOLUTION M I N I NG AND USE OF  

NEW CAVERNS 

S . l O i l - I n -Br i n e ,  Ca vern Constructi on and Operat ion  Effects 

S . 1 .  1 Ca vern Constructi on and I n i t i a l  Fi l l  

The caverns at the proposed S PR s to rage 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

f i l l  i s  the primary method .  It req u i res that the cavern to l eached 

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

t he advantage of  l ess  potent i a l  for oi l - br i ne i n teracti ons than l each/fi l l  

does , but the d i sadvantage that the l engthy ( 2  year ) l eachi ng  process 

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

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

s torage of  crude o i l concurrent ly  wi th a l 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 g her hydrocarbon ( H C )  concen

trati ons in the brine  d i s p 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 d i sposa l area . 

S .  1 . 1 .  1 Leach-Then-F i 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 in a conti nuous  operati on . The res u l t

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

maxi mum d i ameter of about 300 fee t .  B l an ket oi l ( to restr i ct upward 

g rowth  of the cavern roof )  wou l d  be i n s ta l l ed early i n  the l each i n g  

process and wou l d  rema i n  i n  p l ace for the durat i on o f  l eachi ng operati ons . 

At the concl 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 t i a l l y ,  the d i s p l aced 

bri ne wou l d  have neg l i g i b l e  HC  concentrati ons . Bri ne wi th l ow HC  

concentrati ons wou l d  then be di sp l aced for a bout two-th i rds of the  oi l 

f i l l  per i o d .  F i na l l y ,  br ine  ( 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 n a l  stages of oi l 

fi l l ,  H C  con centrati ons are anti c i pated to average 1 6  ppm . 

G r i n e  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 settl i ng of i n so l u b l e mater i a l . A four  hour retent i on 

t i me i s  p l anned , dur i ng wh i c h  50 to 1 00 percen t of the hydrocarbons 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 sposa l 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 fac i l i ty .  Fi l l i ng operat i ons  wou l d  be 

adju sted to ma i nta i n  eff l uent HC concentrati ons be l ow s tate standards 

( at a l evel  o f  a bout  1 0  ppm ) . Fi l l i n g  wou l d  be curta i l ed i f  concentra 

t i ons  exceeded s ta te s ta nda rds . 

5 . 1 . 1 . 2 Leach/Fi l l  Method 

Th e l each/fi l l  procedure wou l d  permi t crude oi l to be stored after about  

MMB o f  ava i l a bl e capa c i ty is  reached in  a g i ven cavi ty . Wi th the 

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

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

rema i n  wi th i n  the  u pper 1 00 feet o f  the bri ne co l umn . Therefore , after 

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

top of  the cavern : Add i ti on a l  f i l l  wou l d  be added as  space i s  l eached . 

W i th the l each/fi l l  procedure the l each cas i ng s  and zones of acti ve 

l each i ng wou l d  precede o i l f i l l  by on ly  a short vert i ca l  d i stance . 

O i l l eve l s  wou l d  be a dj usted for optimum l each i ng confi gu rat i o n .  The 

v o l ume of b r i ne i n  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 i me i n  wh i c h  o i l -br ine  acti v i ty cou l d  occu r wou l d  

b e  l onger.  Hence , tota l hydrocarbons di s so 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  f i l l i nc rements u ti l i zed , h i gh concentrat i ons of o i l i n  

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

f i l l .  Cont i nua l mon i tori ng of  the hydrocarbon concentra t i ons wou l d  be  

req u i red to  determi ne the approp r i a te cri ter i a  for l each  and fi l l  rates 

and schedu l es ,  to ma i n ta i n  concentra t i ons  be l ow state standards . 

5 . 1 . 2  Second and S U bsequent Oi l Refi l l s/Wi thdrawa l s  

Fo l l owi ng d i s p l a cement of stored o i l dur i ng the f irst  wi thdrawa l , 

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

p rocedu res were u s ed for cavern construct i on . The pri n c i p a l  effects of 

s u bsequent fi l l /wi thdrawa l cyc l es on the quant i ty of o i l d i sso l ved i n  

br i ne woul d b e  1 )  cavern en l argement duri ng wi thdrawa l , 2 )  the di l u t i on 

of res i dua l br ine  duri ng refi l l , and 3 )  t he d i sso l uti on  of  o i l rema i n i ng 

on the cavern wa l l s  dur i ng wi thdrawa l . 
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Assumi ng an i n i ti a l  cy l i ndri ca l  cavern of 1 0  MMB capaci ty ,  1 000 

feet i n  hei ght and 270  feet ( a verag e )  i n  d i ameter ,  cavern en l argement 

wou l d  be experi enced approx i mately as shown i n  Tabl e D-9 . U s i n g  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 l y  1 0  

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

much  bri ne as oi l wou l d  be conta i ned i n  the  cavern after the  fi fth oi l 

f i l l . The cavern d i ameter cou l d  en l arge by as muc h as 50 feet and the 

area of the bri ne-oi l i n terface wou l d  i nc rease 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 ti 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 of crude o i l duri ng each fi l l  and 

wi thdrawa l wou l d  have the effec t of mov i ng the br i ne-o i l i n terface 

h i gher i n  the cavern wi th each cyc l 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 concentrat i on s  i n  

bri ne ( near the top of the br i ne )  wou l d  be farther from the brine  exi t 

w i th each add i t i onal  cyc l e .  

Long- term s torage o f  crude oi l between wi thdrawa l s wou l d cause 

i ncreas i ng vo l umes of br i n e  to reach equ i l i br i um HC concentrati ons 

( 31 . 4  pmm ) p r i o r  to d i l ut i on duri ng wi thdrawa l . Accounti ng for d i l uti on 

by d i s p l acemen t  water , concentrati ons  wou l d  i ncrease 1 0-fol d for 5 cyc l es . 

Short-term d i s so l ut i on wou l d  a l so occur i n  the i nterim between the 

i n i t i a ti on of a wi thdrawa l and the comp l eti on of a ref i l l ;  mostly 

occurr i ng duri ng the per i od of no acti v i ty pr ior  to ref i l l . Assumi 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 i n  Ta bl e D-9 wou l d  resu l t .  Average HC 

concentra ti ons  wou l d  i ncrease in l ater cyc l es as  the vo l ume of the 50 

foot thi c k  l ayer becomes a greater port i on of the cavern vo l ume uti l i zed 

for a 1 0  MMB ref i l l .  

