ELUL1RIATE ANALYSES OF SEDIMENT AND WATER SAMPLES
FOR CHEMICAL AND HEAVY METALS CONSTITUENTS,

MOBILE HARBOR, ALABAMA

SEDIMENT WATER
SAMPLE # MB-12  SAMPLE # MB-12 DATE 30 July 74
PananEiER eI s
T.0.C. (ppm) 45.7 8.4

AMONIA NITROGEN (ppm) 'o.o'; V.38

T.X.N. (ppm) 0.11 ' 0.67
PHOSPRORUS 0.162 | 0.318
CONDUCTIVITY (umhos) 17900 26100
BALINITY (ppt) 13.0 17.5'

pit 7.88 8.02

MERCURY (ppb) <oz o2

ARSENIC (ppb) 24.0 21.0

OOPPER (ppd) 1.0 0.8

ZINC (ppb) 23.4 . 6.0

CADMIUM (ppb) 0.2 0.2

LEAD (ppb) 1.2 <0.5

NICKEL (ppb) 1.1 7-4

CHROMIUM (pph) 0.5 <0.5

IRON (ppb) <10.0 24.0
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ELUTRIATE ANALYSES OF ! EDIMENT AND WATER SAMPLLS
FOR CHEMICAL AND HE:VY METALS (ORSTITUENTS,

MOBILE HAIBOR, ALABAMa

N MB-12 gﬁ% 4 Mobile Offshore paTE MR
PARANETER pruTIoN saans |
T.0.C. {ppw) 21.9 17.4
AMMOKIA NITROGEN (ppm) 0.07 | 0.21
T.K.N. (ppm) 0.17 2.41
PLOSPHORUS (ppm) 0.072 0.370
CUNDUCTIVITY {umhos) 355:30 33&93_“ 3
S: LINITY (ppt) 25.3 25,2_ )
pH 8.03 7.80

¥ iCURY (ppb) & Z Tz
ARSENIC (pph) 31.0 14.0
COPPER (ppb) 3.¢ - 0.8
ZINC (ppb) 18.4 14.0
CADMIUM {ppb) 1.0 0.2
LEAD (ppb! 2.9 | 1.4
NICKEL (ppb) 4.3 1.4
CHROMIUM (ppb) <0.5 <0.5
IRON {(ppb) <10.0 <10.9
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ELUTRIATE ANALYSES OF SEDTMENT AND WATER SAMPLES
FOR CHEMICAL AND HEAVY METALS CONSTITUENTS,

MOBILE HARBOR, ALABAMA

SEDTMENT WATER
SAMPLE # MB-16 SAMPLE # MB-15 DATE 30 July 74
PARAMETER WATER SLuTRIATE|
1.0.C. (ppa) 51,7 14.6

AMMONIA NITROGEN (ppm) 1.05 I 4.66

T.K.N. (ppm) 1.21 9.80
PROSPHORUS (ppm) 0.560 0.277
CONDUCTIVITY (umhos) 21900 25200
SALINITY (ppt) 14.7 17.5

pH 7.79 ©7.99

MEKCURY (ppb) 0.2 o2
ARSENIC (ppb) <10.0

COPPER (ppb) 3.1 1.0

ZINC (ppb) 23.9 13.6

CADMIUM (ppb) 0.7 <0.2

LEAD (ppd) 4.5 1.2

NICKEL (ppb) 3.9 6.6
CHROMIUM (ppu) <0.5 <0.5%

IRON (pph) <1C.0 37.0




ELUTRILTE ANALYIES OF SEDIMENT AND WATER SAMPLES
FOF. CHEMICAL AND HEAVY METALS CONSTITUENTS,
MORILE nARBOR, ALABAMA

SEDIMENT WATER
SAMPLE # _MB-16 SAMPLE # _Mob{ile Offshc-g  DATEN,.R,
il ELUTRIATE

T.0.C. {ppm} 1.9 40.8

AMMONIA NITROGEN (ppm) ¢.07 T 3.3z

T.K.N. (ppam) 0.17 ;JJS

PHOSPHORUS (ppm) | 0.0 - 0.643

CONDUCTIVITY (uzhos) | 35540 T 3as00 ] )
SALINITY (ppt) 25.13 | 25.0

pH §.03 7.79

MERCURY (ppb) 5.2 N ] ‘_ 0.2 _
ARSENIC ‘ppb) 31.0 21.0

COPPER (pph) Z.ﬁm B 3.6

ZINC (ppb) 7' 8.4 13.8

CADMIUM (ppb) “1.9 ) 7;3;?

LEAD (ppb) 3.9 5;3

NICKEL (ppb) 4.3 5.0

CHROMIUM (ppb) <0.5 <0.5

1RON (ppb) <10.0 28.0
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ELUTRIATE ANALYSES OF SEDIMENT AND WATER SAMPLES
FPOR CHEMICAL AND HEAVY METALS CONSTITUENTS,

MOBJLE HARBOR, ALABAMA

SEDIMENT WATER
SAMPLE # _ MB-1BSAMPLE # _MB-18 DATE _29 July 74
' T
PARAMETER DILUTION STANDARD
o WATER ELUTRIATE
T‘U.ﬁ- (ppw,) 5:9 51-?
ADONIA NITROGEN (ppm) 1.04 2.42
=.K.N. (ppm) 2.03 5.66
PHOSPHORUS (ppm) 0.117 0.115
CONDUCTIVITY (umhos) 16100 19700 |
SALINITY (ppt) 10.5 12.1 |
pH 7.73 8.48
o st
MERCURY (pab) Ll
0.2 ZD.2
ARSENIC (ppb) <10.0 <1G.0
COPPER (prb) 1.0 T 0.9
ZINC (ppb) 28.9 15.4
CADMIUM (ppb) 0.3 0.3
LEAD (ppb) 3.1 1.6
NICKEL (ppb) 2.8 1.6
. CHROMIUM (ppb) 0.8 <0.5
IRON (ppb) 26.0 <10.0
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ELUTRIATE ANALYSES OF SEDIMENT AND WATER SAMPLES
FOR CHEMICAL AND HEAVY METALS CONSTITUENTS,
MOBILE HARROR, ALABAMA

SEDIMENT WATER

SAMPLE # MB~19 gawpigp § MB-19 DATE 30 July 74
— :

PARAMETER . ﬁ;glm g;ﬁiﬁ%
T.0.C. (ppuw) 5.9 15.7
AMMONTA NITFOGEN (ppm) 0.14 0.88
T.K.N. (ppw) 2.44 - 2.18
PHOSPHORUS (ppm) 0.027 0.312
CONDUCTIVITY (umhos) ] 8300 140006 | B
SALINITY (ppt) t5.2 B 9.0
pH : 8.00 g.01 |
MERCURY (ppb) <0.2 “oz
ARSENIC (pph) 17.0 14.0
COPPER (pphb; 1.3 : 1.3
ZINC  (ppb) 29.9 8.2
CADMIUM (ppb) <0.2 a.4
LEAD (ppb) 2.0 ¢.9
NICKEL {(ppb) 1.8 1.8
CHI.OMIUM (ppb) <0.5 0.5
IRON I{ppb) 33.0 | 63.0
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ELUTRIATE ANAL.3ES OF SEDIMINT AND WATER SAMPLES )
FOR CHEMIZAL AND HEAVY METALS CONSTITUENZS,
MOBILE HARBOK, ALABAMA

SEDIMENT WATER
SAMPLE # MB-20 gamprp # MB-20 _DATE __ 30 July 74

T.0.C. {ppo) 6.5 19.1

AMMONIA NITROGEN (ppm) 0.71 1.50

T.K.N. {ppm) [ 1.43 4.14

FHOSPHORUS (ppm) 0.037 0.6542

CCNDUCTIVITY (umhos) 3600 18400

SALINITY (ppt) ‘5.5 14.0

P 8.00 7.87

MERCIRY (pal) o3 <oz

ARSENIC (ppb) 17.0 <10.0 :

COPPER (ppb) 1.2 | | 1.2 i

ZINC  (ppb) 29.5 26.1

CADMIUM (ppb) 1.0 <G.:‘.—

LEAD (ppb) 5.0 2.3

NICKEL (ppb) 1.8 2.1

‘ CHROMIUM (ppb) <(.5 <0.5 |
IRON (ppb) 30.0 30.0 ,
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ELUTRIATE ANALYSES OF SEDIMENT AND WATER SAMPLES

FOR CHEMICAL AND HEAVY METALS CONSTITUEUITS,

MOBILE HARROR, ALABAMA

SEDIMENT WATER

SAMPLE * MB-20  gaMpLE § iobile Gffctore paTe N.K.
PARANTER WATER LUTRIATE
T.0.C. {ppm) 21.9 11.0
ADONIA NITROGEN (ppw) | g.07 0.38
T.K.N. (ppm) | 'é‘u “s*?z
PdoSPHORUS 2.072 Bs.'i“25
CONDUCTIVITY (umhoa) 35500 31500
SALINITY (ppt) 25.3 20.6

pH 8.03 7.81
METCIRY (pph) o “q-2
ARSENIC (ppb) 11.0 % <iG.0
COPPER {pph} 3.6 Wﬂ‘s
ZINC {ppb) 18.4 21.3
CADMIT.! (pph} 1.0 0.3 )
LFAD (ppb) 1.9 2_. 7
NICKEL (ppb) 4.3 3.1
CHRONIIM {pph) 0.5 0.3
IRON (ppb) <10.0 48.0
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FLUTREATE ANALYSES OF SEDIMENT AND WATEIR SAMFLES
FOR CHEMICAL AND HEAVY FFTALS CONSTITLENTS,
EOBILE HARBCE, ALARAMA

SAMPLE § MB-22 sm § _MB-22 DATE __ 31 July 74
PARAMETER . f;gzm | ggéﬁi}:

T.6.C. {ppm} 15.2 33.5

MBONIA NITROCEN (ppm) |  7.30 T 1

T.K.¥. (ppa) : 5.9 | 8.49 7
FHOSPHORES (ppm) 0.223 o 1 3::5&6

CONDUCTIVITY (umhos) 11900 13&}5 o
SALINITY (ppt) v ] ee |

pit 7.4 8.08

MERURY (pps) a4 " — ¥

ARSENIC (ppb) :—ia_a 7 o - iiﬁié

cozPER (pph) ss L1 .2 7
ZINC  {ppd) 7.8 o ) néﬁ 7

CADMION (ppb) 9.2 1D

LEAD (ppb) 4.8 2.9 _-
NICKEL (ppb) 24 | 3.7

 CHEOMIUM {ppb) s:n.__.i | » | fﬂ-si

1K (ppd) u,& B B 1 tiﬁ,z}
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ELUTRIATE ANALYSES OF SEDIMFNT AND WATER SAMELES
FOR CHEMICAL AND HI AVY METALS 7ONSTITUENTS,

MOBILE H:RBOR, ALABAMA

g&n?; MB-22 m # Mobile Offshore pDATE  N.R.

PARAMETER kg ELUTRIAT]

T.0.C. (ppm) 21.9 16.3

AMMONIA NITROGEN (ppm) 0.07 4 .02

T.EK.N. (ppm) 3.1?- 9.9?' :
PHOSPRORUS 6.072 0.642 %
CONDUCTIVITY (umhgs) " 355{;@ ) 27000 i

SALINITY (ppt) 25.3 | 2.0

ol 8.03 7.482 B
MERCURY (ppb) &2 -z 1
A* SENIC {ppd) iL.o 14.0

COPFER (ppb) 3.6 3.7

ZINC (ppb) 18,4 i2.3

CADNIUM (ppb) 1.0 1.4

LEAD (ppb) 3.§ 3.97
NICKEL {pph) 4.3 6.1

CHROMIUM (ppb) 0.5 3.5

IRON (ppb) -:n;ic; | 1u.0 |
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SEDIMENT CORE SAMPLES, 1974

Mchile Harbor
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GLpTNL cAMD, L g %R DATT -
VATER spwrp ff__—P—bedaid Bay
EN P o E i
PARAMETER ‘rl ‘1"3
AMMONIA NITROGER
ng/1 0.98 11.45
TOTAL KJIELDAHL
MITROGEN
g/l 1.18 11.37
TOTJ\L }.HUSPEUiTE
g/l
0.010 0.095
SALINITY. 1 4
ppe
CONUUCTIVITY
unhiCs
1,280 6,000
pH ,
6.60 7.55
TOIAL ORGANIC
CAPBOHN

101 Dilution Water

#3 Elutriate Water Centrifuged and filtered through a 0.45 u filter
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sr:mm-m SAMPLE &

_ - DATE
WATTR SAMPIE # _S—inkend Qg y

;:MMETER 't;: ¥q
Hg {ppb)

As (ppb) 1.08 1.25
Cul(ppb} 1.75 1.75
Zn(ppb) 43.5 50.0
Cd (ppb) 0.00 3.90
?h(ppb) 7.0 0.0
Ni(ppb) 20.0 %0.5
Gr (ppb) ;. 10 0.00
FeH(ppb) o9, 25.0

¥ Dilution Water

*3 Elutriate Water Centrifuged and filtered through a 0.45 p Iilter

D-1-22
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LLUTRIALIE 7 5T

SEUTMENT SAMPLE # M2-16 _ DATE
. HATER SAMI'LE & Wbt E..,
TARAMETER L) V3
AMMONTA NITROGEN ‘
ng/1 0.98 1.68
TOTAL KJELDAHL
NITROGLN
ng/1 1.18 - 6.53
TOTAL PHOSPHATE
mg/l
| 0.01 | . 0.010
SALINITY 0y 1
[ o
conbbéT rvrTy
umhos :
1,280 1630
pH .
6.60 6.65
TOTAL ORCANIC
CARBON 38.0
mg/1 67.0 |

L Dilution Water

¢3 Elutriate Water Centrifuged and filtered through é 0.45 u filter

D-1-23
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DATA SHEET

SEDIMENT SAMPLE §f _M8-38 DATE
WATER SAMPLE 1 Redabond Bay

PARAMETER v, ¥y
g (ppb)

As (ppb) 1.08 | 1.20
Cu(ppb) 1.75 1.25
2n(pphb) 435 77.5
Cd(ppb) 0.00 0.00
Pb(ppb) 7.0 | 0.0
Ni(ppb) 20.0 90.0
Crlppd) 0.10 0.00
Fett(ppb) 29.2 66.7

*1 Dilution Water

03 Elutriate Water Centrifuged and filtered through a 0.45 u filter

p-1-24
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F- ' .‘UTP\. z“;i‘f IES T

SEDIMENT SAMPLE § 113-20 DAt

o ——

WATER SAMPLE §  <Primdand Q.

PARAMETER ¥, ) oy
AMHONTA NITROGEN
mg/1 0.98 9.91
TOTAL KJELDZAL
NITROGEN | .
mg/1 1.18 S 5.60
TOTAL PHOSPHATE
mg/1
0.010 0.040
SALINLTY. z
PPL 1
CONDUCTTVITY
(8], 1
1,280 5,500
1
F 6.60 1.55
TOTAL ORCANIC
CARBON 67.0 61.C
ng/l

¥, Dilution Water

*3 Elutriate Water Centrifuged and filtered through a 0.45

&+

A
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DATA SIHEL]

STDIMENT SAMPIE # _ MB-20 DATE

- ——

WATER 5atP1E f _dedand Qay

PAKAMETER ¥y ¥,
Hg(pyb)

As (ppb) 1.08 _ 1.20
Cu(ppb) 1.75 1.60
Zn(ppb) 4.5 45.7
Cd(ppb) 0.00 21.2
M (ppt) 7.0 | | 0.0
Ni(pph) 20.0 41.7
Cr(ppb) 0.10 ; 0.10
Petfoh) ’ i 16.7

¥ Dlution Water -

¥y Elut-iate Watar CentriZuged and filtered through a 0.45 u filter




ELVTRIALYE TE5T

SEDLIksT SANPLE § META DATE

e e st

i

VATER Savye § 2 FristamtRay

PARAMETEL ¥y - ¥y
AMMONIA NITROGEN o ‘
mg/l 0.98 6.23
TOTAL KJELDAHL
NITEOCGEN
1 .
we/ 1.18 6.10
TOTAL PHOSPHAIE
ng/l
0.C10 0.018
SALINLTY 1 3
ppk
CONDUCTIVITY
usthos
1,280 4,220
pH .
6.60 7.50
TOTAL ORGANIC
N
C::?? 67.0 133.0

¢1 Dilution Water

*3 FElutriate Water Centrifuged and filtered through a 0.45 u filcer
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DATA SHEET

STLIHERT SAMPLLE # M-2% DATE _
UALER SAMPLE §f Bdwbend Qay
2
PARAMETE
ARAMETER vy ! ¥y
; .
Hg(pph) \
As(ppb)
1.080 0.12%
Cu{ppb)
1.75 1.25
Zn(pph)
43.5 57.5
Cd{ppb)
0.00 0,00
Pb(ppir)
7.0 0.00
Ni(ppb)
ol 20.0 54.5
Cr(ppb)
PP 0.10 0.00
~ Fe+t{ppb)
bp 29.2 7.8

*1 Dilution Water -

¢3 Elutriate Water Centrifuged and filtored thtough a 0.45 p filcer
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ELUTRIATE TEST

SEDDMINT SAMPLE #f ppog DATE _

WATLR S/AMPLE Hopuow Jligdge (6 )

PARAMETER ¥y by
AMMONTA NITPCGEN i
ne/1 1.96 13.09
TUTAL KJELDAHL
NITROGEN .
wg/l 4.03 14.00
- TOTAL PHOSPHATE
ng/l
0.018 : 0.061
SALINITY 25 22
ppt
CONDUCTIVITY
uthoa
32,600 7.23%
pH '
6.90 .7.25
TOTAL ORGANIC
CARBON -
ng/l 48.0 62.0

"1 Dilution Water

05 Elutriate Water Centrifuged and filtered through a 0.45 u filter
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DATA SHLEY

SEDIMENT SAMPLE # M- R DATE

WATER SAMPIE # _ Hopper Dredge (Guif)

PARAMET - 1.
UAMETER ¥, ¥y
g (pph)
As(ppb)
1.51 1.33.
Cu(ppb) ‘
0.50 0.90
Zn{ppb) :
74.5 (92,0
Cd(ppb)
2.20 0.00
Pb(ppb) _
(ow 0.00 1 0.00
Ni(ppb ) :
Cr B
(ppb) 0.00 0.70
Fob+ (ppb
(ppb) 4.2 20.8

‘1 Dilution Water

¢3 Flutriate Water Centrifuged and filtered through a 0.45 u fiitt:
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ELUTRIATY TEST

SEDIMENT SAMILE § MB-16 DATE,

WAZER SAMPIE # Hopper Dredge ( Guif)

PARAMETER ¥y by
ABIONIA NITROGEN
mg/1 1.95 1.51

TOTAL KJELDAHL
NITROGEN

TOTAL PHOSPHATZ

wg/l
0.018 0.108
SaLINITY 25 2 )
C('EH)HCTTVTTY
umhos
32,800 36,100
PH '
6.90 ALk
TOTAL NRGANIC |
CARKON 48.0 30.0

g/l

#1 Dilution Water

¥; Elutriate Nater Centrifuged and filtered throughk a 0.45 u filter
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PATE SJEFT

SUAHIINT §AMYIE B Ma-la e

WACLR SIPLE P _sugper Dradee (Guif)

PAxAMETER 41 s
Vg {ppb)
-

As (ppl) _

- Lo D484 -
Cu(p;h 7

(i1) 0.50 £.10
enfuuh ’

(ob) ros 95.0
Cd{pph)

0.00 | =
11 {pph) 80.2 §1-0
C b
r{rpb) 0.0 e 0.00
Fet+{ppb)

.2 33.3

#, Elutriate Vater Centrifuged and filtered through a 0.45 p filtar
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ELUTRIATE 1E£3T

STULELT SAPLE § X820 DATE
UATER S4MPLE § Hopjcr Credpe (&U_\.“)
PARRFLTR ¥ .
A IA NITRUGEH

ws/1 1,96 B4.56

TOTAL KJELDALL
NITROGEN

g/l 4.03

TOTAL PHOSPHATE

mgll
0.018 06.095%
SALINITY. 25 = 25 =
PP
CONDUCTIVITY
ughos
32,800 31,000
pH ?
6,90 7.30
TOTAL URCANIC
CARBON 61.0
ng/l 7 48.0 .

131 Dilution Water

-

g’»3 Elutriate Water Centrifuged and filtered through a 0.45 u filter

3
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DATA SUEET

SEDIMENT SAMPLE # 1B-20 DATE ————
WAIER SAMPLE # _lopper Dredge (Gu\f J

PARAMEFER ¥ ¥y
g (pphb)

As(ppb) 1.51 1.88
Cu(ppb) 0.50 0.50
Zn{rpb) 7.5 10.0
Cd(ppb) 2.20 5-00
Pb(ppb) 0.00 4.50
NL(pph) .2 59.2
Crippb) o?oo 0.90
Fet++{ppb) 4.2 29.2

*1 Pilution Water

1:’ Elutriate ﬂ-ﬁ-r Centrifuged and filtered through a 0.43 p filter
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RLulmaats. TRST

wxr swiriE § MRo20

' 4 DATE
";-"
. GMDLE lopper Dredge (Gu"p )
e
—
JRAEIER ¥y by
goDNIA NITROGEN
mg/1 1.96 6.62
TOTAL KJELDAHL
NITROGEN
mg/1 4,03 7.90
TOTAL, PHOSPHATE
mg/1
0.018 0.045
SA;%?[TY 25 21
CONDUCTIVITY
vnhos
32,800 : 50,200
pH
F
6.90 7.15
TOTAL ORGANIC
: CARBON
e /1 48.0 44.0

*1 Dilutf{on Water

4:3 Elutriate Water Centrifuged and filtered through a 0.45 y filter
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DATA GHZET

SEDIMENT SAHPLE # M3-24 DATE

WATER SAMPLEL # Hopper Dredge,féuip)

PARAMETER v, _ ¥,
Hg (ppb)

A (ppb) 1.510 | | 0.571
Cutppb) 0.50 0.75
an{ppb) 74.5 | 67.5
Cd{ppb) 2.20 0.00
Bb (ppb) - 0.00 10.00
NiCpph) 80.2  Isa.s
Crirpb) 0.00 0.10
Ferr(ppb) 4 5 | 20.8

01 Dilution Water T

Ll te 1 Y

*; Elutriate Weter Centrifuged and filtered through a 0.45 y filter

1
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PLUTRIATE ALALYESLS OF SEDTN00 AN WAL SAMMLY

SUDIMENT

SAMPLE ¢ T-1

FOICCHEMLCAL AND BEAVY NLDALS €ons UTUTENTYS,

THEODORE SHIP CHANNEL

WATER
SAMPLE # & Boy

p-1-37

PARAMETER prLuTIOx ¢ LUTRIATE
#$7.0.C, (ppm) 68.0 65.5
ACONTA NITROGFN (ppm) 1.09 2.91 |
T.K.N. (ppm) a.84 4.59
PHOSPHORUS (ppm) 0.128 0.126
CONDUCTIVITY (imhos) 1,650 4 ,080
SALINITY (ppt) i 1 3 |
pH n.65 7.35
ARSENIC (ppb) P_;,.oa 3.3
COPPER (ppb) 2.25 Z.3
ZINC (ppb) 66.7 Q.0
CADMIUM (ppb) 6.0 0.0
LEAD (ppb) 91.5 2.6
NICKEL (ppb) 6.5 0.0
CHKOMIWM (ppb) k 0.0 ‘ 5.9
IRON (ppb) _;'.5 ] 0.9 |




. /
FIUTRIATE ANALYSES OF SEDLNT ALD WATER SANMIPLE

FOR QHEMICAL AD NEAVY METALS CONSITUTENTS,
TREODORE SHIP CHANNEL

SANPLE 1 -3 ms ' __ € Bay

PARAMETER rrpial B ELUTRIARE
7.0.C. (ppw 68.0 64.0
AMMONIA NITROGEN (ppm) | ; 09 2.87
T.K.N. (ppa) 0.84 1 12
PHOSPHORUS (ppm) 0.128 0.155
CONDUCTIVITY (ushos) T 1,630 | 2,100
;muln (ppt) 1 ' 2
it .65 . 1 755
ARSENIC (ppd) 1.08 0.0
COPPER (pph) 2,28 2.6
ZINC (ppd) 66.7 30.0
CADNIW (ppb) 0.0 0.0
LEAD (ppb) 91.5 0.0
NICKEL (ppb) 64.5 ' 8.5
CUROMIUM (ppb) 0.0 - 0.0
IRON (ppb) i 3.3 ' 0.0




Appendix 5

ATTACHMENT D-2

Toxicity Test Report



In accordance with the requirements of Section 103 of the Marine
Protection, Research, and Sanctuaries Act of 1972, Public law 92-532,
the proposed disposal of dredged material from the Mobile {(AL) ship chan-
nel into Gulf of Mexice waters was evaluated to determine the potential
environmental impact. Specifically, laboratory 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 marine organisms.

All methods for (a) sample collection and preparation, (b} toxicity
and bicaccumilation testing, and (¢} data analysis followed the methods
outlined by the Environmental Protection Agency/Corps of Engineers Techni-
cal Cammittee on Criteria for Dredged and Fill Material (1977), hereafter

referred to as the EPA/COE Manual.

MATERIALS AND METHODS

Test material

The material to be dredged (hereafter referred to as dredged material)
was collected from Mobile Ship Channel, AL, by Bionomics Marine Hesearch
Laboratory (uMRL; personnel on 10 February 1978. The collection site was
in the middle of the ship channel, at buoy #58, west of Point Clear, AL.

