
ELU'1RlATE ANALYSES OF SEDIMENT AND WATER SA.."IPLES 
FOR CHEMICAL AND HEAVY METALS CONSTITUENTS, 

MOBILE HARBOR, ALABAMA 

SEDIMEHT WATER 
SAMPLE I MB-12 SAMPLE fl HB-12 

PAIAHE'lER. 

T.o.c. (ppm) 

NM>NL\ NITROGEN (ppm) 

T.K.Jf. (ppm) 

PHOSPHORUS 

ONDUCTIVITY c 

s 

{umhoa) 

ALllf ITY (p;>t) 

H p 

KE R.CUllY (ppb} 

F.NIC (ppb) ABS 

00 PPEI (ppb) 

z INC (ppb) 

UM (ppb) 

L !Al) (ppb) 

lClEL (ppb) • 
a IROMIUM (ppb) 

l llON (ppb) 

DILUTION 
WATER 

45.? 

0.07 

0.11 

0.162 

17900 

13.0 

7.88 
LO. 2. 

24.0 

1.0 

23.4 

0.2 

1.2 

1.1 

o.s 
<10.0 

DATE 30 July 74 

STANDARD 
ELUTRIATE 

8.4 

u.38 

o.67 

0.318 ' 

26100 

17.S 

8.02 
Q," 

21.0 

o.s 
6.0 

0.2 

<O.S 

1.4 

<0 • .5 

24.0 

<>• 



• 

• 

ELUTRIATE ANALYSES OF ! EDIMENT AND WATER S&llfi'LJ:S 
FOR Cl'J::MtCA!. AND HU' VY METALS 1 ONSTITUENTS, 

MOBILE HALBOR, ~.BAM.'l. 

SEDIMENT WATER 
SAMPLE I MB-12 SAMPLE I Mobile Offshore DATE N.R. 

PARAMETER 
DILUTION I SlANDAR.:l I 
WATER ! ELUTIUATE! 

--

T.O.C. (ppm) 21.9 17.4 
>---

NIA NITROGEN (ppm) 0.07 0.21 

T.K.N. {ppm) 0.17 
I 

2.41 I I p1;0sPHORUS (ppm) 0.072 I 0.370 I ! I ' 
OJNDUCTlVITY (umhos) 35500 I 38600 I I 
s,LINITY (ppt) 25.3 i 25.2 t~ --- I I 
pH 8.03 I 7.80 I _ 1 ! 

<CURY {ppb) 
o.z l c,Z I I ! 

' ·-

I~ ARSENIC (ppb) 31.0 I 14.0 

COPPER (ppb) 3. t -i- 0.8 
I 

ZINC (ppb) 18.4 
I 14.0 i 

MI 

CADMIUM (ppb) LO 0.2 

EAD (ppb: .) • 9 1.4 I 
! 

I ! 

I ! 

ICKEL (ppb) 4.3 1.4 

L 

N 

alROMIUH {ppb) <.1}. 5 <0.5 

IRON (ppb) <10.0 <10.•) 
I 



ELUTRIATE ANALYSES OF SEDl.MENT AND WATER SAMPLES 
FOR CHEMICAL AND HEAVY METALS -CONSTITUENTS, 

MOBILE HARBOR, ALi.BAMA 

SEDIMENT WATER 
SAMPLE # MB-16 SAMPLE fl MB-Hi 

PAP.AHETER 

r .o .c. (pp:.:i) 

NIA NITROGEN (ppm) 

T.Y..N. (ppm) 

PHOSPHORUS (ppm) 

NDUCTIVI1Y (umhos) 

s AL IN I TY 

H p 

ME l<CURY 

(ppt) 

(ppb} 

ARS D!IC (ppb) 

co Pl'ER (ppb) 

z INC (ppb) 

CAD MIUM (ppb) 

L EAD (ppb) 

ICKE!. {ppb) N 

CH 

I 

ROHIIJH (pp .. ) 

RON (p~) 

DILUTIO!i 
WATER 

51. 7 

h.05 I 
I i~ 
! 0.560 

21900 

14.7 

7.79 

,(.(), z --

! 
3.1 

' 
20.9 

0.7 
.. 

' 4.5 j 

3.9 
----

<0.S 

<lC.O 

D-1-12 

DATE 30 July 74 

I 
STANDARD ' 
ELUTRIATE 

14.6 

I 4.66 

I 9.80 

-
o.~11 

1 
__ 

25200 l 
i 

17.S I 
- 7 .99 

I 

I 
~o.~_ 

<10.0 

1.0 
·- ..__ 

13.6 I 
<0.2 

1.2 I --1 6.6 • 
<0.S 

37.0 

~ 

> • 

•• 



• 

• 

ELU!ll.Ill'! AllALY!ES OF SEDIMf'JIT ARD WATER. SAMPLES 
FOP. CHEMICAL AND llU.VY METALS COHSTITUENTS, 

MOl!ILE rtAlBOR, ALABAMA 

SJDJMDIT WATEil 
SAMPL! I MV-16 SAMPLE I tfobilc Off1M-1 DATE 1!1"' • .-&..,. -------. 

PilAME'l'El 

T .O.C. (ppm) 

.AMMORU RITllOGl!'lf (pplll) 

T.K.!i. (ppm) 

PHO!>PHOKUS (ppm) 

CO!IDUCTIVITY (wrho•) 

SALINITY (ppt) 

MERCURY (ppb) 

ARSENIC (ppb) 

COPPER (ppb) 

ZINC {ppb) 

CADMITJM (ppb) 

LEAD (ppb) 

JIICICEL (ppb) 

QllDHlllM (ppb) 

IIDI {ppb) 

• ·n!Ltr"ION 
WATER 

I 
2l.9 

0.07 

I 
0.17 

0.072 

JSSJO 

25.3 

8.01 

I 31.0 
l 

3.6 

18.4 

1.0 

3.9 

4.3 

<0.5 

<10.0 

D-1-13 

I STANDARD I I 
jELUTlUATE ' 
I 

40.8 

3.32 ! 

-
• 8.06 

0.643 

' I 34500 I 
I ---, 
l 25.0 I 

f t '·" I I 
I 21.0 

I I 

3.6 

I 13.8 

0.7 

6.3 

s.o 

<O.s 

28.0 



ELU?llIATE .ANALYSES or SEDIMENT AND WATER SAMPLES 
FOil CHWCAL AND HEAVY METALS -CONSTITUENTS, 

MOBILE JIAllBOR, ALABAMA 

SEDIMENT WATER 
SAMPLE I MB-18 SAMPLE I ....;;MB=--1:.:8:.....----- DATE 29 July 74 

PARAMETER 

T.O.C. (pp111) 

AMMONIA NITROGEN {ppm) 

':.X..N. {ppm) 

PHOSPHORUS (ppm) 

CXl NDUCTIVITY (umhos) 

s ALlNITY (ppt) 

H p 

tlE RCUR.Y (pJb) 

INlC (ppb) 

CJ · PPD. (ppb) 

z INC (ppb) 

UH (ppb) 

(ppb) 

N ICICEL (ppb) 

ROKIUM (ppb) . al 

I ION (ppb) 

DILUTION ETANDARI> 
WATER · !LUTRIATE 

5.9 Sl.7 

1.04 2.42 I -
2.03 S.66 

0.117 o.11s --16100 19700 

10.S 12.l 

1. 73 8.48 --
o.~ 

4.-9-
"'D· 2 

<10.0 '-10.0 

1.0 0.9 

28.9 lS.4 

0.3 0.3 

3.1 1.6 

2.8 1.6 

0.8 <O.S 

26.0 <10.0 
. 

D·l-14 

>• 

---

•• 
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EUJ"l'RIAt£ ANALYSES OF SEDIME!fi' AND WATER SAMPLES 
FOR CHEMICAL AND HEAVY METALS .CONSTITUENTS, 

mBILE HARllOR, ALABAMA 

SElllMENT WATEB. 
SAMPLE I KB-19 SA.~..B I KB-19 DATE 30 July 74 

PAIWIETER 

T.o.c. (pp111) 

NCl>NIA NITtDGEN (ppm) 

T.ILN. (ppm) 

PHOSPHORUS (ppm) 

CONDUCT!VITI (umhos) 

SALINll'Y (ppt) 

pH 

MERCUltY (ppbl 

ARSENIC (pph) 

COPPER (ppb: 

ZINC (ppb) 

CADMIUM (ppb) 

LEAD (ppb) 

NICKEL (ppb) 

amt>KIUK (ppb) 