Oi l i n  bri ne resu l ti ng from res i dua l  o i l on  cavern wal l s  enter i ng 

so l ut i o n  duri ng wi thdrawa l s  i s  on ly  s l i ght ly  affected by cavern 

enl argement . As cavern vo l ume i ncreases , the surface area i ncrea ses 
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a t  a sma l l er rate , and the resu l ti ng average HC i n  bri ne concentrat i ons 

wou l d  be l es s  for l a ter cyc l es . These concentrati ons  are great ly  

affected by the  th i c kness  of the  res i dua l  o i l f i l m  and  c l i ngage th i cker 

than the 50  m i c rons  assumed wou l d  great ly  i ncrease concen trat i ons . 

S . 2  Summary 

I n  summa ry ,  hydrocarbon concentrati ons of d i s p l aced bri ne du r i n g  

o i l  f i l l  wou l d  b e  re l a t i ve ly h i gh ( due to turbu l ence a n d  mi x i ng early i n  

t he f i l l )  duri ng  t h e  l atter sta ges of  the i n i t i a l  fi l l .  Fo l l owi ng the 

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

effec ts duri n g  l a ter fi l l s .  The l ater fi l l s/wi thdrawa l s  wou l d  be 

a ffec ted by the rate of cavern en l a rgement 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 ca vern en l argement .  Du r i n g  

s ubsequent fi l l s ,  t h e  effects o f  ca vern en l a rgemen t wou l d  become more 

p ronounced wi th HC concentrat i ons  approach i n g  eq u i l i bri um con d i t i on s . 
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TABLE S -9  Fi l l /wi th drawa l cyc l e  vs . cave rn s i ze re l ati onsh i o .  

TABLE [)_ q .  r i l l /Hi thdra"la l Cyc l e  vs . Cavern S i ze Re l a t i onsh i p  

nos i duo 1 n r i n e  
li e  t i ve To tal B r i ne lifter D i l u t i on LOl1g- Term Storage O i l  Cl i ngage C 1 i ngage Oi l 

ri 1 1  W i  thdrawa 1 Ca vern Cavern 1 0 �lMB Dur i ng Equ i l  i br i u", on Cilvern Concentrat i on 

Cyc l_e . . Cycle ... Va l ume ,_ MMB Y2 1.�'m� �_ !1�1l. J.i l.l., . .r-t!B .  W.i .!.h.d ,a.w.i.1. �on.<=�t,�.t.iQO}..l'P1� !l.alLs.":' .2.bL !."-B.r:.!.!'..e....Jl� 

1 0 . 0  1 0 . 5 0 . 5  

1 1  . 7 1 2 . 2  2 .  ;> 1 : 20 1 . 6  27  2 . 6  

1 3 . 4  1 1 . 9  3 . 9  1 : � .  5 7 . 0  30 2 . 5  

1 5 . 1  1 5 . 6  5 . 6  1 :  2 . 6  1 2 . 1  32 2 . 3  

1 6 . 11 1 7 . 3  7 . 3  1 :  1 . 8  1 7 . 4  3 4  2 . 2  

l H . 6  1 9 . 1 1 :  1 .  4 22 . 4  36 2 . 1  

1 )  T n c l u rl i n q  0 . 5  MMB "'"'P 
2) Equi l i br i um conce n t ra t i on , d i l u t i on 
3) Assuming 50 m i c ron thi ckness 
4) IIs5lJming on l y  uppel·  5 0 '  of cavern reaches equ i T  i hr i um concentra t i on of 3 1 . 4  PPM 

Short-term 
O i l  Total  Di s s ol ved 

D i ssol u t i on 4 He Concentra t i on 
Ra t i o  PPn1 ... _. _ . ..PPm . . .  

1 : 20 1 . 6 5 . 11 

1 : 1 6 . 0  2 . 0  1 1 .  5 

1 : 1 3 . 9  ;> . 3  1 6 . 7  

1 :  1 2 . 2  2 . 6  22 . 2  

1 : 1 0 . 9  2 . 9  .21 . 4  



PART I I I  - H I STO R I C A L  EXPE R I ENCE 

S . l I ntroduct i o n 

The fo l l owi ng t e s t i mo ny was g i ve n  by M r .  Ge rard Fed i da o f  GEOSTO C K  

at the May 2 ,  1978 p u b l i c  meet i ng j o i n t l y  c o n v e n e d  by the U . S .  Army Corp 

o f  E n g i neers , Gal veston D i s t r i c t  and the U .  S .  E n v i ronme ntal  P rotec t i o n  

Age ncy ( EPA) i n  Freeport , Texa s .  The p u rp o s e  o f  t h e  p ub l i c  meet i n g was 

to co n s i de r  app l i cat i o n  of the Depa rtme nt of E ne rgy for Depa rtme nt o f  

the Army p e rm i t  t o  c o n s truct a 30  i nc h  b r i ne o ut l et p i p e l i ne a n d  b r i ne 

o ut l e t d i f f u s e r  i n  the G u l f of Mex i c o and an E PA Nat i o n a l  P o l l utant 

D i s c h a rge E l i m i n at i o n  System p e rm i t  to d i s charge b r i ne i n to the G u l f v i a  

th i s  s t ructure . M r .  Fed i da appeared a s  a tec h n i c a l  wi tne s s  fo r the 

Departme nt o f  Ene rgy . H i s testi mony p r o v i ded a perspec t i ve o n  actual 

o i l  sto rage ope rat i o ns be i n g conducted i n  F rance . 

S . 2 Comme nts o f  Gerard Fedi da Concern i ng Stud i e s o f  the O i l Content 

o f  B r i nes D i s c harged f rom S a l t Caverns at Mano sgue , F rance 

I am Ge rard Fedi da , Man age r of Projects at GEOSTOCK ( S o c i ete 

F ranca i se DE Stoc kage Geo l o g i q u e )  at the t i me o f  th i s  study and the co

o rd i nator of the group wh i c h  wrote the reports o n  the content o f  o i l  i n  

b r i nes d i s c h a rged from s a l t c ave rns at Mano s q ue , France . 

My p r o fe s s i o n a l  tra i n i n g i n  e n g i ne e r i ng was obta i ned at the E co l e  

P o l y  tec h n i que and Eco l e  Nat i o na l e  Supe r i e u re des Tec h n i ques Avancees i n  

P a r i s ,  France . I have been a s s o c i ated wi th GEOSTOCK s i nce 1973 , and wa s 

fo rme r l y  a s s o c i ated wi t h  C .  G .  DORI S , a French offs h o re e ng i nee r i ng f i rm .  

G EOSTO C K  i s  a s ub s i d i a ry o f  four o i l compa n i e s  i n  France , and has 

spec i a l i ze d  i n  pe rfo rm i n g de s i gn and management s e r v i ces i n  the i mp l e 

mentat i o n o f  the French s t rate g i c petro l e um rese rve and other u n de rground 

hyd rocarbon s to rage faci l i t i e s .  GEOSTOCK p r e se n t l y  i s  the operator for 

approxi mate l y  90 m i l l i o n barre l s o f  a v a r i e ty of hydrocarbons , i nc l ud i ng 

LPG , gas o l i ne ,  naphtha and c rude o i l . 