A Peterson dredge was used to collect the cample. The drcdgsd material,
a mixture of silt and clay, was placed in 8-liter (i) polyethylene oon-
tainers with lids. (See Appendix A for collecting location.)

Water from the proposed disposal site (hereafter referred to as dis-
posal site water) was also collected on 10 February 1978 by BMRL personnel.

The collection site was 13 nautical miles scuthwest (250°) of buoy #1

D-2.1



which marks the entrance to the Mcbile Bay ship channel. A 12-2% poly-
vinylchloride (PVC) sampling bottle {(General Oceanics Model 1010-12)
was used to collect the sample. Disposal site water was poured into
19~¢ polyethylene bottles. Each bottle received approximately equal
amounts of water taken from near bottom, mid—depth in the water colum,
and near the water surface. The depth at the disposal site was approxi-
mately 25 meters (m). Salinity was 34 parts per thousand (®/oo) and
temperature was 12 degrees Celsius (°C) for all water collection depths.

Sediment fram the proposed disposal site (hereafter referred to as
reference sediment) was ccllected by BMRL personnel on 16 February 1978
(see Appendix A). The site was the same as that described above for
disposal site water collection. A Peterson dredge was used to collect
the sample. The reference sediment, a fine hard-packed sand, was placed
in 8- polyethylene containers with lids.

All samples (dredged material, disposal site water, and reference
sediment) were transported to the lab in coolers containing ice and upon
arrival at BMRL were stored in a water bath maintained at 4:]1 °C until
used for test sample prevaration.

Sample preparation
Liquid phase — Samples were prepared on 13 February 1978, three days

after the dredged material and disposal site water samples were collected.
Provedures cutlined in the EPA/COE Manual, Appendix B.9-17 were followed,
except that the dredged material/disposal site water slurry was not cen-
trifuged after settling but was filtered through a 1.2-micrometer (um)
pore size polypropylene core filter before final filtration through

0.45~um pore size filters.
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Suspended particulate phase -- Samples were also prepared on 13 Feb~

ruary 1978, according to procedures outlined in the EPA/COE Manual, Ap-
pendix B.19.

Solid phase -- Reference sediment was prepared for testing on 17
and 20 February 1978 and the dredged material was prepared on 23 February
1978. Reference sediment and the dredged material were wet-sieved through
a 1,0 millimeter (mn) mesh size sieve following the procedures outlined in
the EPA/COE Manual, Appendix F.15.

Test organisms

Animals for the liquid phase and suspended particulate phase toxi-
city tests were either collected from Big Lagoon, an estuary adjacent to

BMRI, or cultured in the laboratory. Copepods, Acartia tonsa, were col-

lected by plankton net and acclimated for 48 hours in natural seawater at
20:1 ©/00 and 15:1°C. Mortality was <4% during acclimation. Mysid shrimp,

Mysidopsis bahia, and sheepshead minnows, Cyprinodon variegatus, were cul-

tured in natural seawater in BMRL. Mysid shrimp were 8-12 days old, 4-6 mm
total length. The sheepshead minnows were 21-28 days old, 10-12 mm standard
length.

Animals for the solid phase test were either purchased and acclimated

or cultured in the laboratory. Quahogs, Mercenaria mercenaria, were pur-

chased fram a commercial supplier on the Atlantic coast and acclimated
in the laboratory in flowing, natural seawater for 42 days. The clams

were 32-60 mm total length. Polychaetes, Neanthes arenaceodentata, were

purchased from a university in Texas and acclimated in the laboratory in
static, aerated seawater for 49 days. The worms were 10-22 mm total length
when contracted. Mysid shrimp, 7-12 mm total length, were cultured in the

laboratory.
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Test conditions

Liquid and suspended particulate phases —- Copepods were tested in

50 x 90-m glass crystallizing dishes, each of which contained 200 mil-
liliters (mt} of test solution and 10 animals. A culture water o . . 0oi,
a site water control, and three concentrations (10%, 50%, and 10G., of
the liquid and suspended particulate phases were maintained in a tempera-
ture-controlled water bath at 12:1°C, All test containers were covered
and all treatments were triplicated. Animals ware not fed during the
test, nor were test solutions aerated.

Mysid shrimp and sheepshead minnows were tested under the conditions
described above, except that the test containers were 1-2 glass jars, each
of which contained 900 mi of test solution for nysids, and 4-i glass jars,
each of which contained 3 ¢ of test solution for sheepshead minnows.
biluent water for the liquid phase and suspended particulate phase tests
x;fas disposal site water.

Solid phase -- Quahogs, polychaetes, and mysid shrimp were tested
in 38-% glass aguaria 26-centimeters (cm) wide x 51-cm deep x 31-am deep.
The reference sediment, dredged material, seawater, and animals were
added to control or exposure aguaria as cutlined in the EPA/COE Mamsai,
Appendix F.l4-21, except as noted. Seewater used was natural, filtered
(1.2-um) , seawater pumped from Big Lagoon, an estuary adjacent to BMRL.
In order to reflect the physical corditions at the disposal site, artifi-
cial sea salts (Rila Marine Mix®, Rila Products, Teaneck, NJ) were added
to the seawater prior to filtering to raise the salinity to 0.1 ©/ac.
Arbient temperature was maintained by placing the test aguaria in a con-

stant flowing seawater bath. Gentle aeration was supplied to all aquaria
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during the test. The only exception to the test procedures outlined in
the EPA/CCE Manual were that {(a) msyid shrimp were not removed from the
aquaria prior to the addition of 2.5 ¢ of reference sediment or dredged
material, and (b} 75% of the seawater in the aquaria 4as not replaced one
hour after the start of the test. These changes were discussed with

Dr, Henry Tatem, OCE, WES, Vicksburg, MS, and were considered reasonable
by him. At the termination of the test, polychaetes were removed by
sieving the sediment through a l-mm mesh sieve instead of the 0.5-mm mesh
recommended because the reference sediment would not pass through the
latter, Mysid shrimp were removed by using a small dip net to count and
transfer them to clean seawater. Quahogs were removed by hand.

Bicaccumulation potential -- At the end of the solid phase bicassay

test, live clams were transferred to clean tanks which received flowing,
natural BMRL seawater. The animals were maintained in the tanks for two
days to allow them to void their digestive tracts of sediment and were
then shucked, frozen, and shipped to Bionomics Analytical Chemistry Lab-
oratory, Wareham, MA, for chemical analyses.
Data analyses

Data from the liquid phase and suspended par:iculate phase tests
were analyzed according to methods outlined in the EPA/OCE Manual, Ap—

pendix D.17-28; data from the solid phase test were also analyzed accord-
ing to Appendix D.17-28. Differences were considered statistically sig-
nificant at the 95% confidence level (P<0.05). The statistical treatment
of the data differs from the methods suggested in the EPA/OOE Manual;

the solid phase test results were ocampared with a t test. The reason

for the change was that only one dredged material sample was used in the
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study instead of the suggested threu samples.

Information for the dilution curve was calculated from equations
in Appendix H. Initial mixing zone from H.10-14, liquid phase concen-
tration from H.21-23, and suspended particulate phase concentration from
H.24-28. Graphic comparison of mortality data versus dilution followed
the discussion in Appendix D.39-41.

RESULTS

Licquid phase
Copepods -- After 96 hours of exposure to the liquid phase, signifi-

cant mortality occurred in the 50% and 100% test concentrations. There

was 23% mortality in 100% liquid phase and 13% mortality in 50% liguid
phase. No mortality ocourred in the site water control and only 3% mor-
tality occurred in the culture water control and 10% ligqund phase {Table 1}.

The total nuwber of survivors of Acartia tonsa and the results of

t tests where statistically significant mortality occurred are given in
Table 2. The calculated t values for the 50% and 100% liguid phase were
4.03 and 3.48, respectively. These values were higher than the tabular
t value of 2.13, indicating significant toxicity (P<8.05) in both treat-
ments. However, mortality was less than 50% at each time and ICS0 values
could not be calculated.

Dissolved oxygen remained >80% of saturation in all test oo entra~
tions and controls throughout the test. The pH was from 7.7 in the cul-
ture water control to 8.2 in the site water control after 96 howrs
(Table 3).
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Mysid shrimp — There was o aortalaity in any of the test oyoentra-
ticns or controls after 95 hours of exgosare (Table 4

Dissolved oxygen remained :57% of saturation in all treatments throughe
cut the test; o was from 7.9-8.1 after % hours {Table 37,

Sheepshend minnows — No fish died in any test concentration Or oon-

trol (Table &j.
Dissoived oxygen remained :72% of ceication in all *reatmess - 7 e
oot the west; pH was from 8.6-8.7 afeer 96 mwrs Thie 5.

Copepads - Afler 96 hours of mpomre to Us sujsrded partioulste
phase, significant sortality oocurred in the 50% ang IG0E fos  opewoiras
tions. There was 30§ mortality in 100% suspended particulste phasce and
20% mortajity in 508 suspended particuiste phase, Thero was 153 sortalily
in 10% suspended particulate ghase. NG porzality ocourred in the site
water control and 3% moertality occurrved in thw Suliige «21a8r oomtrn]
{Table B).

The total mumber of survivors of Acartia tonsa and the resslis of

t tests where statistically significnt sortality ooourred are quwen in
Table 3. The calculated t values for the 508 and [958 suspeseded parvicy-
late phase were 3.51 and 3.00, respectively. These values w3re higher
than the tabular t value of 2.13 indicsting significant {P=3.05) toeacury
in both treatments. However, sortality sas less than 9% o =a thw
argd 1050 values could oot be calculated.

Disso’ved oxygen remained G of saturation in all test owoentra-
tidns and oontrols theoughoot the test., The of sas from 7.7 in the oul-
ture water ontrol to §.2 in the site water control after % hows (Table

ig).
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Mysid shrimp -- No significant mortality occurred after 96 hours of

exposure to the suspended particulate phase. Mortality was 0% in con-
centrations <50% and both controls to 7% in 100% suspended particulate
phase (Table 11).

Dissolved orygen remained >53% of saturation in all test conoetra-
ricns and controls throughout the test. The pH was from 7.9-8.1 after
96 hours (Table 12).

Sheepshead minpows —- No fish died in any test concentration or con-

C trol (Table 13).
Dissolved oxygen ramained :71% of saturation throughout the test.
The pH was from 8.0-8.2 after 96 hours {Table 14).
Solid phase
After 10 days of exposure to the solid phase there was no signifi-

cant difference (P<0.05) between mortality in the reference sediment and

in the dredged material. Mortality in the reference sediment was 0% for

Merceparia mercenaria, 23% for Neanthes arenaceodentata, and 24% for

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

for Mercenaria, Neanthes, and Mysidopsis, respectively (Table 15). Total

mmber of swvivors and the results of t test statistical analysis are
given in Table 16. Analysiz of variance was not used to compare mortality
in the reference sediment and dredged material because only two treatments

was tested. The calculated t value for the dredged material mortality

was 0.90, less than the tabular t valve of 1.81. Therefore, there was
e statistical difference between the mortality in the o treatments.
Ten days comprises a major portion of the life cycie of mysid shrimp

as evidencesd by the presence of newly hatched naugplii in reference sedi-

ment replicate 1 and in dredged material replicate 2 at the termination
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of the test. That fact, and the harsh treatment of pouring the reference
sediment and dredged mrterial directly on the fragile mysids, undoubtedly
contributed to the mortality that ocourred among the shrimp.

Salinity was 3041 /oo and temperature was 16:1°C; the range was
15-18°C. Dissclved orvgen concentrations remained :5.6 milligrams (mg)/t
{(72% of saturation) during the 10-day test in both treatments. The pH
ranged fram 7.4-8.1 in the reference sediment and fraom 7.5~8.2 in the
dredged material (Table 17).

Bicaccumilation potential

There was no statistically significant bicaccumlation of any of the

chemical constituents by Mercenaria mercenaria (Table 18). Cadmium and

mercury cancentrations were slightly higher in the dredged material ex-
posed animals compared to the reference sediment, but the differences
ware 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, endcin, mirex, methoxychlor, and the PCB, Arcclor® 1254 were be-
low the detection limit of 70 parts per billion {ppb) (nanograms per gram)
in all tissue samples. The pesticide toxaphene was not detected in any
of the tissue canples and was assumed to be below the detection limit of
100 pph. Petroleum hydrocarbons were below 1.0 part per millicon (ppmi (nicro-
grams per gram) for all tissue samples.

Methods for chemical analyses of ail constituents and quality control

procedures are presented in Appendix B.
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DISCUSSION

Statistically significant copepod mortality occurred in both the
liquid phase and suspended particulate phase. In each case mortality
was lass than 50%,; even in the 100% concentration of the test solutions,
arnd LCEC values could not be calculated. For the purpose of determining
if the limiting permissible concentration (ILPC) would be exceeded, it was
assu =i that the LCS0 for both phases is greater than 100% of the test
concentration.

The initial mixing zone was determined by using equation (H1) of
Appendix H in the EPA/COE Manual and che following information:

Disposal site depth = 20 meters (m)
Width of the disposal vessel = 14.6 m
Length of the disposal vessel = 65 m
Speed of the disposal vessel = 2.7 m/second
Disposal discharge time = 1,200 seconds
The initial mixing zone volume was 14,312,870 cubic meters (m3).

Equation H4 was used to calculate the volume of licuid phase in the
initial discharge. The total volume of the discharge vessel was 2,295 m3
and the calculated volume of liquid phase was 1,584 m3. Equation H6 was
then used to determine the percent of the original liquid phase concentra-
tion after initial mixing (4 hr), and was found to be 0.01% of the original
concentration.

Figure 1 is a.time-concentration mortality curve and estimates dilu-
tion curve for the liquid phase of dredged material from Mobile Ship Channel.
The fortality curve is plotted at 100% liquid phase, although the LC50
for all times during the exposure period could not be calculated. It can
be seen that the two curves constantly diverge and even using the conser-

vative approach of 50% mortality at 100% liyuid phase the LPC requirement
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would not be exceeded at 4 hr or at any time after that period. The con-
centration of liquid phase after initial mixing is 0.01% of the original
(equation He)} and when the application factor of 0.01 is applied to the
toxic concentration (here greater than 100% liquid phase), it can be seen
that the LPC would not be exceeded.

Figure 2 is a time-concentration mortality curve and estimated dilu-
tion curve for the suspended particulate phase of dredged material from
Mobile Ship Channel. Using equation H7 and the assumption that the
dredged material is 45% clay and 45% silt, the volume of suspended parti-
culates in the initial discharge was 640 m®. The concentration remaining
after initial mixing, calculated from equation HE, is 0.005% of the original.
Since the two curves in Figure 2 constantly diverge, the LPC {or the sus-
pended particulate phase is not exceeded at 4 hr or any time after initial
mixing. The 50% mortality curve is plotted at 100% suspended particulate
phase because the LC50 values could not be calculated for any of the time
intervals during the test. Applying the application factor of 0.01 to the
toxic concentration of 100% it can be seen that the 1PC would not be ex-
ceeded.

The mysid shrimp and sheepshead mirmows were unaffected by any concen-
tration of liguid or suspended particulate phase of the dredged material.
Mortality occurred among the polychaetes and mysids in the solid

phase toxicity test. Polychaete mortality was slightly higher in the
reference sediment (23%) compared to mortality in the dredged material
(14%). Mysid mortality was approximately squal in the two sediments (243%
and 25%). However, when total survival of the three species was compared

in the two treatments, no statistically significant difference was found.
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The results of chemical analyses on whole tissue samples of the clams

showed no bicaccumilation potential under the test conditions employed for
cadmium, mercury, petroleum hydrocarbons, aldrin, BHC (lindane), hepta-
¢hlor, p,p' DDT, p,p' DDD, o,p' CDE, chlordane, dieldrin, endrin, toxa-
phene, mirex, methoxychlor, and Aroclor® 1254.

The copepod mortality 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
particulate phases. Mortality occurred in the solid phase test, but was
not statistically significant and clams showed no potential to bicaccumulate
selected chemical constituents during the 10-day test. It is therefore
recomended that sediments from Mobile Ship Channel be dredged and that
ocean disposal is an acceptable means of dumping. It is further recammended,
however, that in future dredging bicassays more than one dredged material
sample station be selected and tested. A minimum of three stations are

recamended for toxicity testing.
SUMMARY

1. Exposure to 50% and 100% of the liquid phase of the dredged material
trom Mobile Ship Channel, AL, caused significant mortality of copepods.
The LPC was not exceeded. Mysid shrimp and sheepshead minnows were
not significantly affected.

2. BExposure to 50% and 100% of the suspended particulate phase of the
dredged material from Mobile Ship Channel, AL, also caused signifi-

cant mortality of copepads. The LPC was not exceeded. Mysid shrinp

and sheepshead minnows were not significantly affected.
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Exposure to the solid phase of the dredged material from Mobile Ship
Channel, AL, caused no significantly greater mortaiity of quahogs,
polychaetes, or mysid shrimp than occurred in the reference sediment.
Quahogs exposed to the solid phase of dredged material from Mobile
Ship Channel, AL, did not demonstrate any potential for biocaccumla-
tion of selected chemical constituents.

Based on the results of the tests, dredging and ocean disposal of
sediment fram Mobile Ship Channel, AL, should not produce an adverse

environmental impact.
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TABLE 1. Survival of copepods, Acartia tonsa, during a 96-hour exposure to the liquid
phase of dredged material from Mobile Ship Channel, AL.

Exposure condition Replicate Time of Observation - Number? of Survivors
Ohr dhr B8hr 24 hr 48 hr 72 hr 9% hr

Culture water control 1 10 10 10 10 10 10 10
2 10 10 10 9 9 9 g

3 16 10 10 10 10 10 10

33/ 30 306 T FI] 29 29

Site water control 1 10 10 10 10 10 10 10
2 19 10 10 10 10 10 10

3 10 10 10 10 10 10 10

3 I I W 30 30 30

100% test medium 1 10 10 10 10 10 10 9
2 10 10 W 10 10 9 7

3 10 10 10 1 g g 7
3 30 30 0 3I0 25 27 T3

50% test medium 1 10 10 10 10 9 g 9

2 10 W0 W 10 10 10 8

3 10 1o 10 10 1 10 9
W W W W T} 2/  Fwd

10% test medium 1 0 10 1w 10 10 10 10

2 16 10 w0 10 10 10 9

3 10 10 0 10 10 10 10
I O30 OOW O3 ki 30 kT3]

pInitial number in each replicate was 10.
“Significantly different (P<0.05) from the control.
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Total number of survivors of copepods, Acartia tonsa, after
96 hours of exposure to the liquid phase of dredged mate-
rial frum Mobile Ship Channel, AL.

Number of survivors

Replicate Disposal 50% 100%
site water liquid phase liquid phase
1 12 9 9
2 10 g 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
Tabular 2.13

t 05(4)
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TABLE 3. Measured salinity, pH, and dissolved oxygen dur.ng a 96~hour
toxicity test with copepods, Acartia tonsa, and the liguid
phase of dredged material from Mobile Ship Channel, AL, The dis-
solved oxygen values are the means of measurements in three
replicates from each treatment; salinity and pH measurements
were in Replicate A of each treatment.

Nominal ' ' Dissolved oxydgen

concantration Salinity oi img/¢ and % saturation)
{# liquid phase) {9/00) Ohr 96 hr 96 hr
Site water control 28 8.3 8.2 7.3 {82}
Culture water control 22 B.1 7.7 7.3 {80}
10 28 B.3 8.1 7.3 (83}
50 26 8.3 B.1 7.2 {81)
100 25 8.3 3.1 7.2 {80)
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TARLE 4. Survival of mysid shrimp,

. is bahia, during a 96-hour exposure to the liquid
phase of dredged materiai

Exposure condition  Replicate _Time of Gbservation - Mamber of Survivors
Ohr §hr Bhe 24 hr 48 hr 72 hr 96 hr

Cultone water control 1 10 10 10 10 10 10 140

2 1 10 W@ 10 10 10 10

3 8 10 10 10 10 10 10

3 W 3w 10 30 30 30

Site water control 1 0 0 10 10 10 10 10

2 0 W 1 10 10 10 10

. 3 i w 1 10 i0 =0 10

r 30 ) 3 30 30 30 30
[}

» 100% test medium 1 1Ic W 10 10 10 10 10

2 10 10 W o 10 10 10

5 10 19 10 W 1 1w 1
3 30 W Y0 30 30 30

50% test medium 1 w10 w0 1o 10 10 10
2 10 w10 10 10 10 10
3 16 10 1w 10 10 10 10
W OW W W W I W
10% test medium 1 10 10 W 1o 10 a0 10
2 100 10 11 10 10 10 10

3 ) 10 10 10 10

10
I W W 36 30 30 30

81
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TABLE . Measured salinity, pH, and dissolved oxygen during a %é-hour
toxicity test with mysid shrimp, Mysidopsis bahia, and the
ligquid phase of dreGged material from Fobile Ship Channel, AL.
The dissolved oxygen values are the means of measurements
in three replicates fram each treatment; salinity and pH mea-
suraments were in Replicate A of each treatuent.

Dissolved oxvgen

Nomingl
concentration Salinity H {mg/c &nd § saturation)
__ 1% liouid phase) {C/o0) 0 hr 26 hr 46 hr
Site water control 28 8.3 8.1 5.5 (&2}
Culture water control 22 B.1 7.8 5.7 {58}
i6 28 8.3 8.1 5.3 {80}
50 26 A.2 8.0 5.3 {60}
100 25 g.1 8.0 5.2 (5%
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TABLE 6. Survival of sheepshead minnows, Cyprinodon variegabus, during a 96-hour exposure

to the liquid phase of dredged material fram Mobile Ship Channel, AL.

Exposure condition Replicate Time of Observation - Numbexr of Survivors
Ohr 4 hr 8hr 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 1o 10 10 10 10 10 10

30 30 30 30 30 30 30

Site water control 1 10 1GC 10 10 10 10 10

2 10 10 10 10 10 10 10

3 o 0 10 10 1 10 10

30 30 30 30 30 30 30

100% test medium 1 10 10 10 10 10 10 10

2 10 10 10 10 10 10 10

3 10 10 1 10 10 10 10

30 30 30 30 30 30 30

50% tent medium i 10 1¢ 10 10 10 10 10

2 10 10 106 10 10 10 10

3 0 10 10 1 1 1 10

30 30 30 30 30 30 30

10% test medium 1 10 10 10 18 10 10 10

2 10 10 10 10 10 10 10

3 10 lo 10 10 10 10 10

30 30 30 30 30 30 30

0z
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TABLE 7. Measured salinity, pH, and dissolved oxygen during a 96-hour
toxicity test with sheepshead minnows, Cyprinodon variegatus,
and the ligquid phase of dredged material from Mobile Ship
Channel, Al.. The dissolved oxygen values are the means of mea-
surements in three replicates from each treatment; salinity
and pH measurements were in Replicate A of each treatment.

Nominal Dissolvexi oxygen
concentration Salinity ~ pH (mg/i and % saturation)

(% liquid phase) (©/00) 0 hr 96 hr 0 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 (110) 7.2 (B0}
10 28 8.3 8.1 8.2 (93) 7.1 (Bl)
50 26 8.3 8.0 7.7 (87) 6.9 (78)
100 26 8.3 8.0 6.7 (715) 6.6 (74)
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TABLE 8. Survival of copepods, Acartia tocnsa, during a 96-hour exposure to the suspended
particulate phasz of dredgxd material from Mobile Ship Channel, AL.

Exposure condition Replicate Time of Observation - Number of Survivors
Ohr 4 hr 8 hr 24 hr 48 hr 72 hr 9 hr

Culture water control 1 10 10 10 10 10 10 10
2 10 10 10 9 9 9 9

3 10 10 1 10 1 v 10

30 30 30 29 29 . 29

Site water control 1 10 10 10 10 10 10 10
2 10 10 10 10 10 10 10

3 10 10 10 10 1 10 10

30 30 30 30 30 30 30

100% test medium 1 10 10 10 8 8 8 7
2 10 10 10 9 9 7 7

3 10 10 10 9 9 7 7
36 30 30 B 25 a7 212

50% test medium 1 10 10 10 10 10 9 9

2 10 10 10 10 10 9 8

3 i6 10 10 10 1G 8 7
30 30 30 30 30 26 242

10% test medium 1 10 10 10 10 g 9 g

2 10 10 16 10 10 10 10

3 16 10 10 10 9 8 8

30 3 30 306 28 27 27

3significantly different (P<0.05) from the comtrol.

44




TABLE 9. Total number of survivors of copepods, Acartia tonsa, after
96 hours of exposure to the suspended particulate phase of
dredged material from Mobile Ship Channel, Al.

. __ bumber of survivors
Replicate Disposal 50% suspended 100% suspended
site water particulate phase particulate phase

1 io 5 7
2 15 8 7
3 16 7 7
Total 30 24 21
Mean ig 8 7
Variance 0.00 1.00 0.00
Calculated _— 3.51 3.99
t value
Tapular 2.13

t o5(4)
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TABLE 10Q. Measured salinity, pH, and dissolved oxygen during a 96-hour
toxicity test with copepods, Acartia tonsda, and the suspended
particulate phase of dredged material from Mobile Ship Channel.
AL, The dissolved oxygen values are the means of measurerents
in three replicates from each treatment; salinity and pH mea-
surements were in Replicate A of each treatment.