IRON {ppb) 

~~~~~~~~ 

DILuTION I 
WATER 

5.9 

0.14 

2.44 

1..027 

ll300 

17.0 
i 
I 

1. 3 I 
29.9 

<0.2 

2.0 

I.8 

<O.S 

33.0 

D-1-15 

f STANDARD I 
I ELIITRIATE I 

' 15.7 

0.88 

2.18 

0.312 

14000 I 

14.0 

l. 3 

8.2 

O.t-

0.9 

1.8 

<0.S 

63.0 

' ! 
i 

! 

I 
I 

/ , 
' 



ELIJTRIA'CE ANAL.3E.S OF SEDn1n. f A.'ID WATER ~AKPLES 
FOR CHEMICAL A..'lD HEAVY METALS COOST1':1.E11T3, 

MOBILE HARBOR, ALAJUHA 

SEDlliENT WATER 
SAMPLE fl MB-10 SAMPLE II MB-20 DATE 30 July 74 

PARAMETER 

l',O,C. (pp») 

AMMONIA NITROGEN {ppm) 

T.K.N. (ppm) 

PHOSPHORUS (ppm) 

cc !WUCTIVITY {umhos) 

SALIN IT! 

ti p 

ME RCURY 

'ENIC 

{ppt) 

(p;il) 

(ppb) 

COPPER (ppb) 

z INC (ppb) 

CADMIUM (ppb) 

L £AD (ppb) 

·1cr::a. {ppb) 

ROMIUM {ppb) 

IRON {ppb) 

DILUTION 
WATF.k 

6.5 

0.21 

i 1.41 . 

I 0.037 

8600 
. 
S.5 

8.00 
o.1; 

17.0 

:...2 

29.5 

1 .. 0 

s.o 

1.8 

<o.s 

30.( 

- -
ST.Al;oARD 
ELUTIUATE --

19.l 

1.50 

4.14 

I 
0.642 

18400 

14.0 -
7.87 
.&D,2 

<10.0 

1.2 j 
26.1 

<O.;: 

:> .J 

2.1 

<O.S 

30.0 

D-1-16 

-
>. 

~-

.. 

j 
I 

I 

•• 
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. . 

ElUTRL'l.TF: AKA.:.YSES OF SEDIMUIT AND W'ATER SAMPLES 
FOR CHEMICAL AND HEAVY METALS CONSTITl1£lTS, 

MOBit.E HARBOR, ALABAMA 

SEDIMENT WATER 
SAMPLE ~ MB-20 SAMPLI fl ''obile Off .. rore .. -

T.O.C. ( 

»Ol>NIA 

T.tt.N. ( 

R 

ppm) 

NITROGEN 

ppll) 

PdJSi'HOR us 

(ppm) 

VIT\' (ulllhoa) CONDO CTI 

SALilUTY (ppt) 

pH 

DILUTION I 
WAI'ER 

21.9 ,........... 
0.07 

0.17 

i 0.072 
' ! 

35500 

I 2S. 3 

I 
I 8.0l 

D. 2-

I 

31.0 

~· 
J.6 

I I 18.4 

' i 1.0 

i 

DA:TE N.R. 

STANDARD 
ELUTRIATE 

11.0 

0.38 
- . 

I s. 71 

l 
I 0.325 

I 31500 

20.6 

7.81 
I &:.a.2 I : . 
-

I I 
<10.0_ ~ 

0.8 

21.l 

I 0.3 .,, ·--+-

ME!:.CORY (pph) 

AllSDIIC (ppb) 

COPPll {ppb) 

ZI!fC {ppb) 

CADKIU,, (ppb) 

LP.AD (ppb} 

NICUL (ppb) 

OllllJKDJM (pph) 

I!Dlf (ppb) 

~·~---1---~~·~-'-~~--1~ 

D-1-17 

-i 

~ 
! 
I 
i . 
I 

. _, 
1 
1 

! 
l 

! 
I 
I 



!LUTlltTE ANALYSES OF SEDIMENT A.."D WATER SAMPL£5 
FOil Cl<EMJCAL AND HEAVY METALS CCNSTI!t;"EN!S, 

t..DBILE HABJIOR, ALABAMA 

SJ:DIM121? ilUEI. 
SAMPLE I Ma-22 SAMPLE I MB-22 DATE 3! July 74 

DIU!TION I !:TAHDAllll 
PAIAKETD. . WATE& . I EWTRIATr: -
t.o.c. {ppm) 15.2 33.5 

Rl!l:)lflA Jfl":'ilOCl!B (ppm) 1.3fl 1.46 I 

T.S:.JI. (pp!I) • 
' 

5.9:. I 8.49 
·-

1HOSPHO!tUS (~) 0.223 0.560 

COMD\lctIVllY {:mhos) 11900 13000 

SALDIITY {ppt) I '7.s 9.0 
-

pll 7dl lJ.08 

HEllWllY (pp1>) 
p.,i iLO~c.-z 

-
AISFJIIC (ppb) <10.0 <10.1) 

cmPll (ppb) s.s 1.7 
-~·-

ZllfC (ppb) 7.IJ ll.l 

CADKiutl (ppb) 9.2 3.; 

LEAD (ppb) 4.1 2.9 

IU:UZ. (ppb) I 2.4 3.7 

CDOK!UK 'ppb) <0.5 <O.S 

J~E (ppb) 11.0 <10.0 -- .. 

JJ.1-18 

• 

I 
' 

-

• 
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ELUTRIATE ANALYSES OF SEDIMENT AND WATER SAM~LES 
FOR CHEMICAL AND HI AVY METALS OONSTITUENTS, 

MOBILE lL'.R.BOR, ALABAMA 

SEDIMENT WATER 
SAMPLE I MB-22 SAMPLE I Mobile Offshore DATE N.R. 

DILtlTlON I STANDARD i ' PARAMETER i 
WATER I ELUTRIAT3 ! 

I ---, 
T.O.C. (ppm) 21~9 16.3 I 

__J 

NIA NITROGEN (ppm) 0.07 4.02 I I 
! 
i 

. .N. ( m ·~ - I i .PP ) 9.~7 

PHOSPHORUS 
I o.on ! 

CONDUCTIVITY lumhQB) ! 
35500 I 

o.642 I • 

27000 ! ' 
FAL1NITY (ppt) 25.3 ! 
pH 8.03 i 
M"RCURY (ppb) 

p,Z, 

I ! 
' ! .• __..__ •. 

• I A' >ENIC (pp!>) 3LO I 
OOPP£1l (ppb) 3.6 i i ZINC (ppb) • 18.4 ! 

CADMIUM (ppb) l.O ~ 
LEIJ> (ppb) 3.9 I 

NicrEL (ppb) 4.3 T 

3 7 I i 
'* ~ ' 

I ! 

12.3 ! 
I ~ 

I I 

1.4 1 
I 

3.9 I ! 
' 

6.l i 
!llROMIUH {ppb) <0.5 -:0.5 

- --
IIllN (}'pb) <10.0 lil.O 

D-1-19 



SED!MENT CORE SAMPLES, 1974 

!>fohi!e Harbor 

D-1-20 

• 

• 



,-

• 

.. 

• 

\.1!\'[C.ft Si\~{i~J.L f.i l' Li
1 ardf2:py 

. -- , --~·---

TOTAL KJELDNlL 
tllTROGEN 

1ng/l 

TOTAL l'HOSPHATE 
mg/1 

SALINITY. 

"l't emu UCTIVITY 
undw;; 

pH 

TOIAL ORGANIC 
CAP.BON 
111g/l 

1.18 

0.010 

1 

l,2fl0 

6.60 

67.0 

t1 Dilution Water 

I 
.,, 
"3 

I 11.45 

-

l 
--

11. 37 

-

0.095 

- - 4 

6,000 
- -

I 

7.55 
-

23.0 

• 3 Elutriate Water Centrifuged and filtered through a 0.45 µ filter 

D•l•21 



s1·:1111-1~ ~AMPU'. ,, - MS- s. __ _ DAT~:------ • W ,\Tr: R SANl' l.E fl 

. - -
!'AIUIME TER "'1 V3 

.. ---
lli.:(pp b) 

b) 
1.25 1.08 

As{pp 

Cu(p vb) 
1.75 1. 75 --

pb) 
43.5 50.0 

pb) . 
o.oo 3.90 

Cd(p 

Ph(p pb) 
1.0 o.o 

Rl(p pb) 
20.0 ~o.s 

• 
CT(p pb) 

0.10 o.oo 

•·e++ {ppb) 
29.2 25.0 

t
1 

Dilution Water 

t
3 

Elutriate Water Centrifuaed aad filtered through a 0.45 µ ftlter 

• 



:-;i:.:11HIJ:.;l'l' S/0:?LE (I lf..".-16 
DATE --------• >!f.TER SA!1l'LE /) 

I 
·-

r ,\RA.){E'!E R '(11 1/1 3 --
NIMONI"\ NITROGEN _I 111&/ l 0.98 l. 68 

.. 

TOTAL KJEI..DAHL 
NITROGtN 

mg/l 1.18 &.55 

TarAL PHOSPHATE 
ing/l 

O.OJ · 0.010 

---SALINlT'l 1 l 

coNBBtr r VITY 
u111hos 

1,280 1650 
.. . - -1 pH ' 

6.60 I 6.65 

TOTAL ORGA.'IIC I CARBON 
67.0 38.0 

sig/l 

.t1 Dilution Water 

+
3 

Elutriate Water Centrifuged and filtered through a 0.45 ~ filter 

.. 

' . . -
• 

D-1-23 .. 



SElJIM.l':rll' SAMl'IJ:: fl Hll-16 DATE--------

PAR1\METFR 

,. -
t/13 w1 I 

. I 

-
llg(ppb) 

. 

As(ppb) 
1.08 1.20 

Cu(ppb) 
1. 75 1.25 

Zn(ppb) 
43.5 77.5 

Cd(ppb) 
o.oo o.oo 

Pb (ppl.i) 
7.0 I o.o 

-- .. 

Ni(ppb) 
20.0 90.0 

Cr{pph) 
0.10 o.oo 

F..+~(ppb) 
29.2 66.7 

, 

t/ll Dilution Water 

t 3 Elutriate Water Centrifuged and filtered through a_ 0.4~ µ filter 

.. 

·-

• 
D-t-14 ., 
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SfPHlF.}IT SA:·!PLE ) !13-20 

WATER ::>AMPLE U 

·!.£!ER 
- - ~ -

AHH ONIA. lHJROGD< 
mg/l 

-
TOT tJ... KJE LD;.m:;· 

NITROGEN 
rng/1 

--
TOT AL l'!IOS PRATE 

SAL 
p 

mg/1 

ll!I'l"L. 
pt 

UCTIVITY COND 
umh 08 

. -
pH 

TOT AL ORGANIC 
CARBON 

mg/1 

~l Dilution Water 

+I J rt ~t 

-
\(11 

0.98 -· 

1.18 
·-

0.010 

1 

1,280 

6.60 

67.0 

DATE __ 

I 1/1 3 

9.91 
·-

- s:6o 

0.040 

4 

• 5,500 

1.55 

61.0 

!' - ..: 

(1
3 

Elutriate I.facer Centrifuged and filtered through a 0.45 \J filter 

' \ 

D·l-25 .... 



SF.Ill HfNT SAHPI.E fl MB-20 ----····- DAT1' ------ • 
Wt\Tl·:ll '.;tJtl't.E fl 4 le] end S~ 

-----·--- -- --- --· 
PhkAMETt:R "'1 lji3 

' 

Ilg (ppb) 

- - -
As(pph) 

1.08 1.20 . 

Cu(ppb) 
1. 75 1.60 

Zn(ppb) 
43.5 45.7 

. -
Ccl{ppb) 

o.oo 21.2 

7.0 o.o . 

JU (ppb) 
20.0 41.7 

0.10 : 0.10 ·cr(ppL) 

l 

·---r 
16. 7 -·- I 

Pe++(o-'1) 

t
1 

Dilution Wat~~ 

+
1 

Elur.":'iate Water Centr·tfuaad end filtered throuab a 0.45 11 filter 

; 

• 
D•l•26 

., 



• 
"E S ~ iJ _Mc,_··· 71, 
LI .Dl!!t-..i~T -1.~\PI.r.. --- D.\TE ---

PARAflE7Ef. 
---·-·--~--------~3-, 

"'1 . 
6.23 1 

·-
A.11MONIA NITROGEN 

mg/l 0.98 

TOTAL lUELDAHL 
NITROGEN 

~·g/l 
1-18 6. 10 

TOTAL PHOSPHATE 
ll!g/l 

0.010 0.018 

SALINlTY l 3 
ppt 

CONDL'CCIVITY 
wnhos 

l ,280 4,220 

pH 
6.60 7.50 

TOTAL ORGANIC I CARBON 
6 7.0 ing!' 

t1 Dilution Water 

tti
3 

F.lutriate ~fater Centrifuged and filtered through a 0.45 µ filter 

• . . 
D-1-27 



DATA Sl!i::F'. 

Srli l i 1u;r SAHPLL ,, '.1 .. -2 11 DATE • 1111'! f.lt SA'tPl..E 11 __!__!::_."'..mwl 13.-.y 

-------------,...- --------·---------~------

.,,! I __ __._t-+-----t-.,,_·3 -+----·-

! 
PAHAMETER 

------
llg(pph) 

As(ppb) 
0.121 

Cu(ppb) 
1.251 

Zn(pph) 
43.5 S1.5 

Cd(ppb) 
o.oo o.oo 

Pb (pp!>) 
7.0 o.ao 

Ni(ppb) 
20.0 S4.5 

Cr(ppb) 
0.00 

Fe+~(ppb) 
29.2 to.a 

•i Dilution Water 

+3 Elutriate Water Centrifuged and filtered through a 0.45 IJ filter 

• 
D-1·11 

' 
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• 

m.unu:u:i:: rEsr 

s J:' D n 1r:: IT s A:·fr' LE It J:m ... -·::.i.R.__ __ 

\./ATI:8 ';/.;.·!PLE II Ho1J<1<:Ul;.\!.dge (6,.1+') 

PARJ \i.'1I:IER 

ONIA NITPCGEN 
rrft,/l 

TOT AL KJELDAHI. 
Nl.TllOGEN 

mg/l 

TOO' AL PHOSPHATE 
111g/l 

INI'l')' SAL 
p 

CON 
u 

pt 
OUC1'IVITY 
1oho~ 

.. 

pH 

TOO' /IL ORGANIC 
CARllON 
11.g/l 

~l --
1 oi:: 

4.03 

0.018 

25 

)2,600 

6.90 -
48.0 

•i Dilution Water 

r-
-· -; 

L. 

DATF. 

. -· 
l/13 

-

13.09 

14.00 

0.061 

22 

7.25 

, 
7.25 

62.0 

• 3 Elutriate Yater Centrifuged and filtered through a 0.45 µ filter 

D-l-29 
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Jl/\'[A SUJ:F.T 

D,\Tf. ------ • 
Wi\'l'ER S/1111'1.E II 

------- ----- ---- .. ~-- ~--

lli1 iii 3 
--··-

Jig ( ppb) 

As(ppb) 
1.51 1. 33. 

Cu(ppb) 
o.so 0.90 

' • 
74.5 52.0 

Zn(vpb) 

Cd(ppb) 
2.20 o.oo - -

Pb(ppb) o.oo 0.00 

I 
8>.2 60.5 

Hi(ppb) 

Cr(ppb) o.oo 0.10 
.. 

FM+(pph) 
4.2 20.8 

•i Diluti.on Water 

• 3 F.lutriate Water Centrifuged and filtered through a 0.45 ~ filte: 

• 



• 

• 

Ei.UT!Uru:: TEST 

SEDU~ilH SA.'11 LE iJ HB-16 

Wl'UER SA!1PLE 0 Hopper Dredge ((;a,..\(! ) 

r AR!•J1ET C: R 

A.'lMONIA NITRO 
mg/1 

TOTAL KJELDAH 
?IITROCEN 

mg/l 

GEN 

L 

"" TOTAL l'llOSPHA.TZ 
mg/1 

Si\LltlITI'. 

c&MircrTVTTY 
umhos 

pH 

TatAL IJP..GANIC 
CAl!JION 

Dl&/l 

. 

~ l 

1.95 

4.03 -

0.018 

25 

32,800 

6.90 

48.C 

~1 Dilution Water 

-- ---
I 

·-. 

I 

DATE ------

---
l 

ti; 3 i ·-'--·---
~l.51 

. 4.47 

0.108 
. 

--
t2 

30,100 
-

• 
l 7 .75 

30.0 

t 3 Elutriate ~ater CentrifugeJ and filtered through a 0.45 ~ filter 

D-1-31 



!i~.fli !~Lt~T Si·~l?I..,"; /J 

!El' 

As{ppb 

Zn{vvb 

Cd(pph 

-c--··· i.:ii.11 1·r"' 

ffJ (pph 
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In accordance with the requi.rffients of Section 103 of the Marine 

Protection, Research, and sanctuaries Act of 1972, Public Law 92-532, 

l 

the proposed disi:osal of dredged material from the -"bbile (AL) ship ctian­

nel into Gulf of ~co waters was evaluated to determine the potential 

environrrental :inµlct. Specifically, laroratory toxicity tests (bioassays) 

were conducted with the liquid phase, suspended particulate phase, and 

solid phase of samples of the material to be dredged with appropriate, 

sensitive rrarine organisms. 

All rrethods for (a) sample collection and preparation, (b) toxicity 

and bioaccumulation testing, :md (c) data analysis foll~ the rreth:lds 

outlined by the Environnental Protection Agency/Corps of Engineers Techni­

cal o:mnittee on Criteria for Dredged and Fill Material (1977), hereafter 

referred to as the EPA/COE Manual . 

Test material 

The material to be dredged (hereafter referred to as dredged rraterialJ 

was collected from l>bbile Ship Channel, AL, by Bionomics Marine fl.esearch 

Laboratory ll.iMRLi personnel on 10 Februa-ry 1978. The collection site was 

in the middle of the ship channel, at buo" 1156, west of Point Clear, AL. 

A Peterson dredge was used to collect the s:ample. The dredged IMterial, 

a mixture of silt and clay, was placed in 8-liter (£) pol}'Pthylene con-­

tainers with lids. (See Appendix A for collecting location.) 

Water from the proposed disi:usal site (hereafter referred to as dis­

posal site water) was also collected on 10 February 1978 by BMRL persormel. 

The collection site was 13 nautical miles southl.'est (250°) of buoy #1 
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which narks the entrance to the Mci>ile Bay ship channel. A 12-i poly­

vL"'lylchloride (PVC) sanpling bottle (General CO!anics Jbiel 1010-12) 

2 

was used to collect the 5a11l'le. Disposal site water was poured into 

19-i polyethylene bottles. Each bottle received app=xinately equal 

anounts of water taken frar. near bott:an, mid-depth in the water colUlltl, 

and near the water surface. '!he depth at the disposal site was app=xi­

mately 25 11Eters (m). Salinity was 34 parts per tlx>usand (O/ool and 

terrperature was 12 degrees Celsius (°C) for all water collection depths. 

semment fran the proposed disposal site (hereafter referred to as 

reference sediment) was ocllected by IM«. personnel on 16 February 1978 

(see Awendi.x A) • '!he site was the sarre as that described above for 

disposal site water collection. A Peterson dredge was used to collect 

the sanple. 'Ihe reference sedil!ent, a fine hard-packed sand, was placed 

in 8-9. polyethylene containers with lids. 

All sanples (dredged material, disposal site water, and reference 

sed.inent) were transported to the lab in coolers containing ice and upon 

arrival at iHL were stored in a water bath maintained at 4:tl °C until 

used for test sanple pre;;iaration. 

sanple p~ation 

Liquid pbase - Sanples were prepared on 13 February 1978, three days 

after the dredged mterial and disposal site water sanples were collected. 

Procediires outlined in ~ EPA/CDE Manual, Appemi.x B.9-17 were foll<llo'ed, 

except that the dredged material/disposal site water slurry was not cen­

trifuged after settling but was filtered through a 1.2-micraneter (j.1111) 

pore size polyptopyllii!lll! core filter before final filtration through 

0.45-µm pore size filters. 

• 
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Suspended part.iculate phase -- Samples were also prepared on 13 Feb­

ruary 1978, according to procedures outlined in the EPA/CDE r.<.anua.l, Ap­

pendix B.19. 

Solid phase -- Reference sedinent was prepared for testing on 17 

and 20 February 1978 and the dredged material was prepared on 23 February 

1978. Reference sed:inent and the dredged material were wet-sieved through 

a 1. 0 mill.ilreter (nm) llEsh size sieve following the procedures outlined in 

the EPA/COE Mrumal, Appendix F .15. 

Test organisms 

Aninals for the liquid phase and suspended particulate phase toxi-

city tests were either collected fran Big I.a.goon, an estuary adjacent to 

BMRL, or cultured in the laboratory. Copepods, Acarti,~ ton..;a, were col­

lected by plankton net and acclinated for 48 hours in natural seawater at 

20±1 °;oo and 15±1°C. M:>rtality was <4% during acclimation. Mysid shrimp, 

M<jSidopsis bahia, and sheepshead minnows, Cyprinodon variegatus, were cul­

tured in natural seawater in BMRL. Mysid shrimp were 8-12 days old, 4-6 nm 

total length. The sheepshead minnows were 21-28 days old, 10-12 nm standard 

length. 

Animals for the solid phase test were either purchased and acclimated 

or cultured in the laboratory. Quahogs, l'Ercenaria merCf'.naria, were pur­

chased fran a camercial supplier on the Atlantic coast and acclimated 

in the laboratory in flowing, natural seawater for 42 days. The clams 

were 32-60 nm total length. Polychaetes, Neanthes arariaceodentata, were 

purchased fran a university in Texas and acclimated in the laboratory in 

static, aerated seawater for 49 days. The ~:mis were 10-22 nm total length 

when contracted. Mysid shrimp, 7-12 nm total length, were cultured in the 

laboratory. 
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Test conditions 

Liquid and suspended particulate phases -- Copep:xis were tested in 

50 x 90-rrrn glass crystallizing dishes, each of which contained 200 mil­

liliters (ml.) of test solution and 10 animals. A culture water c- .. -,1, 

a site water control, and three concentrations (10%, 50%, and 100"' of 

the liquid and suspended particulate phases were maintained in a tatpera­

ture-controlled water bath at 12±1°C. All test containers were c:iVP.red 

and all treatrrents .iere trir,licated. Anirrals .iere not fed during the 

test, nor were test solutions aerated. 

Mysid sb.rinp and sheepshead minnows were tested under the conditions 

described alx:>ve, except that the test containers were 1-£ gla;:;s jars, each 

of which contained 900 m£ of test solution for mysids, and 4-l glass jars, 

each of which contained 3 i of test solution for sheepshead m:inroJs. 

tliluent water for the liquid phase and suspended particulate phase tests 

was disi:osal site water. 

Solid phase -- Quahogs, i:olych.aetes, and ieysid shrinp were tested 

in 38-~ glass aquaria 26-centirreters (cm) wide x 51-an deep x 31-an deep. 

'foe reference sedirrent, dredged material, seawater, and animals were 

added to control or exi:osure aquaria as outlined in the EPA/OJ£ Manual, 

Appendix F.14-21, except as noted. Seewat:P_r used was natural, filtered 

(1.2-pm), seawater punµrl fran Big Lagoon, an estuary adjacent to BMRL. 

In order to reflect the physical conditions at the disposal site, artifi­

cial sea salts (Rila Marine Mix®, Rila Products, Teaneck, N.J) were added 

to the seawater prior to filtering to raise the salinity to 30,1 o;oc:i. 

}limbient t:E!niJerature was maintained by placing tlE test aquaria in a con­

stant flawing seawater bath. Gentle aeration .es 51Wlied to all aquaria 
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during the test. The only exception to the test procedures outlined in 

the EPA/OJE Manual were that (a) msyid shrinv were not raioved fran the 

aquaria prior to the addition of 2.5 i of reference sedim=nt or dredged 

material, and (b) 75% of the seawater in the aquaiia >as not replaced one 

hour after the start of the test. These changes were discussed with 

Dr. Henry Tatem, COE, WES, Vicksburg, MS, and were considered reasonable 

by him. At the termination of the test, polychaetes were renoved by 

sieving the sediment through a 1-mn rresh sieve instead of the 0.5-mn rresh 

reccmrended because the reference seclinent 1'0uld n:it pass through the 

latter. Mysid shrinp were renoved by using a small dip net to count and 

transfer than to clean seawater. QuaOOgs were rSIDVE!d by hand. 

BioaccUlP.llation potential - At the end of the solid phase bicassay 

test, live clams were transferred to clean tanks ~ich received flaring, 

natural BMRL seawater. The animals were maintained in the tanks for t1oib 

days to allow thern to void their digestive tracts of sediment and were 

then shirked, frozen, and shiweci to Bionanics Analytical Chemistry Lab­

oratory, wareham, MA, for chemical ~.nalyses. 

Data analyses 

Data fran the liquid phase and suspeOOed par;:iculate phase rests 

were analyzed c.::cording to methxis outlined in the EPA/OJE Manual, .Ap­

pendix D.17-2tl; data fran the solid ~ test Mm! also analyzed accord­

ing to Appendix D.17-28. Differences were ainsidered statistically sig­

nificant at the 95% confidence level 1P<O.OS). 'lhe statistical treatment 

of the data differs frcm the rreth::lds suggested in the EPA/COE Manual; 

the solid phase test results were aaip:rre:i with a t test. '!be reason 

for the change was that only one dledqed material sanple was used in the 
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study instead of the suggested traa. sanples. 

Info:rnBtion for the dilution curve was calculated fran equations 

in Appendix H. Initial mixing zone fran H.10-14, liquid phase concen­

tration fran H.21-23, am suspen:led particulate phase concentration fran 

H.24-28. Graphic caiplrison of nortality data versus dilution follOIEd 

the discussion in Appendix o. 39-41. 

!:!iqu.i,.d phase 

Copepods - After 96 oours of exp:isure to the liquid J,ilase, signifi­

cant ll'Ortality occurred in the 50% and 100% test concentrations. There 

was 23% ll'Ortality in 100% liquid µ,ase and 13% irortality in 50% liquid 

phase. l!t> ll'Ortality occurred in the site water oontrol and only 3% ll'Or­

tality occurred in the culture water oontrol and 10% liquid phase (Table ll. 

'1'he total nurber of survivors of Acartia tonsa and the results of 

t tests where statistically significant rortality occurred am given in 

Table 2. '!'he calculated t values for the 50% and 100% liquid J,ilase were 

4.03 and 3.48, respectively. '1'hese values were higher than the tabular 

t value of 2.13, indicating significant toxicity (P~0.05) in both t.r<>..at­

ments. l:bieVer, m:irtality was less than 50% at each tine and USO values 

could mt be calculated. 

Dissolved oxygen remained ?80% oi saturation in all test a::n=tta­

tials and controls throughout the test. 'llle ~was fran 7. 7 in the cul­

ture water control to 8.2 in the site water control after 96 hours 

(Table 3). 
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1tfsid ~ - 'lbere was m llDft:alHc; .u-, any of •the test cora:ntra­

tic:lS or controls after 96 hours of ~ !Table 41 . 

trol (Table ii) • 

20% llDrtality in 50'! Sl'Sf'ended particulate pl'laoo. ~ ~ !Cl• ror-ahty 

in 10% sm;peided p;utic:ulate phase. lb ~...aU.cy ~ m t..'E si.te 

<T'..Ule 8). 

'the total mntier of survivors of ka.tti;l !!!!!! .iUIC 't;"le re~u of 

t tests where statistically signifli.. "!..'lt SP:rtality ~Me •91..--, >.,-; 

'!able 9. The calCLlated t values for the SO't. and l<Xl'l •nspe1\IJ!:ld pan.tcw 

ti.on:; am ccnt:m!s t.hrouglDlt the test. 'Ihe ~ was fnr 1. 1 in tht c-Jl­

ture 1o1at:er .x.introl tD 8.2 in the site water a:intt0l after 96 oo. .... s CTable 

10). 
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Mysid shrinp -- No significant nortality occurred after 96 murs of 

exposure to the suspended particulate phase. !obrtality was 0% in oon­

centrations .:;.50% and lxlth controls to 7% in 100% suspenjed particulate 

ph:tse (Table 11) • 

Dissolved o~:ygen remained ;:53% of saturation in all test CO!lCE'-tt.ra­

t:k.ns and controls throug!Dut the test. The pH was fn:m 7. 9-8 .1 after 

96 h:>urs (Table 12). 

S~head minnows - l'b fish died in any test cxincentration or con­

trol (Table 13) • 

Dissolved oxygen rerrained ;:71% of saturation t.h.ra..,.vttxrut t..lie test. 

The pH was frC111 8.0-8.2 after 96 lnurs (Table 14). 

Solid phase 

After 10 days of exp::isure to the solid phase there was no signifi­

cant diff<o>rence (P;:>0.05) between nortality in the reference sedilrent and 

in the dredged matei.:_ai. M::>rtality in the reference sedinEnt was 0% for 

Mercenaria i:iercenaria, 23% for Neant.hes arenaceodentata, and 24% for 

Mysidopsis bahia; rrortality in the dredged material was 0%, 14%, and 25% 

for Mercenaria, Neant.hes, and Mysidopsis, respectively (Table 15). 'lbtal 

nuniler of survivors and the results of t test statistical analysis are 

given in Table 16. Analysis of variance was mt used to ca:pare 11Drtalit"_t 

in the reference sedi.rrent and dredged material because only h«> treatllEnts 

was tested. The calculated t value for the dJ:M;..,.l material nortality 

was 0.90, less than the tabular t value of 1.81. 'lherefore, there was 

no statistical difference between the 11Drtality in the bO treat:Delts. 

Ten days caiprises a ma jar p:>rtion of the life cycle of 1l¥5id shrinp 

as evidenced by the pr=>ence of newly hat:dled ~lil in reference sedi­

nent replicate 1 and in dredged material replicate 2 at the tenoinaticn 
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of the test. That fat;:t, and the harsh treatnent of p::iuring the reference 

sediment and dredged mcterial diret;:tly on the fragile mysids, undoubtedly 

o:intributed to the ITDrtdlity that occurred among the shrinp. 

Salinity was 30iJ. '.:1/oo and ~ature was l6±1°C; the range was 

15-18°C. Dissolved oxygen concentrations renained ;::5.6 milligrams (m:.J')/t 

(72% of saturation) during the 10-day test in ooth treatnents. The pH 

ranged fran 7.4-8.1 i;1 the reference sediment and frau 7.5-8.2 in the 

dredged naterial ('lable 17 J • 

Bioaccumulation P?tential 

There was no statistically signific&i"lt bioaccunrulation of any of the 

chemical o:instituents by Mercenaria rrercenaria (Table 18). cadmium and 

rrercury concentrations -re slightly higher in the dredged material ex­

p::>sed animals conprred to the reference sedi..'IEl'lt, but the differences 

were not significant based on the results of a t test. The pesticides 

aldrin, BHC (lindane), heptachlor, p,p' DDT, p,p' DDD, o,p' DDE, chlordane, 

dieldrin, end: in, mirex, nethoxychlor, ar.d the PCB, Aroclor<YJ 1254 were be­

low the detection limit of 70 parts per billion (ppb) (nanograms per gram) 

in <>11 tissue sanples. The pesticide toxaphene was not detected in any 

of the tissue rarrq,,les and was assurred to be below the detection limit of 

100 ppb. Petroleum hydrocaroons -re below l.O part i:er million (ppn) (micro­

grams i:er gram) tor dll tissue 5alllJles. 

Methods for chemical analyses uf all consticuents and quality o:introl 

procedures are presented in Appendix B . 
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DISCUSSICN 

Statistically significant copep:id 11Drtality occurred in both the 

liquid ?Jase and suspenjed particulate phase. In each case 11Drtality 

was less than 50%, even in the 100% concentration of the test solutions, 

and LC50 values could oot be calculated. For the purpose of detennining 

if the li.Initing permissible concentration (LPC) would be exceeded, it was 

assu~ E;d that the IC50 for both ftlases is greater than 100% of the te:<t 

cxmcentration. 

The initial mixing zone was determined by using equation (Hll of 

Appendix H in the EPA/COE Manual and tlJ;. following information: 

Disposal site depth = 20 meters (m) 
Width of the disposal vessel = 14.6 m 
Length of the diaposal vessel = 65 m 
Speed of the disposal vessel= 2.7 m,lsecond 
DilJEX'sal discharge tine = 1,200 seconds 

The initial mixing zone VO!l.ile was 14,312,870 cubic rreters (m3). 

E:quation H4 was used to calculate the vol\.ile of liquid phase in the 

initial discharge. The total volure of the discharge vessel was 2,295 m3 

and tt.e calculated volUllE! of liquid phase was 1,584 m3. E:quation H6 was 

then Wied to determine the percent of the original liquid phase concentra-

tion after initial mixing (4 hr), and was fourxi to be 0. 01% of the original 

concentration. 

Figure 1 is a .. tine-concentration 11Drtali ty curve and estimates dilu-

tion curve for the liquid phase of dredged material fran M:lbile Ship Channel. 

The i!Drtality curve is plotted at 100% liquid phase, although the I.CSO 

for i:!.ll tines during the exposure pericd could not be calculated. It can 

be seen that the ti«:> curves oonstantly diverge and even using the conser­

vative awroach of 50% 110rtality at 100% li]Uid ?Jase the LPC requiraIEnt 
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l«:luld not be exceeded at 4 hr or at any tinE after that perioo. The con­

centration of liquid phase after initial mixing is 0.01% of the original 

(equation H6) and when the application factor of 0.01 is applied to the 

toxic concentration (here greater than 100% liquid phase), it can l:e seen 

that the LPC l«:luld not be exceeded. 

Figure 2 is a tine-concentration rrortality curve and estimated dilu­

tion curve for the suspended particulate phase of dredged material frcm 

/>bbile Ship Channel. Using equation H7 and the assumption that the 

dredged material is 45% clay and 45% silt, the volurre of suspended parti­

culates i.ri the initial discharge was 640 m3• The concentration remaining 

after initial mixing, calculated frcm equation HB, is 0.005% of the original. 

Since the t\o.O curves ir1 Figure 2 constantly diverge, the LPC for the sus­

pended pa.._"i:iculate phase is not exceeded at 4 hr or any tinE after initial 

mixing. The 50% rrortality curve is plotted at 100% suspended particulate 

phase because the IC50 values could not be calculated for any of the tin'E 

intervals during the test. Applying the application factor of 0.01 to the 

toxic concentration of 100% it can be seen that the LPC \\Ould not be ex­

ceeded. 

The mysid shrimp and sheepshead minnows were unaffected by any concen­

tration of liquid or suspended particulate phase of the dredged material. 

M::>rtality occurred anong the polychaetes and mysids in the solid 

phase toxicity test. Polychaete rrortality was slightly higher in the 

reference sedin'Ent (23%) c:aip:rred to rrvrtality in the dredged material 

(14%). Mysid rrvrtality was approximately equal in the t\\O sedinents (24% 

and 25%). ~ver, when total survival of the three species was caipared 

in the tl«:l treatrrents, no statistically significant difference was found • 

D-2-11 
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The results of chemical analyses on whole tissue sanples of the clams 

s~ no bioaccumulation potential under the test =nclitions employed for 

cadmium, nercury, P"troleum hydrocarl:ons, aldrin, BHC (lindane) , hepta­

chlor, p,p' DIJr, p,p' DOD, o,p' COE, chlordane, dieldrin, endrin, toxa­

phene, mirex, rrethoxychlor, and 11.roclor<'.el 1254. 

The =pepcxi rrortality was statistically significant, but the LPC was 

not exceeded for the liquid phase or the suspended particulate phase. 

Mysids and sheepshead minnows were unaffected by the liquid and suspended 

particulat~ phases. furtality occurred in the solid phase test, but was 

:10t st.~tistically significant and clams s.tvw<:d no potential to bioaccumulate 

selected chemical constituents during the 10-day test. It is Li1erefor£ 

recamTEnded that sedi.'TElts fran 1-bbile Ship Channel be dredg.._-0 and that 

ocean disposal is an acceptable rreans of dunping. It is further reccmrended, 

however, that in future dredging bioassays rrore than one dredged material 

sample station be selected and tested. A miI1.imum of three stations are 

recamended for toxicity testing. 

1. Exposure to 50% and 100% of the liquid phase of the dredged material 

fran -'hbile Ship Channel, AL, caused significant 11Drtality of copepcxis. 

The LPC was not exceeded. Mysid shr~ and sheepshead minnows v.iere 

not significantly affected. 

2. Exposure to 50% and 100% of the susperxied particulate phase of the 

dredged material fran l'bbile Ship Channel, AL, also caused signifi­

cant llDrtality of =r:e)Xlds. The LPC was not exceeded. Mysid s..'rr~ 

dnd. sheepshead minnows were not significantly affected. 

D-2-12 
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3. Exp:isure to the solid phase of the dredged material fran M:lbile Ship 

Channel, AL, caused no significantly greater rorta;.J.ty of quamgs, 

polychaetes, or mysid shrinp than occurred in the reference sedillent. 

4. Quahogs exposed to the solid phase of dredged mterial fran r-Pbile 

Ship Channel, AL, did not delronstrate any FOtential for bi.oaccimula­

tion of selected chemical constituents. 

5. Based on the results of the tests, dredging and ocean disposal of 

se:linent fran M:lbile Ship Channel, AL, slDuld not produce an adverse 

envirorurental inpact • 

I>-2-13 



Envil::a111ental Protection J\qency/Corps of Engineers Technical Ccmnittee 

on Criteria for Dredged and Fill Material, "F.cological Evaluation 

of Proposed Oischarge of Dredged Material into Ocean Waters; 

Inpleirentation Manual for Section 103 of Public I.aw 92-532 

(Marine Protection, Research, and sanctuaries Act of 1972)," 

July 1977 (Second Printing April 1978), Environmental Effects 

Laboratory, U. S. Jinny Engineer Waterways Experiment Station, 

Vicksburg, Mississippi. 
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TABLE 1. Survival of oopepods, Acartia tonsa, during a 96-hour exposure to the liquid 

phase of dredged material fran !t:lbile Ship Qiannel, AL. 

Exposure cx:niition Replicate Tine of Cbservation - Nl.IJiler'I· of survivors 
0 hr 4 hr 8 hr 24 hr 48 hr 72 hr 96 hr 

CUl.ture water control l 10 10 10 10 10 10 10 
2 10 10 10 9 9 9 9 
3 10 10 10 10 10 10 10 

30 30 30 l9' l9' 29 29 

Site water control l 10 10 10 10 10 10 10 
l 10 10 10 10 10 10 10 
3 Ul 10 10 10 10 10 10 

30 30 30 30 30 30 30 

100% test nedium 1 10 lo 10 10 10 10 9 
2 10 10 10 10 10 9 7 
3 10 10 10 10 9 B 7 

30 30 30 30 29" 27 23b 

50% test nedium 1 10 10 10 10 9 9 9 
2 10 10 10 10 10 10 8 
3 10 10 10 10 10 10 9 

30 1ii JO 30 iJ iJ 2f>b 
10% test nedium 1 10 10 10 10 10 10 10 

2 10 10 10 l;(I 10 10 9 
3 10 10 10' 10 10 10 10 

10 'JO 30 ~ 30 JO JO 

~Initial mmi:ler in each cep1 h:ate was 10. 
Significantly different (P"0.051 fr:an the cxnt:D:ll. 

.... ...,,, 
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TABLE 2. 'lbtal number of survivors of copepods, Acartia tonsa, after 
96 hours of exp::>sure to the liquid phase of dredged m'lte­
rial fr<..lR M:>bile Ship Channel, AL. 

Nuntier of survivors 
Replicate Disposal 50% 100% 

site water ~ liquid phase 

1 10 9 9 

2 10 8 7 

3 10 9 7 

Total 30 26 23 

Mean 10 8.67 7.67 

Variance 0 0.34 1.34 

Calculated. 4.03 3.48 
t value 

T:ili~ar 2.13 
t.05(4) 

• 

• 
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TABLE 3. ~ salinity, pH, .and dissolved OX}'9Cl'l dur.;.ng a 96-hour 
toxicit:t test with ooi;:epods, Acartia tonsa, am. the liquid 
phase of dredqed material fran M:Jbile Ship Charmel, AL. 'lhe dis­
solved oxygen values are the ireans of rooasurerrents in three 
replicates fratt each treatl!Ent; salinity and pH I!EaSurenents 
were in Replicate ;. of each treatirent. 

~ Dissolved oxygen 
concentration Salinity I!! lmg/t and % saturation) 

(% liquid phase) (O/oo) 0 hr 96 hr 96 hr 

Site water control 28 8.3 8.2 7.3 (82) 

Culture water control 22 B~l 7.7 7.3 (80i 

10 28 e.3 8.1 7.3 (83) 

50 26 8.3 8.1 7.2 (81) 

100 25 8.3 a.1 7.2 (80) 

D-<.-17, 



'f.)q"os1ll1! OCX'ldit.itxi Replicate 'Time of Cl:lsel.:vat:icn. - M•toer of SW:Vi\'Or:S 
0 hr 4 hr :8 :hr i4 hr 4S hr 7i ~ Skl' hr 

CUltw:e water CXX'lt:rol l 10 10 10 10 10 10 10 ...... . ..-·~~ ' 2 10 10 10 10 10 10 10 
3 10 10 10 10 lO 10 10 

JO JO 30 30 JO 30 JO 

Site water ,cxint.rol l 10 10 10 l.O l!O 10 10 
2 lo 10 HI lO 10 10 10 
3 10 10 10 10 10 ?II 10 

'r JO 30 'iii 30 JO 3!i Jij 
N • ... 

1.00% test naiiun l lG 10 10 10 10 10 10 CID 

2 10 10 110 10 10 10 1,0 
.J; 10 10 10 .10 10 10 10 

JO JO E 'in .. o JO 30 JO 

50'1 test nedil.lll 1 10 10 lO 10 10 10 10 
2 10 10 110 10 10 10 10 
l 10 10 10 10 10 10 10 

Jii Jii E Jo E JO E 

10% test nedil.lll l 111 10 10 10 10 lO 10 
2 10 10 10 10 10 111 10 
3 10 10 10 10 1.0 10 Ul 

:m E JO lO Ji) E' ·:m 

... 
m 
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TABLE S. Measured salinity, pH, a.'ld dissolved oxygen <luring a 96-hour 
toxicity test with mysid shrimp, Mysidopsis bahia, arid the 
liquid phase of dreGged material from H:ibile S!Up Channel, AL. 
The dissolved oxyge.Tl values are t.lie TIEans of llEastrrer,e.rits 
in three replicates fran each treat:nent; salini~y and pH l!Ea­
surenEnts ~e in Repl ic,.te A of each treatient. 

!bninal Dissolved oxygen 
concentration Salinity pH (rrg/t c:-.nd % saturation) 

(% liquid phase) (O/oo) 0 hr !l6 hr 96 hr 

Site water control 28 8.3 8.1 5.5 (62) 

Culture water control 22 8.1 7.9 5.,. '3 (58) 

10 28 8.3 8.1 5.3 (60) 

50 26 8.2 8.0 5.3 (60) 

100 25 8.1 8.0 5.2 (58) 
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TABLE 6. Survival of sheepSkad mirullJWs, Cyprinodon variegatus, during a 96-oour exposure 
to tlE liquid phase of dredged material fran 1't:lbile Ship Channel, AL. 

EKposure condition Replicate Tine of <lJservation - Nulttler of Survivors 
0 hr 4 hr 8 hr 24 hr 48 hr 72 hr 96 hr 

Culture water control 1 10 10 10 10 10 10 10 
2 10 10 10 10 10 10 10 
3 10 10 10 10 10 10 10 

30 30 30 30 30 30 30 

Site water oontrol 1 10 10 10 10 10 10 10 
2 10 10 :w 10 10 10 10 
3 10 10 10 10 10 10 10 

30 30 30 30 30 30 30 

100% test rrecliun 1 10 10 10 10 10 10 10 
2 10 10 10 10 10 10 10 
3 10 10 10 10 10 10 10 

30 30 30 30 30 30 30 

SO'i tent madil.lll l 10 10 lQ; 10 10 10 10 
2 10 10 10 10 10 10 10 
3 10 10 10 10 10 10 10 

30 30 30 30 30 30 30 

10% test nedi1.111 1 10 10 10 10 10 10 10 
2 10 10 10 10 10 10 10 
3 10 10 10 10 10 10 10 

30 30 ·30 30 30 30 30 

• • 

"" 0 
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TABLE 7. Measured salinity, pH, and dissolved oxygen during a 96-hour 
toxicity test with sheepshead minna'ls, 9J>rinodon vari£!9atus, 
and the liquid phase of dredged material from M:>bile Ship 
Channel, AL. The dissolv1.~d oxygen values are the rreans of rrea­
surements in three replicates fran each treatment; salinity 
and pH rreasurenents were in Replicate A of each treatment. 

ltxninal Dissolved oxygen 
concentration Salinity µi (ng/i and % saturation) 

(% liquid phase) (0/00) a hr 96 hr a hr 96 hr 

Site water control 2a a.3 a.a 8.3 (94) 6.3 (72) 

Culture water control 25 8.3 8.2 9.9 (llaJ 7.2 (aa) 

la 28 8.3 a.1 a.2 (93) 7.1 (!HJ 

50 26 a.3 a.a 7.7 (a7) 6.9 (7a) 

laO 26 8.3 a.a 6.7 (75) 6.6 (74) 

D-2-:U 
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TABLS 8. Suxvival of ooieaoirs, h;artia tcnaa, during a 96-hour eicposure t.o the sustetldecl 
particulate .phas3 of dii!dg'ld 1111terial fran !obbile Ship Owmel, AL. 

Exposure conlition Replicate TiJIE! of Cl>servaticr. - NlmtJer of Survivors 
0 hr 4 hr 8 hr 24 hr 48 hr 72 hr 96 hr 

CUlture water oontrol l 10 10 10 10 10 10 10 
2 10 10 10 9 9 9 9 
3 10 10 10 10 10 l' 10 

30 30 30 29 29 29 

Site water oontrol l 10 10 10 10 10 10 10 
2 10 10 10 10 10 10 10 
3 10 10 10 10 10 10 10 

30 30 30 30 30 30 30 

100\ test lll!lli.1.111 l 10 10 10 8 8 8 7 
2 10 10 10 9 9 7 7 
3 10 10 10 9 9 7 7 

JO 30 30 25" 25 ~2 21a 

50\ test lll!llimt l 10 10 10 10 10 9 9 
2 10 10 10 10 10 9 8 
3 10 10 10 10 10 8 7 

30 30 30 30 30 26 24a 

10% test lll!llilml 1 10 10 10 10 9 9 9 
2 10 10 10 10 10 10 10 
3 10 10 10 10 9 8 8 

30 30 30 30 29 27 27 

<lsiqni.ficantly different (P<0.05) fian the ooot.rol. 

...... 

NI 
NI 
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'lbtal nl.Jltier of survivors of o;Jpep:xlS, Acartia tonsa, an:er 
96 h:Jurs of ex{X>sure to the suspend.ed particulate phase of 
dredged material fran l'bbile Ship Channel, AL. 

NUlliler of survivors 
Replicate Pisfosal 50% susperded 100% suspended 

site water particulare phase particulate ~ 

1 10 9 7 

2 10 8 7 

3 10 7 7 

'lbtal 30 24 21 

~ 10 8 7 

Variance 0.00 LOO 0.00 

Calculated 3.51 3.00 
t value 

Tabular 2.13 
t.05(4) 

D-2-23 
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TABLE 10. Measured salinity, pH, and dissolva1 oxygen during a 96-rour 
toxicity test with copep:ids, .Acartia tonsa, and the suspended 
particulate phase of dredge:i material £ran l'U;>ile Snip Channel. 
AL. The dissolved oxygen values are the means of n>aSUranents 
in three replicates fran each treabrent; salinity and pH "'Ea­

sureirents \liere in Replicate A of each treatl!ent. 

Naninal concentration DiSsolved oxygen 
(% suspended Salinity pH (ng/t and ~ saturation} 

particulate phase) (O/oo) 0 hr 96 hr 96 hr 

Site water control 28 8.3 8.2 7.3 (82) 

CUlture water control 22 B.l 7.7 7 .. 3 (80) 

10 28 8.3 s.1 7.2 (82) 

50 26 8.3 8.1 7.2 (81) 

100 25 8.3 s.1 7.3 (81) 

D-2-24 
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TABLE 11. Sw:vival of mysid shr:illp, Mysioopsis bahia, during a. 96-hour exposure to the 
suspended particulate fhase of dredged rrater.ial .frcrn !l'.::cb.i1e Ship Olannel, AL. 

Exp:>sure =ndit.;.on Replicate Ti.nE of Observation - Nlllltler of Survivors 
0 hr 4 hr 8 hr 24 hr 48 hr 72 hr 96 hr -- --

Culture water =ntrol 1 10 10 10 10 10 10 10 
2 10 10 10 10 10 10 10 
3 10 10 10 10 10 10 10 

30 '(I .l . 30 30 30 30 30 

Site water =ntrol 1 10 10 10 10 10 10 10 
2 10 10 10 10 10 10 10 
3 10 10 10 10 10 10 10 

30 30 30 30 30 30 30 

100% test medi.i.m l 10 10 10 10 10 llJ 9 
2 10 !O 10 10 10 10 10 
3 10 10 10 9 9 9 9 

30 30 30 29 29 29 28 

50% test medium 1 10 10 10 10 10 10 10 
2 10 10 10 10 10 10 10 
3 10 10 10 10 10 10 10 

30 JO 310 30 30 30 30 

10% test medi.uw. 1 10 10 10 10 10 10 10 
2 10 10 .w 10 10 10 10 
3 10 10 :w 10 10 10 10 

30 JO 30 JO 30 30 30 

• 
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TABLE 12. Measured salinity, pH, am dissolved oxygen during a 96-tvur 
toxicity test with mysid shrilrp, f:o1:tSidc>P§is bahia, and the sus­
pended parti.culate Eitase of dredged material fran M:lbile Ship 
Oiannel, AL. 'i11e dissolved oxygen values are tile 1!8IDS of nea­
suraients in three replicates frcm each treatnEnt; salinity 
and pH mea...uranents were in Replicate A of each treatment. 

lt.::lninal a:n•~ntration Dissolved oxygen 
(% suspended Salinity pH (nq/i and % saturation) 

pi!rtic:ulate (tlasel (O/oo) 0 hr 96 hr 96 hr 

Site water cmtrol 28 8.3 8.1 5.5 {62) 

Culture water o::mtrol 22 8.1 ., Q 5.3 I~\ ··~ \~'-"F 

10 28 8.3 8.1 5.2 (59} 

50 26 8.2 7.9 5.1 (57) 

100 25 8.1 7.8 4.8 (53) 

• 

• 
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TABLE 13. Survival of sheepshead minnows, Cyprinodon variegatus, during a 96-hour e;.q::osure 
to the suspended particulate phase of dvedged material from 1-bbile Ship Channel, 
AL. 

EKposure conchtion Replicate T:irre of Cbservation - NU!1!i:er of Survivors 
0 hr 4 hr 8 hr 24 hr 48 hr 72 hr 96 hr 

Culture water control l 10 10 10 10 10 10 10 
2 10 10 10 10 10 10 10 
3 10 10 10 10 10 10 10 

30 JO 30 30 30 30 30 

Site water control l 10 10 10 10 10 10 10 
2 10 10 10 10 10 10 10 
3 10 10 10 10 10 10 10 

JO 30 30 30 30 30 30 

100% test rredium l 10 10 10 10 10 10 10 
2 10 10 10 10 10 10 10 
3 10 10 10 10 10 10 10 

30 30 30 30 3J 30 30 

50% test rredium 1 10 10 lt:' 10 10 10 10 
2 10 10 10 10 10 10 10 
3 10 10 10 10 10 10 10 

30 30 30 1c 30 30 30 

10% test nedium l 10 10 10 10 10 10 10 
2 10 10 10 10 10 10 10 
3 10 10 10 10 10 10 10 

30 30 30: 30 30 30 30 

"' ...., 
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TABLE 14. Measured salinity, pH, and dissolved oxygen during a 96-hour 
toxicity test with sheepshead minnows, Cypri11crlon variegatus, 
and the suspended particulate phase of dredged material from 
M::>bile Ship Chan.nel, AL. The dissolved oxygen values are the 
neans of neasurerre..-,ts i,, three replicates frail each treatn-ent; 
salinity and pH measurerrents were in ReFlicate A of each 
treatlrent. 

Neminal concentration Dissolved oxygen 
{% suspended Salinitj.' pH (rrg/£ am % saturati.on} 

particulate phase) (O/m) 0 hr 96 hr ;:; hr 96 hr -----
Site water control 28 8.3 8.0 8.3 (94) 6.3 (72) 

culture water control 25 8.3 8.2 9.9 {llOi 7.2 (80) 

10 26 8~3 8.2 8.4 (94) 6.8 (76) 

50 24 8.2 8.? 7.6 (84) 6.4 (71) 

100 24 8.1 8.1 7.7 (86) 6.6 (73) 

D-2-28 

• 

• 



• 

• 

29 

TABLE 15. Survival of quahogs (Mercenaria mrcer>aria) , i;olychaetes 
(Neanthes arenacoodentata), and mysid shr.i.lrp (Mysidopsis 
bahl.a) exi:osea for 10 days to the solid phase of dredged 
material fran M:lbile Ship Channel, AL. 

Species and sample replicate Nunber of survivors on da:t 10 
Reference sediment Dredged material 

Quamgs 1 20 20 

2 20 20 

3 20 20 

4 20 20 

5 20 20 

100 100 

Polychaetes 1 14 20 

2 12 15 

3 18 16 

4 17 18 

5 16 17 

77 86 

Mys ids 1 16 15 

2 15 13 

3 17 18 

4 13 13 

5 15 16 

76 75 

D-2-29 
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TABLE 16. Total nlllltJer of survivors after 10 days of exposure to the 
solid phase of dredged m:lterial fran !lt:lbile Ship Channel, AL. 

Tut.al NlmJer of Survivors 
Replicate Reference Dredged 

sediment m:lterial 

1 50 55 

2 47 48 

3 55 54 

4 50 51 

5 51 53 

'lbtal 253 261 

Meal'\ 50.60 52.20 

Var ia."'lCe 8.30 7.70 

calculated 0.90 
t value 

Tabular Lal 
t.05(8) 
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TABLE 17. Measured salinity, ~ature, Iii• and dissolved oxygen (00) during a lO~y 

toxicity test with quahogs (Meroenaria nercenaria), polychaetes (Neanthes 
arenaceodentata), and mysid shri.np (Mysidopsis bahia), and the solid phase 
of dredged material from M:Jbile Ship Channel, AL. The 00 values are the rreans 
of neasurerents in five replicates fran each treatnent; salinity, t:aTpera­
ture, and Iii rreasurerrents were from replicate 1 of each treat:nent. 

E:ocposure 
condition and Tine (da~) 
neasurerrent 0 1 2 3 4 5 6 7 8 9 10 

Reference sedinent 

Salinity (D/oo) 30 31 30 31 30 JO 30 31 30 30 30 

'l'elltlerature (OC) 15 15 16 17 18 17 17 17 15 l'.; 15 

00 (!tg/i; % of sat.) 6.5 6.4 6.5 6.7 6.5 5.6 6.4 5.8 7.4 7.8 5.9 
(80) (79) (81) (86) (84) (72) (82) (74) (91) {96) (73) 

pH 7.4 7.6 7.6 7.7 8.1 7.5 7.4 7.5 7.4 7.6 7.7 

Dredged material 

Salinity <°loo) 30 31 30 31 30 30 30 31 30 30 30 

Tatperature (OC) 15 15 16 17 18 17 17 17 15 15 15 

00 (m:j/i; % of sat.) 6.6 6.5 6.3 6.7 6.5 6.1 6.7 6.0 7.6 7.8 6.7 
(Bll (80) (791 (86) (84) (78.) (86) (771 (94) (96) (83) 

Iii 7.7 7.7 7.7 7.7 8.2 7.5 7.5 7.5 7.5 7.6 7 .. 6 

w 
II-' 
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TABLE 18. concentrations in clams, Mercenaria nercenaria, fran the test 
p:pulation (badtgrounrl) and m trose eJq:OSed to the solid phase 
of reference sedinEnt and dredged naterial fran l'Wii Je Ship 
Channel, AL. Concentrations are rep:>rted as wl:Dle-body ~issue 
{less shell) based on ~t \oleight, and are parts per million 
(micrograms per gram) for cadmill!I and petroleun hydrocartons 

and parts per billion (nanogrcm; per gram) for pesticides and 
PCB. 

Constituent 

cadmium 

Petroleun 
hydrocarbons 

Aldrin 

Replicate 

1 
2 
3 
4 
5 

Mean 

1 
2 
3 
4 
5 

Mean 

1 
2 
3 
4 
5 

l 
2 
3 
4 
5 

Tissue concentration 
Background Reference Dredged 

sedliieut naterial 

0.18 0.22 0.24 
0.24 0.24 
0.19 0.24 
0.20 0.24 
0.20 0.19 
0.21 0.23 

31 36 25 
12 35 

<11 31 
24 33 
40 46 
25 34 

Fl F2+F3 Fl F2+F3 Fl Y2+F3 

<LO <LO <LO <1.0 <1.0 <1.0 
<1.0 <1.0 <4.o• <LO 
<1.0 <1.0 <1.0 <1.0 
<1.0 <LO <1.0 <1.0 
<1.0 <LO <1.0 <1.0 

<70 <70 <70 
<70 <70 
<70 <70 
<70 <70 
<70 <70 

*I.Dwer lllllit is higher than other replicates because of a low re­
covery of the internal standard. 

(continued) 

• 

-- ~ -- ' 

• 



33 

• TABLE 18, contmued. 

Tissue concentration 
Constituent Replicate Backgroun:l Feference Dredged 

sediment mawrial 

BHC {lindane) 1 <70 <70 <70 
2 <70 <70 
3 <70 <70 
4 <70 <70 
5 <70 <70 

Heptachlor 1 <70 <70 <70 
2 <70 <70 
3 <70 <70 
4 <70 <70 
5 .70 <70 

p,p' D!JI' 1 <70 <70 <70 
2 <70 '70 
3 <70 ·. 70 
4 <70 ·70 
5 <70 ,70 

p,p' DDD 1 <70 <70 <70 
2 <70 <70 
3 <70 «70 
4 <70 ;70 
5 <70 <70 

o,p' DDE 1 <70 <70 <70 
2 <70 <70 
3 <70 <70 
4 <70 < 70 
5 <70 <70 

Chlordane l <70 <70 '70 
2 <70 <70 
3 <70 <70 
4 <70 <70 
5 <70 <70 

Dieldrin l <70 <70 <70 
2 <70 <70 
3 <70 <70 
4 <70 <70 
5 <70 <70 

• (continued) 
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TABLE 18, continued. • 
Tissue concentration 

Ca'lstituent Replicate Backgroum Reference Dredged 
secilme11L material 

Endrin 1 <70 <70 <70 
2 <70 <70 
3 <70 <70 
4 <70 <70 
5 -:70 <70 

Toxaphene 1 <100 <100 <100 
2 <100 <100 
3 <100 <100 
4 <100 <100 
5 <100 <100 

H:il'.ex 1 <70 <70 <70 
2 <70 <70 
3 <70 <70 
4 <70 <70 
5 <70 <70 

Metb)xyclor 1 <70 <70 <70 
2 <70 <70 
3 <70 <70 
4 - <70 <70 
5 <70 <70 

PCB 1 <70 <70 <70 
(Aroclot® 1254) 2 -- <70 <70 

3 - <70 <70 
4 - <70 <70 
5 <70 <70 

• 
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APPEND!· B 

Analytical Methodology ·. ::ir the Determination 
of Selected Chemicals in Cl<u. T.l.'.sue (~cenaria rrercenaria) 

Cadmium (O:l) 

Sanples v.e:e tl>.awed and hrnog~ .. , zed using a Willems PT20 Pol ytrorf'' 

hrnogeni.zer. A rinse of 1:1 nitric acid (HNJ3) foll~ by 1:3 hydro-

chloric acid (HClJ and a final rjnse ~'ith deionized water was used be-

~ri 5a!lllles. A weighed aliqu::it {4-5 grams [gJ l of hom;igenized tissue 

was plac€d into a Technicon digest.ion tube contain:L-.g 15 milliliters 

(ml.) of acid-digest mix (2:1 voluue:volun-e [v:vl solution of 30% hydro-

gen peroxide and concentrated reagent grade HN03) and heated at approxi-

rnately 70 degrees celsius (°C) until foaming ce.:ised (alx>ut 2 hours). To 

insure that all the tissue was digested, the sa:t{)le was nuxed with a 

vortex mixer and an add.it.ional 5 mt of acid-digest mix was added. The 

sa.nple was t.1-ien l:x:>iled vigorously at l30°c for or.e tour, and then at 

200°C for one lx>ur. 

The concentrated extract was quarttitatively transferred to a 25-mt 

volun-etric flask and diluted •rith distilled/deionized water. ?he di-

luted extract was transferred to an acid-wasta:i sc.i.ntillation vial (1: l 

!lN:J3 and ld HCl rinse) equipped with a Te.flonc'-lined sere .. : cap. for 

storage prior to analysis by at:an.ic absor-;J'"-ion spectroscopy. 

The Cd cancentra.tian was detennined by fla.'!E atcmization using ti>" 

Inst.rwent: Pe.rkin-ElJ!er M::!del 305A, equipped witti a deutsr1u;;ri 
arc background correction acr.-ess::xry 
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.l.anq:>: 5 • 5 watts 

Wavelength: 228.8 nanareters (run) 

Signal band width: 0.7 run 

Range: 1 mV 

Scale expansi:m: 90° 

Damping: 1 

Flane conditions: Fuel - acetylento 
Oxident - air 

Rotareter - 8.5 
Rotaieter - 11.0 

Chart Speed: 5 millinEters (lllll) /minute (min) 

Rest:0nse: F..alf-scale c.P.a.vt deflection for 0.15 parts fer rrtillion 
(ppn) Cd 

calibration curves were obtained by plotting resp:mse (ntn peak 

height) versus concentration (micrograms L1g] /m£} of Cd st:.and<rrds in 

distilled/deionized water containing 1% Ultrex HNJ3. One starrlard and 

reagent blank were ?'lalyzed after ev'!ry 5 5a11l'les. Quality control 

sanples were prepared by forrifying approximately 1 g clam tissue with 

1, 5, and lv ..,g of Cd to yield cor.centrations of 1, 5, and 10 i:g/g Cd, 

respatively. ~les ..ere analyzed by the above lletln:i with the re­

sul ts shown in Table B-1. 

The ana'.ysis of blank tissue (Table B-1) ~varying roocentra-

B-2 

tions of Cd. '!'ht Rffect of biological variabil.;.ty on ar.al:ytical deter-

m.i.r.ations of environmental organisns, is well kn:iwn. In order to statis-

tically determine a background tissue concentration, and use it as a 

conection in analytical results of sanples, multiple analyses (greater 

(l't:>ntgrnery et al. , 1976) • 

• 

• 
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TABLE 1. Recovery of Cd fran clam tisi;ue 

Cd added, µg Cd recovered, µg % recovery 

Blank 0.098 

Blank 0.20 

Blank 0.098 

..I.. • ~: 1.1 110 

1.1 110 

1.1 110 

' . Jd 4.8 96 

5.0 4.7 94 

5.0 4.6 92 

10.0 9.5 95 

10.0 9.6 96 

10.0 9.7 97 

Average recovery 100 (•7.6) % 

• 
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The minim.In detectable concentration of Cd in tissue was 0 .18 µg. 

The method derronstrates a quantitative recovery of Cd fl-an tissue, there­

fore no correction factor was used in the calculation of analytical re­

sults of sarrples. 

Mercury (Hg) 

Sanples were thawed and lntogenized, using a Willems PT20 Polytron 

b::aiogenizer. A rinse with l:l IH)3 and 1:3 HCl, and a final rinse of 

deionized water was used beneen sanples. W:!ighed aliquots U-4 g) of 

the hcl109enized tissue were placed into Technicon digestion tubes. A 

low-~ature i:.ulfuric acid {li2S04 l digestion pxocelure (Perkin-Elner, 

1972, #303- 3119) was used with the following imdifications. A l<l-mi 

volune of concentrated reagent yrade H2S04 was added to each &..""'llple, 

mixed using a vortex mixer and an additional 10 m£ of add added. sam­

ples were digested, in the Teclmicon tubes, for 2 hours at 60°C, usin9 

a Technioon block digester. If particulate matter was still present, 

an additional 2 rn< of concentrated H2S04 was added. Qice digested, 

approltirnatel y 0. 2 g of £X>T.assillll permanaganate (~4 l c:rystals was 

added to each sanple and mixed, using a vortex mixer, until the solu­

tion turned purple. If no purple color was obtained, the sanple was 

mixed for a longer time, or if still unsuccessful, nore l!MrC4 crystals 

were added and the sanple further mixed. Sanples were transferred vol­

unetr:i.ca1ly, with three 5 m£ aliqoots of deioniz.ed water, to 50 ll1l vol­

unetric flasks. 'Iha volUll:!tric flasks were cooled in an ice bath am 

swirled to assure caiplete mixing, prior to dilutial to 50 m;: with 

deioniud water. 

lr2-42 
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The diluted extract was transferred to acid-washed mttles equipj::E'd 

with Teflon-lined screw caps, for storage prior to analysis by atanic 

absorption spectroscopy. 

The rrercury conceJltration was determined by an autonated cold vap:>r 

technique (Koirtyolann arrl Khalil, 1976} and atanic absorption ~o­

scopy. The &mple rate was 20 per mur, wit..11 distilled/dei.onizw water 

used bet;;een samples to improve the baseline. The san;>les were mixed 

in.ternally with 3% sodiun chloride-3% hydroxylamine sulfate in water 

lwzight/vol1.m2 {w/v]}, to react. readily reducible ~ti;-. Tu-> mix-

ture was furt.'ier reduced using a 10% stannous sulfate soLuti.:>n, in 2N 

H,504 (w/vl, thus liberating elenental Hg vaJX)r, which was transferred 

to the closed cell. 

Because of problems with bulbling, nniificat}on of the gas phase 

separation apparatus ~e made. A hot air dryer was use::! to heat the 

gas separator and a bubble was blown in the tubifl9 between the gas sep-

arator and absorption cell. Both m:idificati0ll$ inhibited bubbles fran 

being carrier into the light beam. 

The following instn.llelltal coooi:tions ~ used to determine the 

Hg concentrations: 

Autanatea sanpler: 'l'echnicon Aut:oanalyzer V and cam 27-B162 
20/J;n.ir 1:1 

Inst.runent: Perk:in-Elm;rr l<b:iel 3051\ 

Recorder: Perkin-Elner M:del 56, 0-5 nf.l full-scale 

Purge gas: air 12. 5 L1'./min 

Source lanp: Hg, electrodeless discharge lanp 
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~: 5 watts 

Wavelength: 253.7 nm 

Signal band width: 0.7 nm 

Range: 5 mv 

Scale expansion: 90° 

Damping: 1 

Chart speed: 5 rnn/min 

B-6 

Response: Half-scale chart deflection for 7 nanograms (ng)/!M Hg 

Calibration curves W'el'.e obtained by plott:L'lg resp::inse (nm :pea.Jr 

height) versus concentration (ng/mt) of Hg standards in deionized/dis­

tilled water containing 40% H2S04 and 1 drop (or to excess) of 5% KMnQ4 

'l\.rJ standards a.'1d a blank were analyzed after every 5 sarrples . Quality 

control sanples were prepared by fortifying approximately 2 g of blank 

clam tissue with 0.25, 0.50, and 1.0 ug of Hg to yield concentrations 

of 0.13, 0.25, arrl 0.50 ~g/g, res:pectively. Sarrples were analyzed by 

the above llEthcrl with the results siv.m in Table B-2. 

The analysis of blank tissue (Table B-2) sl"nws varying concentr.::­

tions of Hg. The effect of biological variability on analytical deter­

minations of environmantal organisms, is 10ell knc:Mn. In order to statis­

tically determine a bac.1<ground concentration and use it as a correction 

in analytical results of 5a'11ples, multiple a.."lalysis (greater than 20) 

of unexposed organisms (blanks) ~d be reqtlred {M:lntgcm;ry, op. cit.). 

Therefore no correction for background concentration was used. 

The mirWmJm detectable a:mcentration of Hg in tissue was 0.23 ng. 

Since results of the recovery sti:rly :indicated a quantitative recovery 

• 

• 
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'ffiBLE B-2. Re=very of Hg fran Clam Tissue 

Hg added, ng Hg recovered, ng % recovery 

Blank 97 

Blank 41 

250 360 140 

250 290 120 

500 520 100 

500 540 110 

500 590 110 

l,000 1,100 110 

l,000 l,120 110 

1,000 l,110 110 

Average recovery 110 (~11. 9) % 

• 
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of Hg, using the method, no correction factor was used in the calcula­

tion of analytical results of satl\)les. 

Pesticides and PCB 

Tissue 5a11Fles (~tely 10 g) were prepared for gas chrana­

tograpuc analysis by extracting the 5a11Fle twice with 30-rnt portions 

of 1:1 diethyl ether:hexane for 1 minute by using a Polytrol'Vl PT20 hooo­

genizer. The sample was centrifuged between extractions and the ex­

tracts filtered through anhydrous sodiun sulf;ite into a Ku1erna-Danish 

evaporative concentrator equipped with a 10""'1!1t grad.Qt-.ed cvai:"rator tube. 

The extract was concentrated over a steam bath and the voll.llE adjusted 

to exactly 5.0 mi. 

A 3.0-in~ portion of the concentrate was transferred to a 0.9 x 25-

centill!eter {cm) ~ chranatographie col\Jll'l containing 2.3 g of ac­

tivated (130°C) Florisil 60/100 mesh with a 1 cm layer of anh~lS 

soditn sulfate above it. '1he dOlim'l was prerinsed with 50 mt of hexane 

before sat1ple awlication. 

'!he col\J!r. was eluted with a 50-1Pi VOlU!li! of 6\ diethyl ether-in­

~ to rem:ive PCB and pesticides, except endrin, which was stripped 

from the colllll'l with a SQ-ml portion of l\ methanol-in-benzene. 'l'1e 

6t; diethyl ether-in-hexane fracti.al was cun::r1trated to approximately 

2 ml for silica gel chranatograpty. The lt methanol-in-hexane fraction 

was o:c1ceutrated to 5.0 m£ for gas chraaatograpuc analysis. llJth con­

centrations were canied out over a Stem\ bath by using a gentle !i-':remt 

of clean dry air. 

'l'he o:c0!11trated 6\ diethyl ether-in-hexane fraction was transferred 

to a 0.9 x 25--an Pyrex cMan&t.ogzapdc colum CUltaining 3.0 g of acti­

vated {lSO"Ci grade 922 Silica Gel. The OOllml - prerinsed with a 

• 
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• 50-rnl'. volure of ~tane before sanple ap lication. 

The =lumn was eluted with a 51 -mf mlurre of ~tane foll~ by 

a 50-mt volurre of 1% nEthanc'_-·in-he: mt by using 2-3 pounds per square 

inch (psi) nitrogen gas pressure. .r·e fractions were =llected sepa-

B-9 

rately, =ncentrated to 5.0 mi trj u:o~:.g a gentle stream of clean dry air, 

and analyzed by gas-liquid chrcmatography with the fraction pattern 

listed in Table B-3 and retention tirre and response listed in Table 

B-4. 

Gas chranatographic analyses -were perfo:ared by using the following 

instrurrental conditions: 

Instrurent: Perkin-Elner f.t:ldel 3920 gas chranatogra?l equiPFE<d 
with 15 micrccuries Hi-6 3 electzun capture detector 

Recorder: Perkin-EJ.roor M::del 023; 0-1 !TN full ooale 

Column: 6' x 2-mn (ID) Pyrex packed with 3% ov-10, 80/100 imsh 
Supelcqx:>rt 

'l'ellµ!ratures (°C): Col1m111 - 200 
Inlet - 250 
Interface - 250 
Detector - 350 

Gas fl<MS: Carrier:50 =/min 5% methane:95% argon 

Chart speed: 40 an/OOur 

Attenuation: 32X 

Calibration curves were produced by plotting peak height (nm) versus 

weight (ng) of standard injected. ilytical standards were prepared by 

-~--··---~----·---;:;;:;~-..!.-<:~"\._~~Efil pesticide ar.d PCB st<indards with hexane to yield 
·-~.,-....__~ ·~---~ ~ - - - " . - --- -"· - -, - -

Jrking standards of the required concentrations. A mixed standard w,,;,.. 

used for all the pesticides quantitated except chlordane. Separate ana.ly-

tical standards -re used for chlordane and Aroclor.& 1254. Aroclor 1254 

• and chlordane were each quantitated based on a single isarer peak • 



TABLE B-3. Silica Gel Fraction Pattern 

Aldrin 

Heptachlor 

Chlordane 

Aroclor 1254 

Mirex 

Lindane 

o,p'DDE 

Dieldrin 

p,p'DDD 

p,p'oor 

Pentane 

x 

1 % methanol­
in-benzene 

Approximately 5% A{:proxirnately 95% 

Approximately 5% Afproxirnately 95% 

x 

x 

x 

x 

x 

x 

x 
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• 
TABLE B-4. Retention Til!Es and Response 

Half-scale 
Calp?un:i Retenticn c:hart-respcmie 

tine (lllinut:es) (piwlrans) 

Lindane 1.0 160 

Heptachlor 1.6 240 

Aldrin 2.2 220 

o,p'OOE 3.3 500 

Dieldrin 4.2 500 

p,p'DDD 5.4 500 

&xlrin 8.2 1,500 

1'k!troxychlor 10.9 3,500 

p,p·Dm' 7.2 1,500 

Mirex 13.4 1,600 

Aroclo:c® 1254 6.1* 250 

Chlordane 1.5* 200 

*Isaier use: ::or quantitation • 

• 
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Blank tissue (~tely 10 g) was fortified with pesticides/Fa! 

standards-in-a~ and analyzed by the above methld. 'lbe a."litlytical 

results of all sanples were an: rncted for the ava.rage peu:;e,tage re­

~ries show!'I in Table B-5. TtE mL'tillun det:ectable lXli!JCeu ..... >atioo of 

pesticide for PCB in tissue was 50 ni]/g. 

Petmleln ~tbn; 

A 1()-g sanple of frozen t1ssue was h•11<fa•iud in a so-. eentr:i.r~ 

t\Ele equipped with a 'n!flon-lined screw cap l'.Yz using a Willems Prl'J ila!O­

geni;rPT. 'lhe probe was rinsed with 5 Ill! ot 4N Naai and tbe n.-.se added 

t.o the centrifuge tubP. 'l'he asntrifuge tube WMI capped a.~ p~ l1l az1 

oven at 90°C for 2 h:Jurs. 'lbe sal!flle was ~ •.riqr:m.N.Sly at L"ie end 

of the first mur. 
Chee the sanple had o:.oled, 15 mi of ethyl ether -.. added ~ the 

tl:b! shaken vigoroy.sly for l minute. 'l'he Sallple -.s then centt1fU<Jt10 

at 2,000 :i:evolut:lons per ll'linnte for lO ~ Md the ethyl ether l~~ 

transferred to a l~ ~ glass mt:tle equ!fPl!'d •ith a ~nen­

liood screw cap, usinq a 51'.Fmi. syrjnge equipped with a long, ~ 

needle. 

An additlL . !Ill lG-ini. =ltm; of et.7;,•l ether - added m t."ie aq.,,.;s 

layer in the centrifu!JI! tube, and the eJCt-"ac!ion ~epeate:i as bef1;;~. 

'the tw ethyl ether extracts ~ ~ and driEd by the add.J.,..'al of 

l g of anb)drous ~iwi sulfa~. 

'ftE CCl!tlined extract was da:antsd into a 2~ ~at.or b.lbe roo­

ta.J.ninrJ 4 feW -.ll pJulil:lain dlip!I a fit:tecf with 4 mdi.fleQ ~ 

colum; the extract was oouceutrata:l to awtQChatety la by ~r.;:; '* 

• 
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TABLE B-5. Concentrations and Percentac:e Recoveries of Pesticides and 
PCB added to Tissue ~1,_s 

BHC (lindane) 

Heptachlor 

Aldrin 

o,p'DDE 

Dieldrin 

p,p'DI)[; 

p,p'DDT 

EOOrin 

Metlvxychlor 

Mirex 

Aroclo:r'c.' 1254 

Chlordane 

pµn added 

0.48 
Q. 96 

0.48 
0.96 

0.46 
0.92 

0.48 
0.96 

0.48 
0.9£ 

0.96 
1.92 

0.96 
1.90 

0.96 
1.90 

2.40 
4.80 

0.96 
1.90 

15.4 
30.8 

0.4 
LO 

Percent reo:werv 
1 2 3 Mean 

88.9 104 9 90.0 94.9 
78.3 85.7 91.4 85.l 

71. 7 93.9 79.8 81.8 
62.: 62.0 87.9 10.1 

100.0 94.8 96.2 97.0 
96.6 94.2 l-9.0 113.3 

125.0 91~2 84.5 100 2 
97.6 97.6 130.9 His. 7 

97.4 76.4 65.5 79.8 
BJ.3 92.C 111.l 95.~ 

87.2 103.6 96.4 95.1 
74. 7 SS.3 90. 7 SJ.Ii 

89.7 110.3 li)().0 lrJU.~ 
11 .. 7 s.& .. 7 ~J& .. l $6 .,, 

86.B 8S.J Sf .. J ~i>.l 

81 .. 4 lC~J .. C~ ~?~~.+ ~J: .. :;. 

96.8 
72,.7 

:13 .. 7 9~ .. 7 
92 .. 1 ~-Q 

90.5 95.2 95.2 
92.3 92.3 84.10 

81.3 89.6 El.3 
90.2 'H>.1 ~.l 

84.9 
104.0 

84. !I 78.:& 
94 .. J iW ... C 

93.6 
""' ,., ",. 

!6-t .. l 
94 .. ! 

""w' ~·, 

~.,,,, 

!-OJ" 1 

Mean average 
(standard de1rL;t LOO) 

·~~ 

90~0 fS .. 7} 

76. 3 \13.3) 
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Konte&!D Tube Heater set at 75"•,. A 2.0-rru>. volume of hexane was added, 

am the sample again concentrated to approximately 1 m£ at 110°C. '!he 

sample was rerroved frcm the tube heater and the tip heated at approxi -

IT\3.tely 120°C until the solvent had been allowed to reflux and rinse the 

walls of the tube. 

A silica gel separation column was prepared u..sing a 9 x 250-rrrn column 

equipped with a sintered glass disc, Teflon stopcock, and 100-rru>. reser­

voir. The col= was packed by first filling it with petroleum ether 

and then adding 10 g of silica gel {M:B No. SX 144-7), activated at 150°C 

overnight, with gentle vibrating to eliminate air bubbles. A needle 

valve was attached to the top of the reservoir and the system pressurized 

at 2-3 psi with nitrogen gas. 

The column was prewashed with 25 m£ of nethylene chloride, followed 

by two 2-ll'll petroleum ether rinses, and a final 40-rw. petroleum ether 

rinse. All of the prewash eluates were discarded. An elution rate of 

1-2 m£/minute was rraintained. 

The concentrated tissue extract w-as tr'.lrlsferred onto the column, 

followed by thre€' l-m£. petroleum ether rinses, eluted under pressure, 

and the eluate collected in a 25-m.I' concer1trator tui:.e. An additional 

22-ntt volurre of petroleum ether was added to the oolumn, eluted urrler 

pressurP and collects<l in t.'1e sane concer.trator tube. This total eluate 

was Fraction 1 and contained the saturated hydrocarbons. 

A 50-rrii volurre of 20% rrathylene chloride-in-petroleum ether (vol­

ume :volume) was added to the column and two 25-mt eluates collected, 

under pressure, in separate 25-mi. concentrator tubes. 'lbese ·.iere Fractions 

2 and 3 and cont:a.Ule."'l the :ror.u- and diaranatic-hjdrocarrons, and the 

D-2-52 
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triaranatic hydrocarbons, respectively. 

A 100-rnicroliter (µ1) volUlll! of 1 milligram (11¥J)!{gil n-dotriaoont.ane-

in-heptane standard was added to each fraction and the fr.actions concen-

trated to approximately 0.2 ffil', by using the tube heater. 'll1e concentra-

ted eluates were adjusted to a 0.5-1111. volUlll! with hept.ane, and an aliquot 

of each fraction raroved for gas chr.anatographic analysis. The aliquots 

for Fractions 2 and 3 were cx:rrbined and the voll.lllE! ooncentrated to exact! y 

half. Fraction 1 and the catlbined Fractions 2 and 3 were analyzed by 

using the following instrUlll!ntal conditions: 

Instruner.t: Hewlett-Packard MX!el 5840A gas chr.anatograph equiwed 
with dual fl.ane ionizatioo. detectors, and a MX!el 7671A 
~utanatic sanpler 

Collllms: 2 each 10' x 2-nm (ID) stainless steel, ;:iacked with 3% 
OIT-17 on 100/120 nesh Chraoosorb Q 

'l'eltp:!ratures (°C): Collllm - 60-300 at 8°C/minute 
Inlet - 250 
Detector - 325 

Tine 5: 20.00 minutes 

Gas flows: Carrier - 25 mi/min nitrogen 
Reactant - 40 mi/min hydrogen 
Support - 240 mi/min air 

Chart speed: 0. 5 at\lmin 

Area rejection: O counts 

Attenuation: 128 

Slope sensitivity: 0.50 

Retention till'e: 28 .1 min for internal standard 

FID signal: -A+B 

Response: Half-scale chart response with 200 ng n-dotriacontane 
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In order to verify the recovery of the internal standard, n-dr.>tri­

~tanE:, quality control standards were produced by extracting bla.'1k 

tissue (approximately 10 gl by the alx:>ve procedure and analyzing the 

resultant sarrple extracts. A calibration curve was produced by plotting 

peak height (mn) versus weight (ng) of n-dotriacontane injected. The 

reoovery of the internal standard is sh:Jwn in Table B-6. 

'l\iio chemicals 1111ere chosen to verify the recovery of petroleum hydro­

caroons with the llE!thod. Analytical standards of nonadecane and 2,3-

dimethylnaphthalene 1111ere prepared by dilution of stock material with 

heptane to yield 1,000 ng/i. nonadecan£ and 2,3-di.lrEthylnaphthalene stan­

dards, respectively. Control tissue (approxiJrately 10 g) was fortified 

by the addition of 1 mt of the 1,000 i;p11 nonadecane and 2,3-dillethyl­

naphthalene mix and analyzed by the aJ:ove rrethod with the results as 

shc1.ln in Table B-7. Unfortified tissue was also analyzed to act as blanks. 

A calibration curve was produced by plotting peak height (nm) versus 

weight (ng) of injected nonadecane and 2,3-dirrethylnaphthalene, res­

pectively. 

The analytical results of sarrples were ralculated by caiparison of 

the total peak areas found, fran 4. O minutes retention tille through the 

end of the program, witi. the area o~ the n-dotriaoontane internal stan­

dard.. No correction for method recovery was used in the calculation of 

sanple concentrations. All analytical results of Ba111>les are repr.rted 

in 11g/g as n-dotriacontane. The mininun detectable oonoent.ration of pet­

role1.111 hydrocartJon in tissue was 0.5 µg/g as dotriacor.tane. 

D-2-54 

• 

• 



B-17 

• 
TABLE B-6. Recovery of n-dotriacmtme 

Sanple Sanple n-dotriacontane n-dotriacontane % recovery 
weight . ..M_ added (µg) r~ed (µg) 

Fraction 10.04 lGO 102 102 
1-A 

Fraction 100 83 83 
(2 + 3)A 

Fraction 10.03 100 80 80 
1-B 

Fraction 100 107 107 
(2 + 3)B 

Fraction 10.16 100 113 113 
1-C 

Fraction 100 100 100 
(2 + 3)C 

'-· 
r-Ean arrl standard deviation 97.5 t 13.2 

\ · . 

• 
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TABLE B-7. Recovery of nonadecane and 2, 3-dimethylnaphthalene 

Sample nonadecane, nonadecane 
5ai1i>le weight 2,3-dil!ethylnaphth~lene recovered % recovery 2,3-dil!ethylnaphthalene % recovery 

(g) added (µg) iµg) recovered (µg) 

Spike - A 10.18 1,000 

Fraction 1 1,150 115 

Fraction 2&3 1,220 122 

t:1 Spike - B 10.17 1,000 I .... 
I 

"' Fraction 1 1,130 113 °' 
Fraction 2&3 1,180 118 

Blank A 10.04 

Fraction 1 <5 

Fraction 2&3 <5 

Blank B 10.03 

Fraction 1 <5 

Fraction 2&3 <5 

AvP..rage 114 Average 120 If' 
'"" "" 
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SECTION E 
THE SELECTED PLAN 

1. This section describes the plan selected as a resulc of the formu-

lation process presented in Section D, Appendix 5 of this report. The 

plan elements are defined and information is presented on design, con­

struction, and operation and maintenance for a general understanding 

of the technical aspects, along with the plan's accomplishments and 

effects. Section F of Appendix S presents an economic analysis of 

the selected plan. A general map showing the nconunended plan is 

shown in figure E-1. 

PLAN DESCRIPTION 

2. The plan selected for impro>'<>.Jllent of Mobile Harbor consists of en­

larging the existing ship channel to provide a depth 0f 57 feet and a 

width of 700 feet from the 57-foot depth contour in the Gulf of Mexico 

for a distance of about 7 .4 miles to a point in Mobile Bay near the 

eastern end of Dauphin Island; enlarging the channel through Mobile Bay 

to a depth of 55 feet and a width of 550 feet for a distance of about 

27 miles between the inner end of the gulf entrance channel and a poi~t 

about 3.6 miles south of the mouth of Mobile River; enlarging the 

channel into the harbor to provide a depth of 55 feet and a width of 

650 feet for a distance of about 4.2 miles to a point 1 mile south of 

the Interstate Highway 10 tunnels and providing an anchorage area 500 

feet wide, in addition to the channel width, 55 feet deep and 4000 feet 

long on the east side of the main channel and immediately south of a turn­