I n  Novemb e r  1977 , the Depa rtment o f  Ene rgy ( D O E )  ente red i nto a 

co ntract wi th Geosto rage I n c . , the Ame r i can s ub s i d i a ry o f  GEOSTOC k , for 
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the f o l l owi ng f o u r  s t ud i e s  r e l ated to the s t o rage of c rude o i l i n  

s a l t- s o l u t i o n  caverns at Mano s q u e , F rance : 

1 .  A comp i l at i o n o f  s e l ected h i stor i c a l  data and 

meas u rements o f  the o i  1 c o ntent o f  b r i  n e s  taken 

d u r i ng s e v e ra l  years o f  fac i l i ty op e rat i o n ; 

2 .  S amp l i n g  and meas u rement o f  the o i  1 content o f  

b r i  n e s  from caverns whi  c h  had contai  ned c rude o i  1 
f o r  p ro l o nged p e r i  ods ; 

3 .  Samp l i n g and meas u rement o f  the o i l content o f  

b r i n e s  d i sp l aced f rom caverns d u r i ng normal  f i l l  

o p e rati o n s ; and 

4 .  A comp i l at i o n  o f  s e l ected h i s to r i c a l  temperature 

p ro f i l e s made wi t h i n c e rta i n caver ns . T h i s  l atter 

s t u dy has no d i rect bea r i n g  on my t e s t i mony and wi l l  

not be d i s c u s s e d  f u rt h e r .  

( T RANSPARENCY NO . 1 )  T h e  Mano s q u e s torage comp 1 ex i s  l o cated i n  t h e  

s o uth o f  F rance , 55 m i l e s northeast o f  Mars e i l l e .  

Betwe e n  1968 and 1973 , 18 c av i t i e s we re l e ached i n  a ma s s i v e s a l t 

fo rmat i o n .  I n  a second p h a s e  of d e v e l opment c u rrent l y  unde rway , 18 new 

cav i t i e s are be i ng c reated . The v o l ume of t h e s e  cav i t i e s  ranges f rom 

700 , 000 to 2 . 5 m i l l i o n barre l s .  

The fac i l i t  i e s  i ncl  ude two b r i  ne s u rg e  p o n ds for 1 .  2 m i l l  i o n 

b a r re l s cap a c i ty at Mano s q u e ,  two 20"  p i p e l i n e s  l i n k i ng the s i te to 

b r i  ne 1 akes and re f i  neri e s  and V LC C  fac i 1 i t  i e s  on the Medi te rranean 

coast near Mars e i l l e ,  and the n e c e s s a ry p ump i ng e q u i pment and c o n t ro l s .  

B r i ne samp l e s are p e r i o d i c a l l y  taken at the Rognac s tat i o n h e re . The 

d e s c r i p t i on o f  th i s  comp l ex i s  anal o g o u s  to the g e n e r a l  system d e s c r i p

t i o n o f  the D O E  comp l ex app e a r i ng i n  the B ryan Mound f i n a l  E n v i ronmental 

I mpact S tateme nt . 
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The two 2 0 "  p i p e l i ne s  m e n t i o n e d  above s e rve to carry exce s s  b r i ne 

and petro l e um b e twee n  Mano s q u e  and the petrochem i c a l  i n d u s t r i e s  n e a r  

Ma r s e i l l e .  O n e  o f  t h e s e  p i p e l i ne s  i s  de d i cated to b r i n e  and the o t h e r  

to petro l e um ; they are not u s e d  i nte rchangeab l y .  

( T RAN S PA R ENCY NO . 2 )  Each cav i ty i s  e q u i pped wi th two conce n t r i c p i p e s . 

Hyd rocarbo ns are p umped i n to a cav i ty t h rough the an n u l u s  and b r i n e i s  

d i s p l aced t h ro u g h  the s u spended t ub i n g ( TRANSPARENCY NO . 3 )  to t h e  

s u rface b r i ne ponds , whe re mo s t  d i s s o l ve d  and d i s p e r s e d  hyd ro c a rbo n s  

s e p a rate o u t .  Th i s  method i s  v i rtua l l y  i de n t i c a l  t o  the o n e  i n  wh i c h 

D O E  wi 1 1  ope rate i ts fac i l i t  i e s .  Any exc e s s  b r i  ne i s  p umped through 2 0 "  

p i p e l i ne ,  me n t i o ned e a r l i e r ,  t o  the b r i ne l a ke s near Mars e i l l e .  D u r i ng 

d rawdown cyc l e s , the p ro c e d u re i s  s i mp l y  re s e rv e d .  

S i n c e  i ncept i o n  o f  the p ro j e c t  at Mano s q u e , fre q u e n t  s amp l e s  o f  t h e  

b r i ne i n  the 2 0 "  p i p e l i ne h a v e  b e e n  c o l l ected i n  o rd e r  t o  mon i to r  c o r

ro s i o n and o i l c o n t e n t .  F o r  P a rt 1 o f  o u r  study ,  a tota l o f  40 ana l y s e s  

we re comp i l ed for t h e  p e r i o d  J a n u a ry 4 ,  1972 - t h rough Novemb e r  2 5 , 1976 . 

T h e s e  a n a l y s e s  repre s e n t  both l e ach i n g under a hyd rocarbon b l a n ke t  and 

actual s t o rage o p e ra t i o n s . 

As noted e a r l i e r ,  the b r i n e  d i s p l aced from the va r i o u s  cave rns 

i n i t i a l l y  f l ows i n to o ne o f  two 600 , 00 0  b a rre l capac i ty s u rface p o nd s  

wh i c h act a s  s u rge p i ts .  Any f i l m  wh i c h form s  o n  the ponds i s  p e r i o d i 

c a l l y  s k i mmed and d i sposed o f .  

( TRANS PARENCY NO . 4 )  Each o f  t h e  4 0  s amp l e s ,  s e l ected f o r  t h i s  comp i l a

t i on , wa s wi thd rawn f rom the 20" p i p e 1 i ne at the Rognac p ump s tat i o n , 

wh i c h  you wi l l  reca l l i s  l ocated near Mars e i l l e .  