Nominal cancentration- Dissolved oxygen
{% suspended Salinity pH img/: and % saturation)}
particulate phase) (°/00) O0hr 96 hr 96 hr
Site water control 28 8.3 8.2 7.3 (82}
Culture water controi 22 8.1 7.7 7.3 {80}
10 28 8.3 8.1 7.2 (82}
50 26 8.3 8.1 7.2 {8B1)
100 25 8.3 8.1 7.3 (81)
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TABLE 11. Survival of mysid shrimp, Mysidopsis bahia, during a 96-hour exposure to the

suspended particulate phase of dredged material from M-obile Ship Channel, AL.

Exposure condition Replicate Time of Observation - Number of Surviwvors
Ohr 4 hr B8hr 24 hw 48 hr 72 hr 96 hr

Culture water control 1 10 16 10 10 10 10 10

2 16 10 10 10 10 10 10

3 i 10 1 10 10 10 0

30 30 30 3D 30 30 30

Site water control 1 10 10 18 10 10 10 10

2 10 10 10 10 10 10 30

o 3 0 10 106 10 10 0 o

,.:,, 3 3 I I 30 30 30
[ ]

w»n 100% test medium 1 10 10 10 10 10 10 g

2 10 19 10 10 10 10 10

3 w0 1 10 3 38 ) 2

30 30 30 279 79 29 28

50% test medium 1 10 I 10 10 10 10 10

2 10 w0 0 10 10 10 10

3 i0 ¢ 16 10 10 10 10

0 30 30 30 30 30 30

10% test mediuwre 1 10 10 10 10 10 1@ 10

2 ) VI T 1) 10 10 10 10

3 0 10 10 1o 10 10 10

3 30 30 30 30 ki) 30

T4
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TABLE 12. Measured salinity, pH, and dissolved oxygen during a 96-hour
toxicity test with mysid shrimp, Mysidopsis bahia, and the sus-
pended particulate phase of dredged material from Mobile Ship
Channel, AL. The dissolved oxygen values are the mezns of mea—
surements in three replicates from each treatment; salinity
ard pH mez_urements were in Replicate A of each treatment.

= &m 'jna-l'mmtim - Dissolved oxyasn

, {% suspended Salinity @ pH tm3/: and % saturation)
. _particulate phase) Cro0) Thr 96 hr 9% hr
i S;Lt& hﬂterﬁmtrol 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 5.2 {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 exposure
ko the suspended particulate phase of dredged material from Mobile Ship Channel,
AlL.

Exposure condition Replicate _Time of Cbservation - Number of Survivors
Dhr 4hr Bhr 2dhr 48 hr 72 nr 96 hr

Culture water control 1 16 1G 16 10 10 10 10
2 10 10 15 10 10 10 10

3 6 10 10 10 10 10 10

30 36 30 30 30 30 30

Site water control 1 10 10 10 16 10 10 10

2 16 10 10 10 10 10 10

3 1 10 1 1o 10 10

3 30 30 30 30 30 30

o 100% test medium 1 16 10 10 10 10 10 19
5 2 10 10 10 16 10 10 10
X 3 1 10 10 10 10 10 10
~ 36 30 30 3G 33 36 30
50% test mediuam 1 10 in lu 10 10 10 14

2 10 10 10 10 10 10 10

3 o0 1 10 ic¢ 10 14 10

30 30 30 36 k1) 30 30

10% test wedium 1 10 10 10 10 10 10 10

2 10 10 10 10 10 14 10

3 10 10 10 10 10 10 10

36 33 W 30 30 30 30

[}
]l
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TABLE 14. Measured salinity, pH, and disscolved oxygen during a 96-hour
toxicity test with sheepshead minnows, Cyprinodon variegatus,
and the suspended particulate phase of dredged material from
Mobile Ship Channel, AL. The dissolved oxygen values are the
means of measuraments in three replicates from each treatnent;
salinity and pH measwrements were in Reprlicate A of each

treatment.

~  ;§%&#§1 ;ﬁhﬁéﬁtrééiﬁn Dissolved oxXygen
{$ suspended Zalinity - pH {mg/2 and % saturation)
particulate phase) {C/00} 6 hr 96 hr L 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 {110y 7.2 (80)
10 26 8.3 B.2 8.4 {94) 6.8 (76)
50 24 8.2 8.2 7.6 (84) €.4 {71)
100 24 8.1 8.1 7.7 (86} 6.6 (73)
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TABLE 15. Survival of quahogs (Mercenaria merceraria), polychaetes
(Neanthes arepaceodentata), and mysid shrimp (Mysidopsis
bahia) exposed for 10 days to the solid phase of dredged
material from Mobile Ship Channel, AL.

Species and sample replicate Number of survivors on day 10
Reference sediment Dredged material

aahogs 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 i8

5 16 7

77 86

Mysids 1 16 15
2 15 13

3 17 18

4 13 13

5 15 16

76 75
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TABLE 16. Total number of survivors after 10 days of exposure to the
solid phase of dredged material from Mobile Ship Channel, AL.

Total Nuwber of Survivors
Replicate Reference Dredged
sediment material

1 50 55
2 47 48
3 55 54
4 50 51
5 51 53
Total 253 261
Mean 50.90 52.20
Variance B.30 7.70
Calculated —_— 0.90
t value
Tabular 1.81
t 05(8)
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TABLE 17. Measured salinity, temperature, pH, and dissolved oxygen (DO} during a 10-day
toxicity test with quahogs (Mercenaria mercenaria), polychaetes [(Neanthes
arenacecdentata), and mysid shrimp (Mysidopsis bahia), and the solid phase
of dredged material from Mobile Ship Channel, AL. The DO values are the means
of measurements in five replicates from each treatment; salinity, tempera-—
ture, and pH measurements were from replicate 1 of each treatment.

Exposure
condition and Time (days)
measurement 0 1 2 3 4 5 6 7 8 9 10
Reference sediment
Salinity (C/00} 30 31 30 1 20 30 30 31 3d 3¢ 30

Temperature (°C) 15 15 le 17 18 17 17 17 15 L. 15

DO (mgse; % 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)

pPH 7.4 T.6 7.6 1.7 g.1 7.5 7.4 7.5 7.4 7.6 7.7

Dredged material

Salinity {©/oo) 30 31 30 31 10 30 30 31 30 30 30
Temperature (°C) 15 15 16 17 18 17 17 17 15 i5 15

DO (mg/L; % of sat.) 6.6 6.5 6.3 6.7 6.5 6.1 6.7 6.0 7.6 7.8 6.7
(81) (80} (79) {B6) {84} (78) (86) (77) (94) (96) (83}

pH 1.7 7.7 7.7 7.7 8.2 7.5 7.5 7.5 7.5 .6 7.6
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TARLE 18. Concentrations in clams, Mercenaria mercenaria, fram the test

population (background) and in those exposed to the solid phase

of reference sediment and dredged material from Mobile Ship

Channel, AL.

Concentrations are reported as whole-body tissue

{less shell) based on wet weight, and are parts per million
(micrograms per gram) for cadmium and petroleun hydrocarbons
and parts per billion (nanograms per gram) for pesticides and
PCE.

Tisspe concentration

Constituent Replicate  Background Reference Dredged
sediment material
Cadmium 1 0.18 0.22 0.24
2 -— 0.24 0.24
3 ——— g.19 0.24
4 —— 0.20 0.24
5 — 0.20 0.19
Mean ——— 0.21 0.23
Mercury 1 31 36 25
2 ——— 12 35
3 ——— <11 31
4 - 24 33
5 - 40 46
Mean —— 25 34
FI F2+4F3 F1_ F24F3  F1  F2+F3
Petroleum 1 <1.0 <1.0 <1.9 <1.0 <1.0 <1.0
hydrocarbons 2 —_— <1.0  <1.0  <4.0* <1.0
3 — <l.0 <1.0 <1.0 <1.0
4 — <1.0 <1.0 <1.0 <1.0
5 _— 1.0 <}l.0 <1.0 <1.0
Aldrin 1 <70 <70 <70
2 —_— <70 <70
3 -— <70 <70
4 —_— <70 <70
5 _— <70 <70
*Iower limit is higher than other replicates because of a low re—

covery of the internal standard.

{continued)
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TABLE 18, continuad.

Tissue coneentration

Constituent Replicate  Background Reference Dredged
sediment marerial
BHC {lindane) 1 <70 <70 <710
2 — <70 <70
3 _— <70 <70
4 — <70 <70
5 ——— <70 <70
Heptachlor 1 <70 <70 <70
2 _— <70 <70
3 — <78 <70
4 — <780 <70
5 —_— Rl < 76}
B,p' DDT 1 <70 <70 <70
2 — <70 <70
3 — <70 <70
4 e =70 <70
5 _— <70 <70
p,p' DDD 1 <70 <70 <70
2 _— <70 <70
3 —— <70 <70
4 e <70 70
5 —_— <70 <70
o,p' DDE 1 <70 <70 <70
? ———— <70 <70
3 —_— <70 <70
4 —— <70 <70
5 — <70 <70
Chlordane i <73 <70 ~ 70
2 —— <H} <70
3 ——— <70 <70
4 -— <0 <70
g — <70 <70
Dieldrin 1 <70 <70 <70
2 — =70 <70
3 — =70 <70
4 — <70 <70
5 —— <70 <70
{continued)

D-2-33



TARLE 18, continued.

Tissue concentration

Constituent Replicate Background Reference Dredged
sediment 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

Mirex 1l <70 <70 <70

2 — <70 <70

3 — <70 <70

4 -_—— <70 <70

5 — <70 <7G

Methoxyclor 1 <70 <70 <70

2 —_— <70 <70

3 -— <70 <70

4 ——— <70 <70

5 e <70 <70

PCB 1 <70 <70 <70

{Aroclor® 1254) 2 —_— <70 <70

3 — <70 <70

4 — <70 <70

5 —— <70 <70

. D=-2~34
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. APPENDI- B

Analytical Methodology ~or the Determination
|‘ of Selected Chemicals in Claw Tissue (Mercenaria mercenaria)

Cadmium (Cd)

Samples were thawed and hamoge ' zed using a Willems PT20 Polytror®
homogenizer, A rinse of 1:1 nitric acid {HNC,} followed by 1:3 hydro-
chioric acid (HCl) and a final rinse with deionized water was used be-
tween samples. A weighed aliquot {4-5 grams [gl) of homogenized rissue
was placed into a Technicon digestion tube containing 15 milliliters

i (mi) of acid-digest mix (2:1 volume:volure [viv] solution of 30% hydro-
gen peroxide and concentrated reagent grade HNO;) and heated at approxi-
mately 70 degrees Celsius {°C) until foaming ceased (about 2 hours:. To
insure that all the tissue was digested, the sample was mixed with a
vortex mixer and an additional 5 mi of acid-dicest mix was added. The
sample was then boiled vigorously at 136°C for one hour, and then at
200°C for one hour.

The concentrated exiract was quantitatively transferred to a 25-mi
volumetric flask and diluted with dist:lled/deionized water. The di-
luted extract was transferred to an acid-washed scintillation wial (1:1
HNG:; and 1:3 HC1 rinse) equipped with a Tefloni~lined screw cap, for

storage prioy o analysis by atomic absorption SpECtIosSooDy.

following instnmental oonditions:

Instrument: Perkin-Elmer Hodel 3058, eguippedd with a deuterigm
arc backgroumy? correciion acpessory

Source lamp: Gd, electrodeless discharge lamp
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Lamp: 5.5 watts

Wavelength: 228.8 nancmeters (rm)
Signal band width: ©€.7 nm

Range: 1 mv

Scale expansion: 90°

Damping: 1

Flame conditions: Fuel - acetylene Rotameter - 8.5
Oxident - air Rotameter - 11.0

Chart speed: 5 millimeters (mm)/minute {min}

Response: Half-scale chart deflection for 0.15 parts per million
{ppm} Cd

Calibration curves were obtained by plotting response (mm peak
height} versus concentration (micrograms {ug]/me} of CJ standards in
distilled/deionized water containing 1% Ultrex HNO3;. One standard ard
reagent blank were snalyzed after evary 5 samples. Quality control
samples were prepared by fortifying approximately 1 g clam tissue with
1, 5, and lu wg of @ to vield corcentrations of 1, 5, and 10 va/g C4,
respectively. Samples were analyzed by the above method with the re-

i1ts shown in Table B-1.
The ana’yeis Of blank tigsue (Table B+l) shows varying oomcentra—

B-2

tions of Cd. The =ffect of biclogical variabillity on analytical deter-

minations of envirommental organiams, is well kwwm. In order to statis-

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

correction in analytical results of samples, multiple analyses (greater

than 20} of unexposed organirms as well as samples, would be requured

{(Montgomery et al., 1976).
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TABLE 1.

Recovery of Cd from clam tissue

Cd added, ug Cd recovered, ug % recovery
Blank G.098 —
Blank 0.20 -—
Blank 0.098 -—

it 1.1 110

1.1 110

1.1 110
Yed 4.8 96
5.0 4.7 94
5.0 4.6 92
10.0 9.5 95
10.0 g.6 96
10.0 9.7 57

Average recovery 100 (+7.6) %

p-2-41



B-4

The minimm detectable concentration of Cd in tissue was 0.18 ug.
The method demonstrates a quantitative recovery of Cd fram tissue, there-
fore no correction factor was used in the calculation of analytical re-
sults of samples.

Mercury (Hg)
Samples were thawed and hawgenized, using a Willems PT20 Polytron

hamogenizer. A rinse with 1:1 HNO3 and 1:3 HC1, and a final rinse of
deionized water was used between samples. Weighed aliquots (1-4 g) of
the homogenized tissue were placed into Technicon digestion tubes. A
low-temperature sulfuric acid (H;S0,) digestion procedure {Perkin-Elmer,
1972, #303-3119) was used with the following modifications. A 10-mg
volume of concentrated reagent grade H,50, was added to each semple,
mixed using a vortex mixer and an additicnal 10 m: of acid added. Sam-
ples were digested, in the Technicon tubes, for 2 hours at 60°C, using
a Technicon block digester. If particulate matter was still present,
an additional 2 m¢ of concentrated H,50, was added. Once divested,
approximately 0.2 g of potassium permanaganate (KMnO,) crystals was
added to each sample and mixed, using a vortex miwer, until the solu-
tion twrned purple. If no purple color was cbtained, the sample was
mixed for a longer time, or if still unsuccessful, more KMnO, crystals
were added and the sample further mixed. Samples were transferred vol-
umetrically, with three 5 m¢ aliqunts of deionized water, to 50 mg vol-
umetric flasks. The wolumetric flasks were cooled in an ice bath and
swirled to assure camplete mixing, prior to dilution to 50 m with

deionized water.
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B-5

The diluted extract was transferred to acid-washed bottles equipped
with Teflon-lined screw caps, for storage prior to amalysis by atamic
absorption Spectroscopy-

The mercury concentration was determined by an automated cold vapor
technique (Koirtyolann and Khalil, 1976) and atomic absorption spectro-
scopy- The sample rate was 20 per hour, with distilled/deionized water
used between samples to improve the baseline. The samples were mixed
internally with 3% sodium chloride-3% hydroxylamine sulfate in water
{(weight /volume {w/v]}, to react readily reducible camponents. The mix-
ture was further reduced using a 10% stannous sulfate so.utioh, in 2N
H 30, {w/v}, thus liberating elemental Hg vapor, which was transferred
to the closed cell.

Because of problems with bubbling, modification of the gas phasze
separation apparatus were m&ie. A hot air dryer was used to heat the
gas sepavator and a bubble was blown in the tubing between the gas sep-
arator and absorption cell. Both modifications inhibited bubbles from
being carrier into the light beam.

The following instrumental conditions were used to determine the
Hg concentrations:

Autcmated sampler: Technicon Autoanalyzer V and Cam 27-8162
20/hxmr 1:1

Instriment: Perkir-Elmer Model 305A

Recorder: Perkin-Elmer Model 56, 0-5 sV full-scale
Purge gas: air 12.5 ne/min

Source lanp: Hg, electrodeless discharge lamp
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Lamp: 5 watts

Wavelength: 253.7 nm

Signal band width: 0.7 mm

Range: 5 mv

Scale expansion: 90°

Damping: 1

Chart speed: 5 mu/min

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

Calibration curves were obtained by plotting response (mm peak
height) versus concentration [ng/mi) of Hg standards in deionized/dis-
tilled water containing 40% H;80, and 1 drop (or to excess) of 53 KMnO,
Two standards and a blank were analyzed after every 5 samples . Quality
control samples were prepared by fortifying approximately 2 g of blank
clam tissue with 0.25, 0.50, and 1.0 ug of Kg to yield concentrations
of 0.13, 0.25, and 0.50 .g/g, respectively. Samples were analyzed by
the above method with the results shown in Table B-Z.

The analysis of blank tissue {Table B-2} shows varying concentra-
tions of Hg. The effect of biological variability on analytical deter-
minations of environmental organisms, is well krown. In order to statis-
tically determine a background concentration and use it as a correction
in analytical results of samples, multiple analysis (greater than 20}
of unexposed organisms {blanks) would be reguired {Montgomery, op. cit.).
Therefore no correction for hackground concentration was used.

The minimum detectable concentration of Hg in tissue was 0.23 ng.

Since results of the recovery study indicated a quantitative recovery

D-2-44




TABIE B-2. Recovery of Hg from Clam Tissue

Hg added, ng Hg recovered, ng § recovery

Blank 97 —_—
Blank 41 -
250 360 140
250 250 12¢
500 520 100
500 340 110
500 590 110
1,000 1,100 i10
1,000 1,120 110
1,600 1,110 110

Average recovery 110 (+11.9) %
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B-8

of Hg, using the method, no correction factor was used in the calcula-
tion of analytical results of samples.
Pesticides and PCB

Tissue samples (approximately 10 g) were prepared for gas chroma-
tographic analysis by extracting the sample twice with 30-m¢ portions
of 1:1 diethyl ether:hexane for 1 minute by using a Polytron® PT20 homo-
genizer. The sample was centrifuged between extractions and the ex-
tracts filtered through anhydrous sodium svlfate into a Kuderna-Danish
evaporative concentrator equipped with a 10-mi graduated evap-rator tube.
The extract was concentrated over a steam bath and the volume adjusted
to exactly 5.0 mt.

A 3.0-mg portion of the concentrate was transferred to a 0.9 x 25~
centimeter (cm) Pyrex® chramatographic cclum containing 2.3 g of ac-
tivated (130°C) Florisil 60/100 mesh with a 1 am layer of anhwdirous
sodium sulfate above it. The colum was prerinsed with 50 mi of hexane
before sample application.

The coluw: was eluted with a 50-mz volume of 6% diethyl ether-in-
hexarw to remcve PCB and pesticides, except endrin, which was stripped
from the colum with a 50-mi portion of 1% methanol-in-benzene. The
6% diethyl ether-in-hexane fraction was concentrated to approximately
2 mt for silica gel chromatography. The 1% methanol-in-hexane fraction
was concentrated to 5.0 m@ for gas chromatographic analysis. Both con~
centrations were carried out over a steam bath by using a gentle s:ream
of clean dry air.

The concentrated 6% diethyl ether-in-hexane fraction was transferred
to a 0.9 x 25-on Pyrex chramtographic colum containine 3.0 g of acti-
vated (159°C; grade 922 Silica Gel. The colum was prerinsed with a
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50-mg wolume of pentane before sample ap  Lication.

The colum was eluted with a 5¢~m# volume of pentane followed by
a 50-mf volume of 1% methanc’-in-he ane by using 2-3 pounds per square
inch (psi) nitrogen gas pressure. .r1e fractions were collected sepa-
rately, concertrated to 5.0 mt by uz:g a gentle stream of clean dry air,
and analyzed by gas-liquid chramatography with the fraction pattern
listed in Table B-3 and retention time and response listed in Table
B4.

Gas chraomatographic analyses were performed by using the following
instrumental conditions:

Instrument: Perkin-Elmer Model 3920 gas chramatograph eguipped
with 15 microcuries Hi~®3 electron capture detector

Recorder: Perkin-Elmer Model 023; 0-1 vV full scale

Column: 6' x 2Z-mm (ID) Pyrex packed with 3% V-10, 80/100 mesh
Supelcoport

Tenperatures (°C): Colum - 200
Inlet ~ 250
Interface - 250
Detector - 350
Gas flows: Carrier:50 cc/min 5% methane:95% argon
Chart speed: 40 an/hour
Attenuation: 32X
Calibration curves were produced by plotting peak height (mm} versus
weight {ng) of standard injected. alytical standards were prepared by
I £ ﬁﬂA'ivm,cil_‘ pestn":ldge am.i PCE starxiards with hexane to yield
orking standards of the ra;m.reé concentrations. }% mixed standard wes
used for all the pesticides quantitated except chlordane. Separate analy-
tical standards were used for chlordare and Aroclor® 1254, Aroclor 1254

and chlordane were each quantitated based on a single iscmer peak.
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TAELE B-3. Silica Gel Fraction Pattern

Compourd Pentane 1% methanol-
in-benzene

Aldrin X

Heptachlor Approximately 5% Approximately 95%

Chlordane Approximately 5% Approximately 95%
Aroclor 1254 X

Mirex b

Lindane X

o,p'DDE X
Dieldrin x

p.p'DDD »
p,p'DDT X
Methoxychlor X
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TAELE B-4.

Retention Times and Response

Half-scale

Compound Retention chart-response

time (minutes) {picograms)
Lindane 1.0 160
Heptachlor 1.6 249
Aldrin 2.2 220
o,p'DDE 3.3 500
Dieldrin 4.2 500
p,n'D0D 5.4 500
Endrin 8.2 1,500
Methoxychlor 10.9 3,500
p.p DOT 7.2 1,500
Mirex 13.4 1,600
Aroclor® 1254 6.1% 250
Chlordane 1.5% 200

*Isomer usex Sor quantitation.
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Blank tissue {approximately 10 g) was fortified with pesticides/F(B
standards-in-acetone ard analyzed by the above method. The analytical
results of all samples were corrected for the average peroent re—
coveries shown in Table B-5. The minimm detectable conrentration of
pesticide for PCB in tissue was 50 ng/g.

A 10-g saple of frozen tissue was hesmogenizexd in a S0-nu centr:fuge

tube equipped with a Teflon-lined screw cap by using a Willess PTI% horo-
genizer. The probe was rinsed with 5 m: of 4N Nal¥W and the rinse added
to the centrifuge tube. The centysfuge tube was capred add placed :in an
oven at S0°C for 2 hours. The samle was shaken ViowmoASiy at the end

of the first hour.

Once the sample had cooled, 15 mi of ethyl ether «as added i the
tube shaken vigorously for 1 minute. The sample was then centrifuged
transferred to a l-ounce narrow-mouth glass bortle epuirped with 3 Teflon-
lined sorew cap, using a 50-m syringe eqguipped with a3 long, large-gmswe
necdie.

An additi ial 10-mi volume of ethyl ether wes added o the agaecus
layer in the centrifuoge tube, and the extraction repeated as before.

1 g of anhydrous magnesium suifate.

The cobined extract was decantad into a 25-m evaporator tube con-

taining a few amall poroelain chips ard fitted with a modifieg Zmyder

colum; the extract was concentrated to aproxizately I = by using 3
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TABLE, B-5. Concentrations and Percentace Recoveries of Pesticides ard
PCB added to Tissue Sampl-s

Compound

pom added

Percent recovery

3

BHC (lindane) 0.48
(.96
Heptachlor £.48
Aldrin 0.46
o,p'DDE 0.48
Dieldrin 0.48
p,p'DDD 0.96
p.p'CDT 0.96
Endrin 0.96
Methoxychlor 2.40
Mirex 0.9
Aroclor® 1254  15.4

30.8

Chlordane 8.4
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B-14

Kontes® Tube Heater set at 75%... A 2.0-m: volume of hexane was added,

and the sample again concentrated to approximately 1 me at 110°C. The

sample was removed from the tube heater and the tip heated at approxi-
mately 120°C until the sclvent had been allowed to reflux and rinse the
walls of the tube.

A silica gel separation column was prepared using a 9 x 250-mm column
) equipped with a sintered glass disc, Teflon stopcock, and 100-mg reser—
voir. ‘The colum was packed by first filling it with petroleum ether
ard then adding 10 g of silica gel (MCB No. SX 144-7), activated at 130°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 colum was prewashed with 25 me of methylene chloride, feollowed
by two 2-me petroleum ether rinses, and a final 40-mg¢ petroleum ether
- rinse. All of the prewash eluates were discarded. An elution rate of

1«2 mi/minute was maintained.

The concentrated tissue extract was transferred onto the column,
followed by three 1-m? petroleum ether rinses, eluted under pressure,

and the eluate collected in a 25-m! concentrator tube. An additional

22-mt volume of petroleum ether was addsd to the column, eluted under

pressure and collected in the same concentrator tube. This total eluate

was Fraction I and contained the saturated hyrdrocarbons.

A 50-m¢ volume of 20% methylene chioride-in-petroleum ether (vol-
wne:volume) was added to the colum and two 25-me eluates collected,
under pressure, in separate 25-m¢ concentrator tubes. These were Fractions

2 and 3 and contained the moro- and diaramatic-lrdrocarbons, and the
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triaromatic hydrocarbons, respectively.