ing basin to be constructed to a 55-foot depth, a 1500-foot width (in­

cluding the channel) and 1500 feet long just south of Little Sand Island. 

Total length of the improved harbor channels is 38.6 miles. The channels 

have side slopes of one vertical on five horizontal. The plan provides 

two feet of allowable overdepth to compensate for inaccuracies in 

dredging. 

3. New work channel excavation between the gulf and the lower 8000 
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feet of the main bay channel would be by hopp~r dredge with 'llAterials de­

posited in a deep-water disposal area in the gulf tentatively located with-

in a 16 mile radius of the mouth of Mobile Bay. Initial excavation of the 

lower bay channel to a point near Theodore ship channel would be by a 27 inch 

or comparable hydraulic dredge utilizing dcllllp scows and tow boats to transport 

the dredged material to deep-water in the gulf for di1p••al in the same loca­

t!.on as the material from the entrance cnannel. Costs developed for this plan 

are based on the dredged new work from the lower bay channels and the total 

harbor maintenance material disposal sites being located as showr. on figure 

E-2. Final selection of a site is pending Phase 1 studies and prepa~ation of 

an EIS by the Environmental Protection Agency. The remainder of the new work 

material in the upper bay would be excavated with a 30 inch or comparable 

hydraulic pipeline dredge with the material being place in a fill area to be 

constructed in the vicinity of the Brookley waterfront. 

EVALUATED ACCOMPLISHMENTS 

4. Evaluated accomplishments that would result from implementation of 

the selected plan are direct transportation savings to deep-draft 

collll!lerLe and land enhancement benefits. The transportation savings 

would be realized principally in the movement of iron ore and coal 

throug;1 Mobile. Total savings constitutes an average annual equiva­

lent benefit of $33,130,000. 

IMPACTS OF PLAN 

5. Unavoidable adverse impacts associated with the plan would arise 

from the dredging and disposal operations which would destroy some 

benthic populations, increase turbidity, cause permanent physical loss 

of a shallow water bottoms to be filled in the upper bsy, coamit addi­

tional bay and gulf bottom to navigation channels, and result in long­

term intermittent disruption of habitat at the gulf disposal areas. Other 

adverse impacts, that can be avo<~ed only through remedial measures, are 

associated with modifications to overall circulatiou patterns in the 

bay caused by channel construction, and sites of historical significance, 
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if '\ny, located within the channel ·li· .. 1ment and disposal areas. 

Secondacy impacts would resul ;_ f,,om iti;•1ula<.ed economic development of 

the area that would probably occur .ou. construction ot the selected plan. 

6. Benthic populations would be desLcoyed by channel construction and 

layers of sediment depos~ted on the bottom by mud flows during disposal. 

The amount of bay bottom that would be affe~ted by the considered plan 

would be about 5.8 square miles including; 1.1 square miles due to 

widening the bay channel, 2.7 square miles for the Brookley expansio~ 

area, and 2.0 square miles attributed to mud flows during construction 

of the disposal area dikes. The 2.7 square miles colllllitted to the dis­

posal area would result in permanent loss of esturaine nut:sery habitat 

and recreation/fisheries use of that portion of the upper bay. The 2,0 

square miles affected by mud flows adjacent to the dikes would result in 

temporary loss of benthic habitat. In addition, the offshore area affected 

by the dredging and disposal operations would include 0.8 square miles for 

modifications to the bar chnnnel and an unquantified area within the 100 

square miles designated for gulf disposal. 

Under the present maintenance practices for Mobile Harbor 31.3 

square miles of bay bottom adjacent to the channel and 4.0 square 

miles of near shore gulf botto~ are committed to disposal of dredged 

material. The impacts associated with the considered disposal plan as 

compared to the existing maintenance practices will be investigated 

further during Phase l studies. This will include an overall study 

of the usage of the various portions of Mobile Bay, and additional 

studies of the gulf disposal area. These studies are discussed in 

more detail in paragraph 31. 

7. A minor release, to the water column, of nutrient related constitu­

ents and some heavy metals would occur during the open water disposal 

operations. The release of pollutional constituents would be expected 

to be transitory and limited to the immediate vicinity of the discharge 

point. Reduced dissolved oxygen levels would be associated with the 
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initial high levelq of turbidity and suspended solids near the dis• 

charge point. Increased turbidity would temporarily reduce photo· 

synthesis and, hence phytoplankton, the base of many food chains, 

would be rednced during the construction period, However, turbidit" 

and mud flows can Le minimized by modifying the pipeline configura• 

ti3n at the discharge point. There will also be short-term effects 

from air pollution and increased noise JP.els during the dredging 

operations. 

8, According to limited physical model studies, modifications to t '-e bay 

ship channel would cause a change in the overall salinity distribution with-

in Mobile Bay. This is the appare,t result of the deepened channel which in­

creases the salt wedge intrusion up the Mobile River. Additional model tests 

would be conducted for the considered plan during Phase 1 studies to determine 

the order of magnitude and effects of the 55-foot deep channel and any mechanisms 

for offsetting the effects of the enlarged channel if the impacts are deemed to 

be undesirable. The model studies i~dicated a general freshening of the water 

within Bon Secour Bay. Oyster production within this area could increase with 

the possibilit; of improved spatfall. 

9. l. complete cultural resources survey of the areas to be affected would 

have to be completed prior to any construction. Magnetometer surveys of 

the cmder water areas would identify any ano=lies. Measures would be 

taken to protect and preserve any objects or sites of historical signifi­

cance within the channel alignment and disposal areas. 

10. The selected plan would provide a long tenn solution for dredged material 

disposal. The life of the bay should be extended as a result of taking all 

the future maintenance dredged material to the gulf. 
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11. Secondary impacts of the considered plan could include higher levels of 

noise, water, and air pollution related to increased economic development of 

the area. The channel improvement would enhan~e the Port of Mobile's import­

ance and competitive position in world shipping. There would be an increase 

in population, employment, housing, industrial and commercial development, 

water borne coomerce, and port expansion. However, similar patterns of 

growth are expected to occur with or witho~t the considered plan of 

development. 

12. The selected plan would enhance the possibility of economic development 

in the area as a result of lowered shipping costs and the creation of an 

additional parcel of prime area for deepwater oriented industrial or harbor 

terminal uses. The conside4ed plan wo~ld make major contributions to both 

National and regional economic development and toward easing the present 

United States import-export imbalance. Vario~s effects of the plan on both 

economic and environmental parameteres have been discussed in Sectio~ D, 

Ap;:iendix 5 cf this report. 

S:JBSURFACE INVESTIGATIONS 

1.3. The boring logs, deesity, grain size, and samples inspected all 

inuicate the material in Mobile Bay to be predominately clay and silt 

with no hard material and relatively little sand and organic matter. 

The clay is shown to be "fat" and appears to be plastic in nature. 

14. A series ot borings were made in 1964 prior to the deepening of 

the main channel to 4) feet. These samples indicated sand can be found 

in the upper section of the bay and to a point about 6.5 miles south 

of the mouth of Mobile River. Progressing down the bay, the material 

becomes very soft. Below a point near the upper third of the bay, 

the soft material is not considered satisfactory for constructing fast 

land. Logs of borings along the main bay channel and the Theodore 

channel are reproduced in Attachment :~-1 • 
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15. No borings were made along the dike profiles of the proposed Brookley 

expansion area to establish the depth of soft material of the location of 

finn sand. For the purpose of this study it is assumed that a satisfactory 

foundation exists and that consolidation and displacement of existing 

material will not occur below -12.0 fe~t m.t.w. This assumption is 

supported by islands presently existing in the vicinity that were con­

structed with dredged material. 

DESIGN 

CHANNELS 

16, Design of the various channel features in the selected pla~ for 

improvement of Mobile Harbor was determined through an evaluation of 

existing conditions and the application of available criteria and 

professional judgement. Applicable criteria exist only in the form 

of guides established through case observations. The guides are in 

fact variables selected on the basis of bottom and sea conditions 

known to occur at the existing area, present operating conditions, 

projected traffic densities, and the varied characteristics of the antici­

pated fleet. The application of these guides and analysis to determine 

the optimum channel widths, depths and alinements is essential to plan 

formulat'.on and as such was discussed in Section D, of thie appendix, 

17. Figures E-3 through E-9 illustrates designed features of the 

selected plan including the alinement, channel Jepths, channel 

widths, anchorage area and turning basin. The channel widths, 

developed in Section D, are based on one-way traffic for the 

largest vessel expected to navigate the 55-foot channel. Uncon­

strained two-way traffic will exist for a 1118jority of vessels 

utilizing the cha~nele. 
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TURNING AND ANCHORAGE AREAS 

18. Turning and mooring areas considered herein were designed to 

accommodate the larger bulk carriers which will constitute a continually 

increasing percentage of the fleet of vessels expected to utilize the 

proposed improvements over the life of the selected plan. The lengths 

of the larger bulk carriers range between 900 and 1,000 feet. There· 

fore, in accordance with established criteria, the proposed turning 

basin has been designed to provide a minimum circular turning area 

with a diameter of 1,500 feet (1.5 X 1,000). In view of the limited 

area of the turning basin, and the density of anticipatec deep-draft 

and barge traffic, the selected plan provides for an anchorage area 

500 feet wide and 4,000 feet long adjacent to the east si ... e of the 

channel and just south of the turning basin. The width of the 

anchorage ar<,a is considered necessary to minimize effects of passing 

vessels on these moored. Anchorage facilities to accomodate four 

bulk carriers would include mooring dolphins in shallow water along 

side the basin to prevent drifting of the vessels into the traffic 

channel. Due to the soft nature of the bottom material of Mobile 

Bay, local navigation interests consider provision of structures to 

prevent drift of the vessels agains the east bank of the anchorage 

area unnecessary. Figure E-10 shows a typical layout of the considered 

mooring faciliti.es and details of the mooring dolphins . 
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BAY DISPOSAL AREA 

19. The dikes to co:itai.n the "new work" dredged material from the upper 

bay channel will be constructed ~' <'.gh content sand material pumpecl to 

an approximate fill elevation of +~ ::eet, m.l.w., with slopes of 1 vertical 

to 20 horizontal. The next stage would be to construct from the hydraulic 

fill a dike sectio:i from +5 to +17.S feet, m.l.w., with a crown width of 

10 feet and side slopes of 1 vertical to 5 horizo:ital. The soJthern portion 

of the disposal area will have similar dikes constructed to an elevatio:i 

of +15 feet, m.l.w. This lower portion of the disposal area will contain 

the soft new work material that is not suitable for development. Above 

mea< high water and the wave wash area the dike slopes will be stabilized 

with grass. Those areas ex1>0sed to high energy waves will be armored 

with riprap. The new work material from the upper 7.4 miles of 

channel (39.6 million cubic yeards) would be used to construct the 

dikes for the disposal area and fill approximately the northern 

61 percent of the Brookley expansion area. This would provide 1,01•7 

acres of fa 0 t lan<l to an elevation approximately~ 17.5 feet, m.l.w. 

ThP remainder of the fill area will accommodate approximately 24 

million cubic yards of soft new work material from the next 6 miles of 

ch,".nnel down to the intersection of the Theodore channel. Figure E-3 

illustrates the considered disposal area and other upper harbor features. 

Figure E-11 shows a typical dike cross-section. 

20. The design assumptions for sizing the disposal area are based on 

minimal drying techniques for management of surface water. It i• 

1'ssumed that ':wo unit volumes of space in the dispcsal area will co;i­

tain three unit volumes of institu dredged soft new work material, 

The new work sand will occupy one unit of storage for one unit of 

dredged material and the consolidated clays from the upper channel 

are assumed to swell approximately 25 percent. The consolidation of 

underlying sediment was assumed to equal the swell of the firm new 
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work material; therefore, one unit vollJIIle of consolidated clay dredged 

material is assumed to occupy one unit vollme of storage. 

CONSTRUCTION 

21. Construction would be by hydrnulic cutterhead dredge in Mobile Bay 

and by hopper dredge in the gulf entrance channel. In the upper bay, 

north of the authorized Theodore channel, all the dredged new work 

material will be excavated by a cutterhead dred6e and transported by 

pipeline to the diked Brookley disposal area. ~he dredged new work 

material from the lower bay will be excavated by a moditied cutterhead 

dredge and transported by dump s2ows to the gulf. The dredged new work 

material from the lower 8,000 feet of the main bay channel and the 

entrance channel will be dredged by hopper dredge and placed in the 

gulf. Application of the various techniques to the different channel 

sections was determined on the basis of equivalent costs and natucal 

channel divides. 

22. The total dredging should take about seven years, utilizing one 

30 inch hydraulic pipeline type dredge in the upper bay, one modified 

27 inch hydraulic dredge with dump scows and towbL;ts for che area 

between the Theodore channel and the lower bay, and one hopper dredge 

for the entrance channel and the lower 8,000 feet of bay channel. Th• 

dredging should be staged so benefits of the incrementally deepened 

project would be realized during the construction period. These bene­

fits, however, have not been addressed in the survey study analysis. 

No dredging would be performed within 100 feet of any established or 

proposed harbor line, pier, wharf, or other structure. Design, loca­

tion and construction of tre disposal site have considered guidelines 

establibhed for implementation of Section 404b of PL 92·500 and Sec­

tion 103 of PL-532. However, complete evaluations in terms of these 

requirements cannot be accomplished prior to preconstruction planning . 
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23 The 27 inch cutterhead dredge will be modified by lowering the 

pump on the dredge ladder near the cutterhead to obtain greater densi­

ties in the dredged effluent and better economics from the barging 

operation. Also, the dredge will be modified to discharge into dump 

scows at a production rate of 2500 cubic yards per hour insitu. It 

is estimat"d a fleet of 8 tow boats (750 hp) and 16 (3,000 cubic yard) 

dump scows would be required to transport the new work dredged material 

from the lower main bay channel to the gulf disposal site without de­

laying dredging operations. Through utilization of the above techniques, 

the effluent was asswned to have a 35 percent i.nsitu solids consistency 

thereby creating an effective barge capa,ity of 1,050 cubic yards each. 

24. Data on insitu densities that provided the basis for the foregoing 

assumptions and resulting cost estimates are Sl.lmlnarized in tab L;,:· E-1. 

New Work 

Upper Bay 

Lower Bay 

TABLE E-1 
DENS1T"i OF MATERIAL TO BE DREDGED 

Entrance Channel (Sand) 

Maintenance 

Upper Bay Lower Bay 

En:Tance Channel (Sand) 

OPERATION AND ~!A INTENANCE 

Grams/Liter 

l, 770 

1,440 

2,000 

l ,UO 

2,000 

25, Maintenance of the existing project consists of redredging the 

channel to authorized depths as often as needed, which is approximately 

once every two years. 
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26. Estimates for increased maintenance with the selected plan were based 

upo~ records of maintenance required for the existing and prior channels. 

Data was extracted from annual reports on the Mobile Bay channel and 

Mobile entrance channel for maintenance dredging from 1939 to 1975. 

Maintenance was lower during the period of 1955 to 1965 due to new wo'k 

construction, therefore, this period of record was deleted from the 

analysis. The periods 1939 to 1955 and 1965 to 1975 were chosen as 

representative years of typic~l maintenance operations. Table E-2 

shows the recorded historical annual dredging rates. 

Year 

1939-1955 

1956-1965 

1966-1975 

TABLE E-2 
AN!'.'UAL DREDGING RATES (cubic yards) 

Entrance Channel 

211,332 

53,387 

264,216 

Bay Channel 

3,654,888 

2,503,280 

3,824,071 

27. A comparison of shoaling rates ~ith [he increases in channel cross­

sectional perimeters was made from the historical data. It was found 

that the increases in maintenance did not directly correlate with the 

increased cross-sectional perimeters. For an increase in the bay 

channel perimeter of 35 percent (enlargement of 32- -: 300-foot to 

40- x 400-foot channel) the annual maintenance increased 5 percent, 

and for an increase in the entrance channel perimeter of 35 percent 

the annual maintenance increased 25 percent. However, the increase 

in the entrance channel was considered to be attributed more to the 

increase in channel len3th than the increase in channel perimeter. 

On the basis of tl.ese historical observations, a curve was constructed 

to proportionally predict future maintenance of the channels as provided 

by the selected plan. These additional annual maintenance quantities 

that would ~e expected •fter ~onstruction of the selected plan are 

shown in table E-3. 

Appendix 5 

E-20 



Channel Reach 

M3in Bay 

Entrance 

Totals 

TABLE E-3 

ADDITIONAL ANNUAL MAINTENANCE DREDGING 
(cubic yards) 

PrPsent Quantities 

3,824,071 

264,216 

4,088,287 

Additional Quantities Total 

229,444 4,053,515 

474,516 738,732 

703,960 4,792,247 

28. The disposal method presently 11sed in maintenance of the existing 

Mobile Harbor channel consists of discharging the mG!terial d.·_;uged by 

pipeline dredge tn open water along both sides of the main channel in 

the bay and placing the material from the Mobile River channel in diked 
upland areas and transporting the u.aterial dredged by hopper dredge 

to an EPA interim approved disposal area in the Gulf of Mexico just 

south of Dauphin Island. With the selected plan this practice will be 

n10di fied in that all of the upper bay ~hannel and the lower b2y channel 

dredged maintenance material will he placed in a gulf disposal site. The 

increased costs for maintenance of the existing project has not been 

charged against the benefits of the selected plan since with or without 
implementini;: the selected plan ,the disposal 

method may change and the existing prJject can easily provide the economic 

justification of modifying the present maintenance disposal method. Based 

on available data discussed in detail in Section D, the gulf disposal 

alternative would create less adverse environmental impacts than continued 

open water disposal in the bay, 

29. During the seven year construction period shoaling would continue 

in the channel. Routine maintenance operations would be sch~duled to 

insure authorized depths by the end of new construction. In the , .. _,per 

bay the additional maintenance cost during construction due to the 

larger cha11nel (aiierage 40,000 cubic yards/year) is amortized over 
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the 50-year period of analy-is for the selected plan and charged as a 

Federal annual charge. In ~he low•·· h1y the additional maintenance cost 

during construction for the main c· •n·el (average 75,000 cubic yards/year) 

and entrance channel (average 237,G; cubic yards/year) were likewise 

charged as a Federal annual charge of the considered plan. 

PRECONSTRUCTION PIANNING 

30. Due to existing hydraulic model data veing based on a plan with a 

50-foot channel, additional model tests would be conducted for the 

selected plan to determine the effects of the 55-foot deep channel a'ld 

required mechanisms for offsetting any significant adverse affects of the 

enlarged channel. The model study could also include tests for other 

structural modifications, such as removing the existing dredged material 

ridges from along the upper main channel, to determine if they would 

improve water quality conditions in the bay and/or offset changes 

caused by the enlarged channel. 

31. A usage study will be conducted for Mobile Bay to define the 

biological productivity of the bay botto~, gather water quality data, 

and predict recreational potential for the variouw sections of the 

bay. The results of the study will be used to further assess the 

impact of constructing the Brookley fill area. Other environmental 

studies will be conducted in the considered gulf disposal sites to 

include additional biological sampling, analysis of the bottom sedi­

ments, and water-quality data collection • 
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32. A cultural resources survey will be conducted on land areas adjacent 

to Brookley that would be altered by the selected plan. The su~vey, per­

fonned prior to any constructio~, would resu!t in recommendations for the 

preservation or mitigation of cultural resources found to be threatened. 

A magnetometer survey of underwater areas would be included as part of 

the survey or cultural resources. 

33. Justified mitig<L'- measures would be considered for any perma­

nent losses which might be identified i , the selected plan and adopted 

disposal method. Also, the feasibility of establishing wetland areas 

as provided under Se,tion 150 of PL 94-587, will be evaluated. 

34. In response to long standing concern over the potential impact of sus­

pended solids and turbidity associated with dredged material disposal one 

task within the Corps of Engineers Dredged Material Research Program, con-

ducted at the Waterways Experiment Station> ~as to evaluate methods 

for controlling the dispersion of dredged material. Results of the 

studies indicate tha: the most pronising method for controlling 

water cclumn turbidLcy and mud flows involves modifying the pipeline 

configuration at the discharge point. It was found that the amount 

of water col um~ turbidity generated ~ya submerged discharge decrease 

as the angle of the pipeline discharge increase from 0 CG 90 degrees. 

By adding a 15 degree conical section at the end of the 90 degree 

elbow, the effectiv~ velocity of the discharged slurry can be reduced 

by a factor of~ or 3 (without affecting the dredge's production rate). 

This decreases the levels of water-column turbidity and increases the 

mounding tendency of the fluid mud. Laboratory test involving the 

control of dredged material dispersion have resulted in the develop­

ment of a submerged diffuser system (figure E-12). Although the 

diffuser has not been field tested, it has a great deal of potential 

for most effectively eliminating turbidity in the water column and 

maximizing the mounding tendency of the discharged dredged material, 

thereby minimizing the aerial coverage of the fluid mud flow. The 

slurry remains in the pipeline/diffuser until it is discharged at a 

low velocity near the bottom, thus, preventing any interaction of the 
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slurry with the water column above the diffuser. This eliminates 

water column turbidity as well as any depression of the dissolved 

oxygen levels in the water column. A system for control of dredged 

m2terial dispersions would be environmentally beneficially for 

th~ open water dike construction in the upper bay, and will be 

'onsidered further during Place I studies . 
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PLAN IMPLEMENTA Tl 0'< 

35, Review of the selected overall plan indicates sever31 separable 

features that can be incrementally justified economically, and are not 

dependent upon further model studies for adequate impact assessment. 

These features can be implemented at an early stage wjthout suboptimiz-

ing or binding fut:ire action to the framework plan. 

identified and discussed in the following paragrap~1s. 

:~ese features are 

36. The selected plan presents a comprehensive g.t~~ for development of 

Mobile Harbor over the next 15 years. In order to maintain efficiency 

and safety, separable early implementation features that should be con~· 

sidered include channel widening in the upper bay, a turni 0 g pnd 

anchorage area at the head of the bay, a passing lane in the central 

area of the bay and several mitigating features to ~;prove water circu­

lation in the bay. 

CHANNEL WIDENING 

37. The upper portion of the main bay channel as identified in figure 

E-3 is subjected to adverse conditions that create steerage difficulties 

for vessels navigating this reach of channel. lhe projected commodity 

movements will also add to the problems encountered in this area by 

generating more barge and deep-draft traffic, resulting in more naviga­

tion delays. 

38. Widening the existing 40-by 400-foot channel from beacon 74 to buoy 

84 to 650 feet would releave these problems. This action would require 

dredging of approximately 6.7 million cubic yards of new work material. 

The relatively good structural material to be dredged from the chdnnel 

widening would be used to dikP and fill a part of the 'ires adjacent 

to the Brookley mainland . 
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TURNING AND ANCHORAGE AREAS 

39. The efficient operation of the Port of Mobile, as pointed out in 

the Section C, Appendix 5, on problems and needs, also depends on pro­

viding adequate turning and anchorage basins near the ;nouth of Mobile 

River. The turning basin would require dredging of approximately 2.4 

million cubic yards of new work material. The e~chorage basin would 

require dredging of approximately 2.9 mi.lL <:u': c yerds of new "ark 

material. ThiE material would bp depos1 _2C . c t I(' ;,rooklev fill area 

to create a portion of the new developmrnc 

PASS ING LANE 

40, Constructing 5 passing lane about mid-wa~ slang the main bay channel 

will significantly reduce the delays of larger vessels entering and leaving 

Mobile Harbor and the Theodore Industrial area. The passing lane can be 

constructed adjacent to the east side of the existing channel to a 

bottom width compatible to the selected plan for a d~stance of about 

two miles without sacrificing any economics of future development. The 

increment of development would require dredging of about 2 million cubic 

yards of new work material. The material would be pumped by hydraulic 

dredge into the island presently constcucted to contain lll&terial excavated 

from the Theodore Ship Channel. 

DREDGED MATERIAL DISPOSAL 

41. App•oximately 12 million cubic yards of new work dredged material 

will be excavated from the upper harbor early implementation features. 

This material will be suitable to cons•ruct the dikes of the Brookley 

Expansion Area (5 million c ubi.c yards) and provide 7 million cubic 

yards of suitable fill in the north..,r;-, end for port development. Tl:is 

stage of development will provide about 341 acres of fast land to 

elevation +17.5 m.1.w. 
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SECTION T' 

EffiNOMICS J" SELECTEL' PLAN 

lNTRODU CTIC' 

1. This section of the report contains estimates of first costs, annual 

charges, benefits and other supporting data pertaining to the economics of 

the selected plan for enlargement of the Mobile Harbor ship channel. First 

cost and annual cha;ges presented herein ,- re based upon tl:e selected plan 

as evaluated and defined previou$ly in Sections D and E of this AppendL<, 

respectively. The selected plan consists essentially of deepening the 

project from the presently authorized 40-foot depth in the main bay channel 

to 55 feet, widening it from the authorized 400-foot width to 550 feet, 

deepening the gulf entrance channel from the presently authorized 4°-foot 

depth to 57 feet, and widening it from the authcrized 600-foot width to 

700 feet. A range of chann-:1 widths and depths was investigated for the 

selected plan as well as for all alternatives that were give11 detailed 

consideration in order that the optimum level of deveiopment could be 

identified. 

2. A 40-foot ship channel into the Theodore Industrial Park has been 

authorized and is under construction. The economic feasibility for the 

expansion of the authorized channel, in conjunction with the overall Mobile 

Harbor improvement study, was investigated to determine the navigation 

benefits that could be realized by modifying the authorized project to a 

depth greater than 40 feet. 

3. An investigation to determ~ne t 11e prospective beneficiaries of any 

modification of the authorized Theodore project revealed that two companies 

could be potential users. One of the companies indicated a probable use for 

a deeper channel; however, they could not give any fim commitments as to their 

need of a deeper channel into Theodore at this time. Based on this uncertainty 

as to their use of any deeper channel, they were not considered as a prospec­

tive user that would realize benefits from tt.2 expansion of the authorized 

"lheodore segment of the existing project. 
Appendix 5 
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4. Another potential beneficiary of any modification of the authorized Theodore 

project plans to import crude oil through Theodore with further delivery to 

their proposed refinery by pipeline. This company has given assurances they 

would use a deeper channel than that presently authorized for Theodore; however, 

they have not completed construction of their refinery or pipeline. In view 

of the contingency of future benefits to this company on both the completion 

o1 their facilities and the authorized federal improvPments for Theodore, such 

benefits were regarded only as a potent' c.lity at this time rather than a firm 

estimate. 

5, Without firm prospective beneficiaries for depths in the Theodore Channel 

greater than those presently authorized and under construction, consideration 

of greater depths aL this time is not warranted. Accordingly, all modifications 

to the existing Federal navigation project for Mobile Harbor considered herein 

are directed toward the main Mobile Bay ship channel and other ancillary 

components. 

METHODOL'.JGY 

6, The primary purpose of this sectfoc, is to identify and measure the dir.ect 

economic and monetary impacts the considered channel impr•vements would have 

on the transportatior of products shipped through the port of Mobile by deep­

draf t vessels and to review the need for eKpanding the port facilities to 

handle the anticipated future tonnage. The study principally involves 

examining present and future commerce and vessel traffic that would move 

on the Mobile ship channel, review the industrial developement that will 

support the traffice over the projected 50-year period of economic analysis 

(1995-2044) and determine the monetary benefits and costs associated with 

channel improvements. 

7. Navigation benefits and costs herein were developed for each of the 

channel depths investigated ranging from 45 to 60 feet at 5-foot incre­

ments. The navigation benefits, while valid for the selected plan, are 

applicable to all the main bay channel deepening plans of improvement 
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considered and are not "ensitive to construction alternatives being 

considered, su~h as, dredged material disposal methods and channel 

widening. Land enhancement beriefits present.,d herein are applicable to the 

"elected plan and were computed based on the 5-foot levels of considered 

development. 

8. A field canvass was made to interview industries presently shipping 

th- ,.,ugh the port, prospective shippers, steamship lines or their agents, 

ar.J other shipping interests. The survey was conducted to determine whe~ 

impact the '!nlargements of the ship channel would hav" on present and future 

commodity shipments through the port of Mobile. Information collected 

includes: (i) pr~sent and future volUllle of commerce that ~ill be shipped 

through the port' (2) type of transportation service required r~r 

shipping their producr:s, (3) origin/destination matrix or shipping patterns 

required for '.he delivery of each commodity, (4) the terminals and/or docks 

generally used 3• Mobile, (5) adequacy of terminals at the pore, (6) 

volume of sl1ipments per consignment normally requiredt and (7) olher 

pertinent data concerning their [r3nspor[ation needs. 

9. An economic analysis was also made to determine the historical growth in 

port tonnage~ present and prospective commerce, and associated transporta-

r ion costs and ~e .. -~fitis. Eenefits were ·:alculated to determine the savir_gs 

1n transportation costs rreditabl~ to th~ v~rious channel depths considered. 

10. This Section d0cuments the current commerce moving through the port 

r1nd current vessel activity; idt>ntifies and evaludte-s the commtrce that 

would henef it bv •he considered improvements; provides estimates of volume of 

(·ommr-rct:> that con he expected throughout the project life (1995-2044); 

documents procedures in determining vessel operating costs and the 

resulting benefits and costs that can be expected from the plans ot 

improvement . 
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l l. Benefits aPd C'Osts for the seleeted plan were derived in terms of 

equivalent averagt> ann11a l benefits and equivalent average a,1nua: c-harges 

(interest, amortization and ~~intenance costs). ThesP were co~puted for 

a SO-year period nf analysis and converted t\) an average annual hasis 

using the current interest rate of 6 7/8 percent, applicable to all i.rater 

resource projects under investigation at rhe time of this report. Benefits 

and ~osts reflect October 1978 prices. 

12. Benefits are based on transportation savings which would result 

principally from the future use of larger, more economical vessels. 

Supplement.al ber.efits from improvements of the project reflect savings 

in dzlay ~ime to ships navigating the main bay channel. Land enhancement 

h~n2fits also result from the creation af :ands adequ&te fer industrial 

or port terminal development. The total benefits derived from various 

considered char.nel depths were compared with costs for the variou~ depths 

to identify the optimum depth. 

13. Costs consist principally of dredging. These costs ar~ based on 

cur:-ent prices for maintenance dredging, updateC prices for new work 

nn prior construction for M,ihf1P HarhL1r and sim1l<..1r prriJc-·.-ts and det1:led 

nna1ysis 11f new dredging te1·hniques. 

FIRST COST 

14. First costs given herein are estimated for the selecttd t>lan as 

described in Section E of this Aprendix and i1Justrated on fi~ure E-1. 

Dredgfng costs are based 0n the quantities cf ne\...' work fer the sel~cted 

plan shown in table F-1. Estimated first costs, shown in table F-2, are 

based upon October 1978 dollar values. This table in- 'udes advance 

engineering and design costs, which are scheduled on p:ate F-J. The 

contribution required by local Interest is based on all af the cosr 

al located for land enhancement of the Brookley expansion :i rea. A dN a i 1 ed 

development of this cost is pres.,nted in "Itnpletne•Hation Respor.sibil it<.·s" 

in the main body of this report. 
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TABLE F-1 

DRElJl;JN(; QLIAN1 JTIES FC1R CC1NSTql'CTIC1N 

(cubic yards) 

·- -------------- ----·-----------

Rt:-a~ _______________________________________ ll:L~nt_jty ____________________ _ 

Mobile Ship Ct1ann~] 

Turning fJ:-isi n J.611._852 

An( horagt' A red 

)5,371.;0() 

5~.653,70~ 

8erthing Art:d~ l ,890,00CJ 

Culf Entranct_' Chdnnel * 

Total Drt:>Jgin12 i)uantity for Con~ rucLinn 14~,962,317 

--- --------- ------------------------- - -- ------------ ---~-~ 

*The lower S,000 feet of the r:1ain channel is in,'luded ir. L:ie 

quantiti~s fPr ~opper dredging . 
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FEDERAL FIRST COST 

Dredging 

TABLE F-2 

ESTIMATE OF FIRST COST 

Fppe r bay reach (above Theo do re) 
63,400 cu.yds. @ $1.04/cu.yd. 

Lower bay reach 
58,654,000 cu.yds. 0 Sl.28 cu.yd. 

Entrance channel 
19,019,000 cu.yds. @ $1.75 cu.yd. 

Mooring Dolphins (Jfi 0 $54,142 ea.) 

SUB-TOTAL 

Contin~enries 0 20~ 

Engineering & De~ign =i ~~ 

Supervision & Aliministrati0n 0 3% 

Interest during Construction (7 yrs. 0 6-7/SZJ 

SUB-TOTAL 

Less Required Contribution bv l.ocal Interest 

~avigatjon Ald~ (U.S. Coast Guard) 

TOTi•L FEDERAL FIRST COST 

NO~-FEDERAL FIRS: C03T 

Lredging 

Berthing Ar<,as (l ,89•),000 1".1.yds. '" 31.04/cu.vd.) 

Dike Construction (over & abov\." C.E. C.Ost) 
13,800,000 cu.yds. ~ $0.n~/cu.yd. 

In i ti 11 Dike Const rue t io!l 

Dressing & Shaping 

Waste Weirs 

Revetment 

SUB-TOTAL 

Contingencies @ 20% 

Cash Contribution (8.1% of 276,h53,00()) 

Cash Contribution (5% of 284,635,000) 

TOTAL NON-FEDERAL FIPST COST 

TOTAL ESTIMATED FIRS'; COST 
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75,077 ,000 

3 3. 2 83' 000 

866 ,000 

$17'i, 162,000 

35,032 ,000 

6,306,000 

b ,495,000 

SJ,658,000 

$276,653,000 

- 36 '64 1 • 000 

93 000 

$240, IO'i ,000 

l '961-. ,000 

690 'f)(j(, 

35,000 

34,000 

4 289,000 

$ 6,574,JOO 

1 , 31 s, ono 
22,409,000 

14 232 000 

$ 44, 530,0GO 

!?284 ,635 ,000 
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ANNUAL CHARGES 

15. Total annual charges are summarized in table F-J. These include 

interest, amortization and future maintenance for the considered plan of 

improvement. Charges are given for both Federal and Non-Federal interests. 

Estimates are based u~on October, 1978 dollars, an interest rate of 6 7/8% 

and an economic period of an analysis of 50 years (1995-2044). 

BENFFIT ANALYSIS 

i6. Benefits derived herein accrue principally through use of larger, 

more economical vessels, and land enhancement from the fast land created 

adjacent to the Brookley Industrial Complex. Other supplemental benefits 

creditable to improving the harbor channel would result from elimination 

of lost vessel time due to constrained traffic in th" ch .nnel. Documenca­

tion of such supplemental savings apart from benefits of 3 deeper channel 

are not clearly distinguishable and as such have not been evaluated in 

monetary tenns as justification of the selected plan. 

17. The benefit analysis presents an evaluation of trends that would 

affect the type and quantity of future commerce moving through the port 

and navigation benefits associated with this trade. In this analysis, 

consideration is given to the trend toward use of larger, more efficient 

vessels that has been prevelant over the past few years, and the fact 

that some vessels presently calling at the port are being light-loaded 

due to channel depth restrictions. 

18. Supporting data used in the economic analysis and computations 

were obtained from a survey of users of the port and from relateq 

statistics. These incluae information fur;-iished by lGcal interests 1 

records and st.atisrics furnished by maritime and industry rep::-esent· 

atives, and specialized information such as ship operating cost data 

and commercial waterborne statistics compiled an~ually by the Corps 

of Engineers~ 
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TABLE F-3 

ESTIMATE OF ANNUAL CHARGES 

FEDERAL ANNUAL CHARGES 

Interest 
~·~n.1n~.ooo@ 6.875% 

Amortization 
~•fn.•ns.nnn@ o.2567Z 

Maintenance Dredging 
Increase due to larger channel 

Upper Bay ( 79.322 cu. yd. @ $1.34/cu, yd.) 
Lower Bay (150,122 cu, yd. @ $0.88/cu. yd.) 
Entrance (474,516 cu. yd.@ $1.75/cu. yd.) 

Maintenance During Construction 
$4,514,000 x 0.071317 

Maintenance of Mooring Dolphins 

Maintenance of Navigation Aids (U.S.C.G.) 

TOTAL FEDERAL ANNUAL CHARGES 

NON-FEDERAL ANNUA:I; CHARGES 

Interest 
s&4.s1n.non@ 6.875% 

Amortization 
S44.~3n,nnn ~ o.2567% 

Maintenance of Dikes 
20,900 lin. feet @ $2.42/ft. 

Maintenance of Berthing Areas 

189,000 ou. yds. $1.34/cu. ft. 

TOTAL NON-FEDERAL ANNUAL CHARGES 

TOTAL ESTIMATED ANNUAL CHARGES 
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$16,508,0UO 

616,000 

106,000 
132,000 
830,000 

322.000 

30 ,ooo 

4,000 

Sl8,14P,000 

$ 3,062,000 

114,000 

51,000 

253,000 

$ 3,480,000 

$22. 028. 000 
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19. Th" selected plan for improving t ,. xisting Mobile Harbor channei 

consiJere<l depths of 45, 50, 55 and 60 • ?t in the bay with 2 feet addi­

tional depth in the gulf entrance c~annel to compensate for wave action. 

Estimates of navigation benefits that could be expected to accrue tn the 

depths investigated are presented in subsequent paragraphs. 

TRIBUTARY AREA 

20. Tl1t- geogrdphit.:ctl area considered ..._-nmmerciallv tributary t1J the pprt 

of MoLile is very broad in scope. Tht~ area considered directly trihut::iry 

tn this port would be an area contigu0ns to the origin/destination ,,f 

the domestic patterns of present and future con1merce th~t w,n1l L: movt> through 

tl1e port. The preferential area where the rort has a freight rate advantage 

over other Gulf Coast ports encompasses an arr~a of Alabama and parts o: 

Mississippi and Georgia. Another preferential area that is ser\'ed by the 

port~ where the rail niles to :-.1obile arc- less c-·r equ2l to compPting ports~ 

is delineated by hatched line~ un figure F-1. A secondary area~ designated 

as the pcirity area within which freight rates lo :1obi l('. ~.;ould be generally 

equalized with other Gulf Coast ports, includes all or part of t~1e srat~s 

in the Sourheast and Mid-America. A fourth. more generalized, tribut.?!ry 

area would include traffic patterns on a world·..,ride basis. For mor1.:.- exdt r 

delineation, refer to figure F-1. 

EXISTING AND PLANNED PORT FACILITIES 

21. Existing Facilities. The port of Mobile is located at the mouth of 

the Mobile, Tensaw, Tombigbee, Black Warrior, and Alabama-Coosa River 

System. With the completiof! of the Tennessee-Tombi bee Wat<;rway, the 

basin will directly co~neLt the Tennessee River with navigari0n access 

to all rivers to the north. In addition to the river system other 
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waterways serving the navigation needs of Mobile consists of 

Mobile Bay, the Gulf Intracoastal Waterway and inland watetvays 

tributary to Mobile Bay. The existing ship channel in Mobile Bay 

is 40 1 x 400' and extends from the Cochrane Bridge for about 33 miles 

to the Gulf of Mexico. The extensive system of inland waterways 

presently permits barge navigation as far north as Port Birmingham and 

Montgomery, AL. The Gulf Intraooastal Waterway, which extends 1100 

miles betwePn Brownsville, TX to the Apalachee Bay in Florida, makes 

connection with <he port via the Mobile ship channel, 

22. Lnterstate Highways 1-LO and I-65, which are essentially complete, 

provide an efficient highw,:, ,•,,- ...... :, T connecting Mobile to other southeastern 

cities and servefi imp0rtant waterfr, ~t are3s in Mobile Co1111ty. An adequate 

network of local highways afford convenient access to waterfront facilities. 

T'.--ie }labile area is also served by four n2tional trunk-line railroads~ 

f!1e Alabama State Docks Terminal Raiiway connects these railroads to 

dock-sides ~.ii.d marine terminals and serves industries near these 

facilities. Commercial air transportation is available at the muniei­

pally owced Bates Field, located about 15 ~iles west of tile port. More 

th-.n 40 truck freight lines have terminals located in :-labile and the 

harbor is being served by nearly all the major barge lines. To serve 

the foreign and coastwise trade at Mobile, the!"e are over 15 steamship 

agencies that repr~sent over 130 steamship linec that operate at the 

port. Other pore supporting services include stevedoring companies, 

freight forwarders, bunkering service, ship chandlers, shipbuilding 

and repair se~vice, tug service and marine surveyors. All of these 

facilitate the movement of goods and perform the needed services 

associated with the loading, unlo,.ding and handling of waterborne 

curgo . 
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23. Principal public terminals located at the Port of Mobile include 

26 general cargo berths and a grain elevator above the I-10 and Bankhead 

tWlnels on the west side of the Mobile River, a dry bulk ore handling 

terminal on Three Mile Creek, also above the tunnels, and a coal export 

termina~ on McDuffie Island near the mouth of the river. The general 

cargo berths vary from relatively modern to 50 years old facilities 

but are considered adequate for foreseeable general cargo handling 

needs of the port. A two stage expansion and modernization program 

is nearing completion on the grain elevator that will increase its 

annual throughput capacity to about 3.5 million tons. The dry-bulk 

terminal on Three Mile Creek was originally constructed in 1927 and 

has gone through several renovations to maintain modern efficiency and 

to increase its storage and handling capacities. The facility oresently 

operates near its maximum capacity of about S to 6 million tons annually. 

The McDuffie Coal Terminal is a modern facility that began operation in 

1975. The facility is presently being expanded to provide a capacity 

for handling about 10.2 million tons annually. Space and plans have 

been provided to expand this facility as needed. All existing public 

facilities in the Port of Mobile are owned and operated by the Alabama 

Department of State Docks. 

24. Principal private terminals in the main port area of Mobile include: 

The liq•1id petroleum storage and loading facilities of Amerada-Hess, 

Citmoco, Chevron Asphalt Refinery, Texaco and Argon; the molasses 

importing docks of Pro Rico Industries; Pinto Island Metal's scrap 

metal dock; "Port of Chickasaw" general cargo docks; and the Tennessee 

Coal and Iron bulk ore handling terminal.. Another major facili~y in 

the inmlediate harbor area is the numerous berths of the Alabama Dry 

Dock and Shipbuilding ~orporation. There are numerous other lesser 

facilities in the main harbor area primarily used for barge unloading 

and vessel repairs. Other private terminals either existing or under 

construction on the Theodore Ship Channel located about 10 miles south 

of Mobile include the docks of Ideal Basic Industries, Airco Alloys, 

Kerr-McGee, Degussa Alabama, In~. and Marion Corporation. 
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25. All existing public and private terminals are discus3ed in detail 

in Section C of this Appendix ar.d manv are illustrated bv photographs 

Lherein. 

26. Planned Faciliti~s. The Alabama State Docks Department assumes the 

role of both operating and planning for public port facilities in the 

State of Alabama. As a required measure of local participation in 

connection with the Federal improvements under construction for the 

Theodore Industrial area, the Docks Department has planned the 

construction of a public liquid bulk terminal. In addition to this 

and other public terminals on the Theodore Channel, the State has 

developed a comprehensive long range plan for modernizing anct expanding 

irs facilities in the main }'fobile Harbor vicinity. \.Jhile this plan 

provided for L~proving access and opera~ions of its f~cilities above the 

Mobile River tunnels, essentially all new facilities are planned to be 

located below the tunnels near the mouth of the river. tlajor new 

terminals planned, in addition to expansion of the McDuffie Island 

Coal terminal, are a dry bulk ore terminal to be located on che nortJ-

end of McDuffie Island and grain elevators in the vicinitv of the "Mobile 

Aerospace Industrial Complex". The department has and is continuing to 

purchase necessary properties to implement this plan. Details of the 

State's plans are discussed and illustrated in Section D of this Annendix 

under "Local Plans". ~tate plans are considered compatible with the 

selected plan considered herein for Federal irr.plementation. No le>ng 

term plans of private interests are generally known until i1-iunedia.cely 

prior to their intent to initiate construction. 

27. Desired Port Improvements. Overall water resources problems and 

needs of the Port of Mobile are discussed in detail in Section C ,,f 

this Appendix• However~ thu basic navigation problems facing th~ port 

are the inadequate existing terminals and the ability of the harbor to 

accomtJOdate the larger and more economical bulk carrier vessels now 

engaged in World deep-draft shipping. The Alabama State Docks Depart­

ment has identified and is actively pursuing a plan to construct new 
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and expand existing bulk terminals in unconstrained locations within the 

harbor. However, fulfillment of harbor needs cannot be realized without 

commensurate channel improvements that will facilitate the optimum 

utilization of new ships and terminals. It is these improvements in 

the existing Federal Pr~!ect that are desired by local interests and 

for which, along with other water related needs, the "Selected Plan" 

herein has been formt.~ated. Navigation benefits for the considered 

improvements can only he determined through detailed analysis of 

commerce movements, origins and destinations, vessel characteristics 

and ope•ating costs and available alternative modes. These analysis are 

presented in the following paragrdphs. 

28. Coal and a portion of the iron o:e imports plus bauxite an~ nthcr 

miscellaneous area are presently being handled through the Alabama 

State Dock's bulk handling facility (Tipple} at Three Mile Creek. It 

is expected by 1~95 the coal and a portion of the iron ore will move 

through a newly constructed facility at McDuffie Island. 'lhe present 

facility is currently being operated at near capacity of 6.0 million 

tons. According to Alabama State Dock's records over 5.5 million tons 

were handled at this facility in 1978. By 19°5 it is estimated that 

7.2 million tons will be avAilable to unloRd from ocean-going vessels 

plus another 1.0 millions toPs that could be reloaded into barges for 

further transport on inland waterways. 

29. With a new facility available at McDuffit by 1995, it is expected 

that 1.6 million tons would be shifted to rhis facility. This would 

include 896,000 tons of coal imports, 249,000 tons or 43 percent of iron 

ore from Australia, and 482,000 tons of iron ore from Canada and Brazil. 

1his would leave 5.6 million tons (7.2 - 1.6) that would continue to be 

unloaded from ocean-going vessels at the Tipple, about the same tonnage 

that was handled at the facilitv in 1978. 
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PORT COM1'1ERCE 

10. Traffic Studies. Ai.l known ir.dustries and shipping interests 

presently using the Port of Mobile and companies that have expressed a 

desire to use the port in the future~ were contacted to determine the 

potential use of the p0rt re:acive to savings that could be realized 

from harbor improvements to coninerce and ship traffic in the coaFtv;ig.e 

and import-export trade. Interviews uith t.:ompanies associated with the 

shipments of coal, grain, iron ore, bauxite, petroleum and other bulk 

cowmodities, sttamship lines, bar pilots, railroads, Alabama State Docks 

and other t...overnment agencies were co~ducted at various intervalo durt:1g 

the course of this study [.0 determine the need fo:- gre~ ~er di.mensior'!ii; tn 

Mobile ship channel and to assess the volume of traffic Lhat can he 

expected i11 Lhe fut:Jre. Special emphasis t...as µlaced or; in::.ervie•s \,;,'f:h 

firms associated with large bulk commodity ~~ve~en~s that bear the 

largest potent:.iai for savings frorn harbor improvements. ;.. list of rr~jor 

industries rhat were i~tervtewed is presented below~ 

a. "ihe Drummond Company (Coal) 

b. Jir.i Walters Corp. (Coal) 

c. Sumi[omo Shoji Arnericat lnc. (Coal) 

d. Smith Coal Sales (Caal) 

e~ Mannesman Pipe and Steel (Coal) 

t. Atak.a t\-..-ner ic:a, Inc. (Coal) 

g. Hawley Fuel Ccrp. (Coal} 

i. Wallace ar:d ~al lace Chemi Jl !. 0-::.1 C/rp, 1~Crude ')i} f 

Peabody Coal Co. (Coal) 

{<_. ~itsui ,:., Co. {USA) Inr. (Coal} 

m. 
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n. Revere Copper & Brass, Inc. (Alumina) 

o. Marion Corp. Refinery Div. (Crude Oil} 

p. Republic Stt>el Corp. (Iro:J Ore) 

q. Alcua !Bauxi,e-Alumina) 

r. Amerada-Hess Corp. (Crude o;iJ 

s. Kerr-McGee Corp. (Manganese Ore) 

t. Fhillip Bros. {Various Comr.odities~: 

u. Lapeyrouse Export, lnc. (Grain) 

v. Pil Jsbury, Inc. (Grain) 

Jl. Other firms or agencies th·t were cortacted include "'l!jor steamshi? 

agents at ~o~ile. :-1obile Bar Pilots Assot-taticn, Alaba~ .Sta.te DL~WJ;:. t-5~ 

Depd.rtment of the !nte:rior~ Bureau o! Kines. Lo-uisiana O!fst'--A1-;;-e ~)il f-;;;:rr 

1\ La ha ma. 

the µorr of Mobile., by deep-draft vessels~ increa.Se"d fr~ 14~4 ~tllicn 

tons in 1966 to 16.7 million tons in 1975. lla'l'.ge <raHk i••ct.,«lUt•d h·w 

7.'! million runs to 15.'I million t 1s Juring the sa=e peti<><!.. "lr<>tal 

tu 197511 according to the Alabam.:i State Docks! records and pr-eli.a!r~!f 

data as published in the Waterborne Ctwn!!er!:e of the rntted State-;s~ a.rt 

2. for Calendar- Year 1975. The over al~ incr-ease in tanrmge ~v!n@ !b.r,0
• .... ~~~ 

th" port can be attributed to the growth in all areas exce;;;t baux!t.,., 

marine shells, fertilizers, lumber. paper, !<'oo '>rod.,cts and c""" .r;-" 

termed as miscellaneous traffic. For more detailed stathtic" "'" t~ 

past trends in port c.,...,.erce, refer to table f-4. 

33. The most ~ignificant chdngt"S in ~.:olutt;;e ;,:;;! d~cp--dr .. '-ft •;E>!i!it<i !~.!ff:c 

is the in ..... rease in coJl. both inbo-nnd and "-u.tboun.d~ an.d gr-ain: e~-,-rrr:_s_ 
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TABLE P-4 

Tabulation of tonnag~e by e~odl~y and ::ype of movement fo: 

Per1od 1%6 - 1975 

Source: Waterborne COITTmerce of The '..."rti teG States - Part 2 for years 1966 - 1975, 1.nclus:ve 

CLWiODlTY ":::A~ 

GROUP 1""" 1967 :%8 1969 1970 1?7! 1972 : 973 1974 1975 
.00 

Crain & Grain Produc ta 
Deep-draft vessel traffic 1, 715,000 1,613,000 1,907,SOO J,453,70~ l. 234, 500 873, 700 1,548,100 2,161.600 1, 716,:?0Q 2.327,500 

:i:arge traffic 65' 800 550,300 722,800 793, soo 365,200 343,300 436,900 518,300 533,300 1,102,100 

Ores & Concentrates 
Deep-Craft vesse 1 t:rafffc 5,178,200 :i, 106, 130 4,853,300 4,.879+10~ 5,571,3:10 s.s11.cioo 4,039,2C~ 4,812,SCO i;, 561. 700 4.908,900 

Ba;ge rraffic 1,589,500 2, 165,822 1,989,400 l,9ik,200 2,029,iOO 2,5fi9,SOC 3.031,000 J,269,300 4,368,900 2,472, JOO 

Dauxite (Aluminum Ore} 
Deep-draft vessel traffic 2,~57 ,800 2,875,775 2,748,000 2,313,800 2,436.900 2.197,200 1.776,700 1' 9, 

-_, 2,023,100 l 0 871,6CO 

Berge traffic 1,900 l, 500 :'JD 

Coal 
Ceep·draft: vessel traffic: 500 402 1, 700 iOO 343,600 749,0DO 1,141,400 !,122,8'.JO 1,889,900 3,116,0CO 

Barge traffic 460,800 4l.l8.84f. 427) !JOO 285,200 911, 700 1,859, 100 3,039,000 1,630,~00 2.080,800 2,824,500 

Crude Petrolet.'lil 
Deep .. craft vessel tr.effic 2il31,700 1,457, 979 1,075, 700 1,653, 7CO 1,343,900 1.316,300 2,460,200 4,2'16,100 3,446,000 2, 597 ,800 

Barge traffic 864,000 803,770 1,295,800 1,147,100 741, 900 1,054,300 1,380,000 977, 700 1,041,800 2,361,000 

Marine Shel lsl :...'nmenuf ~ 
Deep-draft vt:::;sel traffic 13., 100 85 100 

200 

Barge traffic: 1,469;000 1,409,895 1,354,000 1,427 .300 1, 526,DOO 1, i97 ,coo 1,510,600 1,597,000 1,579,700 1,491,200 

Sand 1 Gra•:el. Crushed Rock 
> Deep-draft vessel trefftc 99.900 53,457 153,800 213,200 252, 500 149,900 226,6C() 250,000 11+9,400 81,800 

.,, "' 
·~ 

Barge traffic 729,800 650,51,9 S54,l00 973, lOO 1,350,000 l,432J400 1,401,800 1,612,400 1,635.000 2,014, 700 

,_.. " ..__, p, Fertilizer & Fertilizer .... ttaterials 

" '-" Deep-draft vessel -traffic 137, 100 93,581 47, 500 !.06, 101 59, 500 19,000 17,200 3,000 4,200 105,100 

Barge traffic ll8,000 65,069 27,9W 58, 900 21,200 6,500 5,0CO 13.500 3,100 



,,. 
>tj " I -o 
r" ro 

"" " p, 
>'· 

" TABLE F-4 (Conr 1nu.:d} 

"' Tabt1lation of tonnages by commodity and type of aove:~r:.t far 
Period 1966 - 1975 

C!l1MODITY Y!.A..ttS 
· GROUP 1966 1967 1968 1969 1970 1971 1972 ..:.~73 1974 1975 

Lumber &: Other 
Forest Products 
~eep-draf t vessel traffic 447,800 157,758 165,200 132,400 1~9.800 151,600 215,900 239,500 252,200 206, 300 
Bat"ge Traffic 312,900 296,797 321,300 383,500 396,0CO 262,000 204, 500 300.~00 321,400 137,300 

Pa2er & Pa12e:r P-".'ducts 
Deep-draft vessel traffic 97,900 118,024 207,200 176,500 196,000 191,700 175,400 266,.300 275, 600 181, 700 
Barge traffic 2,000 l,OCO 96, 500 108,600 48.400 

Chemical & Chemical 
Products 
Deep··draft vessel traffic 93,200 81,322 179, 100 140,200 137,100 83,000 10;,eco 87,.7CO 63,600 69, 700 
Barge traffic 156,900 142,878 143,600 236,000 500.400 454,800 441 ~ ?00 373,200 611,300 475,800 

Refined Petroleum 
Products 
Deep-draft vessel traffic 893,000 577,200 684,400 760,500 767,200 522, 200 361,200 828,000 508,800 612, 900 
Barge traffic 1.203, 500 1,684,700 2,156,800 2,448,900 2,038,000 2,284,300 2,641,900 2,BS0,300 2,882,200 L,652,600 

Iron & Steel Product• 
neep-draft vessel traffic 415,200 514,611 532,300 798,500 780,300 460, 100 506,800 674,300 388,800 379.700 
Bat"e. ~ traffic. 45, 900 65,516 113,800 383,400 317,50C 200,600 217,500 244,600 323,900 116,200 

Food & Kindred P~oductl 
Deep-draft vessel traffic 141,000 159,645 1~9.600 173,400 176.~00 276,500 194,600 196, 500 115,000 38, 7CO 
Barge traffic 36,300 31,344 22,400 11, 700 25,600 17,600 20,400 19,500 12,100 3, 500 

Farm Protlucts 
Deep-draft ves1el traffic 10,000 15,431 11,200 7,900 4,900 3,900 5,100 8,500 37,700 84,800 
Barge traffic 200 

• • 
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T.U.U F-4 {Continued) 

Tabulation of tonnages by c~dity and type of 'llOVe.,.nt for 
?er iod l '966 - 1975 

C~OOITY YEA?S 

GRO""'l' 1966 1%7 1968 1969 1970 1971 1972 1973 1974 1975 

XO"'l-~f!t.:al l tc ~'!TI .. Nee. 
Dee~-Craft vessel r.reffie 2,400 S,832 7,7()() '3,100 llf 

7
4CC 4t')00 6.lcOO 20,40(' 4,20C 9,700 

Barge rr2:£1c 23,00(' 32,000 12,000 44,0CO 8,000 6,!>00 70C 51~600 

TrE~~~or~a:ian E5utm~en.t 

Deep-draft vP.suel "..r.&ffic 4,500 2,617 3,600 3,600 1,200 1"300 l,lCO 4, 100 8,000 
Barge traffic 300 690 2,100 10,600 

~partnent of D~'~se 
Deep-Cr~(t vessel traffic 15,200 12, 539 7,200 7,200 5,600 5,800 10,800 15,30C is.no 39,200 
B2rge :-raffic 

Sub--:-.otal 
Dee?-draft ve~se:l traffic 14,353,500 12,839,218 12,776,400 12, 838,600 13,495,500 12,516,700 12,192,SCO 16,926,40~ 17,456,100 16,639,400 
Bar~e t.raffic 7. 761,400 8,347,484 9,442,800 10,209,600 J0,233,SOO 12,274.900 i4,333,000 13,502, 700 15,520,400 15,769,900 
lota: 22,114,900 21, 186, 702 22,219,200 23.048,200 23,729.000 24.791,600 21 ,12s, ~o 30,429, 100 32,976, 500 32,409,300 

M:.scellaneo:.:s 
~ep-dr.eft ve!l•el trt fftc 66,265 21,59? 104,01! 112, ~76 92,754 124,751 132, 185 64,413 140, 544 38,388 
'lat"ge traffic 126, 748 75 485 31107 1,265 7.831 2 871 33.3;5 24,909 36,910 5,224 
~ 193.013 97 ,084 107.11-8 111t. 141 100,585 127,.628 165,563 89,322 177,454 43,612 

;r•nd 'rotal 
Deep-draft ~essel traffic 

Total-------------------- 14,419,765 12,860,817 12,880,411 12,951,476 13. 588, 254 12,641,451 12,924.68.5 16,990,813 17.596,644 16,677,788 > B.a.r-ge traffic 

"" "l 'O Total-----~-------------- 7,888,148 8,422,969 9,445,907 10,210,865 10,241,331 1~.277,777 14,366,378 13,527,609 15,557,310 15, 77~, 124 I fl) 

::; g_ Grand Total-------------- "22,307,913 21,283,786 22,326.318 23,162.341 23,829,585 24,Sl9,228 27,291,(163 30,518,422 33, 153, 954 32,452, 912 -x 
'-" 



coking coal to Japan and their interests in coal mini •• operation in 

Alabama, The Japanese interests have deemed the construction of the 

McDuffie Island Coal Handling Terminal, a public facility, a break­

through in facilitating their assured supply of coal. Public coal 

te~minals are not available at the ports of Newport News and Norfolk, VA, 

and BBltimore, MD as they are opecated and controlled by the railroads 

who own the docks and terminal facilitie•. 

34. Grain expo~ts have also shown a marked increase in the past 

several years, particularly in 1975 and 1976. This is primarily 

accredited to the significant increase in production of corn and 

soybeans in the southeast and the demand for grain in foreign countri~s. 

The Alabama State Docks is completing a series of major expansions of 

theLr fully public grain elevator at Mobile. While potential for further 

expansion remains, grain shipments have in recent years been essentially 

increasing to approximate the facility's expanding capacity. 

35. Published "tati,.rics on total commerce for years 1966-1976, allocated 

by foreign imports and exports, coastwise receipts and shipments, and 

internal receipts, shipments, and local traffic, are presented in table 

F-5. Internal traffic designates waterborne commerce moving in vessels 

other than deep-draft sr1ips. Imports since 1966 remained fairly stable 

at about 8.0 million tons with no significant increase. Exports increased 

from 2.0 million tons in 196E to 5.7 million tons in 1976. For years 

1975 and 1976, the signHicant increase in exports is due to the increase 

ln coal and grain shipments. Coastwise receipts reflect a sm ill percentage 

of the overall traffic for the port. Coastwise shipments had a high 

fluctuation during this 10-year period, ranging from a low 1.6 million 

tons in 1968 to a high nf 4.7 million tons in 1973, giving an average 

figure of 2.6 million ton" for the 10-year period. Internal traffic, which 

represents mostly barge traffic, has increased considerably since 1966. 

Receipts increased from 3.3 milliDn tons in 1966 to 6.8 million tons in 
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TABLE F-5 

MOBILE HARBOR, AIABAMA ANNUAL COMMERCE , 1966 - 1975 

(thousand short tons) 

Domestic 

Foreii:;n Coastwise Internal 

Year Total Imports Exports Receipts Shipments Receipts Shipments Local 

1966 22,307.9 9,'.;:i9.3 2,020.1 423.3 2,617.1 3,250.8 3,430.3 1,207,0 

1967 21,283.8 8,873.4 1,873.6 236.5 1,877.3 3,510.2 3,584.8 1,32.7.9 

1968 22,326.3 8,884.7 2,236.l 158.6 1,600.9 4, 109 .1 3,950.8 1,386.0 

1969 23,162.3 8,206.2 2,503.9 69.2 2,172.2 4,774.7 4,113.6 1,322.6 

1970 23,829.6 8,777.0 2,940.3 33.2 1,837.7 5,009.7 3,983.7 l,247 .9 

1971 24,919.2 8,527.3 2,325.1 15 .5 l,773.6 6,086.3 4,964.0 1,227.5 

1972 27 ,291.l 6,674.4 3,053.7 170.8 3,025.7 7,975.7 5,220.9 1,169.8 

1973 30,518.4 7,909.6 3,856.4 554.4 4,670.4 6 ,351.8 6,001.3 1,174.6 

1974 33,154.0 9,415.5 3,962.6 447.6 3, 770.9 7,148.7 7,016.6 1,391.9 

1975 32,452.9 7,895.8 5,404.7 363.7 3,013.6 7,559.l 6,832.3 1,383.7 

Ten 
.,, > 
I ::g Year 

"'"' Average 26,124.6 8,452.3 3,017.7 247 .3 2,635.9 5,577.6 4,909.8 1,283.9 ..... :l 
o._ 

1976
1 ..... 35,379.3 8,215.6 5,744.8 384.1 1,817 .4 7,625.0 9,519.l 2,073.1 " 

en 

Source: Waterborne C~111111erce of the United States 1966-75, Part 2 



1975 with a drastic increase to 9.5 million tons in 1976. The commodities 

th3~ contributed to the inLrease in internal traffic are grain, ores, coal, 

crude oil~ sand and gravel, and refined petroleum products. The a\erage 

annual volume of traffic during this 10-year period was 14.4 million tons 

of deep-draft vessel traffic with 11.8 million tons of shallow-draft 

trctffic. 

36. Present Commerce. A re('ord of freight traffic for CY 1975, giving 

the volume of commer('.e, by commodity, is presented in tab e F--6. The 

volume of C'Onunerce under the he.=iding of "Foreign:• and 
1
\Coastwise" 

represents that which ;noved in deep-draft vt..:ssels, inr luding fishing 

vessels. Com1i1erce moving by barge is shown unGer the caption of "Internal" 

and ''Loe a 1 . " 

37. The majur commodities that compri~e the port commerce are: iron 

orE, coal, crude oil, grain~ bau-.:ite, refined petroleum prorl.urts, m:1rine 

shells, sand and gravel J and munerous C 1Jmmodities that are shipped as 

break-bulk cargo. An overview of th'2 principal commodity movements in 

1975 is presented below. 

38, Iron ore tonnage represents the largest ~ulume of traffic for a 

single commodity. Iron ore imports amo;.1:-1ted to 4.8 million tons. 

Shipr.ients of iron ore moving from the pqrt by barge amounted to 2.4 

million tons. The total volume of iton ore shipped by barge was imported 

by deep-<lraft vesseis. Total V•=1lume of iron ore shipped through the port 

was 7. 2 mill ion tons. Coal tnnnnge '.JOS thE· S((_-·:>nd largest volume of 

traffic shipped through the port wi(\; 2.i r:-.illion tons f'Xported and 

371,000 tons imported. ljarge receipts and saiµments of en.al amounttd 

to 2.8 million tons which \t.ias Si.lbsequent]y Pxported by deep-draft VL:SSels. 

Crude oil shipments by tanker amounted tG 2 .4 million tons in 1975. Abcut 

2.4 million tons, or 50 percent of the total crude oil shipments, were by 

barge. Imports of crude oil amounted to J.89,000 tons. Total volumE nf 

crude oil shipped through the port was 5.(1 millton tonP. P.B.uxit_. imported 

accounteJ for i.9 million tons of traffic. 
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fREIGHT TRAf'JIIC THAT MOVED fHflOUCH Ml'BILE IN 1975 

co~"oo 111 

~--~~~~~~-'-~~~~~~__:_'c'c'':'::.:_'':__(_~,~·~P~~rs 
~Ol&L--- --- - -- • - - -----. -- -· - -- -- --···--•-

COT TO"i!. ~Ail- - • - - - -·- ---·-. -- •••• --··-· ••• 
CC>:!'!-· - ---- ---- · -- ·- -- - - · - - - - - -----·-·-· • 
O•lS-- · • - •• - -- - - ---- - -- -- - - ---- ---------· 
111 :£-- --- -- --- - -- ------ -- -- - -- . ----------
S!:o:i:l .. v'" ~:;•: 1..;s .. - - · -- -- ----- - -------- ----

;;~~~ ~~s:::: :: : : : ::: : ::::::::::::::::::::I 
OJ .SEE ~S, 'i'=."..- - - - -- -- .. -- -- --------·----- · 
.,,, , .. ~ r:r:oi:i.·-··----------------------1 
r1~~0 ·~~»<;, ·ir----------·--· ·----------1 
~P!'5>1 '~"1'~ •';~ rllfl 't.~S----- --·--·-·-' 
~.l',.i\OS •'>C ;i._~'\TJ]'.5-·---·- ··---·······! 
~~;~~E;~~-;~:ZE~-~~;~:;~~~5--::::::::::::\ 
!;~;:~s~:~:~;~~~:~·~~:~~~: 5 _~::::::::::::I 

mn:: m:: i: ;;::: u;;: '.i~ __ ::: :: = ::: :: I 
!IJ)>, JRE ,.,: t<e·-C~~·~•"fS----·--···-··-·-1 

•i..•'.,l" '" ~l<i:S. C':'.,.:E,·~-·~5----------·--·' 
..... ~ ... fsc: :;i:ifs. ·::~·t' ·=··~s-------------1 
.. ~"rei:i(:,s cof5. ::\:~''· '::------------! 
c:1. ,,: l1.:.,:·~---- --------·-----1 
C~.;>:?' o;,·~:-~ .... -------·--· --·---·-··-·! 
~:i:;; ;~~s ~;~~ ~ -~~:;;:~::::: ·:: ::::::: ::~ i 
si1o:;;. ~:i.,e •. :=.s~:: ;::~---------------' 

~~·l-···----------------- ------ --------; 