A l l samp l e s we re ana l yz e d  u s i n g an i n fared sp ectrome t r i c  method 

s i m i l a r to the o n e  recommended by M i c hae l G r u e n fe l d ,  E n v i ro nmental P ro 

tec t i o n  Agency ,  E d i s o n , N e w  J e r s ey .  Th i s  m e t h o d  i n vo l v e s  a l i q u i d- l i q u i d  

extract o f  the b r i n e  wi th a s u i tab l e  s o l v e n t  s uc h  a s  F re o n - 113 o r  carbon 

te trac h l o r i de , fo l l owed by a mea s u rement o f  the i n frared ab s o rbance o f  

t h e  s o l u t i o n .  U s i n g t h i s  method the p rac t i c a l  l i m i t  o f  detec t i o n  i s  0 . 5 

p a rts p e r  m i l l i o n ( P PM) . 
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Re s i de nce t i me of the b r i ne i n  the p o n d s  v ar i e d from o n e  day to 

more than 3 we eks depend i ng on t he s ca l e  and type o f  ope rat i o n at the

t i me .  D i ffere nces i n  re s i dence t i me o f  b r i ne i n  the ponds app e a r  to 

have an i n s i g n i f i c ant effect on i ts o i l content s i nce most hydrocarbons 

e i ther v o l a t i l i ze ,  o r  come o u t  o f  s o l u t i o n  and form a s u rface f i l m ,  

w i t h i n a s h o rt t i me afte r the b r i ne reac hes t he s u rface , due to the de-

c rease i n  p r e s s u r e .  

O t h e r  p arameters o f  s i mu l tane o u s  movements i n  t h e  cave r n s  we re a l s o  

comp i l e d ,  s u c h  as b r i ne temp e rature a n d  dens i ty ,  d i stances betwe e n  t he 

o i l /bri ne i nte rface and the s hoe of the b r i ne d i sp l aceme nt c as i ng ,  and 

t he spac i ng between the s hoes o f  the o i l i n j ec t i o n  and b r i ne d i sp l ace

ment cas i ng s . No re l at i ons h i p  was e s tab l i s h e d  betwe e n  these parame te r s  

and t he concentrat i o n o f  o i l i n  t he bri ne samp l e s , the d i s tr i but i o n  of 

wh i c h  appears i n  transp are ncy no . 4 .  

The second part o f  o u r  study requ i red t he c o l l e c t i o n  and ana l ys i s 

o f  b r i ne samp l e s from caverns wh i c h had contai ned c rude o i l i n  q u i e s c e n t  

s t o rage for p r o l onged p e r i ods . The p u rp o s e  of t h i s t a s k  w a s  to obta i n 

data on the o i l c ontent of b r i nes wh i c h  app roached eq u i l i b r i um wi t h  the 

s to red o i l b e f o re the smap l e s  had unde rgone the separat i o n  effects o f  

the s u rge p o nd s .  

We s e l ected f o u r  c av i t i e s wh i c h we fel t we re appropri ate for t h i s 

s t udy . Two samp l e s  we re c o l l ected at the we l l head of each cave rn . The 

f i r s t  s amp l e was c o l l ected after the v o l ume o f  b r i ne s ta nd i ng i n  the 

t u b i ng had been d i s p l aced to the s u rfac e .  T he second samp l e  was c o l 

l e cted after an addi t i onal  few t h o u sand barre l s had bee n d i sp l aced . The 

re s u l ts o f  the a na l ys i s  o f  t h e s e  samp l e s i s  p r e s e nted i n  the next 

transpare ncy ( No . 5 ) .  As you wi l l  note , b r i ne from c av i ty ET , wh i c h  had 

c o nt a i ned crude o i l for 13 month s , conta i ned only 12 . 7  parts p e r  m i l l i o n 

o i l .  You wi l l  reca l l that these s amp l e s were c o l l ec ted before any 

s e tt l i ng of the b r i ne had taken p l ace i n  the p o nd s . A l l s amp l e s e x h i b i 

ted a s trong odor o f  hydrocarb ons and degas s i ng when they we re c o l l ected . 

T h i s i s  c o n s i stent wi th what i s  known about the s o l u b i l i ty of hydro

c arbons i n  b r i ne , name l y ,  that t he l i g h t  hyd rocarbons , expec i al l y  those 
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l i ke b utane and propane are the more s o l ub l e ,  and s o l ub i l i ty i s  p r e s s ure 

dep enden t .  Therefore , when b r i ne from be neath s tored c rude o i l i s  p ro

d uced to the s urface , the reduc t i o n  i n  p r e s s ure w i l l  cause d i s s o l ved 

hyd rocarbons to vo l a t i l i z e .  

O u r  f i n a l  s t u dy regard i n g o i l - i n- b r i ne , c a l l ed f o r  t h e  s amp l i ng a n d  

ana lys i s  o f  b r i nes d i s p l aced f rom cav i t i e s d u r i ng n o rmal  f i l l  cyc l e s .  A 

tota l o f  2 4  samp l e s we re c o l l ected f rom the we l l heads o f  f i ve c av i t i e s  

fo r the p u rpo s e s  o f  th i s  tas k .  The re s u l t s o f  the ana l ys e s  o f  these 

s amp l es i s  prese nted i n  the next Tran spare n cy ( N o . 6 ) .  As can be seen , 

the max i mum o i l content wa s o n l y  9 . 4 ppm , b e fo re any s e t t l i ng i n  the 

s u rge ponds , wh i c h i s  w i th i n  the range repo rted e a r l i e r  for h i s to r i ca l  

data o f  operat i o n a l  ca v i t i e s .  A l l o f  the s amp l e s ex h i b i ted a hydro

c a rbon odor and most we re obv i ou s l y  dega s s i ng .  

A l l o f  the o i l - i n- b r i ne ana l ys e s  repo rted we re made o n  s amp l e s 

o b t a i ned f rom a hyd rocarbon s to rage fac i l i ty wh i c h  has been i n  ope rat i o n 

for ten yea rs . The s am p l e s we re obta i ned from o r i g i n s as d i ffe rent as 

the we l l heads o f  s tat i c  s to rage , the we l l heads of operat i n g s to rage and 

the e f f l uent of a b r i ne sett l i ng pond . These a n a l y s e s  s how that the o i l 

conce ntrat i o n i s  be l ow 15 parts p e r  m i l l i on even i n  the wo r s t  c a s e  and 

ave rages four to f i ve ppm.  
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OPERAT I ONA L CAVERNS  

U8 SAMPLES} 

CONTENT OF O I L  I N  BR I NES DI SPLACED FROM 

CAYERNS AT MANOSQUE, FRANCE 

O I L  CONTENT ( PPM) 

LEACH I NG OF NEW CAVERNS 

(22 SAMPLES)  / 0 . 0-13 . 8  RANGE  0-10 / 2 . 8 
MED I AN 2 . 6  -/ 4 . 6 
I\VERAG E 3 . 3  

TRANSPARENCY NO . 4 
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OI L CONTENT Of BR I NE SAMPLES FROM 

[AYlJJ ES CONTAI N I NG CRUDE OI L FOR PROLONGED PER I ODS 

( ALL SAMPLES COLLECTED AT THE WE LLHEAD) 