A 100-microliter (u2) volume of 1 milligram (mg)/ n~dotriacontane-
in-heptane standard was added to each fraction and the fractions concen-
trated to approximately 0.2 mt by using the tube heater. The concentra-
ted eluates were adjusted to a 0.5-mi volume with heptane, and an aliquot
of each fraction removed for gas chromatographic analysis. The aliquots
for Fractions 2 and 3 were cambined and the volume concentrated to exactly
half., Fraction 1 and the combined Fractions 2 and 3 were analyzed by
using the following ingtrnumental copditions:

Instrument: Hewlett-Packard Model 5840A gas chramatograph equipped

with dual flame ionization detectors, and a Model 7671A
wutamatic sampler

Colums: 2 each 10' x 2-mm (ID) stainless steel, packed with 3%
V~-17 on 100/120 mesh Chraomosorb Q

Temperatures (°C): Colum - 60-300 at 8°C/minute
Inlet - 250
Detector - 325
Time S: 20.00 minutes
Gas flows: Carrier - 25 mi/min nitrogen
Reactant - 40 mi/min hydrogen
Support - 240 m¢/min air
Chart speed: 0.5 an/min
Area reiecticn: ( counts
Attenuation: 128
Slope sensitivity: 0.50
Retention time: 28.1 min for intermal standard
FID signal: -A4B

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-dotri-
acontane, quality control standards were produced by extracting blank
tissue (approximately 10 g) by the above procedure and analyzing the
resultant sample extracts. A calibration curve was produced by plotting
peak height (mm) versus weight (ng) of n-dotriacontane injected. The
recovery of the intermal standard is shown ir Table B-6.

Two chemicals were chosen to verify the recovery of petroleum hydro-
carbons with the method. Analytical standards of nonadecane and 2,3-
dimethylnaphthalene were prepared by dilution of stock material with
heptane to yield 1,000 mg/% nonadecane and 2,3~-dimethylnaphthalene stan-
dards, respectively. Control tissue (approximately 10 g) was fortified
by the addition of 1 mi of the 1,000 ppm nonadecane and £,3~dimethyl-
naphthalene mix and analyzed by the above method with the results as
shown 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-dimethylnaphthalene, res-
pectively.

The analytical results of samples were calculated by comparison of
the total peak areas found, from 4.0 minutes retention time through the
end of the program, with the area of the n-dotriacontane internal stan-
dard. No correction for method recovery was used in the calculation of
sample concentrations. All analytical results of samples are reprrted
in ug/g as n-dotriacontane. The minimm detectable concentration of pet-

roleum hydrocarbon in tissue was 0.5 ug/g as dotriacontane.
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TABLE B-6. Recovery of n-dotriac..ntine

Sample Sample n—dotriacontane n-dotriacontane % recovery
weight (g) added (ug) recovered {uq)

Fraction 10.04 160 102 102
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

Mean ard standard deviation 97.5 * 13.2
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Recovery of nonadecane and 2,3-dimethylnaphthalene

TABLE B~7.
Sample nonadecane, nonadecane
Sample weight 2,3-dimethyinaphthalene recovered % recovery 2,3-dimethylnaphthalene % recovery
{g) added (ng) ing} recovered (ug)
Spike - A 10.18 1,000
Fraction 1 1,150 115
Fraction 2&3 1,220 122
Spike - B 10.17 1,000
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 —
i - .
Average 120

Fraction 2&3
Average 114
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SECTION E
THE SELECTED PLAN

1. This section describes the plan selected as a resulv 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 cperation and maintenance for a general understanding
of the technical aspects, along with the plan's accomplishments and
effects. Section F of Appendix 5 presents an economic analysis of

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

shown in figure E-1.

PLAN DESCRIPTION

2, The plan selected for improvement of Mobile Harbor consists of en-
larging the exisring ship channel to preovide a depth »of 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 point
about 3.6 miles south of the mouth of Mobile River; enlarging the

channel into the harbor te provide a depth of 35 feetr and a width of

650 feet for a distance of about 4.2 milaes 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 widrth, 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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feat of the main bay channel would be by hoppsr dredge with materials de~
posited in a deep-weter disposal area in the gulf tentatively located with-

in a 16 mile redius of the mouth of Mobile Bay. Initial excavation of the
lower bay channel to & point near Theodore ship channel would be by a 27 inch
or comparable hydraulic dredge utilizing dump scows and tow boate to transpert
the dredged material to deep-water in the gulf for dispesal in the same loca-
t{on as the material from the entrance cusunel. 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 shown on figure
E-2. Final selection of 8 site is pending Phase 1 studlies and prepa~ation of
en EIS by the Envirpomental 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 & fill area to be

constructed in the vicinity of the Brookley waterfromt.
EVALUATED ACCOMPLISHMENTS

4, Evaluated accomplighments that would result from implementztion of
the selected plan are direct transportation savings to deep-draft
commerce and land enhancement benefits. The trangportation savings
would be realized principally in the movement of iron ore and coal
througn Moblle. Total savings constitutes an average anaoual equiva-

lent benefit of $33,130,000,
IMPACTS OF PLAN

5. Unaveidable adverse impacts assoclated with the plan would arise

from the dredging and disposal operations which would destroy some

benthie populations, increase turbidity, cause permanent physical loss

of a shallow water bottoms to be filled in the upper bay, commit 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 avp'-ed only through remedial measures, are
agsociated with modifications to owverall circulation patterns in the

bay caused by channel construction, and sites of historical significance,
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if any, located within the channel -li-ament and disposal areas.
Secondary impacts would resul:. from itirmulated economic development of

the area that would probably oceur .ov ¢onstruction of the gelected plan.

6. Benthic populations would be desicoyed by channel coastruction and
layers of sediment deposited on the bottom by mud flows during disposal,
The amount of bay bottom that would be affected by the considered plan
would be about 5.8 square miles including; 1.1 square wmiles due to
widening the bay channel, 2.7 square miles for the Brookley expausion
area, and 2.0 square miles attributed to mud flows during construction

of the disposal area dikes. The 2.7 square miles committed to the dis-
posal area would result in permanent loss of esturaine nursery habitat

and racreation/fisheries use of that portiom 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 te the bar channel &nd 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 charnel and 4.0 square
miles of near shore gulf bottosn are committed to disposal of dredged
material. The impacts aseociated with the considered disposal plan as
compared to the existing maintenance practices will be investigated
further during Phase 1 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 3l.

7. A minor release, to the water ceolumn, 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 dissclved oxygen levels would be associated with the

Appendix 3
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initial high levels 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 chaius,
would be reduced during the construction period, However, turbidit-
and mud flows can Le minimized by modifying the pipeline configura-
tian at the discharge point. There will also be short-term effects
from air pollution and increased noise Je-els during the dredging

operations,

8. According to limited physical model studies, modifications to :'e bay

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

in Mobile Bay. This is the apparent 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 indicated a general freshening of the water
within Bon Secour Bay. Oyster production within this area could increase with
the possibility of improved spatfall.

9. 4 complete cultural resources survey of the areas to be affected would
have to be completed prior to any construction. Magnetometer surveys of
the under water areas would identify any anomalies. Measures would be
taken to protect and preserve any objects or sites of historical signifi-

cattce within the channel alignment and disposal areas.

10. The selected plan would provide a long term solution for dredzed material
disposal. The life of the bay should be extended as a result of taking all

the future maintenance dredged material to the gulf.

- Appendix 5
E~-6




11. Secondary impacts of the considered plan could include higher levels of
noise, water, and 8ir pollution related to increased economic development of
the area. The channel improvement would enhance the Port of Mobile's imporc-
ance and competitive position in world shippiung. There would be aa increase
in population, employment, housing, Industrial and commercial development,
water borne comuerce, and port expansion. However, similar patterns of

growth are expected to occur with or without the considered plan of

development,

12. The selected plan would enhance the possibility of economic developmeat
in the area as a result of lowered shipping costs sand the creation of an
additional parcel of prime area for deepwater oriented industrial or harbor
temminal uses. The consideved plan would make major contributions to both
National and rezional economic development and toward easing the present
United States import-export imbalance. Various effects of the plan on both
economic and envirommental parameteres have been discussed in Section D,

Appendix 5 ~f this report,

SUBSURFACE INVESTIGATIONS

13, The boring logs, demsity, grain size, and samples inspected all
indicate 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 berings were made in 1964 prior to the deepening of
the main charnel 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 1is not considered satisfactory for constructing fast

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

channel are reproduced {n Attachment 3-1.
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15. No borings were made aloag the dike profiles of the proposed Brookley
expansion area to establish the depth of soft material of the location of
firm 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 feet m.l.w. This assumption is
supported by islands presently existing in the vicinity that were con-
structed with dredged material.

DESIGN
CHAMNELS

16. Design of the various channel features in the selected plan for
improvement of Mobile Harbor was determined through an evaluation of
existing conditions and the application of avallable criteria and
professional judgement. Applicable criteria exist only in the form

of guides estgblished through case observations. The guides are in

fact variables selected on the basis of bottom and sea conditlons

known to occur at the existing area, present operating conditions,
projected traffic densities, and the varied characteristice 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

formulation and as such was discussed in Section D, of this appendix,

17. Figures E-3 through E=9 illustrates designed features of the
selected plan including the alinement, channel depths, channel
widths, anchorage area and turning basin. The channel widths,
developed {n Section D, are based on one-way traffic for the
largest vessel expected to navigate the 35-foot chaunel. Uncon-
strained two-way traffliec will exist for a majority of vessels
utilizing the chainels.
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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 lenpths
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 anticipated 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 siue of the
channel and just south of the turning basin. The width of the
anchorage area 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 facilities and details of the mooring dolphins.
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BAY DISPOSAL AREA

19. The dikes to coatain the "new work' dredged material from the upper

bay channel will be congtructed ¢’ :igh content sand material pumped to

an approximate fill elevation of +5 feet, m.l.w., with slopes of 1 vertical
to 20 horizontal, The next stage would be to construct from the hydraulic
f111 e dike section from +5 to +17.5 feet, m.l.w,, with a crown widrh of

10 feet and side slopes of 1 vertical to 5 horizental. The sosthern portion
of the disposal area will have similar dikes constructed to an elevation

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

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

with grass. Those areas exposed 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 1,047
acres of fa=t land to an elevation approximately + 17.5 feet, m.l.w.

The remainder of the fill area will accommodate approximately 24

million cubic yards of soft new work material from the next 6 miles of
chrnnel down to the intersection of the Theodore channel. Figure E-3
1llustrates the considered disposal area and other upper harbor features.

Figure E-11 shows a typlcal dike crogs-section.

20. The design assumptions for sizing the disposal area are based on
minimal drying techniques for management of surface water. It is
agsumed that *wo unit volumes of space in the dispcsal area will con-
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, onme unit volume of consolidated clay dredged

material is assumed to occupy one unit volime of storage.

CONSTRUCTION

21. Construction would be by hydraulic 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 dredg= and transported by
pipeline to the diked Brookley disposal area. The dredged new work
material from the lower bay will be excavated by a moditied cutterhead
dredge and transported by dump scows to the gulf, The dredged new work
material from the lower 8,000 feet of the main bay vhannel 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 natural

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 towboats for the 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. The
dredging should be staged so benefits of the incrementally deepened
project would be realizea during the construction peried. 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 the disposal site have considered guidelines
established 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 tc preconstructien planning,
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23 The 27 inch cutterhead dredge will be modified by lowering che

pump on the dredge ladder near the cutterhead to obtain greater densi-
ties in the dredged effluent and better economics from the barging
operation., Alsc, the dredge will be modified to discharge into dump
scows at a production rate of 2500 cubic yards per hour insitu. It

is estimated a fleet of B 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 assumed to have a 35 percent insitu 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 summarized in table E-1.

TABLE E-1
DENSITY OF MATERIAL TO BE DREDGED

New Work Grams/Liter
Upper Bay 1,770
Lower Bay 1,440
Entrance Channel (Sand) 2,000

Ma{ntenance
Upper Bay  Lower Bay 1,280
Entrance Channel (Sand) 2,000

OPFRATION ANU MAINTENANCE
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 malntenance with the selected plan were based
upon 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 masintenance dredging from 1939 to 1975.
Maintenance was lower during the periocd of 1955 to 1965 due to new work
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 typlcal maintenance operations. Table E-2

shows the recorded historicel annual dredging rates.

TABLE E-~2
ANNUAL DREDGING RATES (cubic vards)

Year Entrance Channel Bay Channel
1939~1955 211,332 3,654,888
1956-1965 53,387 2,503,280
1966-1975 264,216 1,824,071

27. A comparison of shoaling rates with the 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- -1 300-foot to

40- x 400-foot channel) the anpual 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 unore to the
increase in channel lenath than the increase in channel perimeter.

On the basis of these 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 be gxpected sfter construction of the selected plan are

shown in table E-3.
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TABLE E-3

ADDITIONAL ANNUAL MAINTENANCE DREDGING
(cubic yards)

Channel Reach Present Quantities Additional Quantities Total

Main Bay 3,824,071 229,444 4,053,515
Entrance 264,216 474,516 738,732
Totals 4,088,287 703,960 4,792,247

28. The disposal method presently used in maintenance of the existing
Mobile Harbor channel consists of discharging the material d.-:dged by
pipeline dredge in open water along both sides of the main channel in

the bay and placing the material from the Mobile River channel in diked
upland sreas and transporting the material 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
modi fied in that all of the upper bay channel and the lower bzy channel
dredged maintenance material will be placed in a gulf disposal site. The
increased costs for maintena&nce of the existing project has not been
charged against the benefits of the selected plan since with or without
implementing tlie selected plan,the disposal

method may change and the existing project can easily provide the economic
justification of modifving the present maintenance disposal method. Based
on available data discussed in detail In Section D, the gulf disposal
alternative would create less adverse envirommental 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 scheduled to
insure authorized depths by the end of new construction. In the v .per
bay the additional maintenance cost during construction due to the

larger channel (average 40,000 cubic yards/year) is amortized over
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the 50-year period of amaly.is for the selected plan and charged as a
Federal annual charge. In the lowe - bay the additional maintenance cost
during construction for the main ¢ in-el (average 75,000 cubic yards/year)
and entrance chsnnel (average 237,0) cubic yards/year) were likewise

charged as a Federal annual charge of the considered plan.

PRECONSTRUCTION PLANNING

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 and
required mechanisms for offsetting any sigunificant 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 guality 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 bottom, 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 dats 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 Burvey, per-
formed prior to any construction, would result i{n recommendations for the
preservation or mitigation of cultural resources found to be threatened.

A magnetometer survey of underwester areas would be included as part of
the survey or cultural resources.

33. Joestified mitigs.'- 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

a2s 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-
ductedhat the Waterways Experiment Station, was to evalvate methods

for controlling the dispersion of dredged material. Results of the
studies indicate that the most promising method for controlling

water cclumn turbidity and mud flows involves modifying the pipeline
configuration at the discharge point. It was found that the gmount

of water columr turbidity generated by a submerged discharge decrease

as the angle of the pipeline discharge increase from 0 te¢ 90 degrees.

By adding a 15 degree conical section at the end of the 90 degree

elbow, the effective 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 involwving 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

Appendix 5
E-23




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
material dispersions would be environmentally beneficially for

the open water dike construction in the upper bay, and will be

considered further during Place I studies.
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PLAN IMPLEMENTATION

35, Review of the selected overall plan indicates several 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 without suboptimiz-
‘nese features are

ing or binding future action to the framework plan.

sdentified and discussed in the following paragraphs.

36. The selected plan presents a comprehensive g.idve 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‘'g snd
anchorage area at the head of the bay, a passing lane in the central
area of the bay and several mitigating features to improve 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. The 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-

tien delays.

38. yidening 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 materlal.
The relatively good structural material to be dredged from the channel
widening would be used to dike and fill a part 5f the area 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 wouth of Mobile
River. The turning basin would require dredging of approximately 2.4
million cubic yards of new work material. The 2nchorage basin would
require dredging of approximately 2.9 mill. - zul :: yards of new work
material. This material would be depos: _e¢ .~ t.oe wrooklev fill area

to create a portion of the new developmeni - 1.
PASSING LARNE

40. Constructing 4 passing lane about mid-wav along the main bay chamnel
will significantly reduce the delays of larger vessels entering and leaving
Mpbile Harbor and the Theodore Industrial area. The passing lane can be
constructed adjacent to the east side of the existing chamnel to a

bottom width compatible to the selected plan for a distance of about

two miles without sacrificing any economics of future development. The
increment of development would require dredging of about 2 williom cubic
yards of new work material. The material would be pumped by hydraulic
dredge into the island presently ronstructed to contéin maAterial excavated

from the Theodore Ship Channel.
DREDGED MATERIAL DISPOSAL

41. Approximately 12 millicn cubic yvards of new work dredged marerial
will be excavated from the upper harbor esarly implementation features.
This material will be suitable to construct the dikes of the Brookley
Expansion Area (5 million cubic vards) and provide 7 million cubic
yards of suitable fill in the northern end for port development. Tkis
stage of development will provide about 341 acres of fast land to

elevation +17.5 m.1.w.
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SECTION T

ECONOMICS )7 SELEUTED PLAN
INTRODUCTIC

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 charges presented herein re based upon the selected plan
as evaluated and defined previously in Sections U and E of this Appendix,
respectively. The selected plan consists essentially of deepening the
project from the presently authorized 40-foot depth in the mairn bay channel
to 55 feet, widening it from the authorized 400-foot width to 330 feet,
deepening the gulf entrance channel from the presently authorized 47 -foot
depth to 57 feet, and widening it from the authcrized 400-foot widcth co

700 feet. A range of channel widths and depths was investigated for the
selected plan as well as for all alternatives that were given detailed
consideration in order that the optimum level of deveiuvpment 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 detcrmine the navigation
benefits that could be realized by modifying the authorized project to a

depth greater than 40 feet.

3. An investigation to determine the 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 firm 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 bemefits from the expansion of the authorized

Theodore segment cof the existing project.
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4. Another potentlal 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

oL their facilities and the authorized Federal improvements for Theodore, such
benefits were regarded only as a potent®:ility at this time rather than a firm

estimate.

3, Without firm prospective beneficiaries for depths in the Theodore Channel
greater than those presently authorized and under construction, consideration

of greater depths at this rime 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.
METHODOLOGY

6. The primacy purpose of this section is to identify and measure the direct
economic and monetary impacts the considered channel improvements would have
on the transportatioc of products shipped threough the port of Mobile by deep-
draft vessels and tn trevievw the need for expanding the port facilities to
bandle 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 wiil
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 sensitive to construction alternatives being
considered, such as, dredged materizl disposal methods and channel
widening. Land enhancement benefits presented herein are applicable to the

selected plan and were computed based cn 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.d other shipping interests. The survey was conducted to determine what
impact the enlargements of the ship channel would have on present and future
commodity shipments through the port of Mobile. Information collected
includes: (1) present and future volume of commerce that will be shipped
through the port, (2} type of transportation service required for

shipping their products, {3) origin/destination matrix or shipping patterns
required for the delivery of each commedity, (4) the terminals and/or docks
generally used a. Mobile, (5) adequacy of terminsls at the porc, (6)
volume of shipments per consignment normally required, and (7) oiher

pertinent data concerning their transportation needs.

9. An economic analysis was also made to determine the historicel growth in
port tonnage, present and prospective commerce, and associated transporta-
rion costs and be.fits. Eenefits were ralculated to determine the savicgs

in transportation costs creditabl.~ to the various channel denths considered.

190. This Section documents the current commerce moving through the port

and current vessel acrivity; identifies and evaluates the commerce that

would henefit by the considered improvements; provides estimates of volume of
commeree that can be expected throughout the projecr life {1995-2044);

documents procedureeg in determining vessel operating costs and the

resulting benefits and costs that can be expected from the plans ot

improvement.
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11. Beopefits and costs for the selected plan were derived in terms of
equivalent average anmial benefits and equivalent sverage sanuz: charpes
(interest, amortizsticn and maintenance costs). These were computed for

a 50-year period of analysis and converted to an average annual hasis

using the rurrent interest rate of 6 7/8 percent, spplicable to all water
resource projects under investigation at the time of this report. Benefitrs

and costs reflect October 1978 prices.

12. Benefits are based on transportation savings which would resulr
principally from the future use of larger, more economical vessels.

Supplemental berefits irom improvements of the project reflect savings

n bay channel. Land enhancemen

[N

in delay time to ships navigatiog the ma
benafits also result from the creation of lands adequate [or industrial
or part terminal development. The total benefits derived from variocus
considered charnel depths were compared with costs for the various depths

to idepnrify the optimum depth.

13. Costs consist principally of dredging. These costs are based on
current prices for maintenance dredging, updated prices for new work
on prior construction for Mubile Harbor and simitar projects and dets’led

analysis of new dredging technigues.
FIRST COST

la, First costs given herein are estimated for the selected plan as
described in Section E of this Appendix and iljustrated en figure E-1.
Dredging costs are based on the quantities of new work for the selected
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 plate F-1. The
contribution required by local Interest 1s based on all of the cosr
allocated for land enhancement of the Brooklev expansicn area. A deraziled
development of this cost is presented in "Implementation Respornsibilities”
in the main body of this report.
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TAEBLE F-1

DREDGTING QUANTITIES FOR CONSTRUCTION
(cubic yards)

Reach Quant ity
Mobile Ship Chanael
Turning Basin 3,611,852
Anchorage Avreas 4,416,677
Upper Channel 55,371,500
Lower Channel 58,653,704
Beribing Areds 1,890,000
Total Pipeline Dredeing 124,943,723
Guif Entrance Channel *
Total Hopper Dredying 1Y, Ui, 5%
Total Dredping Yuantitv for Cons ructinn 142,962,317

% The lower 8,000 feet of the main channei is included in che
quantities for hopper dredging.
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TABLE F-2

ESTIMATE OF FIRST COST

FEDERAL FIRST COST

Bredging
Upper bay reach (above Theodore)
63,400 cu.yds. @ $1.04/cu.vd. $ 65,93/,000
Lower bay reach
58,654,000 cu.yds. @ $1.28 cu.yd. 75,077,000
Entrance channel
19,019,000 cu.yds. @ 51.73 cu.vd. 33,283,000
Mooring Dolphing {16 B $54 142 ea.) B66, 000
SUB-TOTAL $175.162,000
Continpencies = 20% 35,032,000
Engineering & Desipn 7 % 6, 306,000
Supervision & Administration # 3% 6,495,000
Interest during Construction (7 yrs. @ 6-7/8%) 53,658,000
SUB-TOTAL $276,653,000
L.eas Required Contribution by Local Interest ~36,641,000
Navigation Alds (U.5. Coast Guard) __ 83,000
TOTAL FEDERAL FIRST COST 240,105,000

NOSN-FEDERAL FIRSI (a7

Lredging
Berthing Areas (1,890,000 caoyds., @ 31.04/cu.vd.) 1.,96K 000
Dike Construction {over & above T.E. Cost)
13,800,000 cu.yds. & $95.05/cu,yd. 690 060
Initial Dike Canstruction
Dressing & Shaping 15,000
Waste Weirs 34,000
Revetment 4,289,000
SUB~TOTAL $ 6,574,000
Contingencies @ 20% 1,315,000
Cash Contribution (8.1% of 276,633,00M 22,409 000
Cash Contribution (3% of IB4,6135,000) 14,252,000
TOTAL NON~FEDERAL FIRST COST $ 44,530,000
TOTAL ESTIMATED FIRST COST $284 635,000
Appendix 5
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ANNUAL CHARGES

15. Total annual charges are summarized in table F-3. These include
interest, amortization and future maintenance for the considered plan of
improvement, Charges are given for both Federal and Non-Federal [nterests.
Estimates are based uuon October, 1978 dollars, an interest rate of © 7/8%

and an economic period of an analysls of 50 years (1995-2044).
BENFFIT ARALYSIS

i6. Benefits derived herein accrue principally through use of larger,
more economical vesgels, 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 ceonstrained traffic in the ch.anel. Documenta-
tion of such supplemental savings apart from benefits of a2 deeper channcl
are not clearly distinguishable and as such have not been evaluated in

monetary termg 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 relatesd
statigticsg, These incluage information furnished by local interests,
records gnd statisries furnished by maritime and industry represent-
atives, and zpecialized information such zs ship operating cost data
and commercial waterborne statistics compiled annually by the Corps

of Engineers.

Appendix 5
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TABLE F-3
| ESTIMATE OF ANNUAL CHARGES
|
|

FEDERAL ANNUAL CHARGES

|
i Interest
i :‘\’1:3".‘!,1"\5.000 @ 6.8757.: $16,508|UUO
| Amortization
{240 NS . nN0 @ 0.25677% 616,000

\

|

| Maintenance Dredging

| Increase due to larger channel
\

Upper Bay ( 79.322 cu. yd. @ $1.34/cu, yd.) 106,000
Lower Bay (150,122 cu, yd. @ $0.88/cu. yd.) 132,000
Entrance (474,516 cu, yd. @ $1.75/cu. yd.) 830,000
Maintenance During Construction
$4,514,000 X 0.071317 322.000
Maintenance of Mooring Dolphins 30,000
Maintenance of Navigation Aids (U.5.C.G.) 4,000
TOTAL FEDERAL ANNUAL CHARGES $18,548,000
NON-FEDERAL ANNUAL CHARGES
Interest E
S44 %3N 000 @ &, 875% $ 3,062,000
Amortization
844 51N DN @ 0.2567% 114,000
Maintenance of Dikes
20,900 lin. feet @ $2.42/ft. 51,000
Maintenance of Berthing Areas
189,000 cu. yds. $1.34/cu. ft, 53,000
TOTAL NON-FEDERAL ANNUAL CHARGES $ 3,480,000
TOTAL ESTIMATED ANNUAL CHARGES $22,028,0600
Appendix 5
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19. The selected plan for improving ¢ ¢ xisting Mobile Harbor channel

considered depths of 45, 50, 5% and 60 + :t in the bay with 2 feetr addi-
tional depth in the gulf entrance channel to compensate for wave action,
Estimates of navigation benefits that could be expected to accrue to the

depths investipated are presented in subsegquent paragraphs.