~~~;~~~:~~~~:;:]~~:~~;~~~~~~~=~~~~~~~~~~~) 
:li!Clo•'t:E ,\- ·-~.!55~~·o5--- -------·--···1 
"£-1T 1~: ~•:·~c·~. '':---------·---------i 
''l••• Ei•-P::.;:•,, ·•5 .. E~-----·····-··----·i 
OQIC" "'L• -~: -~·M··-------------------1 
r:""" .-.: s-,_.• s~, ~~·~•;;t:------------·: 
vE~~·1::.'S .'.~ ;;~p' ·~:------·--········! 
"~P' p:v!f •'>: -~: .• :E. :.·········-·-! 
t'"lfl 1 r.~¥~ ,.,: St,.:· .. :~1- -------·---· 
"!If.POW~: ... M~'. •t-::5- .. -·--·····--•, 
~'U!'• "1 •• =11:~.CfS, ,;;:::--·····--··-··--· 1 

~:i. •SSE5- · · - - - - · · - - - -- - - -· -- - - ·- -·--· · • • -1 
·~c:o..;oc !C- Bi: VE• .. :,,~-- - ----. - - • - ------·---I 
~f;;t"•S.:: :;; c.S. "'•~~. !.,:~'-------·-··-·· 
~Jir:_, •~i:vs r::::) rit<:: 11 :l; ..•.••.• •----· 
l~!U:'.:"1 .. ~.,..,,~ 1: 1 .:ie:, .•.. · - ·• · -· - -- ··--· • • 
S&SIC H~!!,f P~~::,i:lS-·-············--·-

&lll>.11'1E~---··--·· -·--·-·-···-----------·· 
~e.;s--- -·-· .. -- . -- --- .. -- --· -·-- ·---·----
r.;c,_ .-:::J. : .. ,11:a •• , • is· rs-- - - --- ------­
TJ•ijfoi. P;)Si"S. P:J1.ES., f;'!L!'-~·-··········· 

'1.--"w:;t~. L:~--····-············· 
~''~ c ... i~s. Sf•1ES. •:.~l\GS------·-··-·· 
. J•i!O:ll ····------·-----------------·-----
•E\fE~. P~w~o:;~ .• :;;cf~ ~'a~------·-····· 