CAV I TY M I N I MUM 

STORAGE TOTAL O I L  CONTENT ( PPM) 

T I ME F I R ST SAMP LE SECOND SAMP LE 

ET 13 MONTHS 12 . 7  9 . 3  

A \ 3 WEE KS 9 . 4  3 . 8  
I 
I 

D 3 WEEKS 6 . 1  1 . 7  

F 3 WEEKS 2 . 2 1 . 6  

TRANSPARENCY NO . 5 
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TRANSPARENCY NO . 6 

O I L  CONTENT Of BH I NE DI SPLACED FROM 

CAV I T I E S  DUR I NG NORMAL F I LL OPERATI ONS 

(ALL SAMPLES COLLECTED AT THE WELLHEAD ) 

TOTAL O I L CONTENT ( PPM ) 

START OF END OF 

CAVERN F I LL CAVERN F I LL 

9 . LJ 0 . 7 
6 . 1  l o ll 

0 . 7 0 . 7  
3 0 . 7 

0 . 7  1 .  II 

RANGE  
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0 . 8-6 . 1  
0 . 7-3 
0 . 7-3 
O . 7-1 . LJ  





APPENDIX T 

SELECTED CHARACTERISTICS OF THE AQUATIC ENVIRONMENT 
NEAR THE PROPOSED WATER INTAKE ON THE 

INTRACOASTAL WATERWAY 

Introduction 
DOE ' s  Strategic Petroleum Reserve Office ( SPRO) has selected 
the Intracoastal Waterway (ICW) west of its intersection 
wi th Alkali Ditch as a proposed water source for leaching 
and oil displacement at the West Hackberry expansion oil 
s torage facility. This selection was made after a review of 
potential water sources by SPRO and with consideration given 
to recommendations from other agencies. 

SPRO authorized a field study of the aquatic environment in 
the ICW to verify that no extraordinary conditions existed 
which would limit or preclude use of the waterway as a water 
source . This appendix presents the findings of that field 
study . 

Condi tions at the ICW are discussed at several other places 
in this document . Sections in Volume I summarize the physi
cal and chemical quality of the water itself (3 . 3.1 . 2) ,  the 
organisms which are present and their significance ( 3.3.1 . 5) ,  
and how water withdrawal would affect the aquatic environ
ment ( 4 . 3.2 and 4 . 3 . 5) .  The same subjects are treated in 
more depth in Appendices  B ,  C and D .  Corp s of Engineers water 
quali ty data for the ICW are presented in Appendix D .  6 ,  
Tables D .  6-2 and D .  6-3 . The computer modeling results of 
water withdrawal effects on depths , salinity, and current 
velocity are presented in Appendix D.27. 

Field Study Obj ectives 
Obj ectives of the field study included the measurement of 
physical and chemical variables ; a survey of biological 
species--especially economically important ones ; and the 
measurement of depth near the proposed ICW water intake 
l ocation. These data were employed in assessing biological 
losses , determining effects on brine chemical quality , and 
estimating the potential for induced salinity intrusion . 

Materials and Methods 
sampling was carried out on June 8, and June 9 ,  1978 . Eleven 
water samples were collected for chemical analysis and nine 
samples for biological determinations. In addition , mea
surements of conductivity , pH, temperature and dissolved 
oxygen were carried out 5 separate times and at different 
locations and depths. 
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Laboratory chemical analyses were largely carried out 
according to standard Methods for the Examination of Water 
and Wastewater .  However , a speClaI-extraction and analysis 
was used with the heavy metals to minimize interference from 
materi als in seawater . 

The special extraction method is more costly than the other 
analyses and detection is improved by increasing the sample 
volume . For these reasons and because water concentrations 
of heavy metals were not expected to vary greatly during the 
sampling period , composite samples were used to determine 
these metals , other cations , and oil and. grease. Two com
pos i tes were analyzed . Each was formed by mixing three 
l -li ter samples. The three samples comprising each com
posi te sample were taken at the same sampling point . One 
sample in each composite was taken in the morning , one in 
the afternoon , and one in the morning of the second day of 
sampling . The two sampling points corresponding to the two 
composite samples were identical to the starting point for 
plankton tows and the end point for trawling in the vicinity 
of the proposed water intake . 

Each time a heavy metals sample was taken , a sample to be 
used for analyses of main nutrients , chlor ide , and sulfate 
was also taken . One additional nutrient sample was obtained 
each time the other samples were obtained . The additional 
sample point was located halfway between the other points-
at the end point for plankton tows in the intake vicinity . 
Table T-1 shows the sampling scheme for the samples 
chemically analyzed i n  the lab . Figure T-1 displays the 
locations of the sampling points . 

The followi ng variables were analyzed in all of the 9 uncom
posited samples : nitrate , nitrite , si lica ( reactive ) , or
thophosphate , sulfate , and chlor ide .  In addition , other 
variables determined from the two composite samples ( metals ) 
include : i ron , copper , cadmium , nickel , zinc , lead , mangan
ese , magnesium , calcium , potassium , sodium , and oil and 
grease . 

The nine uncomposi ted samples provi ded a good measure of 
precision and were indicators of mixing during the period of 
the study . Each was an approximately 1 00 ml aliquot . Water 
samples were obtained from a depth of 5 ± 1 . 5  feet using a 2 
I i  ter Van Dorn type closing bottle with a horizontal holder 
suspended by a nylon-coated cable . Samples used in analysis of 
metals levels were fixed in the field with HN03 , nitric acid ;  
other samples to determine chemistry were frozen . Depth pro
files of conductivity , pH , temperature , and dissolved oxygen 
were obtained at the same stations used for the lab chemistry 
and b io logical s amp l e s  except that only one location was 
studied at a particular time of day . Such profiles were 
also obtained at a station near the Gum Cove Ferry , about 
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Tab l e  T - 1  

T i m e s  and Locati ons a t  Whi c h  Water S amp l e s  We re obtained fo r Chemi c a l  Ana l ys i s  

T ime/Date 
Location 

P N T 

1 0 : 3 0 - - 1 2 : 0 0 noon XC 
June 8 X XC 

2 : 5 0 - - 3 : 0 0 pm XC 
June 8 X XC 

9 : 1 0 - - 9 : 3 0 am XC 

X 

XC 

P 

N 

T 

June 9 X XC 

= 

= 

= 

= 

= 

One s amp l e . 

Two s amp l e s , one o f  whi c h  was u s e d  in the comp o s i te s amp l e  for the s tation . 