TRIBUTARY AREA

20. The geographical area considered commerciallv tributary to the port

of Mobile is very broad in scope. The area considered directly tributary

to this port would be an area rontiguous to the originfdestination of

the domestic patterns of present and future commeree that would mowve thirough
the port. The preferential area where the port has a freieght rate sdvantage
over other Gulf Coast ports encompasses an area of Alabama and parts of
Mississippi and Georgia. Another preferential area that is served by the
port, where the rail miles to Mobile are less or egual to rompeting ports,
is delineared by hatched lines on fisure F-1. A serondary area, desipgnated
as the parity area within which freight vates lo Mobile would be generally
equalized with other Gulf Coast ports, includes all or part of the srates

in the Southeast and Mid-America. A fourth, more generalized, tributary
area would include traffic patterns on a worldwide basis. For more @xaut

delineation, refer to figureF-1.

EXISTING AND PLANNED PORT FACILITIES

21. Existing Facilities. The port of Mobile is located at the mouth of

the Mobile, Tensaw, Tombigbee, Black Warrier, and Alabama-Coosa River
System. With the completior of the Tennessee-Tomb) ‘bes Waterway, the
basin will directly connect the Tennessee River with navigation access

to all rivers to the north. In addition te the river system other

Appendix 5
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waterwavs serving the navigation needs of Mobile consists of

Mobile Bay, the Gulf Intracoastal Waterway and inland watervays
tributary to Mobile Bay. The existing ship channel in Mobile Bay

is 40*' 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 Intracoastal Waterway, which extends 1100
miles bhetween Brownsville, TX to the Apalachee Bay in Florida, makes

connection with the port via the Mobile ship channel.

2. lnrerstate Highways 1-10 and 1-65, which areo essentially compliete,
provide an efficient highw. - <. m connecting Mobile to other southeastern
ciries and serves important waterfr. :t areas in Mobile County. An adequate
network of local highways afford convenient access to waterfront facilities,
The Mobile area is also served by four netional trunk-line railroads.

e Alabama State Rocks Terminal Rallway connects these railroads to
dock~-sides ~ad marine terminals and serves industries near these
facilities. Commercial air transportation is available at the muniei-
pally owred Bates Field, located about 15 miles west of the port, More
then 40 truck freight lines have terminals located in Mobile and the

harbor is being served by nearly all the major barge lines. To serve

the foreign and coastwise trade at Mobile, there are over 15 steamship
agencles that represent over 130 steamship linec that operate at the

port. Other porc supperting services include stevedoring companies,
freight forwarders, bunkering service, ship chandlers, shipbulilding

and repair sevvice, tug service and marine surveyors. All of these
facilitate the movement of goods and perform the needed services

assoclated with the loading, unloading and handling of waterbarne

CJTEQ,
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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
tunnels 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
terminal 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 pgrain elevator that will increase its
annual throughput capacity to about 3.5 million tomns. The dry-bulk
terminal on Three Mile Creek was originally constructed in 1927 and

has gone through several rencvations to maintain modern efficiency and
to increase its storage and handling capacities. The facility oresently
operates near 1ts maximum capacity of about 5 to 6 million tons annually.
The McDuffie Coal Terminal is a modern facility that began operation in
1975. The facility is presently beilng 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 1iq:dd petroleum storage and loading facilities of Amerada-Hess,
Citmoco, Chevron Asphalt Refinery, Texaco and Argon; the molasses
importing docke 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 facility in
the immediate harbor area is the numerous berths of the Alabama Dry
Dock and Shipbuilding Corporation. 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 Industrles, Airco Alloys,

Kerr-McGee, Degussa Alabama, In~. and Marion Corporation.

Appendix 3
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25. All existing public and private terminals are discussed in detail
in Section C of this Appendix arnd manv are illustrated bv rhotographs

therein.

26. Planned Facilities. The Alabama State Docks Department assumes the

role of both operating and planping for public port facilities in the
State of Alabama. As a required measure of local participation in
conpnection with the Federal improvements under construction for the
Theodore Industrial area, the Docks Department has planned the
construction of a public liguid bulk terminal., 1In addition te this

and other public terminals on the Theodore Channel, the State has
developed a comprehensive long range plan for modernizing ard expanding
its facilities in the main Mobile Harbor vicinity, While this plan
provided for improving access and operacions 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. Major new
terminals planned, in addition to expansion of the McDuffie Island

Coal terminal, are a dry bulk ore terminal to be located on the nortt

end of McDuffie Island and grain elevators in the vicinity of the '"Mobile
Aerospace Industrial Complex'. The department has and is ~ontinuing to
purchase necessary properties to implement this plan. Details of the
State's plans are discussed and illustrarted in Section B of this Appendix
under ""Local Plans'. State plans are considered compatible with the
selected plan considered herein for Federal implementatrion. No iong

term plans of private interests are generally known until if.mediacely

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 detall in Section C of
this Appendix . However, the basic navigation problems facing the port
are the inadequate existing terminals and the ability of the harbor to
accomuodate 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

Appendix 5
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and expand existing bulk terminals in unconstrained locations wichin 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 ip

the existing Federal Prniect that are desired by local interests and

for which, along with other water related needs, the "Selected Plan"
herein has been formulated. Navigation benefits for the considered
improvements can only be determined through detailed analysis of
commerce movements, origins and destinations, vessel characteristics

and operating costs and available alternative modes. These anaiysis are

presented in the following paragraphs.

28. Cpal and a portion of the iron o.e imports plus bauxite and other
miscellaneous ores are presently being handled through the Alabama
State Dock's bulk handling facility (Tipple) at Three Mile Creek. It
is expected by 1295 the coal and a portion of the irgn ore will move
through a newiy constructed facility at McDuffie Island. ‘'the 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 1995 it is estimated that
7.2 million tons will be available to unload from ocean-going vessels
plus another 1.0 millions tors that could be reloaded into bavges for

further transport on inland waterways.

29. With a new facility available at McDuffie by 1995, it is expected
that 1.6 million tons would be shifted to this facility. This would
include 896,000 tons of coal imports, 249,000 tons or 43 percent of iren
ore from Australia, and 482,000 tons of iron ore from Canada and Brazil.
This 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,

Appendix 5
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PORT COMMERCE

30, Traffic Studies. Ail known irdustries and shipping interests

presently using the Port of Mobile and companies that have expressed a
desire to use the port im the future, were contacted to determine the
potentiagl use of the purt relative to gavings that could be realized
from harbor improvements o commerce snd ship traffic in the coartwise

and imporc-export trade. Interviews with companies sssociated with the

e pe
L
oo

= = o i ‘ ¥ 3
shipments of cosl, grein, iren ore, bauxice, perroleus an ther bulk

commodities, steamship lines, bar pilots, rsilroads, Alsbams State Dock

oo

i

and other Government agencies were conducted at various intervals duriag
the course of this study o determine the need for gre-ter dimensione in
Mobile ship channel and to assess the volume of :raffic that can he
expected in the future. 3Special emphasis wss vlaced on {nterviews with
firms associated with large bulk commodity movemencs that bear th
largest potential for savings from harbor improvesments. & list of maior

industries that were interviewed is presented below.

a. The Drummond Company {(Coal)

b. Jim Walters Corp. {(Coal}

¢. Sumitomo Shoii America, lac. {Coal)

d. 5Smith Ceal Sales (Coal)

2. Mannesman Pipe and Sreel {Coal)

f. Ataka America, Inc. {(Coal)

g. Hawley Fuel Corp. {Coal}

h. Alabzma by-Przducts Corp. (Laal}

i. Wallare ard Wallace Chem: 2l & Oil Corp. (Craude 41}
i Peabody Coal Co. {Coal)

. Mitsui & Ce. {U5AY Inc. {(Coall

1. Lnirted States Sieel .orp. flrcn udred



n. Revere Copper & Brass, Inc. {Alumina)
0. Marion Corp. Refinery Div. (Crude 0il}
p-  Repubiic Steel Corp. {Iron Ore}

g. Alcva {Bauxite-Alumina)

7. Amerada-Hess Corp. {Crude $il}

8. lKerr-MclGee Corp. {(Manganese Jre)

t. Fhillip Bros. {Varicus Lommodirles:
u. Lapevrouse Export, Inc. {Grain}

v. Pillsbury, Inc. {Graim}

31. Other firms or agencies th-t were contacted include major steamship

agents at Mobile, Mobile Bar Pilors Assoriation, Alzbams Rrate

Department of the Interior, Bureau of Mines, louisiana Orfghore Uil Fors

{LOOPY, srtandard 011 Company ! California,
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3¢. Historical Trends in Port Commerce. Annual commerce

the port of Mobile, by deep-draft vessels. increased fros 14,4 =miliion
tons in 1966 to 16.7 miilion tons im 1%7%. Barge traffic increased from

7.9 milifon tons to 15.% mitlion ¢ 18 Juring

10-vear periocd. A shirp increase in port triffir has ccrurred subsegusnt
te 1975, according to rhe Alabama State Docks® revords ang preliminssr.,
data 53 publishad in the Warterborne Copmerce of the Unizad

2, for Calendar Year 1975. The overal! ipcrease in fonmage Soving throush
the port can be attributed to the growth in 31l zreas excepr bauxite,
marine shells, fertilizers, lumber. paper, fome wrodutts and com .tow
termed as miscellanesus traffic. Tor more detailed statisticy 5o the

past trends in port comrerce, tefer 1o tsble F-4.

33. The most significant changes in volume of deep—dr-f1 wvessel zraffo

iz the in.rease in coal, both iobound apnd suthbound, and grain e.a0ris.

The impressive increase in coal tonnage it due 1< the hedvy wemend for
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TABLE P-4

Tabulation of tounag=s by commodity snd iype of movement for
Perlod 1966 - 1975

Source: Waterborme Commerce of The United States - Part Z for yedrs 1966 - 1975, inclusive

COMODITY VIZARS
GROUP 1766 1967 =948 1269 1970 1971 1972 1973 1974 1975

Crafn & Grain Products

Deep~draft vessel traffic 1,715,000 1,613,000 1,907,800 1,463,702 1,234,500 873,700 1,548,100 2,161,600 1,716,290 2,327,500

Tarpe traific 651 800 554, 300 722,800 793,500 355,200 343,300 436,220 518,390 533,300 1,102,100

Qres & Concentreres

Deep-cdrait vessel traffic 5,178,200 4,106,130 4,353,300 4,879,107 5,571,320 5,511,000 4,039,200 4,812,800 A,561, 700 4._908,900
1,974,200 2,029,700 2,55%,50¢C 3.031,C00 3,269,300 4,368,900 2,472,100

Barge traffic 1,689,500 2,165,822 1,989 400

Bauxite (Aluminum Ove}

Deep-draft vessel traffic 2,557,800 2,875,775 2,748,000 2,313,800 1,438 900 2,197,200 1,776,700 1,9..,°°°7 2,023,100 1,871,600
Barge traffic n——— —— 1,900 —-=a ——— ——a —m—— 1,500 DR S ———
Coal

Ceep-drafc vessel traffic 500 407 1,700 700 343,600 745,000 1,141,400 1,122,820 1,889,900 3,115,000
Barge rraffic 450, 800 448 BAbL 427,000 285,200 911,700 1,859,100 3,03%,000 1,53C,800 2,080,800 2,824,500

Crude Petrolevm
Deep-draft vessel treffic 2,131,700 1,457,979 1,075,700

1,653,70¢ 1,343,900 1,316,300 2,460,200 4,796,100 3,446,000 2,597,800

Barge traffic 854,000 803,770 1,295,800 1,147,108 741,900 1,054,300 1,380,000 977,700 1,041,800 2,361,500
Harine Shells, Unmenuf.

Deep-draft vessel traffic 13,100 85 100 ———- ———= voe- ———— —— 200 am——
Barge treffic 1,469,000 1,409 895 1,354,000 1,427,300 1,526,000 1,737,000 1,510,600 1,597,000 1,579,700 1,491,200
Sand, Gravel, Crushed Rock

Desp-draft vessel rraffic 59,900 53,457 153,800 213,200 252,500 149,900 226, 6C0 250,000 149,400 31,800
Berge rraffic 729,800 650,549 §54,100 973,100 1,350,000 1,432,400 1,401,800 1,612,400 1,635,000 2,014,700

Tert{lizer & Fertilizer

FAREY:)
g Xipuaddy

Haterials
Deep-draft vessel traffic 137,100 33,581 47, 500 106,107 59,500 19,000 17,200 3,000 4,200 105, 100

Barge traffic 118,000 55,069 27,500 58,900 21,200 ———— 6,500 5,000 13,500 3,100
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Tabulation of tonnages by commodity and type of moverent for

TABLE F-4 (Conr

fnwed)

Period 1966 - 1975

COMMODITY YEARS

C CROUP 1966 1957 1968 1969 1970 1971 1972 1673 1974 1975

Lumber & Other

Forest Products

Deep-draft vessel traffic 447,800 157,758 165,200 132,400 159,800 151,600 215,900 239, 500 252,200 206, 300

Barge Traffic 312,900 296,797 321,300 383,500 326,0C0 262,000 204,500 306,900 321,400 137:360

Peper & Paper P-nducts

Deep-draft vessel traffic 97,900 118,024 207,200 174, 500 156,600 191,708 175,400 256,300 275,500 181,700

Barge traffic e T e s == 2,600 - 1,600 96, 500 108,600 48,400

Chemical & Chemlcal

Products

Deep-drai: vessel traffic 93,200 81,322 179, 100 140,200 137,190 23,000 107,800 87,7C0 63,600 69,700

Barge traffic 156, 800 142,878 143,500 236,000 500,560 454,800 441,260 373,200 611,300 475,800
¥ *

Refined Patroleum

Products

bDeep-draft vessel traffic 893,006 577,200 684,400 760, 500 767,200 522,200 361,200 828,000 508, BOG 612,900

Barge rraffic 1,203, 500 1,684,700 2,156,800 2,448,900 2,038,000 2,284 300 2,641,900 2,850,300 2,882 200 s 652‘600
¥ L ] »

Iron & Steel Producks

Deep-draft vessel craffic 415,200 514,611 532,300 798, 500 780,300 460,100 506, 800 674,300 388, 800 379700

Bar, - traffic 45,900 65,516 113,800 383,400 317,500 200, 600 217,500 254,600 323,900 116‘206

r

Food & Kindred Products

Deep-draft vessel traffic 141,000 159,645 179,600 173,400 175,800 276,500 194, 600 196, 500 115,000 18 700

Barge traffic 36,300 31,344 22,400 11,700 25,600 17,500 20,400 19,500 12,100 S,SGD

»

Farm Products

Deep-draft vessel trafflc 10, 000 15,431 11,200 7,900 4,900 3,900 5,100 & 500 17,700 84,800

Barge traffic ——— —ama - ——— . e oee _:__ __:_ :200



pl=d
¢ X}puaddy

TABLE F-4 (Conrtinued}

Tghulation of tonnages by commodity and type of movement for
Perjod 1966 - 1975

cOrMODTTY YEAZS
GROUP 1966 1967 1968 1962 1%70 1971 19272 1973 1474 1975
Yon-Maralllie ¥in. Nec.
Deec-Jdraft uecsel rreffic 2,400 5,832 7.700 8,100 14 &00 4,500 &.400 20,429 4,200 9,700
Barge traffic 23,600 3z,000 12,000 44,000 8,000 —— _—— 6,500 70¢ 51,604
Trensportazion Equimpment
Deep-drafe vescel traffic 4,500 2,617 3,600 3,600 1,200 1,300 1,1c¢0 - 4,100 8,000
Barpe traffic - - e - 00 ——— s60 -——— 2,100 10,600
Department of Defense
Deep-crafr vessel traffic 15,200 12,539 7,200 7.200 5,600 5,800 10,800 15,300 15,320 19,200
Barge rraffic ——— ——— —eam - —e—— ———— - ——— ———- -
Sub-Total
Deep-draft vessel rrafiic 14,353,500 12,839,218 12,776,400 12,838,600 13,495,500 12,516,700 12,792,500 16,926,400 17,456,100 16,539,400
Barge traffic 7,761,400 8,347 4B4 9,462 800 10,209,606 10,233,500 12,274.900 14,333,000 13,502,700 15,520,400 15,769,900
Total 22,114,900 21,186,702 22,219,200 23,048,200 23,729,000 24,791,600 27,125,500 30,429,100 32,976,500 35,&09.300
Miscellaneous
Deep-draft vessel tr-ffic 66,265 21,59% 104,011 112,476 92,754 124,751 132,185 64 413 147, 546 38,388
Barge traffic 126,748 75,685 3,107 1,265 7.831 2,877 33 378 24,909 316,210 5,224
Total 193,013 97,084 107,118 114,141 100,585 1:7,628 165,563 89,322 177,454 43,612
Deep-draft vessel trafflic
Tntal-—--; --------------- 14,419,765 12,860,817 12,880,411 12,951,476 13,588,254 12,641,451 12,924,685 16,990,813 17,596,644 16,677,788
Barge traffic
Total--~--immmrr e memm 7,888,148 8,422 964 9,445,907 10,210,865 10,241,331 12,277,777 16,366,378 12,527,809 15,557,310 15,775,124
Grand Total----e-==ee----"22 307,913 21,283,786 22,326,318 23,162,351 23,829,585 24,519,228 27,291,063 30,518,422 33,153,9% 32,452,512



coking coal to Japan and their interests in coal miniue 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. puplic coal
tevminals are not avallable at the ports of Newport News and Norfolk, VA,
and Baltimore, MD as they are operated and controlled by the railroads

who own the docks and terminal facilities.

34. Grain exports have also shown 2 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 countries,
The Alabama State Docks is completing a series of major expansions of
thear fully public grain elevator at Mobile., While potential for further
expansion remains, graln shipments have in recent years heen essentially

increasing to approximate the facility's expanding capacity.

35. Published statistics on total commerce for yearsg 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 suips. Imports since 1966 remained fairly stable

at about 8.0 million tone with no significant increase. Exports increased
from 2.0 million tons in 196€ to 5.7 million tons in 1976, For years

1975 and 1976, the significant increase in exports is due to the increase
in coal and grain shipments. Coastwise receipts reflect a sm:ll percentage
of the overall traffic for the port. Coastwise shipments had a high
fluctuation during this 10-year period, ranging from a iow 1.6 million

tons in 1968 to a high nf 4.7 million tons in 1973, giving an average
figure of 2.6 million tons for the 10-year period. Internal traffic, which
repredents mostly barge traffic, has increased considerably since 1966,

Receipts increased_from 3.3 millien tons in 1966 to 6.8 million tons in
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TABLE F-5
MOBILE HARBOR, ALABAMA ANNUAL COMMERCE, 1966 - 1975
(thougand short tons)
Domestic
Foreign Coastwise Internal

Year Total Tmports Exports Receipts Shipments Receipts Shipments Local
1966 22,307.9 9,239.3 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 1,327.9
1968 22,326.3 8,884.7 2,236.1 158.6 1,600.9 4,109,1 3,950.8 1,386.0
1969 23,162.3 §,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 1,247.9
14971 24,919.2 8,527.3 2,325.1 15.5 1,773.6 6,086.3 4,964.0 1,227.5
1972 27,291.1 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 7,55%.1 6,832.3 1,383.7
Ten

Year

Average 26,124.6 B8,452.3 3,017.7 247.3 2,635.9 5,577.6 4,909.8 1,283.9
1976°  35,379.3 8,215.6 5,744.8 384.1 1,817.4  7,625.0 9,519.1  2,073.1

Source: Waterborne Commerce of the United States 1966-75, Part 2



1975 with a drastic increase to 9.5 million tons in 1976. The commodities
that contributed to the inurease in internal traffic are grain, ores, coal,
crude oil, sand and gravel, and refined petrcleum products. The average
annual volume of traffic during this 10-vear period was 14.4 million tons

of deep-draft vessel traffic with 11.8 million tons of shallow-draft

traffic.

3b. Present Commerce. A record of freight traffic for CY 1975, giving

the volume of commerce, by commodity, is presented in tah eF-6. The
volume of commerce under the heading of "Foreign” and "Coastwise™
represents that which moved in deep-draft vessels, including f{ishing
vessels., Commerce moving by barge is shown under the caption of "Internal”

and "Local."

37. The major commodities that compri=e the port commerce are: iron
ore, coal, crude oil, graim, bauvite, refiped petroleum produrts, marine
shells, sand and gravel, and munerous commodities that are shipped as
break-bulk cargo. An overview of the principal commcdity movements in

1975 is presented below.

38, Iron ore tonnage represents the largest volume of traffic for a
single commodity. Iron cre imports amounted to 4.8 million tons.
Shipments of iron ore moving from the part by barge amounted to 2.4
million tons. The tetal volume of iton ore shipped by barge was imported
by deep—draft vessels. Total volume of iron ore shipped through the port
was 7.2 miilion tons. Coal teanage was the scoond largest volume of
traffic shipped throuvgh the port wirh 2.7 million tons exported and
371,000 rons imported. Rarge receipts and saipments of cnal amounted

to 2.8 million tons which was suhsequently exported by deep-draft wessels,
Crude oil shipments by tanker amounted tc 2.4 million touns in 1975. Abcut
2.4 million tons, or 50 percent of the total crude oil shipments, uere by
barge. Imports of crude oil amounted to 189,000 tons. Total volume of

crude oil shipped through the port was 5.0 million tons. Rauxite imported

accounted for 1.9 miilion tons of traffic. .
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TABLE F-6 (Continued)
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39. Refined netroieum products shipped through the port amounted e 3.2

million tons. About 84 percent of th™ rtraffic moved by barge, with 1.9
million tons inbound and .7 million - .8 cutbound aund a small apount of
local traffic. WNearly all of this traffic originated or terminared at
docks above the I-10 tuanels, otal grain tonmnage for the port that was
handied through the public elevator amounted to 2.9 miilicsn tons. Of this
total, about 2.0 million tuns were shipped by deep-draft vessels. The
other .9 million tons was shipped by barge. About .8 willion tons of the
grain reccipts by barge were the same tonmage shipy. out by deep-draft
vessels. Other major products ship-ed through the pert inciuvde 1.% million
tons of marine shells and 1.8 miliion tons of sand and grawvel, all shipped
by rarge. The above commodities accounted for about 29.% milijon toms or
90 percent of the total t._aage of 32.5 million tons shipped through the

port ia 1875,

40, Deep-draft traffic amocrted to 1A.7 million tons or 51 percent of
the total tonnage shipped. Of this amount, 15.1 million rons were shipped

in dry-bulk carriers and tankers with 1.4 million shipped in REDETs! Cargs

vaogels.,

COMMODITIES SCREENED FROM BENEFTT AKALYSIS
41 . All commerce moving through the porr of Mobile and the potential
commerce that would move via the Tennessee-Tombizbee Watersy for sxport
was analiyzed to determine what traffic would realize benefits from a
desper ship charnel into Mobile with dimensions grearer ihae the 0 = 400
foot channel now available. Those commodiries that for verious reazsons

would not benefit from considered harbar improvesents are discussesd below.
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f%ﬁ,',Excluded Commodities. Commodities that were eliminated frum the
benefit éhalysis are shown in table F-7, The reasons for eliminating
ﬂthese cammndlties are given below.

58 Trafflc moving through terminals north of the highway tun-els

ippers dld not 1ndlcate they would relocate to terminals
“”nel depths abave the tunnels are restricted

gg?nf,_ap-uf~tﬂnnei ele'atlonS-.

'f rABLE a7

ES‘THAT EEQE ELIMINETED "PROM BENEFIT AHALYSIS

ANNUAL VOLUME (00Q tous)

- woste!  TEN-TOM’
1,872 ~
nganese Ore’ . 45 -
SO 55 -
- 684
44 -
- 22
Grain, | 1,989 77
:Coppér ﬂre :": :  o S v - 13
Scrap Iren o . o 133 , 216
jfude 0il 2,409 -
?Dlst..Fuel 0il 38 -
Rggldual Fuel 0il 122 -
Gasollnerr' ' 132 -

eneral Breakkﬁulx Carge




b. Traffic to or from foreign ports where the channel depths

would restrict vessel sizes to those that would not need greater channel

depths at Mobile.

c¢. Cergo consignment per vessel is too small to warrant the use of

large vessels.

d. Break-bulk general carge normally hauled in general cargo vessels

which require a channel depth of 40 feet or less,

43. The commodiries currently moving through the port, plus certain new
commerce generated by the Tennessee-Tombigbee Waterway, which were excluded

from the benefit analysis, are described in subsequent paragraphs.

44. Bauxite. Tauxile is being shipped 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 iz adequate
since bauxite is shipped from countries in South America and those located
in the Caribbean Sea area which have ports with relatively shaliow channel
depchs. Also, Alcoa's plant is located above the highway tumnels and

the company does not have any plans for relocating the plant; therefore,
bauxicre must be received at the ASD bulik handling plant near Three Mile
Creek. Conseguently, bauxite has been eliminated as a commedity that

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 facliliries
for handling alumina at their bulk handling plant at Three Mile Creek,
which would restrict the use of large ships, Also, ports where alumina
will be shipped have restrictive channel depths which would prohibit the
use of large ships, Therefore, & 40~foot ship channel at Mobile will be
adequate for future ships hauling alumina.
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46, Manganese Ore, 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. Scme of the larger vessels are not

fully loaded when arriving at Mobile due to methods of making split-

delivery service, i.e., small deliveries at several ports. Ferro-
manganese plants dictate small consignwents of manganese ore because

of the nature of manufacturing and their ability to store large quantities.
Therefore, movements of imported 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 exrpansion will assure continued movzment of grain through the
exigting elevator without any undue vessel delays or grain backlogs for
the foregeeable future. The continued use of this elevator precludes the
. uge of deeper draft vessels. Consequently, grain was elininated as

prospective traffic that would benefit by the project modification.