:e~~1;:~~·:~~u~~:;~~:~:::::::~:::::::::::i 

~~~i;:~~;:~~~~;~~~~~~~~~=~i~~~~~~~~~~~~~~i 
Jl'illl°''E~ "" 11;,11. - --- -·· -·. - ----· - --·-·· - ·-i 
'iOl'l!~"' ~·:"""K'""~-·-······· -·-·····-··--··I 
CihlDE •ai:i, O't, G•S ~l:Ct\.\':'S·--·-··---·--1 
ilCO.,:::.S·····--·--·· --- · - · ··· --- ·-····-·1 
iE'llE"f &"ltl 1CL,Jf'tE·-··-···:······-···-·-1· 
a•s1c r· -·i~·~s •~D P~o~. ~!=----------·­
"1..1sr I c ... TE~: •-S--- - . - -- -· ------------··' 
S'''"t TIC' ll1,,'19E'l·-· • ·- ·• - • - · ·• ·- --··-----, 

i~J~~=~ ~~: ~ :::::·:~~= ~ ~ ~ ~~~~==::: ~= ::::::: l 
,. ! "115-- ··-- •••• ---- ..... - ·- - • - ·---- ·----

GU""·~ ..-:-or, C:M~"!C~~s---------··--······ 
111·~;;::;t-.(c1S :>-E" re11::L1!:«s-----········ 
P1<~.<,Po:~: ("nf'I ,°Ell 1 :1..t!:lS··········-·-· 
, .. ~~c:·1c•tCS, ":~: ... ri:·i-.·S-···-­
ff<iT!LllEQ ... ~ , .. •tP:1.), ·-:=--·--·-·· 
"ljS~£L•~'~O,,;S ~>-E~r:i.;. P~O~· --· ·•·•····-! 
G4$:'.lll~E-·•·---·--·-- -········· 
,,~T >uF.··-·······-··-- .......... \ 

;~:s~~~~:E·;~f~ .t ~~~ ::~:-- · ·: ~:: :::::: ::: 1 
4!:5.Jf!\.<t- f,_,i:L \:il•••·• ···--·-··•·-·• 
~.3'i!~1:1,.i:; JL.S ''~ ~~f•S~S·-·--····•••-
"'"oiH••, Pf'llJ-<~"' s~._,,,i,·s ....... _. ____ _ 
~s•.1•L•. t1Q, '~r •1•:-~s---·--·---··--·­
'-D~L P~TllflLEi.I .. C:!llf· ----···-·--·-·•·••­
.l~~~lLT ?~!LO:~~~··;~ •LS.·····--·····••-• 
AV!3ER •~J ~!~~ PL•~l: s poc;------·--··-1 
~(AfME4 A .. D LEtTMER o~ Ou,·S.···--·······-

CO• 

Appendix S 

F- 23 

' 



TABLE F-6 (Continued) 
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39. Refined 'let:roleum products shipped through the port amounted te 1.2 

million tons. About 84 percent of th- traffic moved by barge, with '.q 

million tons inbound and • 7 million · ~is outbound and a small amoun! of 

loca.1. tra~fic. Nearly all of this traffic originated or t_.rminated at 

docks above t'1e I-10 tunnels. ·10tal grain tonnage for tne port that was 

handled thro•,gh the public elevator amounted to 2.9 millit.•n tons. Of this 

total, about 2.0 million t0ns wen: shipped by deep-;jrnft vt-ssels. The 

other .9 million tons was shipped by barge. About .8 million tons of rhe 

grain recc,ipts by barge were the same tonnage shipf. out by deep-draft 

vessels. Other major J>roducts shir-ed through the port inc lud<' I.) ml I l lon 

tons of marint shells and 1.8 million ton; of ~and and graw·l, all shipped 

by r.arge. 1'he above commodities accounti:d for about 29.4 niliion tan-s or 

90 percent of the total t~ -~--laf,e of 32m5 million t~)ns shipped ttlrough the 

port h 1975. 

40 ... Deep-draft traffic atno...:T .. ted to l-6.l milli.un tuns or 51 pe-ree-r',t i)f 

the total tonnage shippt>d. Of this amount. 15. l mi Ilion tons w•.>re shipped 

in dry-bulic carriers and tankers with 1.4 million shipped in generJ I c.1rgo 

vessPis& 

COMMODITIES SCREENED FROM BENEFIT ANALYSIS 

41. All commerce moving through the pore of Mobile and Che P<'tential 

commerce that would move via the T.ennessee-!omhi.gbee Wat-er••;]" fo~ export 

was analp;ed to determine what traffic would realize beneftts from a 

deeper ship channel into Mobile 'IOith dill!ensions gr" ;ter di<!.t tbe :,o ><: t.(J!) 

foot channel now available. Tho,;e <.:O!lll>odities that for various reas<ms 

would net benefit frOl!l considered h.erh0r improvements an: dis.::Hssed belo ... 
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F,J<cluded Co!llll1odities. Commodities that were eliminated from the 

benefit analysis are shown in table F- 7. The reasons for eliminating 

. these c"!fllllodities are given below. 
'i" ,;\: 

~;t\'" ?,:.,~· a_." I'taffic moving through terminais north of the highway tun-els 

~jfii >: ,;,~~re t:)le ,;hippers did not indieate they would relocate to terminals 

i!c,:;;:ti:&~\., fh~ t&'tii!elil:: bhat1l'lel depths ';loovl' ~he tunnels are restricted 
,, -i;. 'Cfc~·.; ' - " .,, ,._ .. , ... ' - -·' ' ;, ' ' 

i',ij)l:G P@, f~~~;'~~l,;ati11e of top-qf'-tunnel ele•.0ations. 
,;·:;·,.-<:-'--:'' 
'.'·.,,£ 

TABLE F-7 

' ~f < COMk3riiTIES THAT WERE ELU!INATED PROM BEfIBFIT ANALYSIS 

"'"' _.,_,, __ , . - --

~:~'.;.~:~ ;- -·~--;·F·~-.ng~rte~. e- Ore 
""'' ,_, 

' ' coke ;;~::~- ' 

·.; AiUmiiia 

Coppl>r Ore 

Scrap Iroa 

Crud.e Oil 

Dist. Fuel Oil 

Residual Fuel Oil 

Gasoline 

~~:;; ' Ge~era1 Break".Bulk eargo 
t?-~<'~:: 
)y·t~·',I 

~:.~;:r-1;,;. '·:_ 
~)i~;"'.;/.(" 

.. TOTAL· 

: •.. ·.,l.:'f;' _,. -- -· ·~. -~~·""'-----------·-· ,-::":!' -- - ·- --·-· . 

,,1: r;. ·····' 1tutc. f~n. t (.1975) traffic :P:t <>!:.· ! 

~Lr\ <
2New Safffp· to begin in 1986 

!·.;~""·"·', i' 

ANNUAL VOLUME (000 toas} 

MOBILE1 TENN-TOM 

1,872 

45 

SS 

684 

44 

22 

1,989 77 

13 

133 216 

2,409 

38 

122 

132 

1,407 

8,246 1,012 
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b. Traffic to or from foreign ports where the channel depths 

would restrict vessel sizes to those that wou!d not need greater channel 

depths at Mobile. 

c. Cergo consignment ~er vessel is too small to warrant the use of 

large vessels. 

d. Break-bulk general cargo normally hauled in general cargo vessels 

which require a channel depth of 40 feet or less. 

43. The commodities currently moving through the port, plus certain new 

conunerce generated by the Tennessee-Tombigbee Waterway, which were excluded 

from the benefit analysis, are described in subsequent paragraphs. 

44. Bauxj~<>_· "'luxi~e i• being shipp<d into Mobile for processing into 

alumina at Alcoa's reduction plant located adjacent to the Alabama State 

Docks Bulk Handling Terminal. It is presently being hauled in general 

cargo and dry-bulk ships. Vessels currently used in this service range 

in size from 14,000 to 52,000 d.w.t. with loaded drafts ranging from 23 

to 39 feet. Company officials state that a 40-foot channel i5 adequate 

since bauxite is shipped from countries in South America and those located 

in the Caribbean Sea ;,rea which have ports with relatively sh3l low channel 

depchs. Also, Alcoa's plant is located above the highway tunnels and 

the company does not have any plans for relocating tht plant; therefore, 

bauxite must be received at the ASD bulk h~ndling plant near Three Mile 

Creek. Conseq\Jt'ntly, bauxite has been eliminatetl as a commodity th,1t 

would benefi~ by a deeper ship channel into Mobile. 

45. Alumina. Alumina was eliminated from the benefit analysis in this 

study because the Alabama State Docks stated they would nrovide facilities 

for handling alumina at their bulk handling plant at Three Mile Creek, 

which would restrict the uo.w of large ships. Also, ports where alumina 

will be shipped have restrictive channel depths which would pruhibit the 

use of large ships, Therefore, a 40-foot ship channel at Mobile will be 

adequate for future ships hauling alumina. 
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46, Manganese Or~. This product is being imported into Mobile in 
' 
relatively small-lot consignments. It is shipped in vessels ranging in 

size from 15,000 to 48,000 d.w.t. Some of thP. larger vessels are not 

fully loaded when arriving 8t Mobile due to methods of making split-

deliv£ry service, i.e., small deliveries at several ports. Ferro­

manganese plants dictate small consignments of manganese ore because 

of the nature of manufacturing and their ability to store large quantities. 

Therefore, movements of i~ported manganese ore would not benefit from 

channel improvements at Mobile. 

47, Grain. Although sites for new grain elevators have been identified 

below the Mobile River tunnels, the present elevator capability and 

possible ei:pansion will assure continued mov,ment of grain through the 

existing elevator without any undue vessel delays or grain backlogs for 

the foreseeable future. The continued use of this elevator precludes the 

use of deeper draft vessels. Consequently, grain was eli.ninated as 

prospective traffic that would benefit by the project modification. 

48. !'!_i_sce 11 aneous Cargo. The annua 1 volume of miscellaneous dry-bulk 

co1nnodities, such as, coke, ferrosilicon, copper ore, and scrap iron, 

are presently moving through the port in small quantities and in relatively 

small ships. These products are received or shipped from or to numerous 

origins or destinationb in small-lot shipments. No benefits would be 

realized on these movements of commerce by providing a deeper ship channel 

into Mobile. 

49. Crude Oil. The outbound crude oil through the port of Mobile is 

being shipped by Amerada-!iess Oil 3nd Citmoro. Their storage anc dock 

facilities are located on the west bank of Mobile River just below 

Cochrane Bridge. This crude oil is being delivered into the Mobile 

terminal by a series of pipelines. It originates at oil fields in north­

west Florida, northern Mobile County from the newly discovered Creola 

fields, the Citronelle fields in west Mobile County and oil fields in the 

srea of Lsurel, Mississippi. Some of the production in these fields is 

serving Marion Refinery at Theodore and a portion is shipped by Hess 
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pipeline through connections at Liberty, MS thence, via the Capline, a 

major trunk line serving refineries in the Midwest. In 1975, these two 

companies at Mobile shipped 2.4 million tons by tanker on a coastwise 

move with 1.8 million tons going to the Houston/Port Arthur, TX area, .3 

million tons to the New York/Philadelphia area, and .3 million tons to the 

New Orleans area. 

50. Interviews with these shippers revealed they have no intention of 

n,oving their storage facilities and docks to a new location below the 

'ighway tunnels. Therefore, no benefits could be assessed on this traffic 

due to the tunnel restri tions. 

51. Refined Petroleum Products. fhese products, which consist of dis-

t ~ ·~e and r1_'si<lual fuel oil, gasoline, and asphalt, are presently being 

received in Mobile by small tankers and will continue to move in Lhese 

relatively small ships. Due to the methods of marketing these products 

and limiled waterside s· rage, the demand for large consignments is pro­

hibitive. These petroleum products are shipped in convenient size tankers 

rang!ng in size from 20,000 to 45,000 d.w.t. The present 40-foot ship 

''hannel is adequate for this type of shipping. Based on these conditions, 

no henefits from channel deepening would be expected for refined petroleum 

products. 

52. Genera] Break-Bulk Cargo. Products in this class of trnffic are 

comprised of commodities shipped in packages. bundles, bags or other 

type packaging that require the loaJing or unloading to he accomplished 

by use of the ship's tackle. This type of commerce is usually hauled in 

general cargo ships equipped with booms and other tackle that give them 

the capability of loading or unloadin?, packaged cargo with the use of 

slings or pallets . 
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53. During CY 1975, the Alabama State Docks reported 1.4 million tons 

of general cargo that moved over their general cargo piers. This 

co1.:J1erce consists of corunodities such as~ bananas, prepared food produc"::s. 

wood products~ chemic<lls, paper and vaper proO.ucts rubber. iron anci 

steel products, rice, packaged grain mill products, cotton,. and numerous 

other miscellaneous goods. 

54. Vessels used in this trade are general cargo ships ranging in size 

from small mini-ships to vessels in the 24,000 d.w.t. class. The fully 

loaded draft of these ships is less than 36 feet; consequently, the 

exist~ng 40-fot)!: ship channel at Mobile is adectuate for ships operating 

in this trade. 

55. Very little containerized cargo moves through the port o•• a regular 

basis which requires the use of contai,er, SE-EBEE or LASH type vessels. 

Therefore, no consideration is given to this type service in the bene.fit 

analysis. 

COMMERCE ACCEPTED FOR BENEFIT ANALYSIS 

56. Each commodity presently being shipped through the port in deep­

draft vessels was examined to determine if it would move in quantities 

and in traffic patterns that would warrant the use of ships that could 

not safely navigate the existing channel at Mobile. This entailed 

interviews with shippers, steamship lines or their agents~ terminal 

operators, and, in some cases, n1aking rt'-sc..urce stud.Les to dett!rmine 

if adequate supplies are available. After examining the total 

commerce for the port and screenir.g 011t that traffic which obviously 

could not benefit from the project improvement, the two commodities 

that remain to be further analyzed wer.,: Iron ore and coal. 

57. Iron Ore. There are three (3) companies that import iron ore 

through Mobile. Republic Steel Corp. and Hm Walte;- Resource Corp. (formerly 

Appendix 5 
F-30 

• 

• 



• 

• 

Li .S. Pipe and Foundry) import iron ore through the Ajabama State Docks 

dry-bulk terminal (Tipple) located at Th~ee Mile Creek. The other 

company, U.S. Steel, imports iron ore through a private terminal owned 

and operated by T.C.I., a subsidiary of U.S. Steel. All the iron ore 

imports for Republic Steel and Jim Walt•,rs are sl.ipped by rail to their 

steel mills at Gadsden and Birmingham, AL, respectively. Iron ore for 

U.S. Steel is shipped to their Birmingham steel mill by barge to Port 

Birmingham, thence, rail beyond. From time to time, they do rail a 

portion of the ore to Birmingham, but, for the last few years, they have 

been shipping by barge exclusively. 

58. Coa 1 Imports. Steam coal is being imported through Mobile and then 

barged to Pensacola and Panama City, Florida for ~se in Gulf Power 

Company's steam electric generating plants. This roal has Deen imporced 

from various countries in the past few years but the Southern Services, 

Inc., a service company for the Southern Co:npany, and a pare1:t company 

of Gulf Power, has signed a contract with Mannesman Pipe apJ Steel 

Company for the delivery of 7.7 million tons of imported coal. All 

this coal will originate at Richards Bay, South Africa. The contract 

was ~igned on l April 1977. This is a 10-year contract that will expire 

in 1986. 

59· Thjs coal is being handled through the Alabama State Dock bulk­

handling plant at Three Mile Creek, which i3 located above the I-10 

tunnels. This terminal is presently operating at near capacity. 

Officials of the Alabama State Docks state their long-range plans call 

for a new c!ry-bulk handling facility to be located below the 1-10 

tunnels. With bauxite and miscellaneous ores being dedicated to the old 

terminal~ coal imports would be one of the two commodities that would be 

shifted to a new terminal below I-10. With the completion of the 

Tennessee-Tombigbee Waterway, which would generate new commerce for tre 

old terminal, and the anticipated increase in the annual volume of 

commodities now moving through the facility, the terminal and storage 
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area will be fully utilized even with the planned expansion programs to 

modernize the facility. lt is expected that coal imports will be handled 

through a facility below the tunnels by the time the considered channel 

improvements could be completed. 

f>O Steam coal is being imported as a supplement to the domestic supply 

because it is a better grade with a low sulphur content an~ the delivered 

price is lower than the coal brought from domestic mines. 'i'.:e Southern 

Services, Inc. have negotiated a very attractive ocean freight rate. 

Official£ of this company state rail and barge rates for long-haul of 

domestic coal are rapidly increasing to a point where they are not com­

petitive with imports. Other deterrents that are affecting the rurcbase 

of domestic steam coal are poor delivery and scheduling of rail cars and 

barges, delays caused by car shortages, miners strikes, and other mining 

problems, according to information received from the companies involved. 

61. Based on the above constraints, which spem to be persistent in 

supplying coal to steam electric generating plants along the northwest 

Florida coast, company officials believe coal imports through Mobile will 

continue as far into the future as they can predict without any major 

rate of increaJSe from that which is being received under the initial 

contract. 

62. Coal Exports. Coal is one of the principal commodities exported 

through the port. The major source of supply for this coal is the 

Coosa. Cahaba Plateau and Warrior fields in north Alabama, western 

Kentucky, Tracy City fields in Tennessee with small shipments fron, 

eastern Kentucky, Illinois and Indiana. At the present time, most of 

the ~oal is being mined in the north Alabama fields ana shipped by barge 

to McDuffie Island Coal Terminal for export. In 1975, about 75 percent 

of the total coal exports through Mobile was being received by barge. A 

small amount was being railed into Mobile from the Kentucky are•I. 
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63. The four coal fields in ~~abama ov. r all or parts of 22 counties. 

The Warrior field is the most product iv• of the four fields in Alabama. 

It is about 70 miles long and 65 mile ide and covers Tuscaloosa, 

Jefferson, Lamar, Marion, Winston, Fayette, Cullman, Blount and Walker 

Counties. These fields embrace about 3,500 squnre miles. The Cahaba 

field is approximately 66 miles long and has an average width of 5 to 

6 miles. The field covers parts of Bibb, Shelby, St. Clair, and 

Jefferson Counties for a total area of about 350 square miles. The 

Coosa field is an elongated coal-bearing structure alonb the south~ast 

margin of the Appalachian Mountains. It is a narrow, north~east-

trending field covering approximately 280 square miles in Shelby, St. 

Clair and Calhoun Counties. The Coosa field averages 60 miles in length 

and 5 miles in width. The Plateau coal field is located in Blount, 

Cherokee, Cullman, DeKalb, Etowah, Franklin, Jackson, Jefferson, Lawrence, 

Madison, Marion, Marshall, Morgan, St. Clair and Winston Counties. This 

field has a greater area than all the other fields combined, with d 

maximum width of 110 miles and a maximum length of 120 miles. It covers 

an area of mure than 4,5< '.~ui·re miles. A m~· ~·:signating the location 

of the four coal fields in Alab.:ima is sho""-rn 1.·1 ~~i,sure l' -2. Also, figure 

F-3 shows the active coal mining areas in Alabama. 

64. Many estimates of Alabama's coal reserves La'_ been made in the pa~t. 

t1ost of these estimates have varied tr2mendous·.y b~_~, a.use of the different 

criteria used jn their formulation. The la!:est re~ ~-ve figures, a& 

estimated by the Geological Survey of Alabama, is Ji billion tons. The 

National Coal Association has estimated the total U.S. coal reserves rn 

be 671 billion tons. Based on these figures, Alabama has approximately 

five (5) percent of the total U.S. reserve. Alabama ha~ a recoverable 

reserve of 18.4 billion tons with 15 percent or 2.'6 billion tons which 

meet the most stringent sulphur requirements and an additional 78 perce~t 

or 14.3 billion tons which contain from 1 to 2 percent sulphur. A map 

showing the coal fields in the United States is presented as figure l'-4. 
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65. The most prevalent demands for Alabama coal are in the electric 

generating industry, domestic coking for steel mills, and coking coal for 

export. Of the 21.1 million tons of coal mined in Alabama during FY 1975-

76, appro::imately 3.0 million tons or 14 percent were shipped through 

Mobile for export. If the export demand for Alabama coal were held 

constant at 14 percent, it would deplete approximately 2.6 billion tons 

of the 18.4 billion tons of recoverable reserve. At this rate of deple­

tion of the reserves, the 2.6 billion tons could support an annual export 

rate of 26.0 million tons for 100 years. The annual growth in coal exports 

through Mobile, as projected in this report, clearly indicates that reserves 

of coal in Alabama will be adequate to support the export dem~nu. Also, 

with the new development and use of nuclear and solar energy for providing 

electric power and heat, the use of coal as fuel for po ~r plants will 

diminish to some degree. Therefore, the tonnage of coal reserves in 

Alabama allocated for export is a conservative extimate. 

66. By 1986, the Tennessee-Tombigbee Waterway will generate additional 

coal for export through Mobile. The source of this coal will be from 

mines in Tennessee, north AlabaQa, and western Kentucky. This will be 

coal now moving through New Orleans or new coal shipments from mines 

that will be opened in the future. 

67. The Drummond Coal Company, Jim Walters Corp., and Ataka America, 

Inc. have entered into a joint venture to furnish Alabama coal to the 

.Japanese steel mil ls. Other major shippers to Japan include Smith Coal 

Sales and Sumitome Shoji America. The above companies accounted for 

about 85 percent of the coal exported through Mobile in 1976. 

68. Coal exports generated by the Tennessee-Tombigbee Waterway will 

amount to approximately 39 percent of the total coal exports through 

Mobile, beginning in 1986, the scheduled completion date of the waterway . 
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69. Currently, coal <>xports through Mobile are shipped to about 16 

countries. The predominant shiprrents are going to Japan, with 75 percent 

of the ·~tal exports in 1975 being shipped there. Other areas th2t receive 

coal i .. :''· Mobile are: England, Europe, Scandinavian countries, countries 

border in,; the Mediterranean Sea, and the East Coast of South Am<c,-ica. 

Some of the leading ports are: Tobata, Kashima, Kobe, Chiba, Ohita, 

Jimi tsa and Kukuyama, ~Ta pan; Taranto, Genoa, Savonia, .2.nd Venice.,. Italy; 

Alexandria, Egypt; Tubarao, Brazil: Iskenderun, Turkey; Newport, England; 

Cardiff and Port Talbot, Wales; and Ric de Janeiro, Brazil. 

DETERMINATION OF BASE YEAR TONNAGE 

70. · 1975 Tonnage. After examining all the conunerce moving 

through the port in deep-draft vessels, cormerce which would not benefit 

from a greater ship channel dimension was screened and eliminated. This 

includes tonnage that would continue >.o move through the Panama Canal, 

move in relatively small vessels, and that tonnage rest'icted by channel 

depths in foreign ports. The v0lume of commerce ace ,ited as initial-y•car 

traffic is the remaining 1975 net tonnage that will be used in the 

transportation benefit analysis to deriv<> the annual savings from the 

recommended ?roject improvements. 

71. Alternative Routing Vi.a !:ile Panama C·.ina1. Two routes are available 

for traffic moving between :··iobile and Par EastPrn Countries, including 

Australia. One route would be throu~h the Pana'lla Canal. Vesse'. g usinf( 

the .lama Canal are lim' ted to a draft of 41 feet. If thiG route is used 

under "without" project conditions, vessel drafts would be restricted to the 

present 40-foot channel at Mobile. Vessel sizes used in the benefit 

analysis that would be subjected to this route are drv-bulk carriers 

ranging in size from 20,000 to 56,000 d.w.t. The other route available 

is the longer distance around the Cape of Good Hope, with size of vessels 

being unrestricted. 

Appendix 5 
F-38 

• 

• 



• 

• 

72. Under the existing channel condition at Mobile, trafflc moving between 

Mobile and the Far East is routed through the Panama Canal. With a greater 

channel rlimension available, it is expected a portion of thi:; traffic will 

continue to move through th~ Panarr~ Canal. 

73. To determine the volume of Far East traffic that ;;ill c<Jntin"e to 

move through the Panama Canal in dry-bulk carriers, it is expected the total 

volume will be Jr direct pro;iortL:in to the carryinf capability of ve,sels 

in the world fleet. The ca':"rving capability cf vess.,ls in the world fleet 

between :.)-56YOOO d.w .. t is 57 percent. Consequently., the rer."'1inder ~~ .. 

4_, perce,it of the tonnage will be shipped in vessels 1angin11; in size 

between 61,000 and 182,000 d.w.t. via the f'.ap~ of G, '.>d Hop2, "'hich w•uld 

benefit by ch<'.lnnel imp•"Jvements. Table F-8 gives th" num' ,.,r of dry-':iulk 

car.iers in the worcd fleet and their carrying capability. 

74. Iron Ore. One of the •e;"m":l"ils handling iro.1 o~e is th<> Bulk Marine 

Terminal owned and operated by 1.C. I .• a subsidiarf ef U.S. Sree1. In J975, 

this terminal received 3,060,000 tons of iP1purted iron ore~ "Nith 77 percent 

oc 2,35u,JOO tons of iron ere fines originating at . uerto nrdaz, Venezuelar 

The company prefers to import pelle~ized iron or~ which is not available 

at Puerto Ordaz. With a gr~ater channel depth available at ~obile, the 

company has stated it will change its scorce oi supply to other ports in 

South America which have deeper de~chs and at Jhich pelletized ore is 

available. The remainder of the initial-y~ar tons originated zt Port 

Cartier, Quebec; Vitor'a (Tuba ao) Brazil; and San !iicolas, Peru, 

representing 5, 10 and 8 percent of the total imporcs, resp2c~ively. Tiie 

245,000 tens originating at San Nicolas, Peru were eliminated as prospective 

traffic due to the restrictions at the Panama Canal ;..:-ith no ec,.-,noi'P..i.C 

al•ernative routiag being available. The toral initi.;l-year vclu"le <'f iron 

ore for this terminal, accepted as prospectiYe commerce, was 2,81'.J,OOO 

toris . 

Appendix 5 

F-39 



'1'41U: F-8 

CARRYING CAPAl!ILll'Y Of PRY BlfLK CARRIERS IN THE liOJJ.D nEE"[ • ------c-u~S:-A"N1·,···Foii!T1GN fi:Ac""RfG"rsr"Rv> ____ --
---
V(!5SC'l Size Avernge Number of PayJ '.)<'!d per Payloncl Capability 
_{!!_.yd,] Draft (ft) Vessels Vrs_~C:~-- .,£! __ I~!j'!J_Y css fil_ 

15,000 29 216 16,128 3,483,648 

17,000 30 236 18. 2 78 4,313,702 

20,000 31 315 21,504 6, 773, 760 

23,000 32 335 24. 730 8,284,416 

10,000 33 339 27,955 9,H6,Sl3 

29,000 34 323 31, 181 10,071,398 

32,000 35 324 34,406 ll,i47,673 

36,000 36 233 38,707 9,018, 777 

39,000 37 145 41,933 6,080,256 

43,000 38 104 46,234 4,808,294 
47,000 39 92 50,534 4,649,165 
52,000 40 84 55, 910 4,696,474 
56,000 41 85 60,211 5,117,952* 
61,000 42 84 65,587 5, 5u9, 325 
65,000 43 78 69,888 5.~51~264 

70,000 44 72 7'.>. 264 :;,419,008 
7$,000 45 57 80,640 4,5'16,480 
81,000 46 39 87,091 3,396,557 
86,000 47 29 92,467 2,681,549 
92,00Q 48 29 98,918 2 ,868. 634 

98,000 49 29 105,370 3,055, 718 
104 ,000 so 28 111,821 3,130,982 
ll0,000 51 30 118,272 3,548,160 
117,.000 52 28 125,798 3,522,JSS 
123,000 53 25 132,250 3,306,240 
130,000 54 22 139, 776 3,075,072 
137,000 n 19 147,302 2, 798, 746 
144,000 56 19 154,829 2,941,747 
151,0Q'."J 57 21 162,355 3,409,459 
159,000 58 20 170,957 3,419,136 
166, :,,,u 59 16 178,483 2 • 8'>:· '731 
174,000 60 10 187,085 1,870,848 
182,000 61 l 195,686 195,686 -----··----- ----
TOTAL 3487 2.967,552 154,975,0GJ 

* Total payload capability for ~essels ranging from 15,000 
d.w.t. i• 87.9 million tons or 57 percent. 
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7 5. Iron ore imports that were sripped •hr·•ugh the Alabama State Docks 

Terminal, C'ommonly known as the uTipple'', ,a;·1ounted to 1, 721,000 cons in 

1975. Of this total, 472,000 tons orig' ed in Australia. Since traffic 

from Australia can use the Panama Canal, only 43 percent or 201,000 tons 

of this commerce were accepted for benefit analysis. Shipments from 

Chile and Peru moving through this terminal in 1975 amounted to 817,000 

tons. All of this traffic was eliminated frorn the benefit analys.-!£ due 

to ship size restrictions at the PAnama Canal and there being no economical 

alternative routing from these two countries. Also, 39,000 tons originat­

ing at Pointe Naive, Congo, South Africa, were eliminated due to the 

restrictive channel depths at this port. The remaining 393,000 tons from 

Canada and Brazil were included in the tonrlage base giving a total of 

596,000 tOilS a~cepted as initial-year tonnage of iron or~ moving rhro11~h 

the 11Tipplt.?. 11 

76. In 1975, total iron ore imports through Mobile amounted to 4,781,000 

tons. Of this total, 269,000 tons would continue to be shipped through the 

Panama Canal in vessels sizes 56,000 d.w. t. and under which would not benefit 

from a deeper channel at Mobile, 1,062,000 tons originating in Chile and 

Peru would continue to move through the Panama Canal in v .,,;sels thct would 

not benefit from the project, and 39,000 tons originating at Pointe Noive. 

South Africa was eliminated due to the channel depth at this port, gi•1ing a 

total tonnage of iron ore eliminated of 1,370,000 tons. The total initial-year 

tonnage for iron ore accepted for benefit analysis is 3 ,411, 000 tons. 

77. Coal (Import). Coal imports for 1975 amounted to 371,000 rnns. The 

l'Onsignee that uses this coal states they have recently sig:1ed a 10-year 

contract for the delivery of coal imports with an average annual volume 

of 896,000 tons per year beginning in 1978. The 371,0·. J tons that were 

shipped in 1975 were accepted as initial-year tonnage . 
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78. Coal~'· ·portl. The percentage of U.S. coal exportr to foreign markets 

has varied from year to year as indicated in table F-21. This is also true 

for exports frnm Mobile to Japan as shown in table F-9. Table F-9 also 

shows exports to other countries to have continually increased from 1975 

through 1978. For purposes of this draft report, average tonnages for the 

4-year period has been used to determine preliminary allocation of percentages 

ot coal exports to all countries (four groups) to which movements of this 

commodity result in benefits tu the :fob. le Harbor study. This distribution 

pat tern is very cunserva ti ve especia 11 y since it is assumed to be repre­

sentative for all present and future shipments of export coal. Based on 

these 4-year averages, the distribution would be: 60% to Japan, 27X, to Italy, 

9% to England/Europe, and 4% to the East Coast of South A_~erica. However, 

some individual shiprers will ship 100 percent of their coal to Japan in 

the future because it will be dedicated coal for steel mills in that 

country. Based on existing information concerning future dedicated tonnage 

to Japan, the adjusted distribution pattern changes to 67, 22, 8 and 3 

percent for the respective areas sl~own above. 

79. Until 1970, coal exports through Mobile were negligible. Beginning 

in 1970, these 'xports uere 343.6 th0usand tons and subsequently had 

increased to 2, 745.0 thousa,1d tons in 1975, as reported in Waterborne 

Statistics. With new contracts for coal exports and with the Tennessee­

Tombigbee Waterway being available, it is expected coal exports will increase 

rapidly until 1~86. Howevec, to be consistent with other commodities, the 

unadjusted initial-year tonnage is 2,865,000 tons in 1976, as recorded by 

McDuffie Coal Terminal. This tonnage has been adjusted downward by eliminating 

that coal destined to Japan which could continue to move through the Panama 

Canal in ships suitable for passage through that waterway. 

80. The initial year volume of coal exports was distributed to foreign 

market areas based on the 4-,ear average as developed from Waterborne 

Statistics. The distributed tonnages were: 1,595,000 tons to Japan; 521,000 

to the Italy area; 174,000 tons to England/Europe; and 77,000 tons to the 

East Coast of South America. Of the 1,595,000 tons to Japan, 57 percent or 
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TABLE F-9 

DISTRIBUTION OF COAL EXPORTS FROM MOBILE BY FOREIGN MARKFT AREAS 

MARKET AREA 

Japan: 

1975 
1976 
1977 
1978 

4-Year Average 

Italy (Mediterranean Sea): 

1975 
1976 
1977 
1978 

4-Year Average 

England/Europe: 

VOLUME (Short Tons) 
(thousand tons) 

2,026.9 
1,554.3 
1,785.3 
1,633.4 

1,750.0 

494.8 
750.5 

1,090.2 
806.3 

785.4 

1975 167.0 
!976 255.0 
1977 435.1 
1978 158.2 

4-Year Average 253.8 

East Coast of South America (Caribbean Sea): 

1975 
1976 
1977 
1978 

4-Year Average 

48. 7 
144.8 
214.5 
116. 3 

131.1 

All Other (Canada and West Coast of Me~ico): 

1975 
19 76 
1977 
1978 

4-Year Average 

8.1 
51.3 
86.6 
91.4 

59.4 

TOTAL (Excluding "All Other" Tonnage) 

1975 
1976 
1977 
1978 

2, 737.S 
2,704.6 
3,525.1 
2, 714.2 

4-Year Average 2 920.3 

PERCENT 

607. 

27% 

9% 

4% 

SOURCE: Point-to-Point Foreign Waterborne Statistics compiled by the 
Bureau of Census in 1975, 1976, 1977 and 1978 as reported by 
the Alabama State Docks. 
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909,000 tons would continue to go through the Panama Canal in relatively 

small ships. The remainder, or 686,000 tons, would move in larger ships 

around the Cape of Good Hope, South Africa and was accepted as initial 

tonnage for benefit analysis. This adjusted tonnage to Japan, combined 

with the remaining tonnage to other market areas as shown above, gives a 

total tonnage accepted for rate analysis of 1,458,000 tons. 

BL Table F-10 presents the tonnage distribution of coal by company and 

the adjusted tornage by destination for selected years from 1975 through 

1986. The adjusted tonnage for 1975 reflects the above percentages of 

total tonnage. This percentage distribution does not remain constant 

over the 11-year period of analysis due to the variance in annua: volumes 

of export, growth rates and trade patterns between the companies expected 

to utilize the project. Growth rates used in tonnage projections were 

based on the beginning yePr of export for each company and the annual 

volume of coal exports as stipulated by contract. In the absence of a 

contract or 11pon expiration of an existing contract, the Bureau of Mines 

growth e~timate of 1.2 percent per annum was used to project future 

company exports. 

82. As a result of projecting each company individually, there is a 

slight c11ange in percentages of total annual exports claimed by the four 

categories of destination. In 1986, 67 percent of coal exports is expected 

to move to Japan, 22 per~ent to Italy, 8 percent to England/Europe, and 

3.0 percent to the East Coast of South America. 

83. A summary of commerce and tonnage accepted as initial-year traffic 

that will oe subjected to a rate analysis is shown in table F-11. 
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TABLE F-10 

BASE-YEAR TONNAGES ON COAL EXPORTS EXTENDED TO 1986 FOR.'IING A COMPOSITE BASE FOR PROJECTIONS 
(thousand tons) 

SHIPPER !_/ 1975 1976 1978 '}_/ 

COMPANY A - - -
COMPANY B - - -
COMPANY C - - -
COMPANY D - - -
COMPANY E 1,443.0 1,719.0 1,867.0 
COMI'ANY F 37 3. 0 325.0 247.0 
COMPANY G 4 37. 0 404.0 557 .o 
COMPANY H 114.0 417.0 128.0 

TOTAL 2,367.0 ±__/ 2,865.0 ±__/ 2,799.0 ±__/ 

ADJUSTED TONNAGES ACCEPTED FOR BENEFIT ANALYSIS 

To Japan "!./ 686.0 809.0 817.0 
To Italy 521.0 664.0 605.0 
To England/Europe 174.0 221.0 202.0 
To E. Coast South America 77 .0 98.0 90.0 

TOTAL 1,458.0 1,792.0 1,714.0 

!/ Names of companies withheld to avoid possible disclosure of confidential information. 

2/ Actual exports obtained from Port records. 

'}_/ Decrease in exports for 1978 is due to U.S. coal miners' strike in early 1978 . 

1986 

399.0 
2,122.0 
1,592.0 
2,705.0 
6,366.0 

366 .o 
455.0 
466.0 

14,471.0 '.'.._/ 

4,177.0 
3,211.0 
1,070.0 

476.0 

8,934.0 

• 

4/ Substantial increases brought about by information on file from shippers which show new contracts beginning 
in 1979 and 1981. Totals include 5.23 million tons that will be diverted from New Orleans because of lower 
transportation cost via Tennessee-Tombigbee Waterway. All tonnages projected at 1.2 percent average annual 
growth rate from last historic year of movement or from first year of new contract to 1986. 

5/ Tonnage reflects 43 percent of the total to Japan which is expected to move in large dry bulk carriers 
around the Cape of Gcad Hope. The remainder (57%) will continue to move through the Panama Canal. 



TABLE F-11 

SUMMAHY OF INITIAL-YEAR (1975) TONNAGE ACCEPTED FOR BENEF!T ANALYSIS 

··--·-------------- ---------··-----~---------------

Commodity 

Iron Ore (Import) 

Coal (Import) 

Coal (Export) 

TOTAL 

84. 1986 Tonnage. 

Annual Volume 
(Short Tons) 

3' 411, 000 

371,000 

1,458,000 

5,240,000 

With the initial-year of survey being 1975 and 

the completion of the Tennessee-Tombigbee Waterway in 1986, it is 

appropriate to consider tonnage expected to use the Mobile Channel at 

these periods of time. The following paragraphs will di.;cuss each 

commodity movement in detail 3S related to abnormal growth. Those 

movements that grow under the normal projection process will be mentioned 

bHt details concerning these projectc-d values will be explained later 

in this appendix. 

85. Iron Ore is expected to grow from 3,411,000 tons in 1975 to 

3,755,000 tons in 1986, based on the normal economic projection 

processes. 

86. Based on information received from the consignee for import coal, 

a recent 10-year contract has been signed which will increase the tonnage 

of this commodity to 896,000 tons beginning in 1978. This tonnage is 

accepted as 1986 commerce and is held cons~ant throughout the 50 year 

period of economic analysis. 
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87. The volume of coal exports through Mnbile in 1975, acc.:Jrding to 

records at McDuffie Coal Terminal, was 2,367,000 tons, incr~asing to 

2,865,000 tons for 1976 with a decrease to 2,799,000 in 1978 due to U. S. 

coa' miners strike in early 1978. Based on information received from 

major coal exporters that ship coal through Mobile, and firm contracts 

with foreign principals indicate a rapid increase in coal exports for the 

next 10 to 15 years. First-year t.:Jnnage on this traffic will vary depending 

on the beginning data of new contracts. In developing expected gro~ch 

rates on coal exports to 1986, the base for projection purposes would be 

that tonnage shipped during the first year of contract as given by company 

officials or where the companies did not indicate a firm contract is 

forthcoming, the 1976 tonnage was used as the base-year. Tonnage movements 

for all of the smaller .Jhippers that reported coal shipments through 

Mobile for 1976 was used in the developmPnt of a total tonnage base. The 

base-year tonnage on coal exports for traffic expected to move over the 

Tennessee-Tombigbee Waterway for export through Mobile was taken from the 

A.T. Kearney Report. The base tonnage, as reported by Kean1ey, ranged from 

1975 to 1986 depending on individual company's ability to b•>gin operation. 

Shipments that would move through other ports or via rail to Mobile were 

used to develop a base, although it is not expected to move over the 

Tennessee-Tombi5bee Waterway until 1986. All tonnage was projected from 

the varying base tonnages using an annual growth rate cf l.Z percent to 

1986. This was considered to be a common year that would include base 

tonnage on all coal movements. 

88. Coal shipments are separated into four categories for l;enefit analysis 

purposes. This includes coal being shipped to Japan, England/Europe, Italy 

and East Coast of South America. 

89. Exports of coal through the port are expected to be 14,471,000 tons 

in 1986. Of this total, 9, 714, JJO tons will be shipped to Japan. It is 

expected that about 60 percent of the total coal exports will be shipped 

to Japan except that being shipped by Sumitomo Shoji America where 100 
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percent of the tonnagP will go to Japan. On this basis, ah out 6 7 percent 

nf the tonnai;e is shipped to .Japan. Only 43 percent or 4,177 ,000 is 

anticipated to move via the Cape of Good Hope if a greater channel depth 

is provided at Mobile. It is expected that 3,211,000 tons or 22 percent 

of the total will be shipped to Italy. The 1,020,000 tons going to the 

England/Europe area represent about 8 percent of the total. About 3 percent 

or 476,000 tons is expected to be shipped to the East Coast of South 

America. 

90. The distribution of coal exports in 1975 by destination, moving 

through Mohile differs from that of total exports from U.S. ports, in that 

Japanes" customers of coal have more financial interest ir1 coal mining and 

shipping in this area than other areas of the country on a proportionate 

scale of tonnage shipped. The Japanese have ~onp,-terrn contrac~" with coal 

producers in Alabama while shipments to other countries are basec. on 

short-term contracts or one-time "spot" sales. Also, coal shipped through 

Oaltimore, Norfolk and Newport News to England and Europe have a rate 

advantage over Mobile due to their geographic location. Cons~quently, the 

largest market for coal shipped from Y.obile -,111 be Japan. A comparison 

of coal distribution for the United States and the port of Mobile in 

1975 is shown in table F-12. It should be noted that the distribution, as 

shown in this table, is for comparison purposas only and that the actual 

distribution of coal for this study is shown in table F-9 and discus~ed in 

Paragraph 78 in this appendix. 

91. Tiie base tonnage on coal exports will begin at different time periods 

until the year 1986. In 1986, all base tonnage will have been ac' JUnted 

for and used as a common base for all coal shipments. Table F-10 shows the 

hi&torical annual volumes of coal shipped from the Port of Mobile and the 

expected shipments to occur in 1986. 
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TAPLE '- 2 

PERCENTAGE DISTRIBUTION OF COAL EXPORTS IN 1975 

Percent Distribution 

Country or Region 

Japan 

England/Europe 

Italy 

East CDast of South America 

TOTAL 

u .s. Ports 

54 

30 

9 

7 

100% 

1 
Mobile 

75 

6 

17 

2 

100% 

1
sOURCE: Bureau of Mines as puulished in "International Coal Trade" 

January 1977 issue. 

2 

2soURCE: Point-to-Point Waterborne Statistics as reported by the Bureau 
of Census as compiled in their computer file SA 705. 

92. Summary of 1986 Tonnages. A summary of the 1986 tonnage accepted 

for benefit analysis is shown below in table F-13 

TABLE F-13 

SUl'MARY OF 1986 TONNAGE ACCEPTED FOR BENF.FIT ANALYSIS 

Annual Volume 

~Co~mm'""'o~d~i~tLy~~~--~~~~~~~~~~~~~~~~~~~<~Sh~o=-=-rt, Tons) 

Iron Ore (Imports) 3, 756,000 

Coal (Imports) 896,000 

Coal (Exports) 8,934,QOO 

TOTAL 13,586,000 
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PROJECTIONS OF COMMERCE 

93. Commodity F~recasts. After the 1986 volume of commerce was deter-

mlned, further economic investigations and analysis were conducted to 

establish the future volume of the deep-rlraft vessel commerce accepted 

as prr'spective traffic for the purt tD he beginning of and during the 

economic riroje{'t Life (1995-20,(i.4). Appropriate economic indicators were 

selected to reflect the growth rate for each individual corranodity 

movement accepted as prospective traffic. For iron ore' imports, a 

statistical analysis was conducted to develop a functional relationship 

between the OBERS earning data and various measures of production. 

For other cornrnodities in the initial-year traffic pattern, 

growth indicators were developed by various other procedures due to the 

nature of commodity and restrictions in their growth patterns. Each of 

the indices selected WAS converted to an index of growth or projection 

factor. The projecLion fEctors were then applied to the initial-year 

commerce to estimate the future volume of commodity movements. ··Commodity 

tonnage aSSPssments and supporting r1tionale used to forecast future 

grol·Jth in port commerce are disc.:ussed in subsequent par~graphs. 

94. Lron Ore Impacts. Iron ore imported through the port of Mobile is 

reshipped by raU and barge to inland points, such as, Birmingham and 

Gadsden, Alabama. This product is used in the primary metals industry 

and its growth is highly dependent on the demands in this industry. 

Imported iron ore in the United States, used in iron and steel production, 

has been steadily increasing as a source of supply. As shown in table 

F-14, the United States steel industry presently acquires about one-

third of iron ore supplies from foreign sources as compared with 5 

percent in 1947. Domestic iron ore, on the other hand, has remained 

relatively stable during the 1947-1974 period. The average annual growth 

in total iron ore shipments during this 27-year period was 1.1 percent. 
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95 • Produaion of the U.S. steelmaking industry as measured by the 

Federal Reserve Board (FRB) Index of quantity output (iron and steel) 

exhibited an average annual growth rate of about 2.6 percent from 1947 

through 1974. Earnings in primary metals for the U.S. experienced a 

similar rate of growth as shown in table F-15. During the same 21-year 

period, primary metals earnings i.n Alabama, and BEA 45 increased at a 

3.1 percent rate and at a 2.4 percent rate, respectively. Increase in 

imports of iron ore at the port <Jf Mobile from 1953 to 1974, shown on 

table F-14, has been about 10 percent annually. This growth rate reflects 

the relative inrr~dse of imported iron ore over domestic supplies as well 

as an increase in ore imports greater than the nationQl rate of increase. 

96. Statistical regression analyses summarized in table F-16 were 

conducted using various combinations of national values for earning~ in 

primary metals, the FRB Iron and Steel Production Index, ore imports, and 

total ore shipmPnts as variables. The significance of these regressions was 

based on the premise that a relationship between earnings in primary metals 

and iron ore shipments could be verified as shown by regression 2 on table 

F-16. 

97. With regard to prospective iron ore shipments through Mobile, thesP 

imports are anti~ipated to comprise a constant proportion of the total raw 

material consumed ln steel production at Birmingham and r:adsden, Alabama. 

Accordingly, the anticipated growth of iron ore shipments WAS estimated usinv. 

OBERS (Series E) projections of earnings in primary metals for the llEA 45 

area. During the 1980-2020 time frame, projected earnings in primary metals 

exhibit an aver'lge annual growth rate of 1. 3 percent and l. 4 percent for 

BEA 45 and thL nation, respectively. This modest growth rate is also 

consistent with the annual increase in total U.S. iron ore shipments during 

the period 1947-1974. ForP<'aSt indicators for raw materials of the primary 

metals industry were developed using regression equation 4 (table F-16). 

Projected earnings in primary metals for the U.S. (OBERS, Series E) were 

were substituted into equation 4 to estimate the future production index of 
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............................................................. mlla" .......................... ... 

"'l~ 
I -., 

"' 111 N::S 
Q. .... 
l< 

"' 
Shill"'""' ts 

fr cot Total 
Year Mines Imports Sldp!tencs 

(Thousa..~ds of Tons) 

1947 93.315 4.,896 98,211 
1948 !00,.82-2 6.,109 1!16.931 
1949 34,687 7,399 92,0!6 
1950 97.76/,. 8,297 106,061 
1951 116,.230 10 .. 148 120,378 
1952 97,913 9.,.772 107. 745 
1953 117 ,822 11,086 128. 908 
1954 76,954 15.,793 92.,747 
1955 106, 258 2J,t..7ti 129, 734 
h56 97 .. 924 30,424 128. 348 
1957 104. 970 33 .654 138,624 
1'58 66,959 27,623 94., 582 
1959 59,8'.>5 35,627 95.,482 
1960 83,784 34 ,584 118 ,368 
1961 71.949 25,808 98, 757 
1962 70,410 33,435 lOJ,845 
1963 74,387 33 ,488 107 ,376 
1964 85,.184 42,617 127 ,601 
1965 84.930 45.105 130,035 
1966 90,824 46.,259 137,083 
1967 83.016 44.,627 127 ,643 
1968 82,530 43, 941 126,471 
1069 90. 583 40, 758 131,~41 
1970 87 ,891 44,876 132. 767 
1971 17,692 40.124 117,.816 
1972 78,825 35,761 114.,586 
1973 90.,863 43,331 134,194 
1974 85,256 48,029 123,285 

."a.ver.eg:e Annual 
Cro-..rth Rate 
(1947-74) -.33% 8.82% 1.14% 

~/A - Not avail~ble. 

2 
Cro~~h rate ba5~ on 1954-1974. 

TAllZ F-14 

I- <>£! CPl!RATIOllS I• Tll! U.S. 

1947-1974 

btio of 
Iaports 

To Total 

.05 

.Ob 

.03 

.08 

.08 

.09 

.09 

.17 

.18 

. 24 

.24 
,29 
.37 
.29 
.26 
.32 
.Jl 
.33 
.35 
.34 
.JS 
.35 
.31 
.34 
.34 
.31 
• 32 
.36 

Federal lleserv~ Board Index Iron Ore btpcrts at !'tobilr ¥..arbor 

3 

Iron 2nd Steyl 
?coduc":ion 

{Thousands of Ton9} 3 
Total ~ree M11~ Creek 

ffiA N/A 'tl/A 
N/A N/A N/A 
N/A N/A ~/A 
N/A N/A N/A 
N/A Ni A ~/A 
N/A N/A ~/A 

NIA 895.6 ~24.6 
71.4 21'110.J 652.8 
94.9 2t038. 2 150.4 
9~.2 :":.407.7 ~Tq. • 5 
89.8 3,269.6 5 .J.8 
67.7 J.198.2 l<t5.0 
77 .9 J,723.l 224.3 
79.l 2,673.5 ZM.O 
75.6 l,674.2 136.0 
78. 7 1,641.8 185. 7 
85.8 2,994.S 230.7 
98. 7 J,419.7 381.8 

106.2 4,378.5 1,136 .. 4 
107.5 4,797.7 110194. 7 
ioo.o 4,545. 7 650. 3 
103.6 4.t..13'. l 1,5!5.0 
113.0 4,576.0 707.4 
105.3 5t360. 3 2.21:. 5 

96.6 5,333.8 1. 276.8 
107.! l.846.' 1,100. 5 
121. 7 4.611.0 l.296.9 
U9.9 G,393.1 l,492.6 

2.63%2 

Imported t~o~ o~e into T?ire@ Mile Cr~e~ is dL~ha~ged at the Alabaml'I. 
State Doc~"'I Bulk Ha!tdling Plan-: and is 5ubsequent.:..y shipped to 
llin!!in~~~ anrl t:,.d<11d-rn. Th~ Tf'!ltaindi!:r of the tonnaite !s im?O?:t.e,;;. 
at a p-rivate dock and is r~sbip?ed to B.im'!.ng:~. 

S<IIRCE: Survey of Current Business. various issues. Waterborne Cammeree of the Cnited Stat@s. 1953-1~74. 
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TABLE F-16 

SUMMARY OF REGRESSION ANALYSES - PRIMARY METALS 

Va-fables and 
Rzgression 
Equation 

l. 
Y = U.S. Iron Ore Iffiports 
X = FPJl Proc:iction Incex t 

Ircn and Steel 
X == Ti!:!e: 
Yz= 27,447.l r 199.7Xl + 704.9X2 
2. 

Y ir: U .. 3~ Total Iron ore shipments 
X = Earnings in Priuary Metals 

1 
x2= Time 

Y - 17 ,9 + .OOllX, -
' 3. 

Y = U. S. Total Iron Ore Ship~e~ts 
X1= FRB Production Index - Iron & 

S~eel 
x2~ T:!.c:.e 

Coefficient of 
}iul tiple/P~rtial Corrcl~-::i on 

(R/r12.3) 

.830/.373 

.978/.889 

.883/.361 

F Val:i'°s 
Critic~l 

Ccmputerl at .Ol le7el 

19.96 6.01 

(DF .. 2,18) 

32.42 30.82 

(DF" 2,3) 

33,50 6 .. 01 

y c 93,245.5 + 1,229.fX - l,405.0X
2 

18) 
, , .. 
Y ~ FRB Production InGex - Iron 

& Steel 
X - Earnings in Primary Metals 
x;a Ti:::e 

Y ~ 34.4 + .Ol24X1 - l.20X2 
s. 
Y • U. S. Iron Ore I~ports 
x1"' Ear::iings in Primacy :·'.:?tels 
x2- Time 

y • 12.5 + .00256Xl - .0256Xz -. 

.996!.983 171.9 30.82 

(DF • 2, 3) 

.870/.561 4.i 30.82 

(DF • 2,3) 

Stc:nd.:::r<l E~~c-:: 

of the Esti:!lZ.t'= 

5,03!. 7 

4 .. 4 

7,370.7 

l. 7 

2.9 

• 
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the primary metals Lodustry of the U.S. Adjustment of the production index 

from a national ind ''ator •o a cegional indicator was based on the following 

proportion: 

Earnings Growth ''-.:or (Regl.:.na 1) = Product ion Growth Far tor (Regional) 

Farnings Growth Factor (National) = Production Growth Factor (National) 

98. The various factors were based on regional -,d national earnin'.]s for 

1974, interpolated from OBERS projections and the 1974 production in~ex 

developed from the regression equation, and the regional ?roduction ratio 

was an unknown. Solving this production for each projected decade results 

in estimates •.i the growth factor of re»;ional production which was applied 

to 1974 volurr.~s of commodity movements associated with tht primary metals 

industry. Resulting projection indicators are shown in tar~e F-17, 

designated riS Index A. These growth indicators are applicable on all the 

imported iron ore destined t0 Birmingham and Gadsden, Alabama areas which 

are encompassed in BEA 45. 

99. Sensitivity Analysis of Iron Ore Projection. Two statistical 

regression analyses were performed in order to test the significance of the 

projection factors developed and utilized in this study to forecast iron 

ore movements. The analyses, one at the national level and the other for 

the project's tributary area, BEA 45, both employed the v = mx + b equation 

for simple linear regression. Sources for the historic data used in the 

regressions were OBERS Series E projections of economic activity and 

Waterborne Commerce Statistics. OBERS Series E also provided the basis 

for projected earnings data. 

100. At the national level x represented the annual earnings for primary 

metals and y represented the annual volume of iron ore imports for the 

United States from 1950 through 197!. The regression resulted in a factor 

of growth from 1986 to 2044 of 2 76 with an R value of .87. Tests for 

significance and standard error of eLt 

In the regression analysis of the stud: 

' also produced acceptable results. 

x represented the annual 
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TABLE F-17 

A ._.u. of Earnt.na• ill Prl.llary Metab for u. s. - BEA 045 and an iadu of 
u. s. rro.i...,cion of lroa • Sc.el co be uoed in cbe projection of Iron Ore l11P<>rt1 

Ja.dex A 

Earnin1• RB Prod. Earniya Ratio 

Yeu- u. s. IEA 45 Index.
1 u. s. BEA 045 

1970 12,284.3 332.2 l:iJ.5 

1975 n,293.o• 352.0° 110.1 1.00000 1.00000 

1978 13,89&.o• 3611 .o2 114,0 l.04551 1.03409 

1980 14,302.0 372.0 116.7 1.07590 1.05681 

1986 l5.-S63.0
2 

399.02 125.2 l.17077 l.13352 

1490 16;404.0 417.0 130.9 1,2140.i- l.18465 

199> 17. 746.02 447.82 
141.6 1.33498 1.21201 

2000 19.088.0 478.5 15;.3 1.43594 1.35937 

2010 22,074.0:? 552.82 177 .5 1.66057 1.57045 

2020 25,526.0 621.0 208.6 1.92040 1.78125 

20JO 29,522.0
3 

701.3
3 

246.l 2,22086 1.99232 

2035 " 33,516.0 na.o' 290.l 2.52133 2.09659 

2044 H,516.0 116.0 290.l 2.52133 2.09659 
1 Ba•~~ on rrsreasion equation; Yal4.4 + (.Ol24S (~)l - [1.1972 (X,>1. •ere Y• RB Proclw:tioa ladl!I<, 

..,d x, • Ti .. (i.e. 70-1970, 90- 1990 and 135 • 2 35, etc.) 

• 
3 

Interpolated baaed on coflPOV.Dd I~ be-tvMn pTevioue ...._ •ubaequen.t_ dee ..... 

Eatrapolated ba .. d on co"""""'1 growth rate for 20QO - 2020 ti.mfr-. 
4 

:sased on tbe eara.1•• ratio for a&\ 04S + ratlo for u. s. X ftB Production lmla. .. 
5 First year of proje~t life • 

. . 

• 

llegloaal 
Production 

Indea
4 

110.1 

112.8 

114.6 

121.2 

125.7 

135.0 
144.2 

167.9 

193.5 

221.0 

241.2 

241.2 

z.- u. s. Earnina• 

Grvvth 

Indicator 

1.000 

l.025 

1.041 

1.101 

1.142 

1.225 
1.310 

l-S2.5 . 

1.757 

2.001 

2.191 

2.191 

in Prl.llary llotalo 

• 
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earnings in primary metals for SEA 45 nd 6 represented the annual 

tonnage of iron ore imports for Mobil• ·If •cbor for the 1950-1971 period. 

The resulting 1986-2044 factor of grow ;, was 3. 35 with an R value of . 88. 

The tests for significance and standard error were also acceptable for 

this regressiol'. As can be seen, the 1986-2044 growth rate of 1.99 

derived through the 'lnalysis described in this report is a very conservative 

projection of iron ore imports expected to utilize Mobile Harbor during the 

project life. 

101. Coal Imports. Imports of coal at Mobile began in 1974 with 143,000 

tons being imported that year. By 1975, these imports increased to 

371,000 tons. In April of 1977, the Southern Company, a parent coll'pany tc 

four electric power generating companies located along the Gulf Coast in 

Alabama, Florida and Mississippi, signed a 10-year contract for importing 

coal through Mobile, The contract calls for 500,000 tons to be imported 

in 1977 and 896,000 tons for each of the next 9 years. 

102. Due to the uncertain conditions in domestic coal supply, no assurance 

could be given that this imported coal will continue to substitute domestic 

supply of coal to the aforementioned steam generating plants after the 

contract expir<es. It is expected the annual volume of coal imports will 

remain at about the same level as that between 1978 and I 987 or 896,000 

tons during the remaining years of the project life. The growth rate for 

coal imports is projected to be 142 percent over the 1975 volume, bq(innint: 

in 1978 and remaining constant thereafter. Table F-18 gives the factors 

that were used in projecting coal imports. Growth factors shown in this 

table are designated as Index B . 
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TABLE F-18 

PRO.J ECTI ON FACTORS FOR COAL ( lMPORT) 

[NIJEX B 

Tonnage ~stimated by shipper 
(Thousands short tons) 

-----·- - ------·----- ----·-~------ ----------·-- . ------ --------·---~-- ---------

1975 

1977 

197 8 

1986 

1995 1 

2000 

2010 

2020 

2030 

2035 

2044 

-·----
1 . 
First year of ~reject life. 
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J/l 

500 

896 

896 

896 

896 

896 

896 

896 

896 

896 

Ratio 
to 197 5 

1. 000 

l. 348 

2.415 

2. 4 l 5 

2.415 

2.415 

2.415 

2.415 

2.415 

2.415 

2. 415 

• 
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fhe movements of coal for export through Mobil~ is 

relatively new to the port. Prior to 1973, very little coal moved through 

the port f,,r export. With the increase in demand of metalluq1,ical coal 

in .Japan, their interests in rh., coal supply from the southeast U.S. 

region, particularly in north Alabama, and the construction of a new 

coal handling fdcility at Mobile, the volume of coal exports through the 

port has shown a ll'arked increase since 1973. The major coal suppliers 

that were interviewed during the course of this study have stated that 

loni<-term contract~ have been signed or firm commitments have been nego­

tiated which would increase the volume of coal 0ver the next several years. 

Also, additional coal for export, generated by ~he Tennessee-Tombigbee 

Waterway, would begin in 1986. Based on new coal movements beginning at 

staggering time intervals, the dnnual volume that moved through the port 

for the latest year where records are availahle (1978) cannot he used as 

a traffic b~se for projecting future tonnages. However, the year J97b wa~ 

used to establish an initial-year tonnage for coal that wa8 expnrted bv 

smaller companles that were not shipping under Jon~-term contracts. 

104. It is difficult to predict future U.S. coal exports, and particularly 

th<t which would move through a given port, due to (I) uncertain: ies in 

demand from foreign countries, ( 2) new discoveries of sources of supply 

in the world that would compete with U.S. exports, (3) new energy policie" 

heing developed in the United Stc.Ites which rnighr increase the dorne~tic 

demand for coal, th~reby decrt.~asing the coal avail;1ble fnr export, and 

(4) the demand for iron and steel on a worldwide market . 
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105. A report entitled "United States Energy Through the Year 2000 

(RPvis.,d)", written by ~!essrs. -.alter c;. Dupr<'e, .Ir. and .John S. 

Corsentine and published by th<' U.S. Department of the Interior, Bureau of 

Mines In December 1975, reveal~ some estimates concerning the domestic 

consumption and net export demand projected to the year 2000. It is 

shown in this report that domestic consumption of coal is expected to 

increase from 556. 5 million tons in 1974 to 736 million tor.s in 1980 and 

to 1.560 million tons in 2000. Also, it shows that coal exports would 

increase from 59.1 million tons in 1974 to 100 million tons in 2000. 

This indicates an annual growth rate for coal exports of 2.04 percent. 

These data are further documented in more de~ail as exhihited in tabl~ 

F-19. 

106. Another report, written by Mr. Leonard W. Westerst1om, Industry 

Econoodst, Division of Coal for the Bureau of Mines, and published in 

the .Bureau of Mines' annual publication of Mineral Facts and Problems -

1975 issue, gives some forecasts on domestic production and consumption, 

expected exports by year 2000, and world production. This report states 

that: "The energy policy being developed by rh~ United States is 

committed tn increasing the Nation's energy supply from coal. Early in 

1975, President Fnrd established~ goal of doubling production to 1.2 

billion tons by 1985. In 1974, the Interagency Coal Task Force of Proj2ct 

Independence determined that production of that magnitude could be 

achieved by relaxing or removing constraints on limiting the expansion 

and use of coal production. 

107. Although bituminous coal and lignite production reached an all time 

high of approximately 640 million tons in 1975, U.S. consumption increased 

only marginally over the amount consumed in 1974. Essentially, all of 

the increase in production went into replenishing stockpiles that had been 

heavily drawn uprn during :he coal miners strike in the fourth quarter of 

1974 and into meeting increased demanJs for export coal. 
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TABLE F-19 

Cu11!~u1Jptiun o[ Unit.cd St.;1tcs Caril Jtr~ourccs 1Jy 
Coi1:,u:nj ~tg Sect.ors, 197lf l'reli1;1i.11ary and 

Proj<'ctcd lo the Year 2000 )) 

1971, 1980 

Domes tic Consumption 
Household & Corr.merci.nl 

Mi.Ilion short tons 10.9 4 
Tri.I lion lltu 292 100 
Percent of total ]/ 2.0 0.5 

Industrial 
Million short tons 155 185 
Trillion Rtu 4,210 4,800 
Percent of toLal .U 28.5 25.2 

Electrical Generation . • 
MHU on short tons 390.6 51,7 
Trill ion lltu 8,668 12,250 
Pcrccnt of total II / 58.7 64.3 

Synthetic Gas 
Million short tons 
'frill ion Btu ' , 
Pcrceut of total Jj 0 0 . , , 

Synthetic. Liquids 
Hill ion short tons 
Trillion lltu 
Percent of total l_/ 0 0 

Total J):Jmestic Demand 
Million short tons 556.5 736 
Trillion Btu 13,170 17,150 
I>crcent of total JJ 89.2 90.0 

Export flc<oand ~/ 
Million short tons 59.1 70 
'trillion Btu 1,584 1,900 
Percent of total?) 10.8 10.0 

T<Jtal Demand 
Million short tons 615.6 806 
Trillion Btu 14, 774 19,050 

1/ Includes anthracite, bituminous, and lignite. 
'2! !las('(! on Btu cont.,nt • 
J./ Net exports, 

1905 

3 
100 
0.11 

190 
4,930 
21.l 

70L1 
15,700 

67.3 
./ 

/ 

26 
520 
2,2 

0 

• 923 
21,250 

91. 0 

75 
2,100 

9.0 

998 
23,350 

f . 

..,_._ 

2000 

~-

0 

223 
5,910 
15.7 

91,1 
20,700 

55.l 

300 
G,000 
16.0 

91 
2,11,0 

5.7 

1,560 
34,750 

92.5 

100 
2,bOO 

7.5 

1,660 
37,550 

Source: u. s. Department of Interior - llurcan of Mines 
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108. New mine ronstrurtion lagged in 1975, ss it had in 1974, because of 

several constraints th;~t continl1ed t11 limit the expansion of coal produ~tion 

and use. These cpnstrAints include stringent air pollution regulation~. 

the lark of a viahle Federal coal-leasing proKram, productivity declines 

(particularly in underground mining), and delays in decisions to convert 

nil- and gas-burning facilities to coai. Although steps were taken in 

1975 toward reducing some of these constraints, there was insufficient 

assurance to coal producers, consumers, or investors to encourage the long­

term investments needed to meet the nation.:1 goal for coal. 

109. The Bureau 0f Mines forecast range of coal demand in the United 

States tor 2000 is c.2 billion to 3.5 billion tons. The probable domestic 

demand level is 1.56 billion tons. To attain this demand level, the 

average annual growth rate between 1973 and 2000 must average 3. 9 p«rcr::~. 

Re•ching the goal established earlier of doubling the 1973-74 production 

level of approximately 600 •nillion tons hy the end of 1985 no longer 

appears llkely. The supply and demand limitations affecting coal (including 

anthrdcite) are reflected in the revised Bureau of Mines projection of 

923 million tons of domestic demand, 75 million tons of exports, and a 

proJuction level of 198 million tons by 1985. 

110. As shown in ta'Jle F-20, rhe United States produced 487 .0 million 

tons in 19E4, repre~enting about 17 percent of world production of 

2,821.4 1Jillion tons, United States production a~ a percPntage of world 

production remained fairly constant over a lme period between 1964 and 

1974 with United States producing 603.4 million tons in 1974 re-presenting 

abo11t 19 percent of the world production of 3,243.6 million tons. United 

States coal exports between this same time frame increased from 48.lJ 

million tons in 1964 to 59.9 million tons in 1974, representing 10 percent 

of United States production. 
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TABLE fl-20 

BituininoL·s coal ond li!]nite F-upply·dt:1n;::11d relationships, 1 t!G·t.~74 

-------·----- ·--------- --- ------------------- ------

\'il~"'.l rcoot•c p•odvchori 
\J'l,lf'rJ :.1a1eos 
Rr~I c,1 we.rid 

Tor:.1 

Corr~(·ri·s o' US 5~i>iVt 
Do'··es1..:: "·•11es 
1rn;;orti; 
lrl::w~l')' $IOC~~- J;m 1 .. 

To!>it US '1•PP·t 
O·~l!<!lil!-on or u s Sv~ 0 1 

1.10,.,:s.:r1 !-1.;.c~s. o~, 31 
f•~NiS 
oc~.a•,IJ 

los~c~ 11r>0 J.111itCCC<v'"'~i'1 lpr 

US ce,.-;.!r-:' paiirrn 
Uo:.~1r1c:O a,.vj cc:nrr.c-•c.Jf 
E·ttlr1;:; v1,1.i,,:.·~ 

Fr.oci ~,rO.::uc.ts 
Pa~c-r p1i:.o~-::1s 
Pmrary mr!;;I 1na..,:11.1:~ 
N_,~..,.,e1.i·";:: ~'V:-'A'S 

l1o1r.spo1Jl!011 
Cticm•cali _. _ 

"""" 
l¢!al US dernan~ 

"'"' 197(' 1!)71 1':174. 

45'10 SI?, ""' 5!.~ 9: Y.5 2 =6:'.) s c.-:,2 9 &$2 l 59:'.>. 591 1 603 ... 
'1 ).:q ~ "::;.:Jo 2 3C.$ B ?2~ J ;;:> '.H~;:. 2 410 4 2 4o-l.;; 2 55!} ~ 2~-l{j J ]Sil~ 2 &::;.- 2 
--- ------- ------------- ----- ----------- ---- ---
2 t!21 ~ 2 f;if 1 ;-_t9J 7 4 :~..i :J ii r~·~ v '~;ll;) .J (,_;;, ~ .J j )04 . ;c..:;O j.; J J 5 :J.2~:i6 

-· ......... --·~ --~,..., ........ .., ... ....,_.. __ .,.. -~- .... ~~~~--- .......... ,,,-~~-~ ...... ~-"'-""" •4 ---=-•r•••••• 

·~7 0 !>1 ~ 1 r.33 i "''. fr'~~ 5'1".> ~ &!Jc 552 2 5~;;,' 511 7 """ 3 ' 2 ' ' ' 1 " 'J'J 0 '" "7 ;(, B !l~ .. fr' 5 f2 0 93 7 91 ~ 117 ~ 1030 
-----·-·----------·---~---------- ----- --- . ------

"60 3 59';') ;:> 6138 .,. . (i-iO f:l 648 l wa iJ &.:Ii 0 ua& 1 709 3 100 5 

180 791 76. 9!1-1! .,. 
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,:_ 0 ~;2 ., J .i9 !) YJ!: ,. ' " 0 '" ,. 0 ~:? 9 
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Source: Bureau of Mines - U. S. Department of Intc1·ior 
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111. The ma_ior countries that import coal from the United States, 

excludin)l Canad,1. ar£>: llrazil, 11£>11!.ium-Luxemhnurl!.. France, lraly, 

Netherlands, llnitt>d Kingdom, Spain, Sw"d"n and Jap.cn. Japan was th" 

largest importer of 'J.S. coal in 1976 with 18.8 million tuns ur 44 

per<'t'nt of the t<>tal ll.S. exports exciudlng that which was s1'1pped to 

Canada. Tab),, F-21 shows a ,·omplete distributinn of U.S. coal exports 

for a 10-y<>ar period betwe<'n 1967 and 1976. 

112. The d ial!.ram below, Figure P -5, gives a distribution 

,,f the •ises of t;.S. coal production for year 195G and 1975 pro.Jecte<1 to 

1985. Exports accounted for 25 million tol'S O?" 5 percent oi the total 

U.S. produc1ion in 1950. By 1975, exports accounted for 66 million tons 

or 10 percent. It is expected that exports will be 75 million tons or 

7 percent of production by 1985. The 1985 p~rcentage of annual procuction 

is t•xp«cted to renrnin approximately the same thrnugh 2000. 

... z 
0 ... 
z .. 
:::; ... 
:Ill 

Figure F-5 

U.S. COAL USES 

480 

SOURCE: Bureau of Mines - U.S. Department of lnterior 
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TABLE F-21 

.. 
UNITED STATES EXPORTS OF BITllMINOUS :oAI BY CONTINENTAL GROUPS 

AND COUNTRIES OF DESTl"AT' JN, 196 7-76* 
($hol"t 11>11•) 

--------------,-c1c.,.::-::-,--,--c10,.o,:--~-c •• c.,.::-::,~-.-- ,,,,,~ ,,, 
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113, One of the difficulties Drs. Rimberger and Wettig point out in their 

study of the world coking coal market until 1985 is the lack of a definition 

of coking coal. Good quality coke is produc~d in different countries from 

coals with a wide range of cokiog characteristics and mineral impuriti~g. 

This means that, for the most part, there are coals which are used for coking 

that would, by themselves, yield a coke with lcw ash and mineral impurities 

but it would only be a lower quality c.okE·. The other extreme is that 

rert.c'.lin i·nals could yield ,3.l1 outstandir. coke which would be useless 

beca,,se of the high c·0ntent of impurities. In the Federal Republic of 

Germany (PRG), coking coal is usually considered to be low in ash and 

sulphur with 21-27 percent volatil_e matter. In some countries) low-

sulph1Jr coking coal is being burned in power generating stations to 

minir.-:ize the cost of cleaning emissions. The coals which today are termed 

raking coals in a narrow sense~ that is, coals from which a usable coke 

may be produced. account for less than 50 percent of total coking coal 

demand. The blending of low-volatile coal with good coking properties and 

high-vo1atile coal wjth poor coking properties to produce a u~able coke 

is not uncommc~1, but the proper ratios must be used not only to produce 

a usabl" coke but also to prevent damage to the coke oven walls. 

114. Other diffict1ltie~ in the analysis of the world coKing coal market 

are the limited economically minable worldwide reserves of coking coal, 

the po ~ibilities of short-term production disruptions, and transportation 

tie-ui: ~ and disruptions beti~een the producing and consuming areas. The 

dependence of the steel inciustry on coking coal, or rather good quality 

coke·, has caused the industry to take steps to prevent the possible short­

fall in supply. These measures incll1<le regulated, long-term supply 

contracts ~nd participa~ion in domestic and foreign coal mining. 

li5. Coking coal production in 1975 was about 27 percent of the total 

world output of 2,350 rnilli n metric tons or between 620-630 million 

metric tons. Three countries, the U.S.S.R., the United States, and the 

FRG, accounted for almost two-thirds of total coking coal production. 
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Tof!ether with Poland, Australia, and the Ppopl<>'s RepubLr of China (PRC), 

80 percent of world C'oking coal produrc:ion is nccounted ."oi- ~ith the 

remainin2 20 perc~nt coming from a number of narions. B~twten 19h0 and 

1975, wurld 1:oal (anthracite and bituminous) production increased by 

29 percent while ,·eking coal production increased only by 22-23 per~ent. 

116. F'utun> production of coking coa1 will not be determined by demand 

hut rather by the investment~ of the mining enterprises in existing and 

new p1~oduction capacity. The authors estimate that, in 1985, the 

additional world coking coal demand uver that of today will be 260 

million tons while known, planned additional productive capacity will 

be 160 million tons. This indicates a shortfJll of 100 million tons. 

The pattern of the world coking coal trade is not expected to changi= in 

the future. Australia, the United States, and Poland should be the 

principal exporters and Western Europe, including Scandana,:ia, Japan, 

and South America should remain the principal importers. Excluding 

US-Canada trade and the European Economic Community (EEC) and Coun1' i 1 

for Econc'"'.'",ic Assistance (CEMA) intern.Jl trades, world coking 1·0~11 tradt..• 

is PxpectE'd to increase from the current 85 mill inn tons to 100n1i11 it111 

ton• in 1985, with 100 million tons being hiqh qualitv coil. 

117. The international trade in coke is rather in~ignifit·ant, c·on1pareJ 

with coking co~l trade. In general, the rule i~ th~1t cuke is pro<luced 

are to assure> .1. f.,iven pl.int n supply of coke of the qu.Il ity .ind qu.:_1nl i tv 

requirt>d. fn adJition, the handling of coke during loading, trtlllSport, 

·_nJ unloading causes degradation, reducing the sizr· and increasing tht~ 

amount of coke hreE'ze. In 1974, world coke traJe amounted to about 10 

rni1 l icin tnns. Of this total, internal trade in the EEC .:iccuunted for 

about one-third ;,inJ tot:il EEC tro.de .ibout 0I1e-i1a.1 f. An additional 25 

percent W<JS intprnril CEMA tr.-1d .... '. Actual international (external) cokl., 

trade in ]974 w;1s ll milliun Lons or .Jhtiut 40 percent of tl>e tol.:ll. 

Total coke trade in 1985 i~ L'Xpertc:..·d to hv <1ho11t ·32 mi lliun tonR h•ith 

12. S-1 3 mt 11 ion ton'; hl'ing i.nvolvl'd in int1..'rnat inn;J I lradL•. 
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118. Between 1963 and 1974, the use of coking coal rose on the average 

2.5 percent per year from 473 milli~n tons to about 620 million tons. 

Of the totals, a cnnstaot 80 percent has b<een used for the production 

of blast furnace coke and the remaining 20 percent is used by gas works, 

electricity generating stations, and otl:~r consumers. The amount of 

coal charged into coke ovens increased between 1963 and 1974 by 90 million 

tons from 380 million tons to 470 million tons, an average yearly increase 

of 2.0 percent. The use of co-:.Cing coal by other consumers increased by 

a yearly average of 4.3 percent or from 94 million tons in 1963 to 150 

mil 1 ion tons in 1974. In the nine member countries of the EEC, the use 

of coking coal for the production of coke dropped from 150 million tons 

in 1963 to 91 million tons in 1974, a decreas~ of about 40 percent. :n 

comparison, the production of coking coal in the EEC dropped from 218 

million tons in 1963 to 96 million tons in 1974, a decrease of 57 percent. 

Total world cukc ;:~riduction in 1975 was 362 million tons, an increase of 

28 percent or a yearly average increase of 2.1 percent over the 282 million 

tons produced in 1963. 

119. In the period to 1985, the iron and steel industry, energy generation, 

households, and other small consumers will still be the principal consumers 

of coals which could be used for coking. It is unlikely that gas works, 

the chemical industry, er the non-ferrous metal industry will be using 

appreciable amount of coking coal fer coke. Households and other tradi­

tional small consumers of coke in Europe are expected to account for a 

demand for 25 million tons of coke (or 35 million tons of coking coal) by 

1985. The demand by electric power plants for coking coal (coal which 

could be used in coking) will be ~f importa~ce only in the FRG, ~he U.S., 

and the• United Kingdom. The authors estit11'lte these needs in 1985 to he 

30 million tons in the FRG, 260 million tons ln the U.S., and 290 million 

tons in the United Kingdom . 

• 1:20. World crude s,teel production is expected to reach 1,023 million 

metric tons by 1985, an increase over 1974 of 315 million tons or a 

yearly average of 2.4 percent (average yearly increase between 1963-1974 
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was 5.6 percent). The production of one metric ton of pig iron in 1985 

will require, on a worldwide average, 530-535 kg of coke, which includes 

the eoke needed for sintering. Considering a 70 percent coke yield. 

this total will require ;ibout 570 million tons of coking coal in 1985, 

or 150 million tons more than in 1974. 

121. Taking all factors into consideration, the authors predict a world­

wide dem;,nd for coking coal in 1985 of 880 million metric toms, two­

thirds of whicn will be used for coke production with the rest used to 

fuel electric power plllnts. Imports to cover domestic shortfalls will 

be provided by three or four countries, principally the United States, 

provided increases in productive capacity can prevent the possibility of 

a 100-million ton shortag?. 

122. In 1974, the World Energy Conference and the U.S. Geological Survey 

estimated world resources of hard coal at nearly 80 percent of all in­

place resources. Hard c0al includes all coals of higher rank than lif!nite 

or fjbrownu coal. These resources., including anthracite (amounts of which 

are not available separately), are estimated at 9,933 million short tons, 

and brown coal and lignite are estimated at 2,666 billion short tons. As 

shown in table F-22, the total in-place resources of all ranks of coal 

were estimated at 12,599 billion short tons. The United States has 

appr(Jximately 31 percent of world coal resources. However., it should he 

noted that the several nations that report coal resources do not do so 

using the same criteria; therefore, these values are not directly 

comparable. 

123. Coal exports through the Port of Mobile during 1974 and 1975 represented 

4 and 5 percent of total U.S. exports, respectively. With the expected 

increase generated by the Tennessee-Tombigbee Waterway and new contracts from 

present shippers, the annual volume of coal exports throul'h Mo hi J e should 

increase to about 14.J million tons by 1985. This represents nbout 19 percent 

of the total expected U.S. exports of 75.0 million tons as shown ir Figure 

F-5 and Table F-19. 
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COAL RESERVES IN THE UNITED STATES 
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124. The Bureau of Mines forecasts the world-wide demand for co11l, 

excluding tlw U.S., will range from 3. 5 to 4,5 hil lion tons bv the year 

2000. This represents an average annual growth rate of 0.9 to 1.9 percent, 

respectively. The annual growth rate at the probable demand rate is 1. 2 

percent during this period. 

125. World-wide demand for coal should equal world-wide production in most 

instances based on historical tonnages associated with production, demand, 

and export of coal in the United States, one of the world's largest producers; 

From 1954 through 1975 the U.S. produced a surplus of coal above the demand 

of U.S. industry each yPar. Accumulated exports from the U.S. during the 

period 1964 through 1975 exceeded surplus production by about 10 percent 

which tends to show that production is about equal to total demand at lea't 

in the United Stares. 

126. It has been assumed thet world-wide demand for coal will be equal to 

world-wide production in the future. During the 11-year period from 1964 

through 1974, U.S. exports have consistently ranged from 1.7 to 1.9 percent 

of world production. Therefore, it has been assumed that if world-wide 

demand of coal increases at an average annual rate of 1.2 percent to the 

year 2000, then, D.S. exports of coal will grow, accordingly. Coal exports 

from Mobile have been assumed to remain constant from 20GQ through 2044 since 

no support can be located for growth during thece later years. 

127. Increase factors developed from the 1. 2 percent annual growth rate 

applicable to varying base years (1975-1986) are shown in table F-23. 

128. Projection of Coal Exports to Japan. Records for 1975-78 indkate 

that an average of 60 percent of coal exports through Mobile were shipped 

to Japan. An adjustment to reflect some shippers sending 100% to Japan 

gives an adjusted figure of 67 peccent. The allocation of coal exports by 

market areas was done on a shipper-by-shipper basis. Using this criteria 

for allocating coal exports, a rotal tonnage base on coal shipped to Japan 
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for 1976 was 1,881,000 tons. where th< shipper did not indicate future 

growth, the 1976 volume for each shipp1 · 1 . .ls used as a base for projecting 

to 1986. Where a shipper is currently · .• orting coal and gave a growth 

due to firm contracts, tonnage for the first year of contract was used as 

a base for projecting to 1986. When a new shipper, including those that 

would i;;hip via the Tennessee-Tombigbee WatE;!rway, indicate the first year 

they will begin shipping, rnnnage for this year was used as a base for 

projecting to 1986. A growth factor based on an annual growth rate of 1.2 

percent was used to project the varying base tonnages to 1986. By using 

the above procedure for projection, thE;! 1986 tonnage destined to Japan 

would be 9, 714,000 tons. The unadjusted tonnage was used in establishing 

the growth factors. With the 1986 volume of 9, 714,000 tons being a new 

base, the 1. 2 percent annual growth rate or a factor of 1. 182 was applied 

to this tonnage giving an annual volume of 11,478,000 tons, beginning in the 

year 2000 and remaining constant during the project life until the year 

2044. The resulting increase factors are shown in table F-24. Thes" 

indices of growth on coal exports to Japan are designated as Index E. 

129. Projections of Coal Exports to Ital.z. Records for 1975-1978 indicate 

that an average of 22 percent of the coal exports through ~labile were 

shipped to the area designated as Italy. By applying the 22 percent to the 

annual volume of individual shippers, other than those who ship exclusively 

to Japan, the annual volume shipped to Italy in 1976 was 664,000 tons. 

The 1976 volume for each shipper was used as a base for projection t0 1986, 

where shippers are currently using the port and did not indicate their 

future growth. Where shippers ~ave a growth due to firm contracts, the 

first year of ccntrac.t was used as a base. When new shippers indicate the 

year they will begin shipping through Mobile, this year was used as a base. 

AU base volumes were increased at an annual rate of 1.2 percent to develop 

a new bas.e in 1986. The year 1986 was selected as " new base because, by 

this time, all known con..tracts >Jill be in force and new shippers will have 

begun shipping, including those. that will ship via the Tennessee-Tombigbee 

Waterway. The annual vol.rune of coal exports to Italy for the year 1986 will 
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be 3,211,000 tons. By using an annual growth rate of 1.2 percent applied 

to the 1986 volume, with the growth rate leveling off by the year 2000, the 

annual volume in 2000 will be 3,795,000 tons and will remain constBnt there­

after until 2044, the last year of the project life. 

130. Increase factors developed from th~ above projection procedure are 

o;hown in table F-25 and designated as Index F. 

TABLE F-24 

PROJECTION FAC1'0RS FOR COAL EXPORTS DESTINED TO JAPM! 

INDEX E 

Composite of annual 
1 Year tonnage destined to Japan Ratio to 

(thousand short tons) 1986 

1986 9, 714,000 1.000 

1995 2 
10,819,000 1.114 

2000 11,478,000 1.182 

2010 11,478,000 1.182 

2020 11,478,000 1.182 

2030 11,4 78 ,000 1. 182 

2044 11,478,000 1.182 

1
unadj usted tonnage, which includes tonnage that will contirme to move 
through the Pai.arna Canal with project improvements at Mobile. 

2 
First year of project life. 
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Year 

1986 

1995 l 

2000 

2010 

2020 

2030 

2035 

2044 

TABLE F-25 

PROJECTION FACTORS FOR COAL EXPORTS DESTINED TO ITALY 

INDEX F 

Composite of annual 
tonnage destined to Italy Ratio to 

(Thousand short tons) 1986 

3,211 1.000 

3,576 l. J 14 

3,795 1.182 

3,79: 1.182 

3,795 1. 182 

3,795 l.182 

3,795 1.182 

3,795 l. 182 

131. Projection of Coal Exports to England/Europ<'· lniti.,l-v<ear (1976) 

tonnage of coal allocated to this area was 221,000 tons. Bv us<e of the same 

criteria used for projec ... ing coal exports to Italv, as previously discussed. 

the volume of coal exports to this area by 1986 will he R percent of total 

or 1,070,000 tons. With a 1.2 annual )lrowth rate, this volume will im·r .. a'"' 

to 1,265,000 tons hv the year ZOOll. No increase in tonnage is exnected 

beyond this time, therefore, the 1,265,000 tons will ?"<'main constant ov<·r 

the remainJng project life. The resultinl'l incr<'ase factor:; <!:=veiopea from 

this composite of tonnage are shown in table F-26. Tl-,is index nf ~r,wth 

factors is d~signated as Index G. 
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TABLE F-26 

PROJECTION FACTORS FOR COAL EXPOS.TS DESTINED TO ENGLAND/EUROPE 

INDEX G 

Composite of annual tonnage 
Year destined to England/Europe Ratio to 

(Thousand short tons) 1986 

1986 .- 1.070 1.000 

1995 1 
1,192 1.114 

2000 1,265 1.182 

2010 1,263 1.182 

2020 1,265 l.182 

2030 1,265 L 182 

2035 1,265 1.182 

2044 1,265 l .182 

1 First year of project life. 

132. Projection of Coal Exports_£> East Coast of South America. Only 

3 percent of the total coal exports from }IDbile will be shipped to this area. 

The initial-year (1976) tonnage, allocated to this area, was 99,000 tons. 

By applying the same method of projecting coal el<oorts to Italy. as previously 

discussed, the 99,000 tons will incr~ase to 476,000 tor.o by 1986. With a 

1.2 annual growth rate, this volume will increase to 562,000 tons by the year 

2000. No increase in tonnage is expected beyond this time, therefore. the 

562,000 tons will remain constant over the remaining project life. The 

resulting increase factors developed from this composite of to. •age ar "hown 

in table F-27. This index of growth factors is designated as: Ind• - , 
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Year 

1986 

1995 J 

200-0 

2010 

2020 

2030 

2035 

2044 

TABLE F-27 

PROJECTION FACTORS FOR COAL EXPORTS DESTINED TO 

THE EAST COAST OF SOUTH AMERICA 

INDEX H 

·Composite of annual tonnage 
destined to the East Coast of South America 

(Thousand short tons) 

476 

530 

552 

562 

562 

562 

562 

562 

Ratio to 
1986 

1.000 

1 .114 

1.182 

1. l 82 

1.182 

1.182 

1.182 

l. J 82 

1
First year of project life. 

SUMMARY OF PROSPECTIVE AND ACCEPTED COMMEl'CE 

133. f~rospective Commerc~. The annual volume of commodities that was 

acc.epted as prosp~ctive commerce for t'nis project in 1975 was 7.5 million 

tons. This tonnage was projected to 1995., the fj rst year of -economic ii fe 

of the: selected plan~ and then .extended over the next 50 ye-ars ending in 

2044. The annual volume of prospective comE:erce for- selected ye-ars is 

presented in tab.le F-28. 

134. Accepted Comm<;rc";. This traffic was further screened to determine 

the tonnage th,1t would obviously be eliminate<! due to the continued use of 

small ships, that which would continue tn be shipped through the Panama Canal 

in relatively small ships, that eliminated because of limited depths nt 

foreign ports where traffic originates or ternr!nares .. and other restrictions 

as previously discussed in this appendix- The annual TJolun1e of traffi~ 
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"" ,.... PROSPEL'TIVF. COMMERCE .FOR SE!,ECTED YEo\!IS n!ROUCHOUT TllE PROJECT LI FE (1995-2044) 
x 
\,n -----

ColllllOd I. ty l975 1986 19951 2000 20!0 2020 20JO 2035 2044 

Iron ore 4, 1a1 Jooo 5,264,000 5,857,000 6,263,000 7 ,29! ,000 8,400,000 9,596,000 l.0,47S,OOO 10,475,000 

Coal (!"'P•Tt) 371,UOO 896,000 896,000 896,000 896,000 896,000 896,000 896,000 896,000 

Coal (axportl 2,.)67,000 14 ·'' 71. 000 16,ll7,000 17,lOOtOOO 11,100,000 17,100,000 17, J.00,0(h) 17, 100 ,ooo 17,100,000 

TOTAL 7,519,000 20,631,000 22,870, 000 24,259,000 25,287,000 26,196,000 21,S92,000 28' 471,000 28,471,000 

1Ftrst yur of project u re. 

....... J' .. ~. -· ---
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accepted for benefit analysis is 5.2 million tons in 1975 which will 

increase to 15.0 million tons by 1995 and, hy the year 2044, the volume 

will be 18.9 million tons. Detailed volume for '""'h commodity accepted 

as commerce, which would benefit from project modificatiou, is shown in 

table F-29. The differences in prospective And accepted traffic are 

explained in previous paragraphs of this appendix. 

VESSEL TRAFFIC 

135. Vessel Trips. The total vessel trips on all types of vessels, 

including deep-draft cargo ships, fishing vessels, tows, and miscellaneous 

boats, that called at Mobile during 1975, is presented in table F-30. 

Deep-draft vessels with drafts of 19 feet and above accounted for 1866 of 

the total trips of 29,805. 

136. Trend in Vessel Traffic. The total number of vessels with drafts 19 

feet and over that called at the port decreased from 2488 vessels in 1966 

to 1866 vessels in 1975 while the volume of commerce that moved through the 

port in deep-draft vessels increased from 14,4 rr.illion tons in 1966 to lfi.7 

million tons in 1975. This l11di~ates that an increase in the use of larger 

vessels is being experienced. During this time period, the numher of 

vessels with drafts 36 feet and 0>ver increased from 359 in 1966 to 704 in 

1975, further showing a trend in the increase in size of vessels calling 

at the port. The number of vessels tabulated by draft when entering and/or 

leaving the port during the latest IO-year period of record is given in 

table F-31. 

137. Vessels carrying some of the major bulk commodities range in size 

from 14,000 to 88,000 d.w.t. Records indicate these particular ships have 

registered loaded drafts ranging from 23 feet for the 14, 000 d .w. t. ship 

to 43 feet for the 88, 000 d .w. t. ship. These drafts do not reflect an average 

draft for these size vessels in ti world fleet. This indicates a need for 

a deeper channel as the larger vessels are being light-loaded because of 

limitation from channel depths at Mobile. The figures do not reveal the 
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TABLE F-29 
PRD.llCTID - ACCEPT!D Foa BENEFIT Alll.LYS!S FOR S!J.Ectl!D YEARS 111ROUCllOllr 111! PROJECT LIFE 

(1995-2044) 

C-dity 1975 1986 19951 2000 2010 2020 2030 ZOU 

Iron on J,411,.000 l,7S6,000 4,178,000 4,468,000 s,202,000 5,993,000 6,846,000 7,474,000 

Coal (.Import) 371,000 896,000 896,000 896,000 896,000 896,000 896,000 896,000 

Coal (hport) 1,458,000 8,914,000 9,950,000 10,558,000 10,558,000 10,558,000 10,558,000 10,558,000 

10TAL 5,240,000 u .. 586,ooo 15,024,000 15,922,000 1£.,656,000 17,4417,000 18,300,000 18,921,000 

1nnt yur of proj ec:t life. 

• 

2044 

7,474,000 

896.000 

10,551,000 

18,928,000 

• 
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TABLE F-30 

TUT;\L I:~RO!JND ANL> OUTWIJND TRIPS AN!J DRAFTS OF' VESSELS CALLING Af MOBILC DlrRING YEAR 1975 

20 
I7 
18 
1 J 
17 
Jl 
2? 
24 
29 
32 
20 
l ) 
42 
38 
52 
hi 

I 55 
~) 7 I 10 I 
69 

i "' 49 
I 3)6 
I 

l, JJ4 

I 
___;_ 

4 
13 
18 

J 

'• 
12 

6 
5 
4 
2 
5 
5 
4 
J 
6 
3 8 
H 
2 
7 
4 
s 
5 

11 3. 517 

12 

2 
4 
l 
l 

J,857 

l 

7 
l,177 

24 
30 
36 
16 
21 
23 
28 
JO 

34 
25 
22 
46 
41 
58 
84 
63 
59 
79 
1'1 
74 

I E.2 
: 13,938 
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Draft 

41 feet and over 

40 feet end over 

39 feet and over 

38 fee~ and ove~ 

37 feet and over 

36 feet and over 

35 fee~ and ever 

34 feet:. and over 

33 feet and over 

32 feet and over 

31 feet and over 

30 feet and over 

29 feet and over 

28 feet and over 

27 feet and over 

26 feet and over 

25 feet and over 

24 feet and over 

23 feet and over 

22 feet and over 
2l feet and over 

20 feet and over 

19 feet and over 

TABLE F-31 

TOTAL !Ji110UND AND OUTBOUND Til.IPS A.ND DRAi'TS OF VESSELS 
WI11i D:~\FTS 19 FEET AND OVER ON VESSELS '.il!AT CALLED 

' 

U66 

o 
20 

48 

64 

S3 

144 

174 

213 

256 

311 

39Z 

471 

563 

658 

757 

880 

1037 

1224 

l<\27 

1700 

1898 

2180 

21,ss 

AT ~''.C3i.LE FOR S'E'.LECTZD Y'.Ef.i.RS - 195'.J-1915 

1967 

0 

9 

35 

150 

182 

217 

415 

497 

584 

674 

800 

917 

1099 

1308 

l'.i92 

1865 

2203 

2477 

l.968 

o 
8 

25 

48 

64 

100 

120 

150 

199 

252 

310 

389 

464 

568 

689 

850 

989 

1151 

1342 

1636 

1864 

21A5 

~392 

Nu:rbcr of Vessel Tri.ps 

1969 

0 

19 

51 

68 

128 

157 

193 

229 

'-93 

329 

376 

426 

524 

630 

727 

837 

987 

1157 

1431 

1659 

1962 

2207 

1970 

0 

15 

30 

45 

122 

156 

215 

2t,. i 

286 

349 

410 

481 

565 

674 

775 

891 

1063 

1231 

1513 
1717 

2009 

2219 

1971 

o 
19 

39 

58 

103 

l.li 6 

196 

z1,z 

26? 

314 

523 

601 

692 

799 

922 

1036 

1310 

1502 

1755 

1918 

1972 

0 

JO 

45 

67 

122 

171 

212 

241 

270 

306 

31;0 

407 

459 

526 

614 

737 

872 

1024 

1197 

1405 
1604 

1802 

1?'7 

1973 

0 

93 

150 

222 

337 

4oa 
< "2 

511 

539 

599 

649 

715 

812 

931 

1102 

1255 

14l;6 

1662 
1845 

2068 

2218 

1974 

0 

S3 

121 

183 

2.50 

3 ,, ,_ 

414 

470 

522 

570 

619 

676 

729 

791 

860 

964 

1091 

1249 

!386 

1575 
1707 

1866 

1967 

1975 

2 

52 

93 

149 

185 

223 

281 

32i 

338 

l.49 

516 

559 

603 

672 

i48 

845 

975 

1101 

1247 

1395 

1556 

1710 

l820 
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potential of larger vessels that are not 11sed in the service nn traffic 

to Mobile <111e to the 40-foot channel restriction. The characteristics of 

vessEls used in the trnnsportation of major bulk commoditie$ shipped 

through Mobile in !975 are shown in tahle F-32 

138. Vessel Sizes. A range in ve~sel sizes was used to determine 

benefits for each channel depth being analyzed. The minimurr. size dry-

bulk carriers and tankers is based on the minimum size of vessels presently 

being used at th~ port of Mobile. The maximum size is based on the 

largest vessel that can use a particular channel depth, light-loaded hy 

5 feet with a bottom clearance of 4 feet. The 2xception to this is on 

commodities originating or destined to countries where the routin~ via 

the Panama Canal is shorter. These commodities are coal to .Japan and 

iron ore from Australia. For these commodities, benefits were based on 

the difference in transportation cost of a fleet of vessels (15-56,000 

d.w.t. dry-bulk carriers) that ran use the 40-foot channel at Mobile 

routed via the Fanarna Canal, ond thP costs of a fleet of vessels that 

would go around the Cape of C:ood Hope, using a minimum size vessel of 

61,000 d.w.t. A ran~e in vessel sizes for dry-bulk carriers, based on 

drdfts at one-font intervalst for each channel depth considered is shown 

in tRble F-33. 

139. Routi".);· Commodities of iron ore from At<stra1 la and crw l to .J,..pan 

are presently bein~ ro·_1ted vi<"t the Panama Canal. Hol-1.'ev('r, 1vith ;i ch<1nne1 

depth at Mobile of 45 feet or greater, a portion of the vnlnme of these 

commodities "ill be rooted via the Cap<' of Good Hop<', South Africa. T:1hle 

F-34 gives the rel;;tive difference in mil.:>s when routPd through th•' Canal 

versus routing via the Cape nf Good Hope. The dlstanc·es shown in this 

Lable are those used in the report for determini ig tr:in~port~ttinn rosts 
11with 1

' and 11without 11 channel iinprovements ;lt Mobile. Distances nn 

commodities not subjected to rout inf( through the canals wtl l he the sm"" 

for all channel depths at Mobile . 
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TABLE F""32 

_Cruclc OU_ - ·"f;inkcrs .1 

n.w.r. - 16,noo to 5~,ooo 
RGgistcra,l londod draft - 30.0 to 43.0 fbnt 
J,cngth -5J2 to 751 [pct 

· . Width ., 66 to 102 feet 
Actual loade:t! dr;tft - 32 to 40 foet 

D.W.T. - 18,000 to 74,000 
Rmgistcrcd loaded draft - 30.0 to 43.0 feet 
l.c)'lgth - 541 to b'll fret 
Width - 72 to 105 feet 
Actual loadtd draft - 26 to 40 feet 

Baud f_~cJt\SD Ti ppl.£) (Dry Bulk Carriers) 

D.W,T. - 14,000 to 52,000 
Registered loaded draft - 23 to 39 feet 
Length - 509 to 978 feet 
Width - 62 to 98 fret 
Actual loaded draft - 25 to 38 feet 

b.w.T. - 31,0DO to 74,000 
Registered londed 1frnft - 36 to 43 feet 
J,ength - 643 to 719 feet 
W:idth - 75 to 105 feet 
Actual lc,ded draft - 34 to 40 feet 

Iron Ore (TCI Term.) (Dry Bulk Cnrriers) 

D.W.T. - 25,000 to 88,000 
Rcgist<>r<'d loaded dr:ift - 33 co 43 feet 
Length - 5 7 7 to 650 foe t 
Width - 72 to 128 foe t 
Actual foadcd draft - 31 to 40 feet 
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TABLE F-32 (Continued) 

Grain (Dry Bulk Carriers) 

D.W.T. - 11,000 to 66,000 
Registered loaded draft - 23 to 43 feet 
Length - 440 tq 768 feet 
\.lid th. ~ 62 tq 105 feet 
Actual loaded draft ~ 25 to 40 feet 

Coal exports (McDuffie) (Dry Bulk Carriers) 

D.W.T. - 19,000 to 80,000 
Registered loaded draft - 30 to 46 feet 
Length - 528 to 837 feet 
Width - 69 to lOS feet 
Attual loaded draft - 29 to 40 feet 
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TABLE. F~31 

Vt'si:cl sizcu, by ch<lnncl depths, used 1n dct~rmiuing iJcncfits on Coal and lr"n Ore, l-dth 

___ CJ';_1;~:_~i)_~~c.r_tJ.:.°...!l:~--)i_1'y _ _2~'l!_~~~i1·t·~-JJ'0r-t~i f'n Fl~) 
i£:'f Ot> _!:_ C:!~ '~t'_l ___ !12__ ~(2_: •. l _\__11 .11< '.lC'_ l SO· fo0t c}1.~n:1cl 55~io0t t:h:inn~ l 60~f00t d1.1nat>l 