P o i nt from whi ch p l ankton tows were b e gun . 
Po int at whi c h  p l ankton tows we re ended and trawl s be gun . 

P o i nt at wh ich trawl s were ende d . 
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2 . 2  miles west of the other locations . construction of the 
profiles resulted in a depth determination in addi tion to 
the other factors . A portable Hydrolab Surveyor system was 
used to construct the profiles . The line by which the sen
sors were suspended was marked at 1 meter intervals , enabl
ing di rect determinations of the distance from the surface 
at which the sensors were located . The depth readout on the 
Hydrolab Surveyor malfunctioned and only the depth data from 
soundings were used . The following profiles were construc
ted : station P ,  10 : 30 pm , June 8 ;  station T ,  11 : 5 5 am , June 
8 ;  Gum eove Ferry Station , 1 : 50 pm , June 8 ;  station N ,  3 : 05 
pm, June 8 ;  and station P, 8 : 45 am, June 9 .  

Biological sampling was performed using a 30-foot otter trawl 
to collect demersal fi sh and epibenthic fauna, and a large 
plankton net was used to s ample the water column proper . 
Both trawls and plankton tows were made using a 20-foot 
flat-bottomed workboat with a 115 horsepower outboard motor 
to pull the sampling apparatus at a slow speed . All trawls 
and plankton tows were made in a downcurrent ( easterly) di
rection . 

The otter trawl used had the minimum legal commercial mesh 
size of 3/4-inch on a side, l\-inch maximum aperature 
stretched, and a vertical dimension at the mouth of approxi 
mately 3 feet. During operation, the trawl probably only 
opened to about 28 feet . Trawls were made four times and at 
two locations , near the proposed intake and near Gum Cove 
Ferry crossing. The three trawls near the proposed intake 
all traversed the same segment of the l CW channel ( station N 
to station T) . The trawls were timed and were pulled over a 
si ght-estimated distance of 200 yards . The accuracy of this 
distance probably is within ± 50 yards . Trawls were made at 
different times of the day on June 8 .  

A one-meter diameter, #6 ( 243 microns on a si de) , nylon 
plankton net fitted to a collecting bucket with a #6 wire 
mesh window was used to sample the water column . This net 
was towed five di fferent times and at two locations, near 
the proposed intake and near Gum Cove Ferry Crossing . The 
four tows near the proposed intake all traversed the same 
segment of the l ew channel ( station P to station N )  at 
approximately mi ddepth . To avoid the excessive turning en
countered in the first tow, subsequent plankton tows were 
made off the bow of the boat with the motor in reverse . The 
last tow was made on the second day of work , June 9. Plank
ton tows were timed, as with the trawls . similarly, they 
were made over a sight estimated distance of 200 yards ± 50 . 

The relative locations of the sampling stations near the 
proposed intake are shown in Figure T-l . The sampling zone 
is about 2 . 1  miles west of the intersection of the l CW and 
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Alkali Ditch . Samples were taken in a coordinated way. The 
work in this zone was started at Station P at each sampling 
time. All other sampling ( e . g., metals, nutrients, Hydrolab) 
was completed,  then the plankton tow was made. Any work 
scheduled for N was then completed, and a trawl was made if 
scheduled . At the end of the trawl ( St�ation T) , any addi
tional sampling scheduled for T was perfoI:med . 

A seri es of samples were obtained east� of Gum Cove Ferry 
Crossing at about 2 : 00 pm, June 8 .  These included a plankton 
tow, a trawl, and Hydrolab Surveyor dat�a. The plankton tow 
and trawl were back-to-back , and each an estimated 200 yards 
long as at the sampling zone near the proposed intake . The 
plankton tow was started on line with the sign for the ferry 
immedi ately east of the actual crossing , This study was made 
to support evaluation of conditions in ii fresher part of the 
Waterway. 

Results 
Results are presented in tabular form with summations in the 
accompanying text. These appear in t.he order : chemical 
analyses, Hydrolab Surveyor measurements, and biological 
results . 

Table T-2 presents heavy metals levels measured in the two 
composi te samples from stations P and T. The values have 
been compared to the water quality advisory levels presented 
in Appendices D. 3 and interpreted in relation to brine dis
charge by reference to Appendix D.15. 

Nutrients, chloride, and sulfate are presented in Table T-3 . 
These values have been compared against standards and with 
respect to their contribution to brine discharge levels, as 
w i  th heavy metals. Compared to high levels of various 
elements and compounds previously noted on p. C. 3-6, present 
analysis indicates good quality. Only iron was hi gh, and 
this probably includes suspended iron and is therefore mis
leading . The day-to-day changes in values in Table T-3 were 
slight, as were the differences between sampling locations. 
I n  situ measurements profiles obtai ned with the Hydrolab 
Surveyor are presented below in Table T-4 . Conducti vi ty has 
b een converted to salinity, and dissolved oxygen adjusted to 
conductivity/salinity in the table. Depths at the bottom 
and corresponding in situ measurements are presented in 
Table T-5. 

Comparison of in situ measuremen·r.s wi t:h state standards and 
EPA advisory levels does not disclose any cases of extreme 
low quality, although pH and dissolved oxygen may occasion
ally have been marginal by some of the EPA advisory levels. 
It is interesting to note the day-to-day change in salinity 
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Tab l e  T-2 

Res ul ts From Compos i te Samp l es 
Materi a l  P Compos i te T Compos i te 
Ca l c i um 68 . 8  mg/ l  68 . 4  mg/ l  
Magnes i um 0 . 1  gi l 0 . 1 1  gi l 
Sodi um 1 . 86 gil  1 . 85  gil  
Potass i um 0 . 1  gil 0 . 1 1  gi l 
Manganese 8 . 4  ]Jg/ l 9 . 4  ]Jg/l  
Z i nc 