48. Miscellaneous Cargo. The annual volume of miscellaneous dry-bulk

commodities, 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 destinations in small-lot shipments. No benefits would he
realized on these movements of commerce by providing a deeper ship channel
into Mobile.

49
being shipped by Amerada+~Hess 0il and Citmoroc. Their storage and dock

. Crude 0il. The outbound crude oil through the port of Mobile is

facilities are located on the west bank of Mcbile River just below
Cochrane Bridge. This crude o0il 15 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 Crecla
fields, the Citronelle fields in west Mobile County and oil fields in the
area of Laurel, Mississippi. Some of the production in these fields is
serving Marion Refinery at Theodore and a portlon is shipped by Hess
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pipeline through conmections at Liberty, MS thence, via the Capline, a
major trupk 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 wmillion toms to the

New Orleans area.

50, Interviews with these shippers revealed they have no intention of
moving their storape 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 die-

t- " -¢ and residual fuel oil, gasoline, and asphalt, are presently being
received in Mobile by small tankers and will continue to move in chese
relat ively small ships. Due to the methods of marketing these products
and limited waterside s rage, the demand for large consignments is pro-
hibit ive. These petroleum products are shipped in convenient size tankers
ranging in size from 20,000 to 45,000 d.w.t. The present 40-foot ship
channel is adequate for this type of shipping. Based on these conditions,

no henefits from channel deepening would be expected for refined petroleum

products.

52. (Ceneral Break-Bulk Cargo. Products in this class of traffic are

comprised of commodities shipped in packages, bundles, bags or other
type packaging that require the leading or unloading te 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 leading or unloading packaged cargo with the use of

stings or pallets.
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53. During CY 1975, the Alabama State Docks reported 1.4 million tons

of general cargo that moved ovrr their general cargo piers. This

cormerce consists of commodities such as, bananas, prepared food products,
wocd products, chemicals, paper and paper prouucts rubber. iron ana
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 Smzll 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

existing 40-foot ship channel a2t Mobile is adeguate for ships vperating

in this trade.

535, Very little containerized cargo moves through the port o» s regular
basis which requires the use of container, SEEBEE or LASH tvpe vessels.
Therefore, no consideration is given to this type service in the benefit

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, stesmship lines or their agents, terminail
operators, and, in some cases, making rescurce studies to determine

if adequate supplies are gvailable. After examining the total
commerce for the port and screening out that traffic which obviously
could not benefit from the project improvement, the two commodities

that remain to be further analvzed were: Iron cre and coal.

37. 1ron Ore. There are three (3) companies that impert iron ore

through Mobile. Republic Steel Corp. and Jim Walter Resource Corp

(formerly .
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U.S. Pipe and Foundry) import iron ore through the Aiabama State Docks
dry-bulk terminal (Tipple) located at Three Mile Creek. The other
company, U.S5. Steel, imports iron ore through a private terminal owned
and operated by T.C.I., a subsidiary of U.S5. Steel. All the iron ore
imports for Republic Steel and Jim Walters are shipped by rail to their
steel mills at Gadsden and Birmingham, AL, respectively. Iron ore for
U.5. 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, hut, for the last few years, they have

been shipping by barge exclusively.

58. Ccal Imports. Steam coal is being imported through Mobile and then

barged to Pensacola and Panama City, Florida for use in Gulf Power
Company's steam electric generating plants. This coal has been imporced
from various countries in the past few years but the Southern Services,
Inc., a service company for the Southern Company, and a parenct company
of Gulf Power, has signed a contract with Mannesman Pipe ard 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 signed on 1 April 1977. This is a 1{~-year contract that will expire
in 1986,

59- This coal is being handled through the Alahama State Dock bulk-~
handling plant at Three Mile Creek, which iz located above the I-10
tunpels. This terminal is presently operating at near capacity,
Officials of the Alabama State Docks state their long-range plans call
for a new dry-bulk handliing facility to be located below the I-10
tunnels. With bauxite and miscellaneous ores being dedicared 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 complerion of the
Tennessee-Tombighee Waterway, which would generate new commerce for the
old rerminal, 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. It is expected that coal imports will be handled
through a facility below the tunnels by the time the considered channel

improvements could be completed.

60, Steam coal {s being imported as a supplement to the domestic supply
because it is a better grade with a low sulphur content anc the delivered
price is lower than the coal brought from domestic wines. T.e Southern
Services, Inc. have negotiated a very attractive ocean freight rate.
Officials 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 rurchase
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, Basged on the above constraints, which seem to be persistent in
supplying coal to steam electric generating plants along the northwest
Florida coast, company officials belivve coal imports through Mobile will
continue as far into the future as they can predict without any major
rate of increase from that which is being received under the initial

contract.

€2. 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 coal 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 barze. A

small amount was being railed into Mobile from the Kentucky area.
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63. The four coal fields in Aiabama ov.r all or parts of 22 rounties.
The Warrior field is the most product ive of the four fields in Alabama.
It is about 70 miles long and 65 mile ide and covers Tuscaloeosa,
Jefterson, Lamar, Marion, Winston, Fayette, Cullman, Blount and Walker
Counties. These fields embrace about 3,500 square 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 alons the southeast
margin of the Appalachian Mountains. It is a narrow, north-east-
trending field covering approximately 280 square miles in Shelby, 5t.
Clair and Calhoun Counties, The Coosa field averages 60 miles in length
and 3 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 4
maximum width of 110 miles and a maximum length of 120 miles. It covers
an area of more than 4,50 < juere miles., A mv cfosgignating the location
of the four coal fields in Alabama is shown .o Vigure F-2. Also, figure

F-3 sghows the active coal mining areas in Alabama.

64 . Many estimates of Alabama's coal reserves Lav. been made in the past.
Most of these estimates have varied tremendous.y b= ause of the different
criteria used in their formulation. The larest res -vve figures, as
estimated by the Geological Survey of Alabama, is 33 billion tons. The
National Coal Association has estimated the total U.S. coal reserves to

be 671 billion tons. Based on these figures, Alabama has approximately
five (5) percent of the total U.S. reserve. Alabama has a recoverable
regserve of 18.4 billion tons with 15 percent or 2.76 billion tons which
meet the most stringent sulphur regquirements and an additional 78 percent
or 14.3 billion tons which contain from 1 to 2 percent sulphur. A map

showing the coeal fields in the United States is presented as figure F-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, approzimately 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 preojected in this report, clearly indicates that rveserves
of coal in Alabama will be adequate to support the export demanu. 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 pcer plants will
diminish to some degree. Therefore, the tonnage of coal reserves in

Alabama allocated for export is a conservative extimazate,

66. By 1986, the Tennessee-Tombighbee Waterway will generate additional
coal for export through Mobile. The source of this coal will be from
mines in Tennessee, north Alabama, and western Rentucky. 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 cecal to the
Japanese steel mills. 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 exports through Mobile are shipped to about 16
countries. The predominant shipments are going to Japan, with 75 percent
of the +stal exports in 1975 being shipped there. Other areas thet receive
coal 1% Mobile are: England, Europe, Scandinavian countries, countries
bordering the Mediterranean Sea, and the East Coast of South America.

Some of the leading ports are: Tobata, Kashimz, ¥obe, Chiba, Ohita,
Jimitsa and Kukuvama, Japan; Taranto, Genoa, Savonia, znd Venice, Ttaly;
alexandria, Egypt; Tubarao, Brazil: Iskenderunm, Turkev; Newport, England;

Cardiff and Port Talbot, Wales; and Ric de Janeire, Brazil.

DETERMINATION OF BASE YEAR TONNAGE

70.- 31975 Tonnage. After examining all the commerce 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 to move through the Panama Canal,
move in relatively small vessels, and that tonnage rest-icted bv channel
depths in foreign ports. The volume of commerce acc pted as initial-year
traffic is the remaining 1575 net tonnage that will be used in the
transportation benefit analysis to derive the annual savings from the

recommended project improvements.

71. Alternative Routing Via tiie Panama Cinal. Two routes are available

for traffic moving between *obile snd Far Easiern Countries, including
Australia. One route would be throuch the Panama Canal. Vessels using

the * aama Canal are lim‘*ted to a draft of 41 feet. Tf this route is used
under "without" project conditions, vesse! drafts would be restricted to the
present 40-foot channel at Mobile. Vessel sizes used in the benefit
analysis that wouid be subjected to this route are drv-bulk carrier

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.
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72. Under the existing channel condition at Mobile, traffic moving batween
Mobiie and the Far East 1s routed through the Panama Canal. With a greater
channel dimension available, it is expected a portion of thiu traffic will

continue to move through the Panama Canal.

73. To determine the volume of Far Eazst traffic that will continue te
move through the Panama Caual in dry-bulk carriers, it is expected the total
volume will be it direct propevtion to thne carrving capability of vessels

in the world fleet. The carrving capability cof vessels in the world fliset
0

2
between 15-56,000 d.w.t 1z 37 percent. Conssguontly, the rem-ipder sy
45 percent of the tonnage will be shipped in vessels ranging in size
between 61,000 and 182,000 d.w.t. via the Tap. of . 3d Hope, which would
benefit by channel improvements. Table F-8 gives the num' er of dry-hulk

car.iers in the world flecet and their carrving capability.

74. Iron Qre. One of the +eim nils handling iroa ore is the Bulk Marine
Terminal owned and operated by 1.C0.1.., a subsidiary of B.S. Steel. In 1975,
this terminal recelived 3,060,000 tons of imported iren ore, with 77 percent
or 2,350,000 tons of iron cre fines orlginating at .uerto firdaz, Venezuela.
The company prefers to import pelletized iron ore which is not available

at Puerte Ordaz. With a greater channel depth svailable at Mghils, the
company has stated it will change its scurce o:i supply to other ports in
South America which have deeper depihs anmd at ~hich pelletized ore is
available. The remainder of the initial-yest tons origimated at Fort
Cartier, Quebec; Vitorfa {(Tuhba ao) Brazil; and Sam Nicolas, Peru,
representing 5, 10 and 8 percent of the total imporcs, respzctively. The
245,000 tens originating at San Nicelas, Peru were eliminated as prospecltive
traffic due to the vestrictions at the Panama Canal with no economic
alrernative routiag being available. The toral initiasi-vear volume of iron
ore for this terminmal, accepted as prospective commerce, was 2,815,000

rons.
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TABLE F-8

CARRYING CAPABILITY OF DRY BULK CARRTERS IN THE WORLD FLEET

{U.8, AND FOREIGN FLAC REGISTRY)

Vessel Size Average Number of Payload per  Payload Capability
(d.w.t.) Praft (ft) Vpsscls Vesscl ef Total Vessels
15,000 T 29 216 16,128 3,483,648
17,000 ki) 236 18,278 4,313,702
20, 000 31 315 21,504 6,773,760
23,000 32 335 24,730 8,284,416
26,000 3 339 27,955 9,476,813
29,000 34 323 31,181 10,071,388
32,000 35 324 34,406 11,147,673
36,000 36 233 38,707 9,018,777
39,000 37 145 41,933 6,080,256
43,000 kL 104 46,234 4,808,294
47,000 39 92 50,534 4,849,165
52,000 40 84 55,910 4,696,474
56,000 41 85 60,211 5,117,952*
61,000 42 B4 65,587 5,509,325
65,000 43 78 69,888 5.451,264
70,000 44 72 75,264 5,419,008
75,000 45 57 80,640 4,596,480
81,000 46 39 87,091 3,196,557
86,000 47 29 92,467 2,681,549
92,000 48 29 98,918 7,B68,634
98,000 49 29 105,370 3,055,718
104, 000 50 28 111,81 3,130,982
110,000 51 0 118,272 3,548,160
117,000 52 8 125,798 3,522,155
123,000 53 25 132,250 3,306,240
130, 000 54 22 139,776 3,075,072
137,000 55 19 147,302 2,798,746
144,000 56 19 154,829 2,941,747
151,06 57 21 162,355 3,409,459
159,000 58 20 170,957 3,419,136
166, w0 59 16 178,483 2,85 ,731
174,000 60 10 187,085 1,870,848
182,000 61 1 195,686 195,686
TOTAL 3487 2.967,552 154,975,063

* Total payload capability for vessels ranging from 15,000 through 55,000

d.w.v. is 87.9 million tons or 57 percent.
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/3. Tron ore imports that were shipped *hr.ugh the Alabama State Docks
Terminal, commonly known as the "Tipple'. z2mounted 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 203,000 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 from the benefit analysis due

to ship size restrictions at the Panama Canal and there being no economical
alternative routing from these two countries. Alsc, 39,000 tons originat-
ing at Pointe Noive, 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 tonuage base giving a total of
596,000 tous accepted as initial-year tonnage of iron ore moving through

the "Tipple.™

76. In 1975, total irom 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
Feru would continue to move through the Panama Canal in v ssels thet would
not benefit from the project, and 3% 000 tons originaring at Pointe Noive,
South Africa was eliminated due to the channel depth at this port, giving a
total tonnage of iron ore eliminated of 1,370,000 tons. The total initial-~year

tonnage for iron ore accepted for benefit anmalysis is 3,411,000 touns.

7#. Coal (import}). Coal imports for 1975 amcunted to 371,000 rons. The

consignee that uses this coal states they have recently signed 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 371,0.7) tons that were

shipped in 1975 were accepted as initial-year tonnage.
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78. Coal .. port). The percentage of U.S. coal exporte Lo foreign markets
has varied from year to vear as indicated in table F-21. This is also true
for exports from 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 bpeen used to determine preliminary allocation of percentages
ot coal exports to all countries (four groups) to which movements of this
commodity result in benefits tou the Mob le Harbor study. This distribution
pattern is very cunservative especially 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, 27% to Italy,
9% to England/Europe, and 4% to the East Coast of South America. However,
some individual shippers 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 respcctive areas shown above.

79. Uatil 1970, ccal exports through Mobile were negligible. Beginning

in 1970, th-oze 2xports were 343.6 thousand tons and subsequently had

increased to 2,745.0 thousaad 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 1786. However, to be consistent with other commodities, the
unadjusted initial-year tonnage is 2,865,000 tons in 1976, as recorded by

McDuf fie 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.

B80G. The initial year volume of coal exports was distributed to foreign
market areas based on the 4~rear 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

VOLUME (Short Tons)

MARKET AREA {thousand tons) PERCENT
Japan:

1975 2,026.9

1976 1,554.3

1977 1,785.3

1978 1,633.4
4~Year Average 1,750.0 60%
Iraly (Mediterranean Sea):

1975 494.8

1976 750.5

1977 1,090.2

1978 806.3
4-Year Average 785.4 27%
England/Europe:

1975 167.0

1976 255.0

1977 435.1

1978 158.2
4~Year Average 253.8 9%
East Coast of South America (Caribbean Sea):

1975 48.7

1976 144.8

1977 214.5

1978 i16.3
4-Year Average 131.1 4%
All Other (Canada and West Coast of Mexico):

1975 8.1

1976 51.3

1977 86.6

1978 91.4
4=-Year Average 59.4
TOTAL (Excluding "All Other" Tonnage)

1975 2,737.5

1976 2,704.6

1977 3,525.1

1978 2,714.2
4-Year Average 2,920.3

SOURCE: Polnt-to-Point Foreign Waterborne Statistics complled bv the
Bureau of Census in 1975, 1976, 1977 and 1978 as reported by

the Alabama State Docks. Appendix 5
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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.

8i. 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 1l-year period of analysis due to the variance in annual volumes
of export, growth rates and trade patterns between the companies expected
to utilize the project. Growth rates used in tonnage projections were
hased on the beginning year of export for each company and the anmual
volume of coal exports as stipulated by cﬁntract. In the absence of a
contract or upon expiration of an existing contract, the Bureau of Mines
growth estimate 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 cuange 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 percent 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 be 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 FORMING A COMPOSITE BASE FOR PROJECTIONS
{thousand tons)

SHIPPER +/ 1975 1976 1978 3/ 1986
COMPANY A - - - 399.0
COMPANY B - - - 2,122.0
COMPANY C - - - 1,592.0
COMPANY D - - - 2,705.0
COMPANY E 1,443.0 1,719.0 1,867.0 6,366.0
COMPrANY F 373.0 325.0 247.0 366.0
COMPANY G 437.0 404.0 557.0 455.0
COMPANY H 114.0 417.0 128.0 466.0
TOTAL 2,367.0 2/ 2,865.0 2/ 2,799.0 2/ 14,471.0 4/
ADJUSTED TONNAGES ACCEPTED FOR BENEFIT ANALYSIS
To Japan 2/ 686.0 809.0 817.0 4,177.0
To Italy 521.0 664.0 605.0 3,211.0
To England/Europe 174.0 221.0 202.0 1,070.0
To E. Coast Scuth America 77.0 98.0 90.0 476.0
TOTAL 1,458.0 1,792.0 1,714.0 8,934.0
1/ Names of companies withheld to aveid possible disclosure of confidential information.

2/
3/
4/

Actual exports obtained from Port records.
Decrease in exports for 1978 is due to U.S. coal miners' strike in early 1978.

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-Tombighee Waterway. All tonnages projected at 1.2 percent average annual
growth rate from last histeric year of movement or from first year of mew contract to i986.

Tonnage reflects 43 percent of the total to Japan which is expected to move in large dry bulk carriers
around the Cape of Geod Hope. The remainder (57%) will continue to move through the Panama Canal.



TABLE P-11

SUMMARY OF TNITIAL-YEAR (1975) TONNAGE ACCEPTED FOR BENEFIT ANALYSIS

Annual Volume

Commodity (Short Tons)
Iron Ore (Import} 3,411,000
Coal (Import) 371,000
Coal (Export) 1,458,000
TOTAL 5,240,000
84, 1986 Tonnage. With the initial~vear of survey being 1975 and

the completion of the Tennessee-Tombigbes Waterway in 1986, it is
appropriate to consider tonnage expected to use the Mobile Channel at
these periods of time. The following paragraphs will discuss each
commodity movement in detail as related to abnormal growth. hose
movements that grow under the normal projection process will he mentioned
bt details concerning these projected values will be explained later

in this appendix.

85, 1Iron 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 consipgnee for import coal,
a recent 10-yegr 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 constant throughout the 50 year

period of economic analysis.
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87. The volume of coal exports through Mobile in 1975, according to
records at McDuffie Coal Terminal, was 2,367,000 tons, increasing 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 recelved from
malor coal exporters that ship ceoal through Mobile, and firm contracts

with foreign principals indicate a rapld increase in coal exports for the
next 10 to 15 years. First-year tonnage on this traffic will vary depending
on the beginping data of new contracts. In developing expected growch
rates on coal exports ta 1986, the base for projection purposes would be
that tonnage shipped during the first year of contract as glven 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 shippers that reported coal shipmeuts through
Mobile for 1976 was used in the development 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 Kearney, ranged from
1975 to 1986 depending on individual company's ability to begin operation.
Shipments that would move through other ports or via rail to Mobile were
used to develop a base, although 1t is not expected to move over the
Tennessee-Tombigbee Waterway until 1986. All tonnage was projected from
the varying base tonnages using an annual growth rate cf 1,? percent to
1986. This was considered to be a common year that would include base

tonnage on all coal movements.

88. Coal shipments are geparated into four caregories for benefit analysis
purposes. This includes coal being shipped to Japan, England/EBurope, 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, .J0 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 tonnage will go to Japan. On this hasis, ahout 67 percent

nf the tonnage is shipped to Japan. Only 43 percent or 4,177,000 is
anticipated to move via the Cape of Good Hope if a greater chamnel depth

is provided at Mobile. It ig expected that 3,211,000 tons or 22 percent

of the total will be shipped to Italy. The 1,020,000 tonms 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.

9(3. The distribution of coal exports in 1975 by destination, moving
through Mohile differs from that of total exports from U.5. ports, in that
Japaness customers of coal have more financial interest in coal mining and
shipping in this area than other areas of the country on a proportionate
scale of tonnage shipped. The Japanese have ¥ong-term contracts with coal
producers in Alabama while shipments to other countries are baseu on
short-term contracts or cne-time "spot" salec. Also, coal shipped through
Baltimore, Norfolk and Newport News to England and Europe have a rate
advantage over Mobile due to their geographic location. Consequently, the
larpest market for coal shipped from Mobile 4111 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 discussed in
Paragraph 78 in this appendix.

91. The base tonnage on coal exports will begin at different time periods
until the year 1986. 1In 1986, all base tonnage will have been ac..unted
for and used as a common base for all coal shipments. Table F-10 shows the
historical annual volumes of coal shipped from the Port of Mohile and the

expected shipments to occur in 1986.
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TARLE "- 2

PERCENTAGE DISTRIBUTION OF COAL EXPORTS IN 1975

Percent Distributiocn

Country or Region U.s. Portsl Mobile2
Japan 54 75
England/Europe 30 6
Ttaly 9 17
East Cuast of South America 7 2
TOTAL 100% 100%

SOURCE: Bureau of Mines as published in "International Coal Trade"

Janvary 1977 issue.

“SOURCE: 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.

for benefit analysis is shown below in table F-13

TABLE F-13

A summary of the 1986 tonnage accepted

SUMMARY OF 1986 TONNAGE ACCEPTED FOR BENEFIT ANALYSIS

Commodity

Annual Volume
(Short Tomns)

Iron Ore (Imports)
Coal (Imports)
Coal (Exports)

TOTAL

3,756,000
896,000

8,934,000

13,586,000
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PROJECTIONS OF COMMERCE

93.  Commodity Forecasts. After the 1986 volume of commerce was deter-

mined, further economic investigations and analysis were conducted to
establish the future volume of the deep-draft vessel commerce accepted
as prospective traffic for the port to he beginning of and during the
economic project tife (1995-2044). Appropriate economic indicators were
selected to reflect the growth rate for each individual commodity
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 commodities in the initial-vear 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 projeciion factors were then applied to the initial-year
commerce to estimate the future volume of commodity movements. - Commodity
tonnage assessments and supporting rationale used to forecast future

growth in port commerce are discussed in subsequent parwgraphs.

04, Iron Ore Imports. Iron ore imported through the port of Mobile is

reshipped by rail and barge to inland peints, 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 3
percent in 1947. Domestic ivon ore, on the other hand, has remained

L- 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, Production of the U.S. steelmaking industry as measured by the
Federal Reserve Board (FRB) Index of quantity output (iren 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 2l-year
period, primary metals earnings in 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 of Mobile from 1953 to 1974, shown on
table F-14, has been about 10 percent annually. This growth rate reflects
the relarive increvase of imported iron ore over domestic supplies as well

as an increase in ore imports greater than the nationsl rate of increase.

96. Statistical regression analyses summarized in table F-16 were

conducted using various combinations of national values for earnings in
primary metals, the FRB Iron and Steel Production Index, ore imports, and
total ore shipments 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 regressicn 2 on table

F-16.

97. With regard to prospective iron ore shipmengs through Mobile, these
imports are anticipated to comprise a constant proportion of the total raw
material consumed Iin steel production at Birmingham and Gadsden., Alabama.
Accordingly, the anticlpated growth of iron ore shipments was estimated using
OBERS (Series E) projectilons of earnings in primarv metals for the BEA 45
area, During the 1980-2020 time frame, projected earnings in primary metals
exhibit an average annual growth rate of 1.3 percent and 1.4 percent for

BEA 45 and the nation, respectively. This modest growth rate is also
consistent with the annual increase 1n total U.8. iron ore shipments during
the period 1947-1974. Forecast Indicators for raw materials of the primary
metals industry were developed using regression equation 4 (table F-18),
Projected earnings in primary metals for the U.S. (OBFRS, Series E) were
were substituted into equation 4 to estimate the future production index of

Appendix 5
F-51



(A
§ xypuaddy

TARLE F-14

INOR ORT OPERATIONS IN THE 11.5.