~~~ ~-~1:. ~ .. •;('....!_ YE!~ ~ 
v~~~Eel ___ -

)!WT 'lJ"ilft C:..'T llr::!ft Di>'T pra[t DWT nraft. D~·IT tr;:ift 

15,000 29 15;000 29 l!J.000 29 15JOOO 29 15,000 29 

l.7 ,ooo 30 17,000 30 17 ,000 30 17,000 30 17.-iO()O 30 

201000 31 20 1 ooc 31 20,000 31 20.000 JI 2_'(\;(100 JI 

2.31·000 32 23,03~ 32 23,000 32 23,000 3Z 2),000 32 

26,001) 33 26,ooa 33 26,000 33 26,000 33 26.QOP '' 29,000 31, 29,000 34 29;000 3t, 29JOOO 34 29,000 34 

32,000 35 32 ,00() 35 JZ,000 ]5 32,000 35 'l2jpooo 35 

Jti.000 36 36,000 36 36,000 36 36,000 JG J6 1 0oo 36 

39,0(l() 37 391000 37 39,000 37 39,000 37 39,0nD 37 

43,000 oS 431000 38 43,000 38 431000 38 43,000 38 

47,000 3.' 47 tooo 39 47 ,000 J9 47.000 39 47 ,oon 39 

5'2,000 40 !12,000 40 .52,000 40 52)000 40 S.i,000 1,0 

56,000 1, 1 5610')1) 41 56,000 41 56,000 41 S.(l. 1 00o 41 

61,000 42 61,::oJ 42 61.000' 42 61,000 42 

65,000 43 65,0DO 43 65,000 43 65 1 000 43 

10,000 44 70i000 44 70,_000 44 70j000 44 

1s. 1 000 45 75,000 45 75;c000 45 75i000 45 

81.000 46 81 000 46 81,000 46 81 ,000 46 

86,000 41 86,000 47 86,000 47 

92,000 118 92,000 48 n,ooo 48 

981000 4(1 981000- 49 ~stiooo 49 

104,000 50 104 .ooo 50 104 .oo-o 50 

110,000 51 llO,_O.® Sl 110.000 51 

117,000 32 117,000 52 

123,000 53 123,000 53 

U0,000 54 l'J0,000 "' 137,000 55 137,000 55 

144,_ooo 56 14411000 56 

Hl,000 51 

159,000 58 

166,000 59 

114,00Q 60 

182 000 61 
1 

On e:oa.l tD J.:ip.:in .in,d lt'"oo Ore frDm l'urstr~~li.>, bc>nf'ftts iir-C! busied on costs for a vessel 
fLeet !rom 15·56 1000 dwt. '\.lhich could go thru the Pa:n."'!ma C:ina.l vc:rsus the e.est~ -of a vesse1.:.fle~t: ranJ~lnl'1. 
from 51,000 d\olt: t.O ma:11:it:1U!L size for a particular d.:-pd1. Only benefits applicable" to thac ton.9ag:\! 
t1hich \.-uuld bl} shi!Jp(;t.l artiund :.he c..:i.pc of Good tk.·rc- w;1s ac.:ccpte.d on tTaffii:: fron or to Japan and 
Australia • 

.ora: tu de.•t1nated tn.cr..ental iac:n••• 111 •••••l •tu• for eaeh ... ~._ 

of cha~•l tmprav..ent t1 •heMi.-b•l• tM ltau of ._reatt• la 
Clltti tcille. 
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ac ''1'1.ppl11:'" 

Iroa Of• U11iloaded 
at tel Te.nde.al 

Caal (Ioport) 

Cool ( .... rt) .. • :: 

!I/A -- )lOT AP!UCUU: 

D!STA..."'!C! OP OCEAJi MIUS !WAVTICU.! ,.,,._ Mn _. Gm:ill - Dl!STOIATlci:t Cl!f "a:E!'ft!I o=!1ltt 

•• • • 
VU t:M Th c;be Via Cap9 
!'~ $ ... af 

0f!Rln De11til'latlon C.in~l C..•l ...... !!oaa 

Dsapter. Austr•ll• ?"'Ob1le. At 10.161 u.•lO u.ou 
t~rc C:arcier .. Q11eb~~ Koblla. AL ., .. llfA II/A 

Po1~~ Ubu. Sra&ll t'.obll•. AL "'" . , .. ., .. 
ruerico Orda&-, Yenz. -~11•. At. ., .. M/A "'" 
Port. C.rtiu • qllebac. Mobile .. AL ., .. ., .. "'" 
Victoria. (Tubarao) •..n t!oliile. AL WIA WI& ti/A. 

Rit:hi._rd•· ... ,. SO, Mrlca Mobil•' Al. ., .. 1/4 ., .. 
!ta.bile, AL I' J.,. •... .'. t.300 1• .. 1tJ 1'.556 

m!ttle, -AL :1:.a1,......21 ., .. ., .. ., .. 
ltObile. AL r..ai..u1....,.Jl . , .. ., .. II/A 

tll)laUe, AL I. Cou< of So. -.!I ., .. . , .. ., .. 

• 

,,. .... 
ao._.:::1.n; 

S/A 

2,600 

4,.7!4 

2,.160 

.i.•oo 

•.714 

'·'°° ., .. 
s.-
4 .. na , __ 

1/fnid1 ,oru in Japaa t.~c t"•c•l.,. U.l rr.. NDlt.Ulrri are: Sok, Oht.u.. -u.1.-.. -:.Wta. ~--. SaaldM • ..,, T • • - wJ.tJa 'D!Mta lie1lil- ii.. ~ .. tt. 

2/?'Jplul p11tu 1ft lca17 •r•: ·c-ora. ,.qa"~ Yea!U. S•••nm .S.tb Tan11ta ... , ·-·~ ..-~. 

l/-Typtul potCll for Ell&land/Europe: •te: he109•C!• Sitdn; lott•rl•• •o. . .; ceHUf ... hrc. ~ llale9; wt"" 1111rt TaD.rt .. lid• ..... lite- >dBdPd 
pott. 

'-fr;ptc•l :,oi-t_ for _ta•.~ ,-eoawc-·•f· .. So. -Mtnca. :1_• -~ .... ..- .,J ... tl'*,;. 1ns11 .. ;.; 

U•te!lce .. k:wn-· POrt• - 1965. itt.t•ltP4it1.-., :V~ 5: ....... : ~-.. _ .... I' .. _, ..... : a,f~~-. U~. S .. · -~- ~ -~--- ~·--~IUI* Jiit• 1.St. 



CHANNEL DEPTHS AT FOREIGN PORTS 

140. GeneJ"al. The m .. ximum depths at foreign ports vary widely and in 

!lo.me cases are not well-defined in publications that are readily availab1 e. 

depths were obtained from several sources which include shippers/ 

!~:~S 'teceiv»r"• steamship agents and a widely used publication entitled, "Port 

'"r, '.-': 
~1~:\::-f:' -

·Charges ;md Accommodation - 1977-78 Issue," puhUshed by George 

!'hi lip an\! Son Limited - London, England. 

Ir~n O~, Iron ore for U.S. Steel, being imported through their 

marin.e bulk handling plant at l!obile, originates at foreign ports where 

~bey have invested interest, and the pattern of shipments are fairlv stable. 

Sources ·of supply are: Puerto Ordaz, Venz., Port Cart fer, Quebec; and 

Tt1barao, .Brazil. The size of vessels used in the benefit analysis was 

restricted to drafts comparable to the maximum depths at the "'x>ve ports 

of 45, 54, and 74 feet, respectively. Although the depths at Pu'-'rto Ordaz, 

Venz. located on the dredged channel of Roca Grande at the mouth of Lhe 

Orinoco River, fluctuates from a minimum depth of 32 feet to a maximum of 

45 .feet, benefits for this col!lmerce are based on a channel de~th of 45 feet. 