2 . 2  ]Jg/ l  2 . 4 ]Jg/ l  
Lead 

< 2 . 0 ]Jg/ l < 2 . 0  ]Jg/l  
I ron 0 . 38 gi l 0 . 38 gi l 
Copper 

< 2 . 0 ]Jg/ l  < 2 . 0 ]Jg/ l 
Cadmi um 

0 . 2  ]Jg/l  0 . 1  ]Jg/l  
N i ckel  

< 1 . 0 ]Jg/ l  < l . O ]Jg/ l  
O i l and Grease 1 . 0 mg/ l 2 . 0  mg/ l  



Tabl e T - 3  Macronutri ents , C h l ori de , and S u l fate 

Mater i a l  a n d  T i me Stati on P Stat i on N Sta t i on T 

N i trate morn i n g  6/8 0 . 024 0 . 02 1  0 . 02 9 
mg/ 1 afternoon 6 / 8  0 . 026  0 . 02 6  0 . 036 

morn i n g 6 / 9  0 . 024 0 . 036 0 . 0 4 1  

N i trate morn i ng 6/8 0 . 1 3 0 . 1 1  0 . 1 8 
mg/1 afternoon 6/8 0 . 2 1 0 . 08 0 . 21 

morn i ng 6/9 0 . 22 0 . 1 8  0 . 20 

Orthopho s ph ate morn i ng 6/8 0 . 043 0 . 07 0  0 . 05 1  
mg/1  a tternoon 6 / 8  0 . 060 0 . 04 9  0 . 058 

morm ng 6/9 0 . 087 0 . 07 2  0 . 07 8  

Re acti v e  Si l i cate morn i ng 6/8 0 . 70 0 . 99 1 . 6 7  
mg/1  atternoon 6 /8 0 . 4 1 1 .  38 1 . 14 

morn i n g  6 / 9  0 . 70 2 . 35 0 . 41 

C h l o r i d e  morn i ng 6/8 2 . 16 2 . 7 7  2 . 87 
g / 1  atternoon 6 /8 2 . 64 1 . 80 2 . 64 

morni ng 6 / 9  1 .  5 1  1 . 52 1 . 58 

S u l fate morn i ng 6/8 0 . 32 0 . 38 0 . 38 

g / 1  afternoon 6/� 0 . 36 0 . 37 0 . 38 
morn i ng 6 / 9  0 . 23 0 . 22 0 . 26 
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Table T-4 Temperature, Salinity, Diss olved Oxygen, 
and pH Depth Profiles 

Dis solved 
Temperature Salinity Oxygen pH 

Depth Profile { O C }  { ppt } ( ppm) 

Surface 1 26.0 4.8 6.1 6.7 
2 27.0 5.0 6.1 6.6 
3 26.0 1.1 5.5 6.4 
4 27.6 4.6 6.1 6.8 
5 26 . 0  2.5 5.1 7.9 

1 M 1 26.0 5.0 5.6 6.7 
2 27.0 5.1 6.0 6.6 
3 25.5 1.4 5.3 6.3 
4 27.5 4.6 5.8 6.7 
5 26.0 2.6 4.9 7.9 

2 M 1 26.0 5.0 5.4 6.7 
2 26.8 5.2 5.9 6.6 
3 25.3 1.4 5.1 6.3 
4 27.3 4.7 5.5 6.7 
5 26.0 2.7 4.5 7.9 

3 M 1 
2 26.0 5.3 5.8 6.6 
3 2 5.3 1.5 5.0 6.2 
4 27.2 4.7 5.6 6.7 
5 26.0 2.7 4.8 7.9 

4 M 1 
2 25.5 5.4 5.7 6.6 
3 25.2 1.5 5.0 6.2 
4 27.0 4.8 5.2 6.6 
5 26.0 2.7 4.5 7.9 

5 M 1 
2 
3 25.1 1.6 5.0 6.2 
4 
5 

Profile Key 
1 = Station P, 10 : 30 am, June 8 
2 = station T, 11 : 5 5 am, June 8 
3 = Gum Cove Ferry station, 1 : 50 pm, June 8 
4 = station N, 3 : 05 pm, June 8 
5 = s tation P, 8 : 45 am , June 9 



I 

Table T-5 Bottom Depths of Profiles and corresponding 

Temperature , Salinity , D issolved Oxygen , and pH 

Profile 

1 

2 

3 

4 

5 

Bottom Depth 
M 

2 . 5  

4 . 5  

5 . 0  

4 . 7 5 

4 . 2 

2 6 . 0  

26 . 0  

2 5 . 1  

2 7 . 0  

26 . 0  

Salinity 
( ppt ) 

5 . 0  

5 . 5  

1 . 6  

5 . 0  

2 . 7  

*The key to profiles l S  In Tab le T-4 . 
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D issolved 
Oxygen 

( ppm ) 

5 . 6 

5 . 8 

5 . 0  

4 . 8  

4 . 5 

pH 

6 . 7 

6 . 6  

6 . 2  

6 . 6  

7 . 9 



and pH. A comparison is available for station P which was 
studied both on the morning of June 8 and the morning of 
June 9. Over this period, salinity fell by nearly half and 
pH went. up by more than a unit. This may be explained by 
the fact that heavy rains occurred on June 6 and 7 .  Runoff 
from this precipitation may have flushed the canal, removing 
both dis solved s olids and humic materials. The current was 
observed to be to the east--Gulfward--at each sampling time. 
A period of general drought preceded the rain. The data 
indicate mixing within the water column under high freshwater 
runoff conditions rather than stratification. 

Trawl and plankton net catches were transported to the 
laboratory to be proces sed. Total counts by specie s were 
made of economically important animals and other forms 
obtained in the trawl catches. In the plankton samples , 
large forms were counted in toto ; small forms were estimated 
by subsample counts. Economically important forms were iden
tified as fully as pos sible, others were only generally noted. 
Approximate volumes of water filtered were calculated to 
apply to the number of animals in the corresponding samples. 
This gave rude e sti�tes of average density. In a trawl , an 
e stimated 1, 411.2 m were inters 3cted by the trawl. In a 
plankton tow , an estimated 144.48 m were inters ected 

The trawls caught such economically important forms as brown 
shrimp j uveniles , blue crabs, sand seatrout, and Atlantic 
croaker. Shrimp were also collected in plankton tows near 
the proposed intake. Shrimp were most prevalent in plankton 
in the morning and late afternoon tows--when their numbers 
in the trawls were relatively lower. This was interpreted 
as a re flection of the s hrimp lifting off the bottom and 
moving with the current in midwater. 

Species or other groupings caught in trawls are listed in 
Table T-6 along with their abundances. Of the species in 
this table, only the bay whiff and the southern flounder 
were not also reported in June catches in 1968 in the same 
estuarine area according to the report in the Cooperative 

Gulf of Mexico Estuarine Inventory and Study, Louisiana . 
Numbers per catch are also on the same order of magnitude in 
the pres ent and in the 1968 studie s . 