1947-1974
Shipments Ratio of Federal Reserve Board Index Iron Ore Imperts at Mobiles Harhor
from Total Imports Iron and Stefl {Thousands of Tona) 3
Year Minea £s Shipmeatsy Tg Total Production Total Three Mil. Creek
(Thousands of Tons)
1947 93,315 4,896 98,211 .05 NiA ®/A AFA
1948 100,822 6,109 196,931 .06 B/A S/A RIA
1949 34,687 7,399 92,085 .03 N/A N/A X/A
1950 97,764 8,297 106,061 .08 N/A R/A /A
1951 116,230 160,148 126,378 .08 N/A N/A K/A
1952 97,971 9,772 107,745 .00 R/A N/ A B/A
153 117,822 11,086 122,908 .09 NiA 895.6 525.6
1954 76,954 15,793 92,747 .17 71.4 2,190,3 652.8
1953 106,258 23,476 129,734 .18 94.9 2,028 .2 150.4
1956 97,924 30,424 128,348 .24 g2.2 2.407.7 g 5
1937 104,970 33,654 138,824 24 B9 8 3,269.6 5.2.8
1538 66,959 27,623 94,582 .29 67.7 3,198.2 1a45.0
1959 59,855 35,627 95,482 A7 17.9 3,723.1 224.3
1960 83,784 34,584 118,368 .25 79.1 2,673.5 263.0
1961 72,949 25,808 98,757 .26 75.6 1.674.2 136.0
1962 70,410 33,435 103,845 M 4 ia.7 1.561.8 185.7
1963 74,387 33,488 147,876 L3l 85.8 2,994.5 2197
1964 85,184 42,417 127,801 .33 98.7 3,419.7 Jja1.8
1965 84,9130 45,105 130,035 .35 106.2 4,378.5 1,135.4
1966 90,824 46,259 137,083 .34 1i07.5 4,797.7 1,19%.7
1967 83,016 44,627 127,643 .35 100.0 4,545.7 &50.3
1968 82,530 43,941 126,471 .33 103.6 4,413,1 1,515.0
1969 90,583 43,758 131,541 .a1 113.0 &,576.0 07.4
1970 87 .,891 44,876 132,767 .34 305.3 5,360,713 2,213.5
1671 77,692 40,124 117,816 -3 9.6 5,333.8 1.276.8
1972 78,825 35,762 114,58% 31 107.2 3,845 1,100, 5
1973 04,863 43,331 134,194 .32 121.7 4,811.0 1,%56.9
1974 85,256 48,029 123,285 .36 119.9 5,393.1 1.4592.6
average Annual
Grouth Rate
(1947-76)  -.33Z 8.821 1.14% 2.632°

ll(h‘l ~ Not avallable.

ZGrm.,th rate based on 1954-1974.

SQURCE: Survey of Current Business, various 1ssues.

3
Imported iran ore Into Three Mile (reek ix discharged at the Alshamn
Stare Docks Bulk Handling Plan: and is subxequently shipped %o

Mrminehas and Gadsden.

HWaterhorne Commerce of the United Srares, 1953-1974,

The rrmaindar of the tonnage {5 imsortec
at a private deck and is rrshipped to Birmingiwne.
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TABLE P-16

SUMMARY OF REGRESSION ANALYSES - PRIMARY METALS

Varizhles and

Coefficient of

F Vaiucs

Rezression Multiple/Partial Correciztion Criticai tandard ET
Equation (R/rqy 4) Cemputed at 01 level the Estiz
1,
Y =1u,5, Iron Cre Izports
X1= FEB Preocuction Index o - .
Iren and Sreel .830/.373 19.94 6.G1 5,031.7
.= Timz
Yi= 27,447.1 ¢ 199.7X, + 704.9%, (DF = 2,18)
2- .
Y = §.5. Total Iron ore shipments
X,= Earrings in Primary Metals
X,= Time .978/.839 32.42 30.82 4.4
T o= 17.9 + L0011X, - Eéiﬁz (DF = 2,3)
- ,
T = U, §. Total Iron Ore Shiprents
Xl“ FRE Producticn Index — Irom &
Sresl
XZ: Time .883/.361 33,50 6.01 7,370.7
Y = 93,245.5 + 1,229.€% ~ lséos.oxz 97 = - 18)
¥ = FRB Production Index = Iron
& Steel
Xy= Earnings in Primary Metols .59¢7.983 171.9 30.82 1.7
Y = 353.4 + .0124X1 - 1.2DX2 (DF = 2,3)
5.
¥ = U. §. iIron Ore Imports
X = Earnings in Primary M2tzls
sl ina E i .870/.561 4.7 30.82 2.9
2
¥ = 12.5 + .00256%, - .0256327 (DF = 2,3)




the primary metals iadustry of the U.S. Adjustment of the production index
from a naticnal ind:cator %o a reglonal indicator was based on the following

proportion:

1l

Earnings Growth .cor {(Regioanal) Production Growth Factor (Regional}

Production Crowth Factor (National)

Farnings Growth Factor {National)

98. The variocus factors were based on reeiomnal ~d pational earninns for
1974, interpolated from OBERS projections and the 1974 production indax
developed from the regression equation, and the regional production ratio
was an unknown. Solving this production for each projected decade results
in estimates - { the growth factor of regionsl production which was applied
te 1974 volurss of commodity movements associated with the primary metals
industry. Resulting projection indicators are shown in tak.e F-17,
designated as Index A. These growth indicators are applicable on all the
imported iron ore destined to Birmingham and Gadsden, Alabama areas which

are encompassed in BEA 45.

99. Sensitivity Analysis of Iron Ore Projectlion. 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 economie 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 velume of iron ore imports for the
Inited States from 1950 through 1971. The regression resulted in a factor

of growth from 1986 tao 2044 of 2 76 with an R value of .87. Tests for

significance and standard error of est * also produced acceptable results.
In the regression analysis of the stud . x represented the annual
Appendix 5
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TABLE F-17

A composite of Earnings in Primary Metals for U. 5. sad BEA 045 and an index of
. 5. Production of Iron & Steel to be used in the projection of iron Ore Imporcs

Index A
Regional

Earnings FRB Prod. . Earniogs Ratio = Production Growth
Year u.s. BEA 45 Index' u. s. BEA 045 Index’ Indicator
1970 12,28.3 132.2 153.5 - - - -
1975 13,293.0° 352.0" 110.1 1.90000 1.00000 110.1 1.000
1978 13,898.0° 364,07 114.0 1.04551 1.03409 112.8 1.025
1980 14,302.0 372.0 116.7 1.07590 1.05681 114.6 1.061
1986 15,563.0° 395.0% 125.2 1.17077 1.13352 121.2 1.101
1990 16.404.0 417.0 130.9 1,23403- 1.18465 125.7 1.142
1994 17.746.0° 647.8° 141.6 1.33498 1.27200 135.0 1.225
2060 19.088.0 478.5 152.3 1.43594 1.35937 164.2 1.310
2010 22,074.0" 552.87 177.5 1.66057 1.57045 167.9 1.525
2620 25,520.0 §27.0 208.6 1.92040 1.78125 193.5 1.757
2030 29,522.0" 701.%° 246.3 2,22085 1.99232 221.0 2.007
2035 33,516.0° 738.0" 290.1 2.52133 2.09659 261.2 2.191
2064 3,516.0 738.0 290.1 2.52133 2.09659 241.2 2.191

b Basc! on regression squation: Y=34.4 + C.o1245 ( )1 - [1.1972 (xa)], where Y= FRP Production Index, X,= U. S. Earnings in Primary MNetals
and Xa = Time (i.e. 70=1970, 90= 1990 and 135 = 2035, ete.)

Interpolated based on compound growth betwesn previcous and subsaquent decades.
Extrapolated basad on compound growth rate for 2000 - 2020 timsframs.
Basad on the earnings vatio for BEA 045 . ratio for U. 5. X FRB Production index,

Firsc year of proje.ct life.




earnings in primary metals for LEA 45 nd & represented the annual

tonnage of iron ore imports for Mobile 1r-bor for the 1950-1971 period.

The resulting 1986-2044 factor of grow . was 3.33 with an R value of .88.
The tests for significance and standard error were also acceptable for

this regressior. As can be seen, the 1986-2044 growth rate of 1.99

derived through the analysis 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 company to
four electric power generating companies located along the Gulf Coast in
Alabama, Florida and Mississippi, signed a l0-year contract for importing
coal through Mobile, The contract calls for 300,000 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 cocal supply, no assurance
could be given that this imported ceoal will continue to subztitute domestic
supply of coal to the aforementioned steam generating plants after the
contract expires. It is expected the annual volume of coal imports will
remain at about the same level as that between 1978 and 1987 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, beginning
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

PROJECTION FACTORS FOR COAL (IMPORT)

[NDEX B
T T T T Fannane estimated by shipper T Eatio
Vaar (Thousands short tons) to 1975
1975 371 1.000
1977 500 1.348
1978 896 2.415
1984 2956 2.415
1995 896 2,415
2000 896 2.415
2010 896 2.415
2020 896 2.415
2030 B9g 2.415
20135 896 2.415
2044 896 2.415

First year of project life.
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103. Coal Exports. The movements of coal for export through Mobile is
relatively new to the port. Prior to 1973, very little coal moved rhrongh
the port for export. With the increase in demand of metallurgical coal

in Japan, their interests in the 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 marked increase since 1973. The major coal suppliers
that were interviewed during the course of this study have stated that
long~term contracts have been signed or firm commitments have been nego-
tiated which would increase the volume of coal over the next several years.
Also, additional coal for export, generated by the Tennessee-Tombigbee
Waterway, would begin in 1986. Based on new cozl movements beginning at

staggering tvime intervals, the annual volume that moved through the port
for the latest year where records are available (1978) cannot he used as

a traffic b.se for projecting future tonnages. However, the year 1976 was
used to establish an initial-year tonnage for coal that was exported bv

smaller companfes that were not shipping under long-term rontracts.

104, It is difficult to predict future U.S. coal exports, and particularly
thrt which would move through a given port, due to (1) uncertain:ies in
demand from foreign countries, (2) new discoveries of sources of supply

in the world that would compete with U.S5. exports, (3) new energy policies
heing developed in the United States which mighr increase the domestic
demand for coal, thereby decreasing the coal avalilable for 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
(Revised)", written by Messrs. walter G, Dupree, Jr. and John §.
Corsentine and published by the U.5. Department of the Interior, Bureau of
Mines in December 1975, reveals some estimates concerning the domestic
consumpt ion and net export demand projected to the vear 2000, It is
shown in this report that domestic consumption of coal is expected to
increase from 556.5 milliontons in 1974 to 736 million tons 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 detall as exhibited in table

F~19,

106. Another report, written by Mr. Leonard W. Westerstrom, Industry
Economist, 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 preduction and consumption,
expected exports by year 2000, and world production. This report states
that: '"The energy policy being developed by rhe United States is
committed to increasing the Nation's energy supply from coal. Early in
1975, President Ford established a goal of doubling production to 1.2
billion tons by 1985. 1In 1974, the Interagency Coal Task Force of Projact
Indeperdence determined that production of that magnitude could be
achieved by relaxing cor removing constraints on limiting the expanslon

and use of ceal production,

107. Although bituminous coal and lignite production reached an all time
high of approximately 640 million tomns in 1975, U.5. 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 upcn during :he coal miners strike in the fourth quarter of

1974 and into meeting increased demands for export coal.
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TABLE F-19

Consumption of United States Coal Resources by

Major Consuming Scctocs, 1974 Prelinmjnary and
Projected to the Year 2000 1/

. :’?/ Based on Btu content.
2f

1974 19580 19465
PDomestic Consumption N
fouschold & Commercial
Million short toms 16.9 4 K] —
Trillion Dtu 292 100 100 —
Percent of total 2/ 2.0 0.5 0.4 0
Industrial
Million short tons 155 185 190 228
Trillion Btu 4,210 4, 800 4,930 5,910
Percent of toral 2/ 28.5 25.2 21.1 15.7
Electrical Generation .
Million short tons 390.6 547 704 941
Trillion Btu 8,668 12,250 15,700 20,700
Percent of total 2/ . 987 64.3 67.3 55.1
s
Synthetic Gas
Million short tons — —— 26 300
Trillion Btu . —-— o 520 6,000
Percent of total 2/ 0 ¢ 2,2 16.0
Synthetic Liquids
¥illion short tons - - —_— 01
Trillion Btu — — - 2,100
Percent of total 2/ 0 - 0 0 5.7
Total Domestic Demand
Million short tons 556.5 736 923 1,560
Trillion Btu 13,170 17,150 21,250 34,750
Percent of total 2/ 89.2 90.0 91.0 92.5
Export Neamand E/
Miliion short tons 59.1 70 75 160
Trillion Btu 1,584 1,900 2,100 2,550
Percent of total 2/ 10.8 10.0 9.0 7.5
Total Dewmand
Million short tons 615.6 806 998 1,660
Trillion Btu 14,774 19,050 23,350 37,550
1/ Includes anthracite, bituminous, and lignite,
g Net exporta.
Source: U. §, Department of Interior - Bureau of Mines
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108, New mine construction lagged in 1975, as it had in 1974, because of
several consteraints that continued ro Timit the expansion of coal produ-tion
and use. These constraints include stringent air pollution regulations,
the lark of a viahle Federal coal-leasing program, productivity declines
(particularly in underground mining), and delays in decisions to convert
0ii- and pas-burning facilities to coal. Although steps were taken in

1975 toward reducing some of these constrazints, there was insufficient
assurance to coal producers, consumers, or investors to encoursge the long-

term investments needed to meet the nationcl goal for coal.

109.  The Bureau of Mines forecast range of coal demand in the United

States tor 2000 is 1.2 billion to 3.5 billion tons. 'The probable domestic
demand level is 1.56 billion tons. To atcain this demand level, the

average annual growth rate between 1973 and 2000 must average 3.9 perconc-
Reaching the goal established earlier of doubling the 1973-74 production
level of approximately 600 willion tons by the end of 1985 no longer

appears likely. The supply and demand limitations affecting coal (including
anthracite) are reflected in the revised Bureau of Mines projection of

923 million tons of domestic demand, 75 million tons of exports, and a

production level of 998 million tons by 1985,

110.  As shown in tavle F-20, rhe United States produced 487.0 million
tons in 1964, representing about 17 percent of world production of
2,821.4 willion tons., United States production as a percentage of world
production remained fairly constant over a ime period between 1964 and
1974 with United 3States producing 603.4 million tons in 1974 representing
about 19 percent of the world production of 3,243.6 million to&s. United
States coal exports between this same time frame increased from 48.0
million tons in 1964 to 59.9 million tonms in 1974, representing 10 percent

of United States production.
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TABLE F-20

Bilumingus coal and lionite supply-demend relatignships, 1064.74
RIS EY P

19,4 1HEs 1966 1567 150H 1909 1570 18N 977 1973 1274+

Wo'a eatp produchon
Umated Sizlos Lol e e C e 4570 121 5319 Rz g M52 80 & (o2 a 567 2 5854 2917 633 4
Rraletwordd .. L. .. ... e e Za03e 2050 E30HB PR3 paade 24104 2Qépds 25082 20630 IPsas 20652
Tolal Lo [P cevee. FE2VA ZESTY PRIIT G Twew FPXL ZHIUY JCNET FII0E L GLG 0 4I345 22436

FTF “14P M mrs. e A S N EE . WD i 1TATS G TR MR R DR T S itrro MM S TET e L et Ee 12 M oo s urEE g xa

Compoaens ¢ US supply

Domesic nengs . Lo ... Ve eee ae .. %YTD L1z L33 % 526 AL LD % 503 0 L5223 505 4 s3t 7 L03 4
imaans e e e . 3 2 2 Z z H 1 1 21
Inustey #focky, Jan 1 oo ... . ... 730 irs 17 R LA E?S ] 237 a1 a 175 ikl
Torat WS wippy .ol oL 5503 5592 B138 679 G 642 8 Bad [ 5331 6460 CBE 7 FOS 3 W65
Duhibon ot U5 siroy
ousirg steks Do 31 L Lol 78O 97 768 o5 4 875 E2D 537 R 1174 I 566
Farens il P LER ] o E 33 255 LR 552 EAR] W5 55 0} ¥y 554
Cemard L. .o oLl e e LSRR ] 255 2 ¢85 3 460 4 45k 8 07 3 17 0 294 & 51648 555 G 6521
Losses prd wRateounind for a3 1 T 4 £7 14 26 33 33 ~35 -76 -7
TR e i ur e e i e e TR FT Lo TR ffw W e AS T TR m TR MRS DM 3NS5 S 6 4% s = ae
UE cemend paitern
Houyewgid and commonal L e . 196 120 200 i1 157 w7 §21 1ni azr 183 L ]
E.ecing uthies 2230 2:27 264 2 i 757 s 5 205 783 LG E Ly Tal t
Food products . . $0 53 87 e ES 18 ¢ §2 75 £ 31
Pagerproduets . ... o ... . 185 16C 167 5 E 149 13¢ 32 iR 62 95 o
Pamary metal indu thed LIS X ] 10Bo WA 1042 833 184 1 156 9 978 887 105 4 65 ¢
Nosmetahs ol a's 26 129 132 03 138 114 113 % &8 £3 gi
Tiarsgetanon ... ! 7 [ 5 4 3 K} 2 2 2 1
Chemcaly ... . .. Ealr 2ag 248 232 FiR-1 157 191 LB 14 6 837 131
L L 759 57 23 Fi 311 257 e AR 185 i3 P2
T BELFi . m KER. WS- o et T RAATE~ LEEEie EE mait ran W ECEEMS O A eefRe - & CASEFEC. o
Total US dermang ..., ., ... e .. A3 455 2 486 2 4334 %58 § 597 3 5120 LG4 G 168 5560 5.27
* Prekmmary

Source: Bureau of Mines - U. 8. Department of Interior
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111.  The major countries that import coeal from the United Srares,

excluding Canada, are: Brazil, Belgium-Luxembourg, France, Iraly,
Netherlands, United Kingdom, Spain, Sweden and Jap:n. Japan was the
largest importer of "M.S. coal in 1976 with 18.8 miliion touns or &4
percent of the rotal U.,5. exports exciuding that which was shipped to
Canada. Table F-21 shows a complete distriburion of U.8. coal exports

for a 10-year period between 1967 and 1976,

112. The diagram below, Figure F-5, gives a distribution

of the yses of U.8. ceal production for yvear 19306 and 1973 projected to
1985. Fxperts accounted for 25 million tors or 5 percent oi the total
U.S. production 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 percentage of annual proluction

is vxpected to remain approximately the same through 2000,

Figure F-5
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TABLE F-21

0
UNITED STATES EXPORTS OF BI ~ ; x »
TUMINOUS COAL. BY CONTINENTAL GROUPS
AND COUNTRIE AT
RIES OF DESTIAT N, 1967-76%
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Counkry af dastinwticn 1 1% % H 190 I¥T 1572 157 [LIY 1545 LA T
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B 1.1 U T &1,648 74,516 115,79 172,658 id4, c08 565,150 0%, 359 al0, 58k 327,147 258,574
Hiquelon =pd 5t. Plerre... 6,335 Z.728 3,2a7 2,E78 1,87% - 1,658 - - -
PR . . L Lsaan chae T 157 123 - (1] 52 - - - 410
Trinidad 3ol ToBdEd.a vais 32 - - - 37 £30 - - - -
L4 PP A1 LI AR 161 £ - - - R -
1 ———
15,378,166 | 16,328,140 ‘ 16,937,751 18, 843 UM ;O 17,3%I.524 5 LB.AZR %1% | 18,338,837 | f&, 115,818 17,287,229 15, 16E 55T
South harrics: T T i H T —
Argentfng ... ...iacaae--s 530,348 Lii 315 ¥ B35 295,590 439,538 191,37 ERE WG &7 ,055 230,219 528 187
Brazih.. L1 1,736 36 1,785,323 1,842,845 1.010,461 3.968 43¢ 1,935,424 1,654,556 1,792,190 1,0 438 B HA S L]
[=7%3 UV . 193,141 T Tal 318,755 7%,41% 206,398 FAL S 195,418 ¢ IFa 53,0850 AR, IM
Fruddor, . - - 70,217 - - - - i e P -
Fetu.... - iy 167 31,122 3,718 7,827 22,404 B& 280 1,01 22
[ST57 175 T IR P “3, 138 11,893 %,.B22 25,579 31,266 E2.0%8 : 33,241 - : -
L S 4731 [2:5) 114 57 17% 551 i 100 06 § 1%
[214.1) SR R 198 | i1 - - - H H I . | -
+ Fo—- - SRR U U SR
2,362,677 ; 1,963,095 | 7.8m9 009 FL84, 623 P2,6%0,347 FELEN-EE M W TR S A N T8 -3
b : S —— IOy B - . =
Eurype: ; i
Yuryi+an fronapic Gompanity: 4
Feigl mrlusemin ry E.422,740 1,052,515 §43,112 1 1,841,876 5,222 113,950 ¥.i01,830
TS 4 - - - 1 - 8 - - 1,40
Framieon i 2,530,940 4 4L * Y,al8 851
Fed Erp. of Nermc 4,893,782 | 3,484 m a0 ) 393,597
Iprrand (mep. of oL 7. I El.wbd B
- LLBRA 31 3, 60% 342 4,250,842
| §.227,058 TL,EZE,LM 3,850, 284
i - i - - 4} 962
+ : I [ S,
(18,350,280 DOEE,5IT 432 12,955,877 . én.zw,ns
f 1
[SEIVS T I eeeee . - - - i £5,351 - - ’ - E -
Trizan Gemocratic ®ep. ... T, 355 i 135,430 - - H - i -
Greece . - - - ! - i £ 37,259 s, 7 | Poougs, 73R
255, 874 253 13 i 1%2,TA0 : §70 ¥RE O} 14% 7Y { f 17%,311
R L B 15,368 - T ST 133,619 | & 381,531
| - | L 78,210 - ' AN 151,83 | 23,562 111,750
: , L1, E tOELE25 8D EI LR s 1 FREICE L SR D SO 2,806,500 ¢ 2 svl st 3,313,008
TAMEER L iiai.aiaean PoR11,281 hl . FEE, SR 25 828 151, 284 147,832 im3 b3k | BELYHIF
twiltoeriaad. ... . .. .oa- 33 E&T L ~ - H - H . - i 2,70k, 14,3130
Tugaelsvis. 332,094 %15, 4% 150,709 FEIIL - 181 538 115,024 - 1 Iy, 081 133,931
aLret... .. 1 - - - - i H - - - |
[ 361,005 7 1sus02. fasiomein 2020 ; g 15,678,340 | 1e,258.8% © 15,593,08% | -
ialac ; i =
Podg CENE. e e i - % - - 0, T83 - H - -
bataet . - 16,813 751 N - I . .
Y N, E2,EEY,MEE 7 I5.BEZ.4E0 21,366 793 | 27,514,895 1 19265 3% 1 IB,077,63% | 17,180,355
Uoie s {Rop. LR b)) ' - - - - i - 197,580
FiLErpin - - l 138 - 0% 163 3 1,22¥ FIH
Turkey. . on .. .. s - 1 - . 1,755 - R .
B S - i 86 1,070 2% ' 35 -
12,720 3%E | IT.B3,A4R8 21,388,358 § 17,0%8,3%0 i | ORETIE REE } ¥9,388 11
LY : ;
O P . - 1, . - 21,782 %45 - %3,70% 13 - -
wvm Temlacd. ... - H - 8452 191 - - - - - -
LY S S - i - - - - 1 - - - -
e v -
- - any 22,95 [ Fi 21,7 1% - -
Msocas T
fxwhL.. . - - - - - - - - 117,80 111,796
Nigrrta. A 064 - - - - - - - - -
IaizrE- - - - - - - - - - -
- 10 - 57 - - 18} M - ik, 172
&, Dhs 10 - %7 - - 24} 15T B LYY ]
= — b : e T B T Sl s = o T s
Tolal SXPOCE® o vienian - 49,530,378 ¢ WM LET. 200 [ 55,253,820 | PO .S53,1.0 | SE AN TeE 35,996,721 | 52,476,402 | 5%, W7E,530 L«:,uﬁ,“il FA05, 409
¢ et b ettt - I i . i .

*iprs Dot Emciude eiipmenca Eo
2/ Perilminaty [gucre.
2

U.5. milfzary forces.

torpiled by the Interapcionsl Coal Sxaff, Rotesw of Nimes.

Appendix §
F-65

Ehipasore ¥ falicares La ves3el manifests upin depsrfure feom L%, ports; focluded Toanage for trampsBiperer lo undesijnatsd T.sopesy Aratinations=,




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 defipition
of coking coal. Good quality coke is produced in different countries from
coals with a wide range of coking characteristics and mineral impurities.
This means that, for the most part, there are coals which are used for coking
that would, by themselves, yield a coke with i1pw ash and mineral impurities
but it would only be a lower quality cpke. The other extreme is that
rertain coals could vield ap outstandin, coke which would be useless

becanse of the high cenrent of impurities. In the Federal Republic of
Germany {(FRG), coking coal is usually considered to be low in ash and
sulphur with 21-27 percent volatile matter. In some countries, low-

sulphur coking coal is being burned in power generating stations to

minimize the cost of ¢leaning emissions. The coa1§ which today are termed
coking coals in a narrow sense, that is, coals froé which a usable coke

may be produced, account for less than 530 percent of total coking coal
demand. The blending of low-volatile coal with good coking properties and
hizh-voiatile coal with poor coking properties to produce a usable coke

is not uncommca, but the proper ratios must be used not only to produce

a usable coke but also to prevent damage to the coke oven walls.

114. Other difficulties in the analvsis of the world coking coal market
are the limited econpmically minable worldwide reserves of coking coal,
the po- ~ibilities of short-term production disruptions, and transportation
tie-up= and disruptions between the producing and consuming areas. The
dependence of the steel industry on coking (oal, or rather good quality
coke, has caused the industry to take steps to prevent the possible short-
fall in supply. These measures include regulated, long-term supply

contracrs and participacion in domestic and foreign coal mining.

1i5. Ceking coal preoduction in 1975 was about 27 percent of the total
world output of 2,350 milli n metric tons or between 620-630 million
metric tons. Three countries, the U.5.5.R., the United States, and the

FRG, accounted for almost two~thirds of total coking coal production.
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Together with Poland, Australia, and the People's Republ-.r of China (PRC),
80 percent of world coking coal production is accounted “or wirh the
remaining 20 percent coming from a number of pations., Between 1960 and
1975, wurld coal (aanthracite and bituminous) production increased by

29 percent while coking coal production increased only by 22-23 percent.