These benefits are considered to be ccnservate since company officials state 

that tonnag<!' now being loaded at Puerto Ordaz is iron ore fines. This type 

_of -ore i.s gradually being replaced with iron ore pellets, available at 

po.rts .which lire a greater distance from Mobil-2. They state, th.:t, with a 

deeper channel available at Mobile larger vessels would be used in hauling 

iron ore pellets from alternative sources of supply, such as, Tubarao, 

Brazil with a sailing depth of 66 feet plus rise of tide, which can 

. accommodate ve~sels up t-0 270,000 deadweight. t-0na. The distance fre>m 

Puerto Ordaz to Mobile is 2160 nautical miles. The distance from i'ubarao 

is 478.4 nautical miles. By use of Tubarao as alternative source of supplv 

·the :init savings .wotild be increased from $0.80 N.T. to $2.21 N.T. giving an 

in.crease in average annual beneEts of S4.9 million. Consequently, benefits 

. accepted in this report on iron ore from Puerto Ordaz a~-e considered to be 

c;onsei:vative. Sources of .supply for iron ore imports for Jim Watters 
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Resource£ at Birmingbam. AL an<! Republ c ·t<>el at Gadsden. A!., !wing 

shipped through the Al<>bama State Docl , • ~ulk handJ ing terminal. se•~,,, 

to fluctuate from year to year.. Howevi ·· _ the primary source of supp iv is 

Dampier, Austcalia; Port Cartier, Quebec; and Point Uhu. Rn. 'ii. with 

maximum depths at these ports of 51, 54, and liO feet, respecti"e l y. Vess,.1 

drafts were restrict;ed to tt.~se dept:h;; for t:he benefit analy:->is in this 

report. 

142~ ~-o~~ ___ l_!!l_p£!°~t-~.. Coal impJ.'.lr't~d thrt~o~h Mt)bi lt> has ;Jr i!!_inated frt~ 

~ever.-!] foreign ports in the past. H('lwpver .. thE< princip,,,ls 1;-h..:at .J:rt-' 

involved in th._. rnovpments of this t-oal statt.• that all fu!ur~· t.·.:1t~l 1.Jt il 

be imported from Richards Bayj S~1uth Africa. The harbor d~pth ~:f [bJs 

pt')rt is 62 feet and the depths are bt:ing increa.st:d to 75 f\,~,.-r. 

restrictions are placed on the maximum .size vessel that t."<JO bf· used 

in this service,. based on port depths 2t the fort;:ign origin. 

14J. Co~~__ports. The mark~t drt:>as for ..:oa1 exports thrOtigh Mohiie 

can be any !)f the tw~nty-eight ciY-untrii"'"S iistc-d ;;;;..<tcrng th;;" world'~ 

import~·rs of signifira it tonnag_es o,f -ccr..,11~ ~ith Japan ht:-ing t:h 1• ~';!ajar 

importer. Countries that receive ct.1al e.:-;:pi;,rt:s from :.!;:.rCiit-" .:J.t:-: dividi!?d 

int J \)Ur i'"egions defined as Japan, lt.a.iy, £nj'.:l,::nd/Eu:ru-~e .:a.nd f,,.,1.sr t:oast 

a principal coal broker that coordinat-es eoal :supply with .St£·~1 '.:'1f l ~.s in 

Japan~ the major p-.>rt':. in ...;-"lpan that re-ceived coal from Mobii~ arE•; 

()hit.a, Kimitsu,, Taha la,. Fukt j•.ama~ and 

89, -62, '-:7, Sf)~ ant-* S2 f2_e[ ,_ res?~· tiv~.tys {)ata fro~ th·t! iJ,.Ss Bllir!"',at.i f:i:i 

Cen5'.us~ published i~ their annual ri.'Pf•rt,. •1c .. S. t~att:-·rbornt:- •:;t.~n.cr .. 11 t~ 

-and Imports - 1975",. indicate additio-nal Japa~:ese J.HJr-ts th_at r-e-ceiwi::~ ,;:·4L'<fl 

from ~1ob1le are:- Kawasaki ... Kobe, Yokohan«1-y f:hiba .. and 1\::•kj-"(\~ ChattfJi-t::l 

depths at. these port~• .ire.: 39'1! 43, 60"' t7"' 400 JO .eeI.._ l·espi-:-ct ively~ 

Beca:use of the dept'..-:...:> at major Japan ..:se port st! it is ass~tf,._e-d that "1~-~<i~ls: 

haul in.g coal fro'l'n Mobile to Japanese ports would not be restri!;:-ted ~ P~~·rts 

in the region designated as "Italy 0 hav-;;:> ha.rbor <lt--pth.s ::hat ra;:";.?-t~e froM 
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30 feet at Venice to 66 feet at Genoa. Other minor ports in this region 

are: lskenderun. Turkey and Alexandria, Egypt. The major Italian nort 

.',f'ecel_vjl'1i' coal fro" Mobile is Taranto with a harbor depth of 50 feet. 

delivering coal to this area will be restricted to a 50-foot draft. 

that comprise the England .. 'Europe region are: Rotterdam, 

England; Oxelosund, Swea en; Cardiff and Port Talbot, Wales. 

Ifrajor __ port is Port Talbot, Wales '"'ith a maximum harbor depth of 80 

ConSequertt ly, no restrict ions .are placed on t-he _maximum size 

'that wil1 deliver coAl from Mobile to the England/Europe region. 

designated as 11 East Coast of South America" is f"Ornprised 

fcllowin_g principal ports: Buenos Aires~ Argentina; Paranam. 

;- Vitoria, Brazil~ and Rio de Janeiro. Brazil. The major port in 

region is Rio de Janeiro. Brazil with a maximum depth in the anchor­

basin of 70 feet. Ne restrictions are assessed on benefits due to 

size -anC draft of vessels haulin 1?, coal to this region. 

F-Or 1nuTe d_etilile'd information on depths at foreign ports, refer to 

table F-35. 

ALTERNATIVE MODES, VESSEL UTILIZATION RATES, AND UNIT COSTS 

145. Evalu.ation of benefits for the selected plan is based on transporta­

tion savi'1gs that would accrue primarily from i11creased loading of vessels 

using t_h_e project_ and_ frotn _f_uture uti_lization of larger, more 

vessels, Net transportation saviQgs are herein defined as the 

e between the trahspbrta tion costs of the fleet of vessels which 

existing 40-foot Cha_nnel and the fleets of vessels that 

the various considered cepths, i.e., 45, 50, 55 and 60 feet. 

1_ng .. v•>S!>.e.l\' tised. in .the co.st analysis were world fleet vessels expected 
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------------
PORT 
' --- --------
I rc:_'l Jl! .,. __ T!t!J)~.!:_~ ~- _ ~ r._r __ T!'.;] __ .:rl'rr.ii f!.8}_ 

JiucrLo Ordaz, V(:llL. 
11orl f ... arLicr, Queb(•(' 
'l'uhtirJo, Brazil 

!J.:~]1_ f!_~';. }_:!ll_F~~-!( I ___ 1\:·~_i_) _ _'U:..eJ?l<• 
l>a1i.1•.Lt•r, Australi.i1 
Potl Cartit.•r, Qut·h.~c 

Point Ubuj Hrazj l 

TUI.£ }'-JS 

DEPTH 
____ (~:£L_ 

45 
54 
74 

51 
54 
60 

~.;.-i_l ~~!'r.:i..r_~s. '!'_!:!-~_u;·'! _!l·j!_uff~~'l_l 'l"t•rmi.nal 
Ohj l."f, .Japan __ .. ____ 89 

Kimi ls1: 1 ~r:ipan 62 
TohaL~, Japun 57 
Kuku)"ilr'~'l, .J.'.lpan 56 
Kashi1.1.:1, Japan 5~ 
Kaw.:ic;.:11' i, ~'ti;'l.lll 39 
Koh<» Jaµa .l 43 
Yokohann •• la.µ:1r1 60 
Chib.:t, Japan 67 
1.'okyo, J.o.pan 30 
TaranlP, ltaly 50 
Gc•nl\;i, lt~ly 66 
S.1.v.uni...1i Italy 
Veni~·f', J taly 
Alc-x .. ndri.:A, Egypt 
I sk~ndc-r un, Tl!ri~t',· 

Rott121·dar.ii NC!th. 

Newport~ f:nr 1 and 
Ox.cl osund, Swe-dt·n 
Car1liff, Wales 
Purl T.;i:lbot, Wales 
Rio de Janeiro. lh:-azil 
'Mu<:>nus Ai res, ,'\r,;t~ntina 

Vitoria, Brazil 

Coal 1Jij~~ 
Ritli~rds R.~y. S,l. ,\[rica 

··- -· -

30 
30 
3() 
77 
35 
42 
42 
80 
70 
28 
3f> 

62 

F111ctu:ttt;s with depth ja ri v<'1· 

DerthS in rh:Jnnf>t. 
llepths at Pier~ - 1 

Minilnum dl'pth at berth 
At mean lcN t'dc 
Depths qu-o-t ('<l Oy shi iJpc-r 

IJeoths .at berth 
Depths at h<'tth 
Depths at b".,r th 

Channel dc·pth.$ not "''cl 1-<ll·fin.::d 

Depths at f'riv.'ltc berth.:; 

Tonnage to this port was c1imin<':ted 

Max depth d(·pt>nds on b('.rtli uricd 

Depth at coai berth 

Being <lr~<lg<'d to 75 f e~t 

Sou1{Cf~--f,"lrl--l;·:·l -~~-. c11.H'!'es and ·A:·(·(-;1;;;-oda tio~ =._~· 1·911.:ia 11 P~hl i.shco~ by Ge;-;~;·c--PhJ f{p----;l,d·-s,:-n. 
LimJ ted, LondrinJ Z'.ngl:ind 

};_/ C.10 :H·c·orm:nod~1tc v"·ssels up to 270,000 d~w .. t~ 
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146. Factors considered in the transportation cost computations were: 

the d. w. t. range of vessels which would utilize the various channel 

depths; the composition of these vessFl fleets based on the number of 

vessels in each size (d.w.t.) class and the total carrying capability 

in each clas!I;: "at sea'' and "in port" hourly operating costs; distance 

of haul; vessel port time; vessel speed; registered vessel draft; type 

vessel used per com!!'odity and the utilization factor per vessel type. 

All costs were adjusted to reflect the cost-per-ton. 

147. The n1ajor components of the transportation cosr c<'mputati<ins Rre 

clescri!:<ed in ::-he following p,qr.:lgrilphs, BPcause of their sizP, ge11eral 

cargo vessels would not benefit fr0m the proposed project impr<>vement~ 

and, therefore, were not included in the cost analysis, 

148. yes~e_LQ.e..e>L"!..~ Co11ts. All costs for dry-bulk carriers reflect 

nnl• costs fnr vessels operating under forejgn flag registry. Vessel 

operating caste are in terms of costs-per-hour for the operation of the 

vessel while at sea and while in port. Hourly vessel operating costs 

were obtain~d from the Office, Chief of Engineers (OCE). A regression 

analysis was used tc determine the c:'>sts fat' those vessel sizes not 

supplied by OCE. Costs-per-hour for dry-bulk carriers are based on the 

1 January 1977 shipbuilding costs; however, OCE has authorized these 

price levels to remain in effect through 1 October 1978. Consequently, 

vessel costs in this report reflect an effective date of l October 1978. 

149. Table F-36 contains the estimated average hourly operating costs 

and vessel characteristics for the size range of dry-bulk carriers 

expected to move iron ore and coal through Mobile Harbor. 
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GENERAL ct: ... \lV1C':'i:RlSTICS A:-.lD llOURL\' Ol'SRATl NG cos;· l)A'fi\ l'OR OCE,\~-GOJNC DRY lH.JLl\ CARRIE-RS EXJlECTED TO TRANSPORT IRON ORE AND 

cn,\L 'l.1iROJ..;CH MOBlLE HARBO!< FOR AL!, DEPTHS Ct)NS1DERED 

Lc:nt.;~h 1 ' :.,_, ;(i :'.u:1 Ir.:::;vr~;io:1 Vessel $ lZ<C (cl."'' t) br,_<h.:tbR 
.;;.~~,i~~l.!r..:J (short (lon17, tons) ( f(>I:' L) ( i ,)l_•;.:} Fa..:: tnr 

Jr.1 ft (feet) tun!:> pe>r foot) 

J S,000 521 69 29 ~; 11 
l /~O~JO 535 i'.l JO S.lt. 
20 ,li\:\) ' ~ ' 7'-. J ~ l • 01 7 .)., ... 
2),()1);) :: ~. 7; ,,_, 

::. • '. 20 , .. 
'~ 

::6,GJJ 5;.;7 oO 3] .1, 2 24 
2>, 000 (.J~ b2 34 1. J2 7 
32,UOO iJ l l 85 JS l ,430 
30, 000 6J5 88 36 l,53J 
39,000 6:,8 90 37 1,636 
43,DJO ubS 91 38 l, 739 
47,DOO oSl o· 39 1,342 ,o 
52, ''1(\) iuO ~') 40 1 . • ')!, 5 
56~ :::oo : !.) l ':: ~ 41 2. 01,s 
(1: I G~';:; 7 J2 ~u-• 41 2 .1 51 
6J 'IJ!Ji) 7+6 107 0 ~.2S4 
70,000 7b'..'. 109 :,4 2, 357 
7 5'. ~;:.i) 7 7 '3 l 1 ., 45 2 ,.:.(;() s.: ,v /'f"1r; : ~ 5 46 2. -)(, 3 
Ol:· , .. • ... _, ,.., . ~ '.D l, 7 2' ,,66 s.::, l,',,'..; 0 •. :t: l 2'J -iti 2,?69 
~o,,; JQ ' ' l' ' _, ",872 \.-. .. -·, 

.lC:.. • ..JGO SfiiJ 12(l SJ 2,975 
! 1. J, Q;.'J:) :: i6 1 •) f 51 J,073 _, 
1~7,CllG t.•r 3 .!. 3 '.' 5 :· 3, Lil 
i:;~.~OJ scs l .;:.. 5:3 3 ,284 
130,,:;u;l 9~ '.:, ~ ~! ~ 5:'; 3. 32 7 u1 ,r.·;, (•" 1 l.4J ,)J ~). -~ i)Q 

,._ 
1.:i:..~1.:;.c 957 14( 50 J.>n 15L,0GJ '172 i.:, 5 57 J, ll96 
.!.5~1, ouo 9S9 L4 8 58 J,BOO 
166,C~O : , O~l4 l so 59 },902 
l i-+ • .,..._," : . v: l J_ :J j w t~ ,OC6 

__ 12:.~.c..:~2 ~ ~~L---~- ____ i.)1' '1i. '· "09 

Vl SOt:8.Ct:: D.;.t.,1. dro.i,.·n f'r."'71 \..:.S::.~l v;:~~r·;:.{ :~1g ::Jtilti::;t Les p~·~\·ided .lfH~i.:ally ~/' t)CE .111..: • 
T~c Dry E )~: _ _s:~rri.o>r R'-"-'.lstc;-r - l~75-, co:n;>il~d .;.nd p:.ibli.s.hed Oy i-!. Cl..1r..:.s._ 

' 
_._CompL•:..::·:J b.,s~d on r..:!:;r..:!s.:;ion equ.,c ion: :..:~G "" 313. 9 + ~. 69!. (squ.u. re roo c 

0 
f d .w. t. 

1
• 

3
comp.ioc:.e.:!. ba.:>t!cl. 0.01 th~ :::\:;ill'-'W.'i.l"!,F; cqL.Wt!.J;,"'\; d.i..:·.t. (.96 X 1.12). 

4
Tbie 1 ,J.r.:H•ary .1971 prices e~(e-ctivi::: to l Gc::.CJber 1978, us at.;.thorizcd by OCE. 

P;',ylo.:i.d 
) Average Po;:t Hourly O?erating Coszs 

C;:.p.:i.{· i ty Speed Time 1978 Price Levels 
(~bar t tons} (knot.s) (hours) At Sea In Pore 

16. 1.18 15 101 $ 364 $ 282 
18,278 15 101 378 292 
21, :io.'.i 15 10:? 401 309 
2.:.. 7 )0 15 l OJ 427 327 
27 '9'i) 15 ]'J4 455 345 
J: ' : 81 15 105 48) )63 
34 .~·06 15 106 509 379 
38,707 15 107 540 399 
41'9 33 15 108 558 411 
0:.fi,234 15 109 577 421, 
50' 5J4 15 110 594 436 
s.:. '910 15 1.12 619 451 
60,211 15 113 645 465 
6.5 .S.87 15 114 667 483 
69. 988 15 116 700 495 
7 5. 201 .. 15 117 721 507 
80' ()40 15 118 73.8 518 
E .~ ,.:;;, 1 l 5 120 7&0 523 
'.J:.:'.,.:.t-ir' 15 122 783 549 
9.'1, SlS 15 12"4 a1t~ 572 

lCS,371) 15 125 845 59!.i 
111,821 15 127 873 614 
118,272 15 129' 898 631 
1,5,798 15 lll 92J 648 
1'.\2 ,250 15 lll 942 661 
139, 77( !5 135 ~02 673 
1l.; '.302 iS 1)7 980 685 
'~.', '8/1 15 139 998 696 

1.5 141 1,015 706 
15 1"3 1,109 753 
15 11, 5 .l ,142 758 
15 148 1,18] 765 
15 150 1.219 783 

l ( .,_1 enalysis on data extracted from ., . :-t.'.! • I Loildon 1 England~ 



150. Due to the absence of an obligated vessel fleet in Mobile Harbor, 

a range in vessel sizes was utilized in the determination of benefits 

for ench considered channel depth. The minimum size for dry-bulk carriers 

used in the cost computation is hased on the minimum size of vessels 

presentlv servicing the harbor. The maximum size is based on the largest 

vePsel that can use a particular channel depth light-loaded by 5 feet with 

a bnttom clearance of 4 feet. The resulting range for each channel depth 

was weighted according to the availability of each vessel size in the 

world fleet. Weighting of the fleet for costing purposes consists of 

determining thP total carrying capability in each vessel size (number of 

vessels in d.w.t. size X payload capacity of the vessel). SiPCe the 

exact size of vessel to be utilized in the differ~nt movements is based 

totally on the availability at time of need, the weighting process was 

C'Onsidered nef'essary for determinati0n of unit transportation f'Osts i:ind 

savingt-:. 

or d istnnC'e a ve~S!:'] is operating at sea with cargo aboard. In order to 

assign the operating c(1nditi0ns to a factur for application in adjusting 

unit rost"5 and savings, the tim(> or dist;':lnce a vessel operates at sea 

1oaded and empty is i·onverted to a percentage of time a vessel is operating 

\.tith rargo aboard. 

152. A ra:nvass was made tc; interview lccal steamship a~ent~ dnd chflrter 

brokers at Mobile and other locations for the purpose of obtaining infor­

mation on vessels' activity al'S: it pc1·tai:~s to their ability in obtaining 

cargo for the various shipping tr!ldes. It was revealed that utilization 

rates for vessels have a wide variation depending on numerous conditions 

that affect the shipowner's ability to secure cargo for their vessels. 

They vary by type of charter, number of competing vessels available in the 

world fleet, availability of cargo at ports-of-c~ll, shipowners' method 

Appe:-tdix 5 
F-94 

• 

• 



• 

...•. -. 

' 

of operation, type of cargo being handled, and trade routes the shipowners 

select for their operatioo. Becau"e of the variations in the world 

shipping and trade business that affect shipowners' ability to secure 

cargo for their vessels, it is Jifficult to establish a pattern of vessel 

utilization for a particular commodity movement in a given time frame. 

153, Shipping interests furnished judgment estimates on the utilization 

of vessels that would call at Mobile applicable to rhose hauling tulk 

cargu, such as, grain, coal, iron ore and crude oil. The following 

information in table f-37 was given. 

Source Iron Ore 

(Tipolc) 

Strnchon Shipp-
ing Co. -NoLilc 50 

· Nortor1 Lilly & Co. 
Inc,, -Mobile 

FilJnttc Gt.:!in & 
Co. - Nobile 

Bulk Shippi.ng 
Inc. - HnLi le 

Hansen & 'iicl(:on.:i.n 1 

Inc. -Hooile 90 

Sti.c.glcr Shipping 
Co. - f:ohi le 85 

Page and Jones, 
Inc~ - Hobili:> 75 

Rodriquez & Son~ 
.... Net-1 YDrk 65 

J ~ JI. \Jinch~s ter 
& Co. i. ~New- Yor!-<. N/A 

Typic.o.l ~.Jessel 

Utilizat.ion 

TABLE F-37 

VESSJ;L U'rILIZATION RJ\TES 

Iron Ore 

(TC{) 

50 

50 

(Percent) 
Coal 

(To Japaro) 

80 

80 

83 

74 

Coal 
All otbcr 
(Coun rries) 

50 

80 

63 

Coal Gr<>.in 

(Import) (Export) 

80 

80 80 

67 63 

90 

85 

75 

50 

Fnctor 75 50 80 65 75 

---------N/A D~ta-;~t;_v~ii;;J,1.;- ~~-;;~-;,ld- ;,~tb~--~ei;;o;~d": ·------ --- --
75 

Appendix 5 
F- 'l5 



l.S4. 
A more realistic method for obtaining data relative to determining an 

average utilization rate for vessels calling at Mobile would be to randomly 

hoard vessels docked at terminals in Mobile Harbor and examine their log re­

cords. A total of 15 vesaels were boarded at Mobile during March anc April of 

1977. Of the: l'>.ships bn;irdt'd, H mi:ldr.:· tht-•ir J1,g_S av:·iiL:ihlt.· fur l'X:-1minatiu11. 

llnt.-J nhtn'inf."d from these logs includt;!: name of vessf.:'l. type of charter, 

dnte of depnrturl' and arrival .lt next p•irt-of-call for ea~h voyage during 

<:.t nne- cir twn-year time frame. name of cargo or empty between each port­

of-r·all, origin/destination of each trip, und ve~sel travel tir.ie or 

di~tanee between each port. 

1)5. The dry-bulk carrier~ that were examined ranged in size from 22,000 

to 114,000 d.w.t. One ve~sel operated under a voyage rhartf'r, t• o 

op~rtlted under a combined time and voyage rharter, and five operated 

under a time• charter. Thes" vessels r.auled a variety cif cargo during 

th.f.~ cours .. J of a year or morf:'. The major commodities hauled were: grain, 

C'Oal, iron ore, bauxite, and alumina. It was found that utilization of 

vessels rangc>d f ram 50 to 71 percent, with an average utilization rate 

of 60 perceut. Th0re was no definite basis for the differen,·e in 

utilization ratell. 

156. A utilization rate of 60 percent was applied to all traffic except 

iron 1;1re delivered to the TCJ terminal at Mobile. A 50 percent utiliza­

tion rate was applied to the latter commodity. Dry-bulk carriers 

hauling iron ore to the TCJ terminal at Mobile usually operate on a time 

charter due to the relatively short haul and the need for an accurate 

schedule of delivery required by U.S. Steel. 

157. Sensitivity of Ve1&ela' Utilization Rate. A comparative 

benefit analysis wu made on the mov.ements of iron ore shipped from 

Puerto Ordaz, Venezuela; Port Cartier, .Quebec; and Tubarao, Brazil 

to the TCI terminal at Mobile. The results of this analysis reveal 

the rate of. reduction in behefi ts by the use of a ,-easel 

Aj)pP.nd.l>i; 5 
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utiliz~tion rate over 50 percent. f 1e. its were computed tn refle~t a 

SO. 60, 70, 80 and 100 percent vesst-1 -tilii.atinn rate. A cnmprtrisnn 

of the benefits, u~ing the vessel utilization rates shown above~ indit·at~s 

that a reduction in benefits of 8, 16, 25, and 41 percent wPuld be 

realized by the use of a 60, 70, 80, and 100 percent utilization rate, 

respectively. when compared tu the benefits for a 50 percent utilization 

rate. Benefits for varying channel depths adjusted by use of the various 

vessel utilization rates are shown in table F-38. 

158. Unit Transportation Costs. The cost-per-ton 1<as determined for 

each size bulk carrier presented in table F-39- This involved the 

costing of the vessels fully-loaded and light-loaded up to 5 feet in 1-

foot increments, dependent on the draft restrictions of the various con­

sidered channel depths. The 5-foot limit of light-loading is based on 

the fact that deep-draft vessels cannot economically operate when light­

loaded beyond 5 feet. In a recent sampling of foreign flag dry-bulk 

carrier records 1 it was determined that these ·..,,essels are utilized, i.e., 

carrying cargo, 60 percent of the time. To reflect this in the unit cost 

computation for bulk <·ar~iers, a utilization factor of .60 1<as applied to 

the one-1<ay distance, with the single e>cception of iron ore movements 

into the TCI terminal. The bulk carriers moving these iro< ore shipments 

will return empty to point of origin thus yielding a utilization factor 

0 f . 50. 

159. The following sample sho1<s the computation used to determine the 

cost-per-ton of cargo transported in 3 56,000 d.w.t. dry-bulk carri~r 

of foreign registry. Since it is assumed that dry-bulk carriers will 

have a 60 percent utilization rate, the distance of ha·ul is increased 

by 40 percent for costing purpose>'. The cost-per ton or unit trnnspon a­

t ion costs were derived by dividing the total operating costs by the 

maximum volume of cargo which can be moved by that size vessel with 

varying channel depths. 
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TABLE F-38 

A COMPARATIVE ANALYSTS lJF BENEFITS FOR IRON ORE (TCI) BY USE OF VESSELS' 

UTTLlZATTON RATES ldTH 1\ RANl:E BETWEEN 50 TO 100 PRECENT
1 

Percentage 
Vessel Reduction 

1Jti1izati,~n H;lt(~ in Benefir~ 45' ______ s_o_'__ _____ s_~·------- &o_• __ _ 

1 

2 

---- .. - ... -... - ,_ - - -- ---------- ----- -------· --- -·· - - --~- - . -

Average Annual Benefits ($000) 
(l Octnber 1978 price5) 

-- ---·--- ---- ---
sm; $2,2822 $3,369

2 
$3,641

2 
$3,811

2 

!lO'l w-,,. 2,095 3,092 3. 340 3 '495 

70% 16/ l, 908 2,817 3,040 3 .180 

RO~~ 25? 1,721 2,540 2 '740 2,864 

100% 41 "' 1.3482 
1,988

2 
2' 139

2 
2.233 2 

These are not the benefits as shoi;,rn in the report, but were C'omputed for 
comparative purpose~ only. 

BenefitR actuJlly computed, other benefits were interp0lated by use of 
a formula: 

Y • ~ x (Benefit 
50 50~ 

- Benefit 
100

.) +Benefit • 
% 100%, 

where X = (100% utilization - desired% of utilization). 

Example: X = 70, benefit SO%= $2,282, benefit lOO% = $1,348. 

Sol'ltion: 100% - 70% 7 50% x (2,282 - 1,348) + 1,348 = $1.908. 
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TABLE f-39 

CARRYING CAPABILITY OF EACH SIZE CLASS OF wORUl FLEET llRY-BlJLK CARRIERS 
EXPECTED TO LISE MOBILE HARBOR FOR MOVEMENTS OF !R(IN ORE ANl1 COAL 

(Foreign Flag Registry) 

Vessel Size 1 Number of uessels Carrying 2 Z 
__ (d . w ·~:L. ___ _l'..ax_l::_a_d __ Capa_c_i._t_y ____ !o._fl_S iz~la~s_ ______ Si'l'_a_b i !.~L----~-apa_b_i_l!_!J_ 

15,000 
17,000 
20,000 
23,000 
26,000 
29,000 
32,000 
36,000 
39,000 
4 3, 000 
47,000 
52,000 
56,000 
61. 000 
65,000 
70,000 
75 '000 
81,000 
86 '000 
92,000 
98,000 

104 ,000 
110,000 
117 ,000 
123,000 
130,000 
137,000 
144,000 
151,000 
159,000 
166,000 
174,000 
182,000 

16. J 28 
18,278 
21,504 
24. 730 
2 7. 955 
31, 181 
34. 406 
18,707 
41,933 
46. 234 
50,534 
55,910 
60, 211 
65. 58 7 
69,888 
75,264 
80. 64 0 
8 7. 091 
92 ,467 
98,918 

105,370 
111,821 
118' 27 2 
125,798 
132' 250 
139,776 
~47. 302 
154,829 
162,355 
1.70,957 
178,483 
187,085 
195,686 

194 
177 
222 
245 
282 
300 
334 
247 
151 
105 

90 
83 
89 
92 
86 
BO 
62 
40 
29 
30 
31 
31 
31 
28 
25 
24 
22 
20 
21 
19 
15 
LO 
3 

TOTALS 

1oeveloped by the equation: d.w.t. x (.96 x 1.12). 

3,128,832 
3,235,277 
4. 773,888 
6,058,752 
7,883,366 
9,541,325 

ll ,491, 737 
9,560,678 
6,331,853 
4,854,528 
4 ,548,096 
4 ,640, 563 
5,358,797 
6,034,022 
6. 010' 368 
6,021,120 
4,999,680 
3,483,648 
2. 681, 549 
2,967,552 
3,266,458 
3,466,445 
3,666,432 
3,522, 355 
3,306,240 
3,354,624 
3,240,653 
3,096,576 
3,409,459 
3,248,179 
2,667,248 
l ,870,848 

587 ,059 

152,308,207 

2.05 
2. 12 
3 .13 
3.98 
5 - 17 
6.26 
7.55 
6.28 
4. 16 
J. 19 
2.99 
1.05 
1.52 
3.96 
1.95 
3.95 
3.28 
2.29 
l. 76 
l.95 
2. 14 
2.23 
2. 41 
2.31 
2.17 
2. 21 
2.: 1 
2.01 
2.24 
2. 13 
l. 75 
l . 2 3 
0.39 

too. oo 

2carrying rapabllity • (Payload capacity of a vessul) x (number uf vess~l~ in 
the size ~lass). 

*The number of vessc.•1.s represent thos(;~ 15 yc:><1rs old iln.d undt•r, plus th(l!'iil' 

under 1onstructi-on nr on ordt~r ~18 of l January lY77. 
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SAMPLE COMPUTATION 

Oeadweight Tons: 56,000 

Maximum Draft: 41 feH 

Payload Capacity: 60,211 tons 

ltnmerSif'n Factor: 2 ,048 tons per foot 

Costs,,-per-.hour: $645 at sea, $465 in port 

One-'loia)' distance: 5684 nautical miles 

Adjusted dJstance: 5684 divided by .60 = 9,473 nautical miles 

Time at sea: 9,473 nautical miles divided by 15 knots = 6~2 hnurs 

Time in port (origin an<l d.,stination): 113 hours 

Cost per adjusted distance: $645 X 632 hours+ $465 X 113 hours = $460,185 

Cost-per-'ton light-loaded to 36 feet for a 40-foot channel: $460,185 divided 
by (60,Zll - 2,048 X 5) = $9.21 

C6~t-per-ton fully-loaded to 41 feet for a 45-foot channel: $460,185 divided 
by 60,211 = $7.64. 

160. In order to derive t.1e weighted unit costs, the carrying capability 

was determined for each d.w.t. size vessel expected to use l'lobile Harbor, 

ranging in size from 15,000 to 182,000 d.w.t. for drv-bulk carriers. 

The carrying capability represents the total amount of tonnage that can 

be hauled in each vessel for vessels in the. selected fleet. Table 9-39 

records the carrving capabilUy of world fleet dry-bulk carriers which 

were considered in the analyses of the studied depths. w--,ighted unit 

costs were derived for each depth: i.e., 40, 45, 50, 55 and 60 feet, by 

multiplying the percentage of each vessel's carrying capabilitv tines the 

unit transportation costs of each size vessel and summing the products. 

161. To expedite the·· computation of weighted average unit costs, a 

computer model was devised. An examplE: computer printout of the sub­

routines and the resulting answers are shown in attachment 9-1. This 

exhibit covers iron o<e to TCI terminal at Mobile from the following 

origins·: I'ue-rto Ordaz, Venz,, Port Cartier, Quebec; and Vi tori a 

(Tubarao) Brazil. 
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162. The computer model also produces the annual tonnage an<l benefits 

for each year during the project life. From the annual henefits, an 

average annual equivalent benefit is produced for each movement of commerce. 

163. On merchant ships routed through the Panama Canal, a charge of $1.29 

pier Panama Canal ton for loaded vessels and $1.0~ ver Panama Canal ton for 

those vessels moving through in ballast (empty). These figures were 

adjustea to reflect a cost per deadweight ton {d.w.t.) giving a cost of 

$0.64 per d.w.t. loaded and $0.51 per d.w.t. empty. These costs were 

further adjusted to reflect a round-trip vessel cost for transiting the 

Panama Canal, with a vessel utilizarion (loaded vs empty) fact«'L of 60 

percent. The following formula waR used to arrive at the weighted cost 

per round-trip of $1.13 per d.w.t. 

Cost for the vessel transit-loaded $0 .64 d.w. t. 

Cost for the vessel transit-empty $0.51 d.w.t, 

Round-trip costs: 

100% vessel utilization (loaded 100% of trips) 

$0.64 + $0.64 = $1.23 per d.w.t. 

50% vessel utilization (loaded SO/; of trips) 

$0.64(loaded) + $0.51 (empty) = $1.15 per d.w.t. 

Costs interpolated for a 60% utilization factor bv use o[ a formula: 

y = x ·50 x (R/T cost 50% - R/T costs 100%} + R/T costs 
50

% 

where x = (50% utilization - desired % utilization) 

x = 60, R/T cost SO%= $1.15, R/T cost lOO% = SJ.28 

60% - 50% ~ 50% x ($1.28 - $1.15) + $1.15 = $1.18 per d.w.t. 

164. Records on ship characteristics and toll charges for each vessel that 

transited the Panama Canal during a period from I l>fay 1978 to. 31 l'.ay 1979 

was obtained from the Panama Canal Company. These records revealed that 

the toll charge is $1.29 per P.C. ton (loaded) and $1.03 per P.C. ton (empty). 

The weighted average . >,arge pt:!r d.w.t. for dry bulk carriers was determined 

by dividing the total to.11 charges for these vessels that transit:ed the 
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Panama Canal during this time period l>y the total d.w.t. of thesr v?sseis. 

The weighted average for the Panama Canal toll charges of Sl.18 per d.w.t. 

were included in the total operating costs of dry bulk carriers in 

determining the unit (per ton) costs for a fleet of ships haulin", iron ore 

from Australia and coal to Japan under the pr.,sent channel ronditk·n a: 

Mobile. 

UNIT SAVINGS 

165. 3enera1. Unit savings are measured by the differenct:. .. ii: rer-t1TO: 

costs for a fleet nf vessels that ca.n op-et ate o·n the exist in•·. :.;1 ~-•1"'f't :::;1iD 

channel and the costs for a f1eet of ve-sscels that can c•per~~tc ;,•i:h in~-rt.~~1ged 

channel depths ranging from 41 to 60 fe-et. Savfn~s are rt.~p .. ~~ t \~.! , .·1 .. -h,n1nF l 

depths oi 45, SC, 55, and 60 feet only, a" these are th<'•"'" :,·«t'· tfq: 

are being considered in the benefit /<·ost analysis. 

vessel operating costs effective as of 1 l1f'tnber i"l7~-

sav:tngs, are: channt~l depths at foreign ports, v,pss.1.•l nl i E ic'.: .• t i,1n r-.1t .. ·~ 

traffic th;tt .can b? rout pd b.,,. mo t"e than n!H.-" t(IUte,. S-~.n."h ;1~.. ~ hr-.•'!.~'i-:,h t h-e 

Partn .• --na Canal or via the Cape of Good Hope~ South t\frica. distan{~e of haul~ 

and size of vessel fleiet. 

167. Thete is a greater variation ln V£0.~sel opt"ra!:ing co.sts 0n iron. nrc 

moving fro1n AllSt.talia via the ?;:narr:a San..Jl v.e.rstlS TC~ting ;1ro!~n,-t th(: Cape 

o·f. Good H'ope than f!'."r tht1se co,sts associated ;rith r·oal exports ily th~ sante 

r.v!ltings to .Japan and other Far East countries. 'This is mainly due to the 

difference in miles of han1 by the two routes from different ori!'ins/ 

.destinations. A comparison of costs bv th<: altern;it:lve routings is shown 

in table l'-40. 
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• TABLE F-40 

COMPARISON OF PER-TON TRANSPORTATION COSTS ON IRON ORE MD COAL ROUTED 

THPOllGH THE PANA.'1A CANA!., VERSUS COSTS FOR VESS":LS ROUTED l\ROum THE CAPE 
OF GOOD f:OPE 

55-foot ..: h<..nne l --------·-·----- -·----------------------~~-----·--·~ ---------·--------- -------------

Item 

Iron Ore 

Australia to Mobile 

Cost Differential 

17. 9}4 

l 
Canal 

' Costs" 

S20. 75 

S 6.S7 

Difference in distance - 2,086 nautical mi ies 

Coa 1 

Mobile to Japan 

Cost Differential 

Difference in distance 

15,499 S17~6; 

10~427 nautical ~!les 

:~a_C,pe ~t t;o~ tlopez 
ch les Co!lts 

20,0JO s12.1:1 

1 Vessel fleet size lS.-56,000 d.w.t. for iron ore and 20-)6,000 d.w L f;)r 
coal. 

7 
-vt-~el fleet size 61-110,000 d.w.t. 
3Adjustcd to reflect a 60 percent 11essel utilization rat;,. 

4 - h Costs include Panama Canal toll c. arges. 
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T_ro!'_EJr".. llnit savings on importE>d iron ore vary with each movE>ment 

to fhP extent that: mile~ ,,f haul arP diffE>r<"nr: different utiliza-

ratt>S 'f.or Vt'"SSPls: ~~nd alternative rnuting availahle wht'n shippe\J 

Far East countries. On iron ore for th•· TCl terminal dt tlobil<', rhe 

n.re: Puerto llrdaz~ V~nz.: Port ('.artier. Queher; and 1'uharao. 

c;.•ic.:.:.· ..... -.. ~raz:il. Tht• unit savinµ.s for thes(' movemt;>nts art- shown .in ta.ble F-41 • 

. 169. lnm ore moving ~Lroc;gh the Alabama State llocks bulk handling plant 

(Tipple) originates cit i'u.:t Cartier, Ouehec; Point Ubu, BrazU; <11d 

D[rmpier. Australia. Unit savings on iron ore frurn Port Cartier and 

Point Ubu a.re shown in table F-42. Unit saving!' on iron ore from D<impier, 

Australia are riven in table r-43. 

170. CoaJ..J!!'EE.~· linH savings on coal imports range from $1.03 per 

ton for a -45-foot channel to $2.43 per ton for a 60-foot channel. This 

t~o'al oriA.inatin~ at Richards Bay, South Africa, as no restrictions 

assessed against the unit savings other than the 60 percent vessel utili­

;:ation rate. Because of its geographical location and 62-foot channel 

der,tl:, there is no alternative routing and the <hannel depth i~ greater 

tilltn those under study f0r Mobile Harbor. The unit savings that ran be 

realized by greater ch:rnnel dimensions at Mobile give'l at 5-foot increments 

.are shown in table F-44. 

Appendix 5 
f,-'104 

• 

• 



TABLE F-"'41 

UNIT SAVING ON IRON ORE DESTINED TO TCI TERMINAL AT MOBILE
1 

Channel 

Depths 

Puerto Ordaz, Venezuela 

" Cost (per ton) Savings 

Port Cartier, Quebec 

" Cost (per ten) :5avings 

1 

40 

45 

50 

55 

60 

$5.66 

5.11 

4.86 

4.86 

4.86 

$0.55 

0.80
3 

0. 803 

3 
0.80 

$6.56 

5.92 $0.64 

5.56 1.00 

5 .26 1.30 

5.10 1.46 
4 

Unit savings reflect a 50 percent vessel utilization rate. 

Costs ca;l.:::ulated by use of a computer model. 

Savings restricted to a 49-foot channel depth due to ::he 45-foot channel 
. Ordaz, Venezuela • 

Savings restricted to a 58-foot channel depth due to the 54-foot channel 
Cartie~, Quebec. 

T:.ibarao, Brazil 
2 

Cost (oer ten) Savings 

$11.04 

9.96 $1.08 

9.35 1. 65' 

8.83 2.21 

8.49 2.55 
~- -

depth available at Puerto 

depth available at Port 
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TABLE F-42 

Unit savir.gs on iron ore d~stfo.ed to the A1aba.'1'a State Docks "!ripple" at Mcbile, 

e:Kcept from D:a:,;pier > Austrailia. ~ 

Er.om 

Channel 
Depths 

1 

2 

40 

45 

50 

55 

60 

$5.57 

5.12 

4.81 

4.55 

4.41 

$0 •. 'iS 

0.86 

1.12 
~ 

1. 26" 

Unit savings reflect a 60 percent vessel utilization rate. 

Costs .calculated by use of a computer ~odel. 

$9.40 

8.48 $0.92 

7.97 l.';4 

7.52 1. :SS 

7.23 2.17 

Savings restricted to a 58-foot channel depth tlue to the 54-foot channel depth available at 
Port Cartier, Quebec. 