The large st fish from the trawl samples were the two foot 
long flounders taken in the last two tows. Shrimp ranged 
between 45 and 110 mm in length with the greate st number at 
around 65 mm . Sand Seatrout ranged between 40 and 120 mm 
long , with a mode near 90 to 95 mm .  Atlantic croaker ranged 
between 50 and 2 40 mm ,  with the greatest number at about 
75 mm .  
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T ab l e  T-6 Abundances i n  Trawl Samples  

Trawl 1 T rawl 2 Trawl 3 

Speci es 
Abundance Abundance Abundance 

F i sh  
(No . / l00 M

3) (No . / l00 M
3) (No . / l00 M

3 ) 

-

Anchoa mi tchi l l i  . 1  

Bay Anchovy 

Brevoorti a  Qatronus . 07 . 14 

Largesca i e  Menhaden 

Ci thari chthts sQi i oQterus . 07 . 14 . 07 

Bay Whi ff 

Ctnosci on arenari us 2 . 0  1 . 2  . 57 

Sand seatrout 
. 07 . 07 

Le i ostomus xanthurus 

spot 

Mi croQogan undul atus 7 . 65 5 . 2 10 . 42 

Atl anti c croaker 

P aral i chthts i ethostigma . 07 . 07 . 07 

Southern Fl ounder 

po ltdact�l us octonemus . 07 

Atl ant i c  Threadfi n 
. 14 

Tri nectes macul atus 

Hog Choker 

Nonfi sh 

Cal l i nectes saQi dus* At l east At i east At l east 

2 . 7  2 . 1  2 . 1  

Bl ue Crab 

Penaeus aztecus 16 . 1  22 . 9 1 . 56 

Brown Shri mp 

Rangi a cuneata 

Marsh Cl am 

*Den s i ty i ncl udes esti mate of at l east  10 l arge bl ue crabs d i scarded 

after  each trawl . 
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Trawl 4 
Abundance 

(No . / l00 M
3) 

. 07 

. 07 

. 5  

3 . 7  

. 07 

At 

9 . 0 



Species or other groupings in the p lankton tows are l i s ted 
in Tab l e  T-7 along with their abundances i n  the s amp l e s . 
The species l i s t  i s  di s s imi l ar to that in the Cooperative Gul f  
o f  Mexico Estuarine I nventor� and S tudy , Louisiana , in that 
a number o f  sma l l  fish spec�es , mysids , o s tracods , mayfl i e s , 
and barnacle l arvae were pres ent ., Thi s i s  p artly attributab le 
to the more inl and location o f  s ampl i ng in the present study . 
Large proporti ons o f  the Acarti a copepods col l ected were 
covered with s ta lked c i l i ates to varying degrees .  Thi s 
i ndicate s  a high concentration o f  sma l l  food particl e s . 
Detri tus was very abundant i n  the water and qui ckly · clogged 
the s creening in the col lecting bucket , caus ing backwashi ng . 
Thi s means that the dens iti e s  observed i n  s ampl e s  were low . 
The s e  overl apped i n  order o f  magnitude wi th tho s e  observed 
in the cooperative inventory . There was much more of a range 
at the l eW ,  perhaps somewhat re fl ecting the greate r  number 
of speci es c o l lected . 

S i zes o f  fi sh and shrimp in the p l ankton were rel ative ly 
smal l . The maximum s i z e  was about 100 rom, which was attained 
by the speckled worm eel . Shrimp and anchovies ranged between 
about 2 0  and 75 rom l ong . s e atrout and menhaden were in the 
60 to 80 bracket . The c lown goby ranged between 2 0  and 2 5  rom 
l ong . 

Di scu s s i on/conclusi ons 

S ince there was a period of drouth be fore the s ampl i ng peri od 
a l though heavy rains occurred the two days j us t  be fore fi eld 
s tudi e s  were conducted ,  marsh and estuarine animal s  probably 
penetrated farther inl and than they normal ly do . The l ew 
has been regarded as unproductive by informed l ocal observers . 
On the bas i s  o f  the pres ent work i t  certainly does not appear 
exceptional l y  rich in fi sheries spec ies compared to other 
parts o f  the estuary . I f  l ocal observati ons are correct , it 
mus t  be a rare occasion on which one could obtain the high 
catches which were s een . 

One can certainly s ee the e f fect o f  runo ff from the recent 
precipi tation in the data . S a l initi e s  go down during the 
first day ( l ater in the day ) and into the next . The chloride 
l eve ls fal l s  first in s tati on N ,  indicating that current di ffer
ences may be devel oped during he avy runo ff . On the return 
from B l ack Bayou an area o f  s i lt- l aden water was obs erved to 
be advancing a long the shore . I ts edge was quite di s crete . 
Thi s  a l s o  seems to indicate the deve lopment o f  discrete 
currents . 

The l ew i s  a rel atively good qua l i ty water s ource according 
to the data observed in the pres ent study . The pres ent data 
s upport the conc l u s i on that the potential for harm to biota 
from us ing l ew water from the study area compared to other 
potenti al s ources is probably rel ative ly low . 
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Spec i e s  or  
Other Groue 

Tow 1 3 
Abundance ( no/ 1 00m ) 

Acartia  
Ca1 ano i d  Copepod 293 

Anchoa mttche1 1 i  
Bay Anchovy 7 

Aurel i a  auri ta 1 4  
Jel ly  F i sh 

Bal anus naup1 i i  

Barnacl e Larvae 2 

Brachuyuran zoeae 
crab Larvae 1 4  

Brevoorti a  patronus 
Large scal e Menhaden 

Ca 1 1  i nectes saei c1  us 
B l ue Crab 

Ci ro1 ana 
I sopod 

Cynosc i on arenar ius  
Sand Seatrout 

Ephemeropteran 
Mayf1  y La rvae 

Labi docera 
Calanoid Cop epod 

Mys i d 
Shrimp- l i ke Crustacean 

Mi crogobi us gu1 0sus 
Cl own Goby 7 

Myroeh i s  punctatus 
Speckl ed Worm Eel 

Tabl e T-7  

Abundances in  Zoopl ankton Catches 

Tow 2 3 Tow 3 3 Tow 4 3 Tow 5 3 

Abundance ( no/ 1 00m ) Abundance ( no/ 1 00m ) Abundance ( no/ 1 00m ) Abundance ( no/ 1 00m )-

288 420 288 555 

1 3 2 
3 1 2  

6 
2 1  

3 
2 

36 
3 1 5 

<;T 
.-

I 
t--

2 

1 4  

22 6 6 

3 
1 7  



Spec i es o r  
Other Grou  

Ostracod no .  

Paguri d zoeae 
Herml t Crab Larvae 

Penaeus aztecus 
B rown Shrimp 

Penaeus set i ferus 
post l a rvae 

Very young stage 
wh i te s hri mp 

Pen i l  i a  
Ostracod 

Temora 
Cal ano i d  Co pepod 

Tabl e T-7 ( Conti nued) 
Abundance in Zoop l a nkton Catches 

Tow 1 
3 Tow 2 Abundance ( no/ 1 00m ) Abundance 

1 0  4 

Tow 3 
Abundance 

3 

1 0 

5 

Tow 4 Tow 5 
3 Abundance ( no/ 1 00m3) Abundance (no/ 1 00m ) 

9 1 8  

5 0  

LO 
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