TABLE F-43 

UNIT SAVU.GS ON IRON ORE IMPORTED FROM DAl'PIF.R AUSTRALIA 

~~~--~~V~essel 
Via Panama C1mai 
with a vessel 

C:;sts per ton 

Channel 
Depths 

fleet r~nge: 1 
15,000-56,o~o d.w.t. 

Via Cape of Good Hope 
with a vessel fleet 

range: 61,00021s2,ooo 
d.w.t. 

Unit 
Savings 
(per ton) 

1 

2 

40 

41 

42 

43 

44 

45 

46 

~7 

48 

49 

50 

55 

60 

$20. 75 

20. 75 

20.75 

20. 75 

20.75 

20. 75 

20.75 

20.75 

20.75 

20. 75 

20.75 

20.75 

20. 75 

$ 

17.24 

16. 74 

16 .13 

15.50 

14.91 

14. 38 

13.98 

13. 6f\ 

13.40 

13.18 

12. 18 

11 .58 

$ -

3.51 

4.01 

4 .62 

5.25 

5.84 

f\.17 

n. 77 

1 .oq 
7.35 

7.57 

8.57 

8.57 1 

Vessel fleet bize restricted by the 41-foot depth of the Panama Cana1. 

Costs include Panama Canal toll charge£. 

Costs based on unrestricted vessel operation except channel depths ;it 

Nobile. 

3 
Savings are restricted to a 55' channel depth at Mchile due to the 51' 

channel depth available at Dampier, Australia. 
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TABLE F-41, 

llNIT SAVTN\,S ON COAL IMPORTS FROM RIC~ARDS RAY, SOUTH AF'RTCA I 

-------------- ·--- - -- - ·-- ---- ----·-··-------··~- ---·- -·---- ---·-·- --· - ·-·----- -- . -····-- - ··---- ---~--

Channel Depths 

40 

45 

so 
55 

60 

Costs (per ton) 2 

$10.43 

9.40 

8.82 

8.3J 

8.00 

Unit Savings 

$1. 03 

1. h l 

2 .10 

2.43 

1----- --------------------- ·-- -------- --·-------------- -------
Costs were calculated by computer model. 

2 
Costs based on a fleet of dry-bulk carriers ranging in ~ize from 15,000 
to 182,000 d.w.t. with limitations for each channel depth. 

171. Coal Expor~. Two m<'thods for calculating unit savings on coal 

exports from Mobile were used in this analysis. On cool destined to Japan, 

the ;owest cost alternative routing, with a 40-foot channel available at 

Mnbile, would be via the Panama Canal. The vessel operating cost hy this 

route, using a fleet of dry-bulk carriers ran~ing from 20,000 tn 56,000 

<l.w.t., !.s $17.67 per short ton, which includes the Panama Canal toll 

charges. On a vessel fleet moving via Cape of Good ~ope. the operating 

costs will1 greater channel depths available at Mobile rang<· · rnm S22.03 per 

ton with a 41-foot channel available to $14.78 per ton with a 60-fnot channel 

dVailable. No benefits ran be realized by deepening for depths between 40 

and 47 feet. The unit savir.gs ranpe from $0. 22 per ton for 48-foot channel 

to $2.89 per ton for a 60-font channel. More detailed figures on unit 

costs and savings for coal exports to Japan are shown in table F-45. 
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TABLE F-45 

UNIT SAVINGS ON COAL EXPORTS TO JAPAN 1 

Vessel Operating Cost (per ton) 2 

~·---~-,··-~--~-.,-1-a-Tm-e-t--=-=~=cc.-"'--,---------------------------------

•• 

Depths 
3 4 

(ft) Via Panama Canal 

40 $17.67 

41 17.67 

42 17.67 

43 17.67 

44 17.67 

45 17.67 

46 17.67 

47 17.67 

48 17.67 

49 17.67 

50 17.67 

55 17.67 

60 17.67 

Via Cape of 

$ 

22.03 

21.42 

20. 61 

19.81 

19.06 

18.37 

17.86 

17. 45 

17.12 

16.84 

15.55 

14.78 

Good Hope Unit Savings 

$ -

0.22 

0.55 

0.83 

2.12 

2.8q 

1Th . . 1 e pr1nc1pa ports are: Tabuta, Tokyo, Ohita, Kimitsu and Fukuyamo. 

2 

3 

4 

Costs were calculated by computer model. 

Costs for a fleet of dry-bulk carriers 20-56,000 d.w.t. restricter by the 

depth of the Panama Canal and 40-foot channel at Mobile. Costs include 

the Panama Canal toll charges. 

Costs for a fleet of dry-bulk carriers 61-182,000 d.w.t. with channel 

depth at Mobile the only restrictions in vessel operation • 
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172. The other method of determining unit savings on coal exports to 

c01mtries other than t0 Japan is by use '1f the computer model that f(ives 

the c1•sts per-ton for a designated fleet of vessels for each channel deprh 

under study Unit savings on coal exports to the three regions other 

than Japan are given i.n table 1'-116. 

TABLE F-46 

UNIT SAVINGS ON COAL EXPORTS DESTINED TO COUNTRIES OTHER THAN JAPAN 

---- -------- -- ------ ----------------- ------------------------
To 

--------~·--- --

Italy 
l 

England/Europe 
2 

E. Coast of So. flmer ica 
Channel 

4 4 4 
Depth Costs Unit Costs Unit Costs Unit 
_if_t_L _. _ (Per _ _t .Q!lL_ Savings (Per ~on) Savings (Per ton) s~v i "gs 

40 Sl0.57 s $8.98 $ $6.28 $ 

45 9.53 1. 04 8.10 0.88 5.66 0.62 

50 il. 94 1. 61 7.60 1.38 5.32 0.96 

55 8.53 5 2. 04 
5 

; - 17 l.81 5.03 1. 25 

60 8.53 5 2. OLi. S 6.90 2.08 4 .83 1.45 

1
The principal pot(S in this area are: Taranto, Genoa and \/enice, Italy; and 
Iskenderun, Turkey. Tonnage to Alexandria, Egypt was eliminated. 

2The principal ports in this area are: Newport Engl.and; Cardiff and Port 
Talbot, Wales; Clasguw, Scotland; and Antw~rp, Belgium; Bunkerque, France; 
Goteborg, S~eden; and Kristiansand, Nvrway. 

3
the principal ports in this area are: Vitoria a11d Rio de Ja~eiro~ Brazil. 

4
costs were calculated by l1Se of a cli~puter mo<lel. 

5
costs and benefits are restricted to a Sti-foot channel at Mobile due to 
the limited depths at ports in the Italy region. 
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173. Summary of 1975 Benefits. A summary of total initial-year (1975) 

transportation benefits that would have been rt£lized from the considered 

improvements at Mobile Harbor is presented in table F-47. 

TABLE F-4 7 

INITIAL-YEAR (1975) BENEFITS (THOUSAND DOLLARS} 

Commodity 45 
Channel Deeths (feet) 

50 55 60 

Iron Ore Imports (ASD Tipple} $1,480 $1,998 $2,340 $2,427 

Iron Ore Imports (TCI Terminal) l, 724 2,555 2,760 2.888 

Coal Imports (ASD Tipple) 382 597 780 900 

Coal Exports (McDuffie Island) 745 l, 7 32_ 2 '928 _1.2.!9 

Total Initial-Year .Benefits $4' 331 $6,882 $8,A09 $9 '7 34 

174. Unit Savings and Benefits for 1986. As previously stated, the 1975 

base traffic was extended to 1986 as a new base because additional commerce 

is e:cpected to be developed due to new coal contracts. Consequently, the 

unit savings and benefits for 1986 are established to show the savings that 

would be aeveloped by this date. Unit savings and benefits on each 

commodity movement for 1986 are presented in tables F-~8. F-49, and F-50 . 
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TAHU: F-48 

ANNUAL SAVMGS ON IRON ORR IMPORTS AT MOBILE FOR YEAR 1986 

ITEM 
_ Cha~Depth _(.f~_~t) 
45 50 55 60 ----·-----

FROM PUERTO ORDAZ, VENEZUELA l 

Tons (Thousands) 
Unit Savings 
Total Savings (Thousands) 

FROM PORT CARTIER, QUEBEC2 

Tons (Thousands) 
Unit Savings 
Total Savings (Thousands) 

FROM VITORIA (TUBARAO), BRAZIL l 

Tons (Thousands) 
Unit Savings 
Total S~vings (Thousands) 

3 7 
!ROM DAMPIER, AUSTRALIA 

Tons (Thousands} 
Un it Savings 
Total Savings (TI1ousand8) 

FROM POINT URU, BRAZIL 3 

Tons (Thousands} 
Unit Savings 
Total Savings (Thousands) 

2.594 
$0.55 

$1,429 

369 
$0.59 
$ 219 

337 
$1.08 
$ 365 

224 
$5.84 

$1,305 

232 
$0.92 
$ 214 

TOTAL SAVINGS FOR IRON ORE SJ,532 
Totals may not balance due to rounding 

2. 594 
$0.804 

$2. 070 

369 
$0.92 
$ 340 

337 
$1.69 
$ 569 

224 
$7.57 

$1, 692 

232 
$1.44 
$ 334 

55,005 

2,594, 
$0.80" 

$2. 070 

369 
$1. 20 
$ 444 

337 
$2.21 
$ 745 

224 
$8. 5 76 

$1,915 

232 
$1.88 
$ 437 

$5 ,611 

2,594, 
so.so" 

$2,070 

369_ 
$1. 34) 
$ 497 

337 
$2. 55 
$ 860 

224 
58.576 

$1,915 

232 
$2.17 
$ 504 

$5. 8l16 

1For iron ore unloaded at. Marine Bul~ Terminal (TCI) below 1-10 tunnels 
.destined to U.S. Steel at Birmingham. , 
~For iron ore currently being unloaded at Marine Bulk Terminal (TCI) and 

ASD "Tipple" destined to Jim W3lters Resource Corp. and U.S. Steel at 
Birmingham, AL and Republic Steel at Gadsden, AL. 

3
For iron ore currently being unloaded at ASD "Tipple" destined to Jim 
!~alters Resource Corp. at Birmingham, AL and Republic Steel at Gasdaen, /IL. 

4 
Savtngs restricted to a 49 1 channel. 

5 
Savings restricted to a 48' channel 

6 
Savings restricted to a 55' channel. 

7 
Savings reflect the Panama Canal tc: 11 charge assessed for the v<'ssel fleet 
operating under present channel conditions at Mobile. 
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TABU; 1'··•9 

ANNUAL SAVINGS ON COAL l ~P!·n.S AT MOBILE FOR YEAR 1986 

45 50 55 60 
-··-·-- ------------------------------------- -------

FROM: RlCHA_li_DS BAY, SOUTH~\F~ICA 

Tons (Thousands) 

Unit Savings 

Total Savings (Thousands) 

896 

$1.03 

$ 923 

896 

$1.61 

$1,441 

896 8% 

$2.10 $2.43 

$1,883 $2,175 
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TABLE F-50 

ANNUAL SAVINGS 01' COAL EXPORTS AT MOBILE FOR YEAR l 981j 

TO JAPAN 

Tons ( Thcusar.cJs) 

Unit Savi:lgs 

Total Savings \ThousaPds) 

TO ITALY 1 
---

To.1s (Thousands) 

Unit Savings 

Total Savingf; 

TO ENGLAND/EUROPE 

Tons (Th0usands) 

Unit Savings 

Total Savings (Thousands) 

CO EAST COA~T 0' SOUTH AMERICA 

Tons (Tho .. odnds) 

Unit Savings 

Total Savings (Thousands) 

TOTAL SAVINGS FOR COAL EXPORT 

----·---
Channel Derths (fe,2e-=-t.<...) __ 

47~5___ 50 '.15 60 

4, 77 4.177 

Non£ $0.83 

None $3,467 

3' 211 

SJ .04 

$3,352 

l, 070 

$0.88 

$ 947 

476 

$0.62 

$ 293 

3, 211 

$1.63 

$5' 214 

1,070 

$1. 38 

$1,,.79 

476 

$0.96 

$ 457 

4,177 4,177 

$2.12 $2.89 

$8,855 $12,072 

3,211 

$2.04 

$6, 544 

1,070 

$1.81 

$1, 932 

476 

$1.?5 

$ 591 

3,211 

$2.04 

$6,544 

1,070 

$2.08 

$2,230 

476 

Sl.45 

s 688 

$4,592 $10,637 $17,978 $21,514 

1
Benefits restricted to those for a 54' channel because of channel 
depths at foreign ports. 
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175. Su)!!ll3_r1..J?.f_~ri_i_!__ Sa_y_i.ngs __ fo: _ _1_~86 __T_!_af_fic.. Estimates of the t.rans­

porration benefit::; which would result from thP <"Onsidered improvement 

were developed by ,.,,mparin)!. the trnnsportati<>n <"osts bv use of " 40-fnot 

ch.anne1. 0 n ~hat comm.erce whkh would ben!!tit .from the deeper channels 

with .the transportation <'OStS tha.t are expected tu Ocl'Uf With the improve­

ments. The 5avin)!.S would result principally from economics of scale 

associated with the use of lar,.er, more efflcjent ships and im·reased 

lOadingi< of ships. A S<immary of average unit savings that would be 

realized in 1986, based on tot<..1 benefits divided by the total tonnage 

for ea<::h couimodity, is presented in table F-51. 

176. Summary o_f Total Navigation Benefits for ~- A summary of benefits 

developed by application of unit savings applied to the 1986 tonnag" on 

each commodity movement giving a composite of b<mefits is shown in table 

F-52. 

FUTURE AND AVERAGE ANNUAL EQUIVALENT BENEFITS 

1'77. Transportation Benefits. Projected tonnage, unit savings, and 

ben.efits for each 5-foot increment of depth are shown in. tables F-51 

thtc>ugh F-55. Average annual equivalent benefits are also shown on these 

tables and are based on the use of a 6 7/8 percent interest rate. 

178. Iron Ore Imports, Detail0d information on unit savings and benefits 

frr iron ore imrorts with average annual benefits for each movement is 

presented in table F-53. Uniform increase in iron ore imports is expected 

between 1995 and 2035 with no growtr. betweer. 2035 and 2044. The only 

constraints thut affect benefits a.re the channel depth at foreign ports. 

179. Coal_!.111£.'2!..!.S.· All coal imports ... -tll originate at Richards Bay, 

Soui:h Africa. No increase in tonnage is expected over the SO-year project 

life (1995-2044). Detailed information on benefits for <'oa l imp<lrts le 

presented in table F-54. 
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TABLE.t-51 

·. s•RY O"F l986 (X)MMERCE* AND AVERAGE IJNIT SAVINGS FOR ALTERNATIVE CHANNEL OEPTilS IN\'ESTIGATED 

throu5hJlulk Terminals above I'-10 Tunnels 

Irori Ote (:import) 

eoal (import:) 

1986 
Commerce 

(Thqusatids of Tons} 

656 

896 

c&nmerc~ through Bulk Tetminals in Mobile below I-10.Tunnels 

!ron Ore (import) 3,099 

8,934 Coal (export) 

*Inc:ludes only comme)'."ce that .would benefit from deeper channel. 

Savin~s/Ton 
45 50 55 

$2.48 

l.03 

$3.35 

1.61 

$0.61 $0.91 

0.961 1.19 

$3.93 

2.10 

$0. 98 

2.01 

1sased on tonnage and savings for traffic to 
to Japan wit:1 a 45.,-foot channel at "lobile. 

all destina.tions except Japan. No savings on traffic 
Tonnage excluding Japan is 4,757,000. 

1\0 

$4.07 

2.43 

$1.02 

2.41 

•• >.:. ' -·-,_---

-~L,·:~--. _,- :.·'--l'::;·.·-L_;=:>·~-



TABl.E F-52 

SUMMARY OF NAVIGATION BENEFITS FOR ALTERNATIVE CHANNEL DEPTHS INVESTIGATED FOR YEAR 1986 

. Type of Commodity 

CQiumt!rce through.bulk terminals in Mobile 
abo.ve .1•10 Tunnelsl 

Iron Ore (import) 

Coal ( irr.po rt ) 

Sub,-Total 

C<!)llllerce through bulk terminals in Mobile 
·,.below 1..,10 Tunnels 

Iron Ore (import) 

Coal (export) 

Suh-, Total 

Total Benefits for Mobile Channel Improvement 

Channel (DePth i.n Feet) 
45 50 55 

Sl,630,000 ~2,198,000 $2,577,000 

~3,000 l ,441.00()_ l ,883,000 

2,553,000 3,639,000 4,460,000 

$1,902,000 $2,807,000 $3,034,000 

4,592,000 10,637,000 17,928,000 

6,494,000 13,444,000 20,962,000 

$9,047,000 $17,083,000 $25,422,000
2 

.
1

This traffi<; will be diverted to terminals below I-clO.Tunnels. 

60 

$2. 671,000 

2,175,000 

4,846,000 

$3,175,000 

21, 534 ,000 

24,709,uOO 

$29,555,000 

2.·.·· .. ··. · .. · .... ' 
Ayerage annual costs for the recommended 55-foot channel are $22,028,000. The B/C ratio in 1986 is 1.15. 

• 



1'ABU: F-5l 

~NNUAL. tnN~AGE A.SO ftF:~a:;.-: ~~ ON t RON oltt tMPntt~ 

Annua.1 ---~-5 ------'~"· ---~''-'''-------"-""6"0'----Tonnagl;!' ___ S•"!.Y..!_'"!Ks_ 5,1v1m•.o; S:tvlngc; S;ntlftg9 _ 
YtAR (UOO) Unit fot.11(000) Unit Jvtal((JQO) Unit T<;t.11(000) UnJt Tot•l(OOU> 

19951 

2000 

2010 

2020 

2030 

20J5 

2,887 

3,087 

3,593 

4.140 

4, 729 

5, 162 

s.55 

.55 

.55 

.SS 

.55 

. 55 

2044 .~.162. . SS 

Avg·. Annual ~entflts 

. 1995.1 

2.1100 

2010 

2020 

2030 

2015 

2044 

410 

438 

511 

589 

672 

734 

734 

... 

.s. 

.59 

.59 

.59 

.59 

.59 

Avg. Annual. Brnt.fits 

19951 

2000 

2010 

2020 

20JO 

2035 

2044 

'1S 

401 

•61 
5-ll) ... 
670 

610 

i.oa 
} .08 

1.08 

1-08 

i.oe 
1.08 

1.08 

Avg. Attnual Benefits 

199,51 

2000 

·2010 

2020 
2030 

20.35 

2044 

259 

276 

)22 

371 

424 

462 

•62 

. 92 

.92 ,., 

.92 

.n 

.92 

.92 

Avg. A:\nual 8~nef1t~ 

19951 

2000 

201.0 

2020 

2030 

:20.35 

z~•• 

, .. 
261 

310 

357 

401 

41.r.5 

445 

S.84 

5.84 

5,$4 

5.84 
5.84 

S.84 

S.84 

Avg. Annual .Benefits 

Sl I !i91 

1, 701 

1.980 

2,281 

2,606 

2,844 

2, 844 

1, 9) l 

l(i) 

260 

302 ,.. 
398 

4:J6 

436 

296 

•06 
4)4 

505 

582 

665 

726 

726 

493 

238 

255 

297 

J42 

390 

426 

<26 

289 

l,45li 

1,553 

1,810 

2,085 

2,377 

2)511'9 

2 1 S99 

1,764 

1;!ri.t year of ptoJ~c:-t life. 

FROM: PUERTO ORDAZ, VE~z. 2 

s.eo s2,Jota s.eo. $2.101;. 

.80 2,463 .80 

.eo 2,061 .eo 

.80 

.80 

.80 

.80 

noH: 
.92 
.92 

.92 ... 

.92 

.92 

.92 

J,)04 

3,774 

4 .119 

4, 119 

1, 796 

.80 

.so 

.80 

.eo 

PORT CARTIEk, OU£aEc1 

J78 1.20 

405 1.20 

472 

54' 

620 

6i"1 

677 

460 

J.20 

1."lO 

1.20 

t.20 

1.20 

Z,867 

l,304 

1,774 

,,119 

4,119 

2.796 

494 

529 

615 

709 

810 

88) 

883 

600 

r'ROH: VtTORIA (i1.J8ARAO). BRAZIL 

1.69 6JJ 1.21 Si9 

1.69 677 2.21 886 

J.69 788 2.21 1.012 

J .69 

1.69 

1.69 

1.69 

908 

1,037 

1,1)2 

1,1)2 

769 

2. 21 

2.21 

2.21 

2.21 

FllOH: POINT USU, BRAlI~ 

1.44 

1.44 

1.44 

1.44 

1.44 

l.li4 

1.44 

F!!!IH: 
7.51 

7.57 

i.5? 

7.57 

1.s1 

7.~1 

1.s.1 

312 

J97 

462 

533 

609 

664 

66• 

451 

DAMPIER, 
1,8fl} 

2,014 

2,l47 

2 .102 

:l,081 

l,3~9 

),369 

2,287 

I .AB 

1.88 

1.88 

1.8$ 

1.86 

1.111! 

1.88 

AUSTRA.LlA4 

8.37 

8.57 

e.s1 
8.S7 

tLSi 

!f.57 

8.57 

1.l89 

1,358 

1,482 

1,482 

1.006 

... 
)19 

605 

691 ,.. 
869 ... 
590 

2,134 

2.280 

2.657 

J,059 

J,488 

],81% 

3,Slli 

2,S90 

$.80 

.80 

.80 

.80 

.80 

.80 

.80 

1.14 

1.14 

1.36 

1.34 

1.34 

1 .. 34 

1.34 

2.55 

2.55 

2.S5 

2.55 

2.55 

;.55 

2.SS 

2 .17 

2.11 

2.11 

2.17 

2.11 

2.17 

2.11 

8.57 

8.5? 

$.S7 

8.57 

8.51 

8.S7 

8.57 

2.f:ftli!ff~s .. are restrtC.tll!d to.a 49' i;:h.1flnel deoth because of the 45t chanriel depth 
•v•tl.·1~1~· :tt o1'1f'ln-

re·11t.tJcted ta a 35t ~hill.nnel depth because of the 51 1 t:hanntil depth 
•••011ai•1e " Ortgli\·. 

v,ary d:u• to. roundlnR• 

$2, )04 

Z,463 

2.86? 

],}04 

3,114 

4,119 

4,119 

2.196 

553 

591 

••• 
193 

9(15 

9•8 

988 

672 

957 

1,024 

1,19.i 

1,372 

1,568 

1,711 

1,711 

1,162 

561 

600 

••• 
805 

919 

1.003 

l,OOJ 

681 

2,134 

2~280 

2,6S7 

3,059 

l,488 

:J.914 

J,814 

2.no 

• 

• 



• TABLE F-54 

ANNUAL TONNAGE AND BENEFITS ON COAL IMPORTS 

Annual 45 
Tonnage Savings 

YEAR (000) Unit Total {000) 

19951 
896 $1.03 $923 

2000 896 1. 03 923 

2010 896 1.03 923 

2020 896 1.03 92 3 

2030 896 1. 03 923 

2035 896 1.03 923 

2044 896 1. 03 923 

Avg. Annual Benefits 923 

1 
First year of project life . 

• 

···--Channel Dej!ths (feetJ. ... 
:>O 1".1 

···- - ---6[) _____ ,, 
Savinss ____ ~a_v_ l .r 'l!.: ; __ - . ----- - ··------_ __ Sayings 

Unit Total (000) Un Lt .. :1!"" l _l_fJ(J_l)j Unit_ .J~<?..~.!!J. i_OOO) 

FROM: RICHARDS BAY 1 SO!l]~IJ __ A_FHJ f;JI 

$1.61 $1,441 $2. 10 

1.61 1,441 2. 1.0 

l. 61 1,441 2.10 

1. 61 1,441 2.10 

1.61 1,441 2 .10 

1.61 1,441 2.10 

1.61 1,441 2 .10. 

1,441 

$ l , HH"l $ L .Id 

l. 8H'J 2. 1. ';. 

l • 88) 2. 4 "j 

1,883 2. 4 'j 

1,883 2. 4 'J 

1,883 2. 4 'J 

1,883 2. 4 3 

1,883 
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TABLE F-55 
ANNUAJ, TONNAr.F. AN!l RF.NFFITS ON COAi. i'XPORTS 

19951 4,653 None 

2000 4,937 None 

2010 4, 937 None 

2020 4,9J7 None 

2030 4,937 NonC! 

2035 4,937 None 

2044 4,937 None 

Avg. Aununl l:cnefits 

19951 

2000 

2010 

2020 

2030 

2035 

2044 

3,577 

3,795 

3, 795 

j I 79) 

3,79S 

3,795 

3,795 

$1.04 
1.04 

J.04 

1.04 

1.04 

J.04 

1.04 

Avr,. Annual l\c>nC'fi ts 

2000 

2010 

2020 

2030 

203S 

2044 

] ~ 265 

1,26:. 

1,265 

1,265 

l,265 

1,265 

0.89 

0.99 

0.89 

0.89 

0.89 

0.89 

0.89 

Ava. Annual Rc~efits 

19951 

2000 

2010 

2020 

2030 

2035 

2041, 

530 

563 

563 

563 

563 

563 

563 

0.62 

0.62 

0.62 

0.62 

0.62 

0.62 

0.62 

Nonl." 

None 

None 

None 

Noni'.! 

None 

None 

None-

$3, 734 

3,962 

3,962 

3,962 

3, 962 

3,962 

3,962 

3,920 

l,055 

l ,119 

1,119 

l, l l9 

l, 119 

1, 119 

1,119 

1,108 

327 

347 

347 

347 

itlr~--;.a-.:-;-projcr:t lire.!. 

~T~O~; ~J=APAt,i 

$0.83 $3,862 

0.83 

0.83 

0.83 

0.83 

4,098 

4,098 

4,098 

4,098 

0.83 4,098 

0.83 4,098 

4,055 

TO ; ..!.!!\LY 
2 

1.6] 

l.63 

J.63 

l.63 

1.63 

l.63 

l.63 

5 ,831 

6,187 

6,187 

6,187 

6,187 

6,187 

6,187 

6,121 

$2.12 $ 9,865 

2.12 10,467 

2.12 10,467 

2.12 10,467 

2.12 10,467 

2 .12 10,467 

2.12 lr,467 

2.04 

2.04 

2.04 

2.04 

2.04 

2.04 

2.04 

10,356 

7,290 

7,735 

7,735 

7,735 

7. 735 

7,735 

7,735 

7,653 

TO: ENCLAND/EUR'!J'..f 

l. 38 1,647 

l.38 1,748 

1.38 l, 748 

l. 38 l, 748 

l. 38 I, 748 

1. 38 l '748 

1.38 l, 748 

1,729 

TO; EAST COASl' OF 

0.96 510 

o. 9~ 541 

0.96 541 

o. 96 541 

0.96 54] 

0.96 541 

0.96 541 

535 

l.81 2,153 

l.81 2,284 

1.81 2,284 

l.81 2,284 

l .81 2,284 

l.81 2,284 

l.81 2,284 

2,260 

!iOl~U!. MERICA 

1.25 665 

]. 25 705 

I. 25 705 

l. 25 705 

J .25 705 

l. 25 705 

J .25 705 

698 

$2.89 

2.89 

2.89 

2.89 

2.89 

2.89 

2.04 

2.04 

2 .04 

2.04 

2.04 

2.04 

2.08 

2.08 

, .08 

2.08 

2.08 

2.08 

2.08 

l.45 

l.45 

l.45 

1.45 

l.45 

$13,448 

14,269 

14,269 

14,269 

14,269 

14,269 

14 ,269 

14 ,118 

7,290 

1,735 

7, IJS 

7,735 

1 t 7)_5 

7. 735 

7 t 7 35 

7,653 

2,484 

2,636 

2,636 

2,636 

2,636 

2,636 

2,636 

2,608 

767 

814 

SU 

814 

814 

814 

814 

805 

2 
.. ciKifft·a nrv rC!iitrlct.l'd t.o 11 Si4' channc•l depth btociluse of lt1nf.tcd d'•pths at portR Jn r:he 
ltnly r~Jdf111 

J 
Tt1ta1 H.:tvln1~:; 111;1y l\t,t· i':uu:tly equal the prndutL of unit 11z1\'1nR:R times tunn:uic.· dtie t.1 
roundinr;. 
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• 
180. Coal Exports. No benefi~~ can be re•ilized by providing a 45-foot 

channel at Mobile on coal exports rn .I·"[ a". It ts more economica I to route 

the commerce through the Panama Canal i" "essels suitable for this waterway. 

Benefits on coal exports to Italy are restricted to a 54-foot channel 

project at Mobile due to limited depthq at these foreign ports. Detailed 

information on benefits for coal exports are presented in table F-55. 

181. Sununary of Transportatiori Benefits. Estimates of the future annual 

commerce and transportation savings for selected years throughout the 

economic life for the considered improvements are presented in table F-56. 

These estimated future annual savings were converted to average annual 

equivalent benefits using an interest rate of 6-7/8 percent over the 50-year 

project life. A summary of the average annual equivalent benefits 

attributable to the various considered channel depths is presented in table 

F-57. 

182. An analysis of navigation benefits is presented herein to tesi: the 

benefit/cost ratio for the first year (1995) after the project has b~en 

completed. The total navigation benefits that would occur, with the 

recommended 55-foot project: in place, is estimated to be $28,106,000. The 

annual charges are $22,028,000. fhis would give a BCR of 1.3. If the land 

enhancement benefits of $2,697,000 are added to the navigation benefits, a 

total benefit of $30,803,000 is realized. The BCR will change to 1.4. This 

demonstrates that the recollllllended project is justified at beginning of the 

project life. 

183. Land Enhancement Benefits. For a 55-foot level of development, it is 

proposed that 34,630,000 cubic yards of the new work material dredged from 

the upper bay channel be deposited inside the diked disposal area adjacent 

to Brookley. It is estimated that the 1047 acres of new fast land would 

be usable for indusr:rial or commercial purposes and would be enhanced in 

value by an amount equal to the cost of providing the same improvement by 

the least costly method. 

Appendix 'i 
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TABLE F-56 
SUllWtY OF AlllllJAL VOLUME oF TRAFFIC AND SAVINGS 

(thousands) 

1975 1986 19951 2000 2010 2020 2030 2035 2044 
'forts Savings Tons savings TOns S_aving,s ton·s Savings Tons Savings Tons Savings Tons Savings Tons Savings Tons Sav11 

:45:-Foo·t cna·nnet~-nej!th 

Ore J,411 SJ,204 3, 755 $),532 4,180 $3, 931 ... 460 $4, 204 5;203 $4,892 5,994 $5,637 6,846 $6,440 7,473 $7 ,030 7.473 $7,0: 

(1.inpOrts) 371 382 896 923 896 923 896 923 896 923 896 923 896 923 896 923 896 9: 

CQal ·cex2ort.s) 1'122 745 4,7572 4,592 5,:1992 
5,116 5,62l 5,428 5,62/ 5,428 5,6212 

5,428 5,623;; 5,428 5,623
2 

5,428 5,62l Si4: 
TOTAL 41554 $4,JJl 9,408 $9,047 10,375 ~9,970 10,987 '110,555 11,722 su,2•3 12,51J '!ll,988 13,365 $12 I 791 13,992 $13, 381 H,992 $13 1 31 

50-Fcot Channel _iJeE:th 

lron Oi·E! 3,411 $4,553 3, 755 $5,005 4,ljjO $5, 571 4,468 $5,955 5,203 $6. 932 5,995 $7,988 6,846. $9, 124 7 ,473 $9,959 7,473 $9,9~ 

Coal (imports) 171 597 896 1,441 896 1,441 896 1,441 896 l,441 896 1,441 896 1,441 896 1,441 896 1,44 

Coal (ex2orts) 1,45-S 1, 732 8,934 10,637 9,952 11,850 10, 560 l2J574 10' 560 12,574 10,560 121574 10,560 12,514 10,560 12, 57• 10,560 12,5: 

TOTAL 5,240 $6,882 13,585 $17,083 15,02& $18,862 15,924 $19' 970 16,659 $20,947 17,45] ~22,003 18,302 $23,lj9 18, 929 S2J, 974 18,929 $23,9: 

55-F0ot Chann_el Depth 

Iron Ore 3.411 $5,100 3,755 $5,611 4,180 $6,245 4,468 $6. 6 77 5,203 $7. 772 5,')95 SR,956 6,846 H0,230 7,473 $10,845 7 ,473 $10,8· 

COal ( impOrts) 371 780 896 1,883 896 l,88J 896 1, 883 896 1,883 896 l,8u~ 896 1,883 896 1,883 896 1.8; 

Coal (exE!orts} 1,458 2,na 81 934 17, 923 9,952 19,973 10,560 21,192 10,560 21,192 10,560 21,192 10,560 21,192 !0,560 21,192 10,560 21,1· 
TOTAi. 5 0 240 $9,808 13, 585 225 ,422 15,028 228 1 101 15, 924 $29, 752 16,659 '!30,847 17,451 232,031 18,302 ~33,305 18,929 233,920 lS, 929 ~33, 9: 

60-Foot Channe1-·ne2th 

Iron Ore 3,411 $5,315 J,75S $5,846 4.180 $6,507 4,468 $6,957 5,-203 $8,097 5,995 $9,332 6,846 $10,658 1,473 $11,634 7,473 $11,6 

Coal (imports) 371 900 896 2,175 896 2,175 896 2,175 896 2,175 896 2, l 75 896 2,175 896 2,175 896 2,1 

Coal ·~ex2orcs} 1,458 31519 8,934 21,534 9,952 23,989 10,560 25,454 10,560 25,454 10,560 25,454 10,560 25,454 10,560 25,454 10,560 25,•· 
TOTM; ~,240 ~~· 7J4 ll.5~5 ~29,5~5 15,028 ~32,671 15,924 ~34,586 16,659 ~35 I 726 17 ,451 ~36,961 18,302 ~38,287 18,929 ~39,2~3 18,929 !39,2• 
1 F-1r~~ year· ·of p·rojec·t life. 
2~s_ ~t t.ncllJde ·ton{lage to Japan bE!:e:ause there are no be~efits fOr a 45-foot Channel depth on this traffic;. 



TABLE F-57 

SUMMARY OF AVERAGE ANNUAL NAVIGATION BENEFITS FOR ALTERNATIVE CHANNEL DEPTHS INVESTIGATED! 

Type of Conmodity Benefits for varying channels (DeJ!th in feet) 

Colllmerce through bulk terminals above 1-10 

Iron Ore (import) 

Coal (import) 

Sub-Total 

tunnels 

Commerce through bulk terminals in Mobile, below 
I-10 .. tunnels 

Iron Ore (i!Dport) 

Coal (export) 

Sub-Total 

45 <;O 

$2,203,000 :;2. 971, 000 

923,000 1,441,000 

$3,126,000 $4,412,000 

$2,570,000 ~3,792,000 

5,371,000 12,440,000 

$7,941,000 $16,232,000 

55 60 

$3,484,000 $3,611,000 

1,883,000 2,115,ooo 

$5,367,000 $5, 786,000 

$4,098,000 $4,290.,000 

20,968,000 25,18!.,000 

$25,066,000 $29,474,000 

Total Benefits for Mobile $11,067,000 $20,644,000 $30,433,000 $35,260,000 

1
Project life 1995-2044 with interest rate of 6-7/8 percent. 

• 



184. The accomplishment by local interests of the work described above 

would involve the cost of dredging material from the nearest available 

source. These costs are estimated and shown fo table F-58. 

TABLE F-58 

LEAST COSTLY ESTIMATE OF LANDFILL AREA 

(4,000,00(J c.y. @ $0. 7<J/c.y.) 

(30' 630. 000 c . v • @ $0. 7 51 c • y • } 

Dressing 

@ 15% 

DE>sign @ 3% 

& Ad1ninist ration @ 5% 

TOTAL FIRST COST 

~ 3,160,000 

22' 973, 000 

28,000 

17.000 

3,734,000 

$29,912,000 

4,487,000 

1,032,000 

1 772 ,OOQ 

$37.203,000 

The estimated capital value of enhancement, as shown above, would be 

This converts to a Value of approximately $36,000 per acre 

substantially less than the existing market value of land 

($65,000 to $100,000 per acre) in the area. Average annual equivalent 

benefits over the life of project (50-year .@ rate of return of 6-7 /8 

percent per annum) which includes annual maintenance of $44,000 would be 

•·. $4,697,000. 

§upplemental Navigation Benefits. Th" present channel dimensions 

:WO'UJ.:<L sqon create i:raffic delays due to the. tndicated traffic not being 

i:o pass tmcoristrained in the bay channel. Supplemental savin~s to 

calling at lfobile would resµlt from widening and deepening the main 

J\hn.ual i;qsts for delays were computed and used in Sectfon D 

th~nne1 width designs; however, these are not necessary to 

of the selected plan. 

• 

• 
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186. Summarv of Total Benefits. Average annudl equivalent benefits for 

navigation and land enhancement for each level of development of the Mobile 

ship channel are summarized in table F-59. 

TABLE F-59 

SIJM:1ARY OF AVERAGE ANNUAL EQUIVALENT BENEFITS] 

Project Transporta!:ion Land Enhancement 
Depth Benefits Benefits Avera(le~ annual benefits ( $) 

(feet) ($) ( $) Total Incremental 

45 11,067 ,000 1,530,000 12,597,000 

50 20,644,000 2,002,000 22. 646. 000 10,049,000 

55 30,433,000 2,69i,OOO 33' 130 ,000 10,557,000 

60 35,260;000 3,696 ,000 38,956,000 5,826,000 

1 . 
Benefits based on 6-7/8 percent interest rate and 50-year project life 
(1995-2044). 

SENSITIVITY OF BENEFIT ANALYSIS 

187. General. The approach to the benef .L analysis in this report is 

thought to be conservative based on information which became available too 

recently to incorporate into the report. Also, the conservative assumptions 

rel:iting to future growth tri>nds result in lower benefits to the projeci: than 

if more liberal trends were ;idopted. Information is not available to allow 

changes at this time in the report. The impact of the assumptions on projecc 

benefits, as well as other changes which will he incorporated into later 

reports, are discussed in the paragraphs that follow. 

188. Alternative Source of Japanese Coal. It is expected that approximately 

9. 7 million tons of coal will be exported through Mobile for the Japanese 

steel mills in 1986. This will increase to 11.5 million tons by the year 

2000 and remain c.onstant theraafter, during the 44 remaining years of the 

project life •.. The average annual benefits on this coal that could be 

Appendix 5 
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cealized by providing a 55-foot channel depth at Mobile would he $10,356,000. 

'f the source of supply was diverted from Mobile where it would be supplied 

from Australia, Poland, South Africa, etc. the average annual benefits for 

the 5S~foot project would decrease to $20,077 ,000, giving a BCP. of . 91. 

189. Coal Imports. The base year tonnage for this cOmniodity was accepted 

as 896,0QO tons based on a 10-year contract initiated for the importation 

of South African coal in 1977. At the time the information was obtained, 

there was no indicatif)n that imports would increase. Therefore, the annual 

tonnage of 896,000 tons was held constant throughout the period of analysis. 

IrilpO'rts of t.his commodity amounted to about 1,600,000 tons in 1978. Contacts 

with company officials directly responsible for these imports revealed that 

t-he increase in volume was due to spot purchases of coal from Pr-rt Kembla, 

Australia which is located about 50 miles south of Sidney. The officials 

indicated that, because of the price a'ld quality of the coal, the company's 

long-term plans are to further increase this import tonnage heginning in 1979. 

The officials further stated that the most probable method of projecting 

these imports would be to increase the movements at a decreasing rate of 

growth throughout project life. The spot purchases of this coal, as well as 

the c.vailability of only one year's data, was not believed to be sufficient 

justification for increasing benefits to this commodity. However, if imports 

continue to increase as stated by the company officials, the report should 

consider additional benefits based on the increases in these imports. The 

procedures used to project these movements will be determined if and when 

the futur<' increases can be supported. The !.ncrease from 896,000 tons to 

1,600,000 tons without projections woul<i increase the henefit'< by about 

$2,500,000 ($3.50 x 704,000) fot a 55-foot channel at Mobile. This benefit 

considers t11e use of a 36, 000 d. w. t. vessel fo·r the existing 40-foot channel 

and a 110, 000 d. w. t. vessel for a modified 55-foot channel, Additional 

· computer runs will be necessary to. determine actual benefits. 

190. Coal Export Projections. Coal exports were projected to increase at a 

c(jmpound annt.11!1 growth ·rate of 1 .• 2 percent from 1975 through '2000 and remain 

constant. thereafter. In order to .tes.t the sensitivity of this assumption, 

• 

• 



• 
the annual export tonnage was also projected tn increase 11t a compound 

annual growth rate of 1.2 percent throughout the period of analysis, and 

alternatively, to increase at 1.2 percent through the year 2000 with u 

declining rate of growth thereafter, such that, by the end of the period of 

analysis, the rate of annual growth would he zero. These 11 l.ternative 

projections would both increase project benehts, resulting in additional 

average annual benefits of $2. 3 ,,nd $1. 5 million, re spec ti vely, for a 

55-foot channel depth. Benefits to other channel .depths would show rreater 

increases for deeper channels and smaller increases for the more shallow 

channel depths under study. 

191. Vessel Costs. Vessel operating costs "at sea" and "i.n port" for 

foreign vessels are based on January 1977 costs furnished ~ y OCE. With tf1e 

inflationary increases in fuel, labor, and construction costs, it is 

unrealistic to assume thesl! costs are representative of costs bl!ing incurred 

at this time. However, there is no acceptable procedure at this time which 

will allow updating of these costs. Any increase in these costs would 

result in increases in benefits to most commodity movements, 

192. 'c'raffic Delays. Under existing conditions, vessels will soon encounter 

delays because of traffic congestion, Modification of the width and depth 

of the channel will reduce or eliminate the$.e delays. Annual costs (benefits) 

for these delays have been computed and are shown in Section D; however, 

benefits have not been included in the recomlllended plan since they are not 

necessary to establish feasibility. 

SUMMARY OF ECONOMIC ANALYSIS 

193. The estimated annual charges, the .estimated annual benefits, and the 

ratios of benefits to charges su"1!"arized .in table F..,60 indicate that the 

proposed plan of imporvement to i-rovide a. 55-foot main bay channel and 

entrance channel to MObile Harbor iS economically justified. 



TABLE F-60 

~UMMARY OF ECONOMIC ANALYSIS 

Project 
pep th Annual Charges Annual Benefits Net Benefits BCR 

(feet} .( $) (.$) ($) 

45 9 ,195, ODO 12 ,597 ,000 3,402,dOO L4 

so 15,252,000 22,646,00'l 7,394,000 1.5 

55 22 ,028' 000 33,130,000 ll i )_ 02. f1()Q 1.5 

60 34 ;435;000 38,956,000 4 ,521,000 l.1 

AVERAGE ANNUAL BENEFITS AND CHARGES AT 7-1/8 PERCENT INTEREST RATE 

194. The average annual equivalent benefits based on an interest rate of 

7-1/8 percent for each commodity that would benefit by the pr.JJect for the 

vario.os channel depths considered is presrnted in tabl., F-61. 

195, Average annual equivalent benefits for navigation and land enhancement 

for each .level of development of Mobile ship channel baeed on an interest 

rate of 7-1/8 percent are summarized ln table F-62. 

196. The estimated annual charges, benefits and ratios of benefits to 

charges, based on an interest rate of 7-1/8. percent is summarized in table 

f'-63. 

197. 1he change in interest rate from 6-7/8 to 7-1/8 percent did not 

significantly affect the l!CR. For the recommended 55-foot channel. the 

annual charges increased from $22,028,01)0 to $22,833,000 and the t,t=nefits 

increased from $3_3,130,000 to $33,159,000. The BCR remained at 1.5. 
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TABLE F-61 

SUMMARY OF AVERAGE ANNUAL NAVIGATION. BENEFITS FOR ALTERNATIVE CHANNEL DEPTl!S. INVESTIGATl!Dl 

'.!111e o.f Comodttx Benefits for var¥ing channels (De 2th in feet[ 

Commerce through bulk terminals above 1-10 tunnels 45 50 55 60 

Iron Ore (import) $2,193,000 $2,956,000 $3,452,000 $3,592,000 

Coal (import) ---2..2 3 • 00 0 1,441,000 1,883,00(1 2, 11s ,ooo 
Sub-Total $3,116,000 $4,397,000 $5,335,000 $5,767,000 

Collll!1erce through bulk terminals in Mobile, below 
I-10 tunnels 

Iron Ore (import) $2,558,000 $3, 775,000 $4 ,081.000 $4,271,000 

Coal (export) 51 369 1000 12,436,000 20, 961,00•.i ; j 1 l i 7 • vou 
Sub-Total $7,927,000 $16,211,000 $25,042,000 $2'1,44~ ,000 

Total Benefits for Mobile $11, 043. 000 $20,608,000. $30,377,000 $35,215,000 

1Project life 1995-2044 with interest rate of 7-1/8 percent. 



TABLE F-62 

SUMMARY OF AVERAGE ANNUAL EQUIVALENT BENEFIT~! 

Project Transportation Land Enhancement 
Depth Benefits Benefits Average Annual Benefits ($) 

(•eet) ( $) ( $) Total Incremental 

45 ll ,043,000 1, 57',. 000 12,621,000 

50 20,608,000 2,065,000 22. 6 73 ,000 10,052,000 

55 30, 377 ,000 2,782,000 33,159,000 10,486,000 

60 35,215,000 3,813,000 39,028,000 5,869,000 

1 
Benefits based on 7-1/8 percent interest rate and 50-year project life 
(1995-2044). 

TABLE F-63 

SUMMARY OF ECONOMIC ANALYSIS 

Project 
. ueprh Annual Charges Annual Benefits 
(feet) 

,,. __ '- 45 
'0/-' 

50 

55 

60 

·:..;', J,c·; 

.. ;; ' . · Appendix' 5. 
\'. ,;_: · F-.130 

($) ( $) 

9,419,000 12,621,000 

15,873,000 22,673,000 

22,833,000 33,159,000 

35,524,000 39,028,000 

·,::."~;-- ,"·---. ::~·;-:·_ 

i;~iL·tf,;],f,:;: .,, ;;J.Lf, :,:.:,,,, •. :;'};: •. , ''" '" T!• ;;.:\, } .• t •t·'.<''> 

Net Benefits BCR 
( $) 

3,202,000 1.3 

6,800,000 1.4 

10,326,000 1.5 

3,504,000 1.1 

• 
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SECTION G 

DIVISION OF PLAN RESPONSIBILITIES 

1, Responeibility for develop111ent of the 9eie~tad plan b divi.ded be ... 

tween Federal and non·Federal intel'all~e. in accordance with establhhed 

policy and guidelines, The Federal govel'n111~nt !llay conatruct or improve 

channels and harbors to meet the require11ent& of ahipping, while non­

Federal interesta 11re .responsible for terminal facilitiea, berth in& 

areas, certain other components, and specified Hema of local coopera­

tion, 

2, The United States would design anc; prepare detailed plans, dred&~ the 

improved gulf and bay channels and turning and anchorage basins, and 

maintain the improvement to project dimeneions, after Congreesional 

authorization and funding, 

3, toe al interests would provide all lands, eeee11ents end riahu-of-way; 

all relocations and alterations of utilities; ell retaining work8 and 

stabilization measures required for diapoHl of dredged 11111.teri!ll; and 

depths in all berthing areas commensurate with tho11e provided in related 

proj.ect areas. 

4, Total average annual benefits for the 5S-foot Hlected plan are 

evaluated at $33,130,000 including $,30,'i33,000 navigation benefits and 

$2,697 ,000 land enhancement benefits. Navigation benefits are cOnlidered 

to be of a general nature and land enbencemsnt is considered local, Tiie 

benef.its ere allliiiaril•d and ailocated 111 table C..l • 
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TABLE G-1 

ALLOCATION Of BENEFITS 

Average Annual Value 

Type of Benefit Total General Local 

Navigation $30,433,000 no,433,ooo 

Land Enhancement $ 2,697,000 $2.697,000 

Tot;ll $33,130,000 $30,433,000 $2,697,000 

Percent 100 91. 9 d.1 

S. The ferst cost of g·eneral navigation facilities for the selected 

55-foot channel plan c:onsidered herein for the Mobile segment, excluding 

navlgation aids, is to be borne jointly by the U'1ited States "nd local 

interests. the apportionment is based on the ratios of .,general" to 

"local benefits". According to the ratl.o of general to local benefits 

derived heretofore, 91.9 percent of the first cost of general navigation 

facilit.ies lirould be borne by the Corps of Engineers and 8.1 percent by 

local interests, 

i. The President, in his June 1978 water policy message to Congress, 

proposed several changes in cost-sharing for water resources projects to 

al.low, states. to participate more actively in project implementatior deci­

sions. These changes include a cash c:ontribution from· benefiting ~taces 

of 5 percent of first costs of construction usigned to nonvendible 

pcoject purpo.1e~ and 10 percent of co11ts .as.signed to vendible. project 

· Pll rposes. 

7. Applicstion .of this. policy to the tk>l!ile. Harbor project requires a 

co11trib1Jtion fro.in the. state of Alabaui1 of.'.an estimsted $14,232,000 in 

ca1.h Ci pefcerit of $284,635,000 ~otstie1~iinated project f.ir.l!t costs 
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•• assigned to nonvendible project purposes, based on 1978 price levels) . 

Other items of local cooperation would not be affected by this additional 

requirement. I recommend construction authorization for the selected 

plan in accordance with the President's proposed cost-sharing policy. 

The allocation of financial first cost between Federal and non-Federal 

interests is shown in table G-2. 

TABLE G-2 

APPORTIONMENT OF FIRST COST 

(OCT. '78 PRICE LEVEL) 

Federal first cost 

Corps of Engineers 

(91. 9% of $276,653,000) 

U.S. Coast Guard (Aids to navigation) 

Non-Federal Cash Contribution 

Total Federal First Cost 

Non-Federal first cost 

Cash contribution ( 8.11, of $276,653,000) 

Dredging and Dike Construction 

Cash Contribiltion (51. of $284,635,000) 

Total non-Federal First Cost 

Total Project First Cost 

$254,244,000 

93,000 

-14,232,000 

$ 240, 105, oou 

$22,409,000 

$ 7,889,000 

14,232,000 

44,530,000 

$284 635 000 

8. The presently estimated a<fditional Federal annual maintenance is 

$1,424 ,000 which il)cludes a.nnual costs to the U.S. Coast Guard of $4 ,000 

for maintenance of navigation aids. The estimated non-Federal average 

annual maintenance is $304,000. 
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