116. Future production of coking coat will not be determined by demand
but rather by the investmente of the mining enterprises in existing and
new production capacity. The authors estimate that, in 1985, the
additional worlid coking c¢ocal demand uver that of today will be 260
million tons while known, planned additional productive capacity will
be 160 million tons. This indicates a shortfall of 100 million tens,
The pattern of the world coking coal trade is not expected to change in
the future. Australia, the United States, and Poland should be the
principal exporters and Western Europe, including Scandanavia, Japan,
and South America should remain the principal importers. Excluding
U5-Canada trade and the European Economic Community (EEC) and Council
for Econcwic Assistance {(CEMA) internal trades. world coking coal trade
iz expected to increase from the current 85 million rtons to 160 miliion

tans in 19385, with 100 million tons being high qualitv conl,

117. The international trade in coke is rather insignificant, compared
with coking coal trade. In general, the rule is that coke is produced
where it 1s used. The reasons for this are economic and technical and
are to assure a given plant a supply of coke of the quality and quant ity
required.  [n addition, the handling of coke during loading, transporc,
~nd unloading causes degradation, rveducing the size and increasinge the
amount of coke breeze. In 1974, world coke trade amounted to about 30
million tonsg. Of this total, internal trade in the FEC accounted for
ahout one-third and total EEC trade about one-half. An additional 25
percent was Internal CEMA trade.  Actual international {external) coke
trade 1o 1974 was 11 million tons or ahour 40 percent ubf the total .

Total coke trade in 1985 is expected to be ahout 32 mitlion tons with

12.5=13 million tons being involved in international (rade.
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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 millicn tons to about 620 million tons.

0Of the totals, a constant B0 percent has been used for the producrion

of blast furnace coke and the remaiping 20 pervent is used by gas works,
electricity penerating stations, and other consumers. The amount of

roal 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 coxing coal by other consumers increased by

a yearly average of 4.3 percent or from 94 million tons in 1963 to 150
million 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 decrease of about 40 percent. In
comparison, the production of coking coal in the EEC dropped from 218
million tons in 1963 to 96 million rons in 1974, a decrease of 537 percent.
Total world cosc production in 19275 was 362 million tons, an increase of
28 percent or a yearly average increase of 2.l percent over the 282 million

tons produced in 1963.

119. In the period to 19853, the iron and steel industry, energy generation,
househelds, and other small consumers will still be the principal consumers
of coals which could be used for coking. Tt is unlikely that gas works,
the chemical industry, cr 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 of importance only in the FRG, -he U.5.,
and the United Kingdom. The authors estimate these needs in 1985 to he

30 million tons in the FRG, 260 million tons injthe 7.8., and 290 million
tons in the United Kingdom. -

120. World crude ;leel 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 tonm of pigp iron in 1985
will require, on a worldwide average, 530-535 kg of coke, which includes
the coke needed for sintering. Considering a 70 percent coke yield,
this total will require about 570 million tons of coking coal in 1985,

' ﬁr’lSO million tons more than in 1974.

121. Taking all factors into consideration, the authors predict a world-
-Gide demand for coking coal in 1985 of 880 million metric tons, two-

' thirds of which will be used for coke producrion with the rest used to
‘fuel electric power plants. Imports to cover domestic shortfalls will

be ﬁrovided by three or four countries, principally the United States,
provided increases in productive capacity can prevent the possibility of

a 100-million ton shortage.

122. 1n 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 vesources. Hard coal includes all coals of higher rank than lignite
or "brown" 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 P-22, the total in-place resources of all ranks of coal
were estimated at 12,599 billion short tons. The United States has
appruximately 31 percent of world coal rescurces. However, it shouid bhe
noted that the several nations that report coal resources do nor 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 Tepresented

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 through Mphile should

increase to about 14.3 million tons by 1985. This represents asbout 19 percent

of the total expected U.$. exports of 75.0 million tons as shown ir Figure
F-5 and Table F-19,
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TABLE F-22

COAL RESERVES IN THE UNITED STATES

_COAL RESERVES IN THE UNITED STATES BY Total world bitumincus coal and Hgnite
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124. The Bureau of Mines forecasts the world-wide demand for coal,
excluding the U.S., will range from 3.5 to 4,5 hillion tons by 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”
inatances based on historical tonnages assoclated with production, demand, -
and export of coal in the United States, one of the world's largest produce:gf_
From 1954 through 1975 the U.S5. produced a surplus of coal above the demand

of U.S5. industry each year. Accumulated exports from the U.S. during the
period 1964 thrcugh 1975 exceeded surplus production by about 10 percent

which tends to show that production is about egugl to total demand at least

in the United States.

126, It has been assumed that worid-wide demand fer coal will te equal to
world-wide production in the future. During the ll-year period from 1964
through 1974, U.S. exports have consistently ranged from 1.7 te 1.9 percent
of world production. Therefore, it has been assumed that if world-wide
demand of c¢oal increases at an average annual rate of 1,2 percent to the
year 2000, then, U.S, exports of coal will grow, accordingly. Coal exparts

from Mobile have been assumed to remain constant from 2063 through 2044 since

no support can be locared 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 indicate

that an average of 60 percent of coal exports through Mohile 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 total tonnage base on coal shipped to Japan
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[ABLE F-23

.Q{%?, Project indices apﬁiieablé to coal exports through Mobile
R based on an average annual growth rate of 1.2 percent .
=R ' - |
o)
SR
ST ‘ . - T
- .. Year _ . Growth Factors
1975 1.000 - - e - - -
1976 1.012 1.000 - - - - -
1977 1.024 1.012 1.000 - - - -
1978 1.036 1.024 1.012 '1.009 - - -
1979 1.049 1.036 1.024 1.012 1.000 - -
1981 1.074 1.061 1.049 1.036 1.024 1.000 -
1986 - 1.140 1.127 1.113 1.100 1.087 1.061 1.000
1995 1.269 1.254 1.240 1.225 1.210 1.182 1.113
2000% 1.347 1.331 1.316 1.300 1.285 1.254 1.182
2010 1.347 1.331 1.316 1.300 1.255 1.254 1.182
12020 1.347 1.331 1.316 - 1.300 1.285 1.254 1.182
2030 1.347 1.331 1.316 1.300 1.285 1.254 1.182
12025 1.347 1.331 1.316 ~ 1.300 1.285 1.254 1.182

2044 1.347 1.331 1.316 1.300 1.285 1.254 1.182

;Factors to be nsed in making a composite tonnage for each of the four destination groups.

2. : _
Latest year of growth.




a base for projecting to 1986. When a new shipper, including those that

. year they w111 begln shlﬁplng through Moblle this vear was used as a base.

for 1976 was 1,881,000 tons. Where the shipper did not indicate future

growth, the 1976 volume for each shipp: - 1.as used as a base for projecting

to 1986. Where a shipper is currently - _orting coal and gave a growth

due to firm comtracts, tonnage for the first year of contract was used as

" would ship via the Tennessee-Tombigbes ﬁatgrway, indicate the first year
they will begin shipping, tonnage for this year was used as a base for
‘pProjecting to 1986. A growth factor'baséd‘dn an annual growth rate of 1.2
percent was used to project the varying base tonnages to 1986. By using
the aﬁove procedure for projection, the 1986 tonnage destined to Japan
woﬁld 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 1.132 was applied

to this tonnage giving an annual volume of 11,478,000 tons, bepinning in the

year 2000 and rémaining constant during the project life unti] the vear
2044, The resulting increase factors are shown in table F-24, These

indices of growth on coal exports to Japan are designated as Index E.

129.  Projections of Coal Exports to Italy. Records for 1975-1978 indicate

‘that an average of 22 percent of the coal exports through Mobile were
shipped to the areéa designated as Italy. By applying the 22 percent to the
anﬁhal volume of individual-shippers, other than those who ship exclusively
to Japan, the annual voluﬁe shipped to Italy in 1976 was 664,000 tons.
The 1976 volume for each shipper was used as a base for projection to 1986,

where shippers are currently using the port and did not indicate their

- future gfﬂwth Where sh1ppers save a growth due to firm contraects, the

“flrst year of ccntract was used as a base. When new shlppers indicate the

LAl} base volumes were increased at an annual rate of 1.2 percent to develop
‘a new base in 1986. The year 1986 was selected as » new base because, by
this time, all known contraLts will be in force and new shippers will have

'”bEgun shlpplng, 1nclud1ng ‘those ‘that will ship via the Tennessee-Tembigbee

"‘Wagerway‘ The annual volume of coal 9xport3 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 23,795,000 tons and will remain constaunt there-

. after until 2044, the last year of the project life.

- 130. . Increase factars developed from the above projection procedure are

- shown in table F-25 and designated as Index F,

TABLE F=-24
PROJECTION FACTORS FOR COAL EXPORTS DFSTINED TO JAPAN
INDEX E

Composite of annual

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 11,478,000 1.182
2044 11,478,000 1.182

1Unadjusted tonnage, which includes tonnage that will continuwe to move
through the Panama Canal with project improvements at Mobile.

2First year of project life.
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TABLE ¥-25
PROJECTION FACTORS FOR COAL EXPORTS DESTINED TQ ITALY
INDEX F

Composite of annual

Year tonnage destined to Ttaly Ratio to
_ (Thousand short_ tons) 1986 .
1986 3,211 1.000
1995 1 3,576 1.114
2000 3,795 1.182
2010 3,797 1.182
2020 3,795 1.182
2030 3,795 1.182
2035 3,795 1.182
2044 3,795 1.182

lFirst year of project life.

131. Projection of Coal Exports to Eangland/Europe. Initial-vear (1976)

tonnage of coal allocated to this area was 221,000 tons, By use of che 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 & percent of total
or 1,070,00C tons. With a 1.2 annual growth rate, this volume will inc¢rease
to 1,265,000 tons by the vear 2000. No increase in tonnapge iS expected
beyond this time, therefore, the 1,265,000 tons will remain constant avor
the remaining project life. The resulting increase factors ZJeveliopea From
this composite of tonnage are shown in table F~26. This index of growth

factors is designated as Index G.
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TABLE F-2Z6
PRGJECTION FACTORS FOR COAL EXPORTS DESTINED TO ENGLAND/EURGFE
INDEX G

Composite of annual tonnage

Year destined to England/Europe Ratioc to
{Thousand short tons) 1986 }
1986 i 1,070 1.000
1995 1 1,192 1.114
2000 1,265 1.182
2010 1,263 1.182
2020 1,265 1.182
2030 1,265 1,182
2035 1,265 1.182

2044 1,265 1.182

IFirst year of project life.

132. Projection of Coal Exports to East Coast of South America. Omly

3 percent of the total coal exports from Mobile 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 exports to Italy. as previously
discussed, the 99,000 rons will diner=ase to 476,000 tors by 1986. With a

1.2 annual growth rate, this volume will increase to 562,000 tons by the vear
2000. No increzse in tonnage is expected beyoud 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 tuble F-27. This index of growth factors is designated as Indr-
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TABLE ¥-27
PROJECTION FACTORS FOR COAL EXPORTS DESTIREDR TO
THE EAST COAST OF SOUTH AMERTICA

INDEX H

Composite of annual tonnage

“Year destined to the East Coast of South America  Ratioc to
. {Thousand short tons) 1986
1986 476 1.000
995 1 530 1.114
2000 562 1.182
2010 562 1.182
2020 562 1.182
2030 562 1.182
2035 562 1.182

2044 562 1.182

1Fi-rst year of project life.
SUMMARY OF PROSPECTIVE AND ACCEPTED COMMEPCE

. 133. Prospective Commerce. The annual volume of cormmedities that was

accepted as prospective commerce for this project im 1975 was 7.5 miliion
tons. This tennage was projected to 1995, the first vear of economic life
of the selected plan, and then extended over the next 50 vears ending in
2044. The annual volume of prospective commerce for selected vears is

presented in table F-28.

134, Accepted Ccmmercg; This traffic was further screened to determine

the tonnage that would obviously be eliminated due to the continued use of

' small ships, that which would continue to be shipped through the Panama Canal
in relarively small ships, that eliminated because of limited depths at
fdreign‘pgrts where fraffic originates or rterminares, and other restrictions

as previously discussed in this appendix. The annual volume of traffic
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TABLE F- 28

PROSPECTIVE COMMERCE FOR SELECTED YEAHS THROUGHOUT THE FPROJECT LIFE (1995-2044)

Commodity 1975 1986 19951 2000 2010 2020 2030 2035 2044
lron ore 4, 78X, 000 5,264,000 5,857,000 6,263,000 7.291,000 8,400,000 2,398, 000 10,475,000 10,475,000
Coal (Impore} I7L,u00 896,000 896,000 896,000 496,000 896,000 896,000 896,000 896,000
Coal (Export) 2,367,000 4,471,000 36,117,000 17,100,000 17,100,000 17,100,000 17,100,064 17,106,000 17,100,000
TOTAL 7,519,000 20,631,000 22,800,000 24,259,000 25,287,000 26,796,000 27,592,000 28,471,000 28,471,000
lFirat year of project life.
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accepted for benefit analysis 1s 5.2 million toms in 1975 which will
increase to 15.0 million tons by 1995 and, by the year 2044, the volume
will be 18.9 million tons. Detalled volume for each commodity accepted
as commerce, which would benefit from project modificarion, is shown in
table F-29, The differences in prospective and accepred 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 throuph the
port in deep-draft vessels increased from 14.4 million tons in 19646 to 16.7
million toms in 1975. This indicates that an increase in the use of larger
vessels is being experienced. During this time period, the number of
vessels with drafts 36 feet and over increased from 359 in 1966 ta 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 10-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 tt 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

PROJECTED COMMERCE ACCEPTED FOR BENEFIT ANALYSIS FOR SELECTED YEARS THROUGHOUT THE PROJECT LIFE
(1995-2044)

08-4
¢ xypuaddy

Commadity 1975 1986 199s* 2000 2010 2020 2030 2015 2044

Iron ore 3,411,000 3,756,000 4,178,000  &,468,000 5,202,000 5,993,000 6,846,000 7,474,000 7,474,000
Coal {Import) 371,000 296,000 896,000 896,000 896,000 896, 000 896,000 896,000 896,000
Coal (Export) 1,458,000 8,934,000 9,950,000 10,558,000 10,558,000 10,558,000 10,558,000 10,558,000 10,558,000
TOTAL 5,240,000 13,586,000 15,024,000 15,922,000 16,656,000 17,447,000 18,300,000 18,928,000 18,928,000

1l‘h-al: year of project life.




TABLE F-30
TUTAL T4BOUND AND OUTBOUND TRTPS AND DRAFTS OF VESSELS CALLING AT MOBILE DURING YEAR 1975

HARHOH OR_WATERWAY . b DIRECTION
T Non-5 copalled | Non-Szlf Propelled
Sell Propelled Vessels Vessula i Sclf Propelled Vessels Vessels
. Pagsenger Towboat Passehger | Towboat
DRAFT (FEET) and or and or
Dry Cavgo | Tanker! Tugbpat |  Dry Cargel Tanker TOJAL| Dry Carpo)| Tanker| Tugboat Dry Cargo| Tanker TOTAL
MYLELE DARSCR, AL INBOL‘N}Ib ODTBOULRD
S 2 2
G0 m o o = omow 25 ! 26 20 4 24
L 9 2 11 17 13 30
B om m e e e 14 b ! 0 18 18 36
R b 4 : an 13 3 16
3">-~--—-f£ : ! ! i ; 17 4 21
A5 e - e - } 3z 3| i L 11 12 23
3% = = = - i ih 2 e ! 33 & ! 28
Th e - n 2 iz 24 5 30
32 - 20 8 28 29 4 2
Y a3 10 33 iz 2 34
W om o om o = 14 N 18 20 5 25
2H a e e - 42 i i 22 17 5 22
I 4 21 kY i [ 23 42 4 46
e e - 3 1 35 34 3 41
My e e omow e e 3 [ 39 52 f 58
25 - mm o m 63 6 | 9 ! 70 bl 3 8 12 84
4 - .= . -7 16 ¢ 55 H 63
N ! 74 12 i g3 57 2 59
AT e e e e Sk 16 12 70 7 2 79
P j 76 13 87 &9 4 4 7
S - - i 15 | 81 05 & 1 74
i T U l b 10| ; 5t 49 5 1 7 £
@218 ant lese- - KN Y 32 E 1,504 I 7,458 2,195 | 14,001 136 11 |3.557 1,857 (2,177 13,938
s ; ; ! !
N TOTAL I 1,09% [ 182 3,588 7,859 2,19% 014,402 1,134 142 | 3,565 7,878 l 2,184 14,902
L ! | E
PURCE:  waterooone Commarce of the sited States -~ Parr 2 for Galendar Year 1975,
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TABLE F-31

TOTAL INJOUND AND QUTBOUND TRIPS AND IRAFTS OF VISSILS
WITH DYAFTS 19 FEET AND OVER ON VESSELS THAT CALLED |
AT MOCBILE FOR SELECTID YEARS - 1965-1975 -

Trniwrsm

t
1
’l
)
!

;f
t

1

Draft Nurber of Vessel Trips
1366 1967 1968 1969 L1970 1971 1972 1973 1974 1975
4] feet and over Q 0 a Q G it 0 ¢ 0 2
40 feet and over 20 g 8 19 15 19 30 45 33 32
3% feet and over 48 35 25 5t 30 39 43 a3 121 93
38 feer and over 18 54 48 63 L5 53 67 150 183 143
37 feet and over 83 77 t4 o Bh 103 122 222 230 185
36 feet and over 144 rz3 100 128 122 144 171 282 331 223
35 feet and eover 174 130 120 157 156 135 212 337 414 281
34 Feer and over 213 182 150 193 215 242 241 &09 470 327
33 fret and over 256 217 199 229 247 269 270 « 82 522 338
32 feet and over 3il ZE2 252 293 236 314 306 331 370 &49
31 feet and over 392 342 310 329 349 349 340 339 619 516
30 feet and pver 471 415 . 389 376 410 406 407 599 476 539
29 feer and over 563 497 464 426 481 452 459 649 729 663
28 feet and over 653 584 568 524 565 523 526 715 791 672
27 feet and over 57 674 639 630 674 I 614 812 860 748
26 feet and over 880 800 850 727 775 692 737 931 964 845
25 feet and over 1037 17 289 537 891 799 872 1102 1091 975
24 feet and owver 1224 1099 1151 ‘987 1063 G522 1024 1255 1249 110
23 feet and over 1427 1308 1342 1157 1231 1036 1197 1446 1336 1247
. _ 22 feet and over 1700 1592 1636 1431 1513 1310 14053 _ 1662 1575 1395
2] feet and gver 1898 1363 1864 1659 1717 1502 1604 1845 L7oy 1556
20 feet and over 2180 2203 2145 1952 2009 1755 1802 2068 LB6E 1710
19 feet and over © 2458 2477 3392 2207 2219 1018 1337 2218 1967 1829

srninal Pyblications of Waterborne Commerce of the United States - Part 2 For vears 19AR-1475




potential of larger vessels that are not used in the service on traffic
ta Mobile due to the 40-foot channel restriction. The c¢hatacteristics of
vessels used in the transportation of major bulk commodities shipped

through Mobile in 1975 are shown in table F-132

138. Vessel Sizes. A range in vessel sizes was used to determine

henefits for each chanonel depth being analyzed. The minimum size dry-
bulk carriers and tankers is based on the minimum size of vessels presently
being used at the port of Mobile. The maximum size is based on the
largest vessel that can uSe a particular channel depth, light-loaded by
5 feet with @ bottom clearance of 4 feet. The axception to this is on
commodities originating or destined ro countries where the routing 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 traansportation cost of a fleer of vessels (15-56,000
d.w.r., dry-bulk carriers) that can use the 40-fopot channel ar Mobile
routed via the Fanama Canal, and the costs of a fleet of vessels that
would go around the Cape of Cood Hope, using a minimum size vessel of
61,000 d.w.t. A ranue in vessel sizes for dry-bulk carriers, based on
drafts at one-foot intervals, for each channel! depth considered is shown

in tahle F-33.

139. Routing. Commedities of iron ore from Avstralia and coal to Japan
are presently being rcouted via the Panama Canal. However, with a channel
depth at Mobile of 45 feet or greater, a portion of the volame of these
commodities will be routed via the Cape of Good Hope, South Africa. Tabhle
F-34 gives the relative difference in miles when routed through the Canal
versus routing via the Cape of Cood Hope. The distances shown in this
table zre those used in the report for Jeterminiip transportation costs
"with'" and "without” channel improvements ar Mohile. Distances nan
commodities not subjected to routing through the canals will he the sams

for all channel depths at Mobile,

Appendix 5
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TABLE F-32

CHARACTERIETICS OF VESSELS PRESENTLY CALLING AT HORLILE (1975)

Crude 0i] -fTanketsJ

T. - 16,000 to 54,000
Registercd loaded draft - 3C.0 to 43.0 fect
Lengih =312 to 751 feet
“Width - 66 to 102 feet
'LUal loaJLd draft - 32 to 40 foct

.,;]Lron-01g (Asp rlﬂﬁi§> CDry Bulk Carriers)

DL N T. - 18,000 to 74,000

. Registered loaded draft - 30.0 to 43.0 feet
7 Length-= 541 to 891 fect

L Width - 72 to 105 feet

Actual loaded drafi - 26 to 40 feet

Bauxite {ASD Tipple) (Dry Bull 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 fect

Actua) loaded draft -~ 25 to 38 feet

‘Coal (Import) {ASD Tipple) (bry Bulk Carriers)

D.W.T., ~ 31,000 to 74,000

Registered lnaded oraft - 36 to 43 feet
Length ~ 643 to 719 feet

Width ~ 75 to 105 {ect

Actual le~ded draft - 34 to 40 feet

Iron Ore (TCI Term.) (Pry Bulk Carriers)

D.W.T. - 25,000 to 88,000

Registered loaded draft ~ 33 to 43 feet
Length - 577 to 850 feet

Width - 72 to 128 {cet

Actual loaded dvaft - 31 to 40 feet

Appendix 5
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TABLE F-32 (Continued)

Grain (Dry Bulk Carriers)

D.W.T. - 11,000 ta 66,000

. Registered loaded draft - 23 to 43 feet
" Length - 440 to 768 feet

- Width - 62 to 105 feet

. Actual loaded draft - 25 to 40 feet

fCéalrexpottS (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 105 feet
Actual loaded draftr - 29 to 40 feet

Appendix
F~85
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TABLE F-23
Vessel sizes, by chanucel depths, used in determining venefits on Coal and lren Ore, with

1 . . .
enrviain euceptions,” Py Bulk Cavrvievs (Foreips Flag)
;

-fmh_i‘_‘t:lymuci 45 fo, 50-fort channot 53-foat 1{1\:1-:1?.::1 GOj foot channe!
Vessel Vessel Vessel Yezeel B

IWT raft LW Draft DHT_ Hraflt BWT Drait _DWTE Draft
15,000 29 15,000 29 15,000 29 15,000 29 . 15,000 29
17,000 3p 17,000 30 17,009 a0 17,000 - 3 © 17,000 30
20,060 - 31 20,000 31 20,000 31 20,000 31 . 20,000 R
23,006 32 23,090 32 23,000 3z 23,000 32 23,000 32

26,000 13 26,000 33 26,000 a3 26,000 a3 26,000 33
29,000 34 29,000 34 29,000 34 29,000 3% 23,000 a4
32,000 3% 32,000 as 32,000 15 az,oon 35 A2,000 . 3s
36,000 36 16,000 1% 36,000 6 36,000 36 ae, 000 . 35
39,000 37 39,000 a7 39,000 37 39,000 37 39,000 37
43,000 28 43,000 18 43,000 38 43,000 38 43,000 38
57,000 3! 47,000 a9 47,000 39 47,000 3% &7,004 a9
52,000 40 52,000 40 52,000 40 52,000 40 52,000 40
56,000 41 56,070 51 56,000 41 56,000 41 56,000 41
61,000 &2 61,38) L2 51,000 2 61,000 42
65,000 43 65,000 &3 £5,000 43 65,000 43
70,000 A 70,000 I 70,000 b4 70,000 44
75,000 55 75,000 45 75,000 45 75,000 45
81,000 46 81,000 46 81,000 46 61,000 46
86,000 47 86,000. 47 86,000 47
%2,000 48 92,000 X 92,000 48
98,000 49 98,000 49 38,000 49
104,000 50 104,000 50 104,000 50
110,000 51 110,000 51 110,000 51
17,000 52 117,000 52
123,000 51 123,000 53
130, 000 54 130,000 5%
137,000 55 ©137,000 55
144,000 36 144,000 55
151,000 57
159,000 58
166,000 59
174,000 &0

182,000 61 ..

On coal to Japan and Iroa Ore [rom Austrolis, bervefits arc based on costs for a vessel
flest from 15-56,000 dwt which could go thry the Paname Canal versus the cests of a vessei-flecc Tamuivn

from 51,000 dwt to masimur size For & particular depeh,

Only bencfita applicable o that tonnage

which would be shipped ardund the eape of Good Hepe was accepted on rraffic fron ox to Japan and

Australia.

MOTE: The deaignatad incremental increase in vesssel siges for each. deptch
of chasnel luprovement is ahows below the lines of dessrcation In

this teile,

Appendix 5.
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DISTANCE OF OCES MILES (RAUTICAL) BETVERN PORTS: OF- Of

. 11 s [Une 2
- Via tha Vis the “Via Capa _

o o Suer - of Direct
| Commedity Origin Destination . canal Canal ____Good Hope Romcing
Iron Ors unlocded - Dampier, Australia Mobile, AL 10,861 12,830 12,012 A

ar “Yipple™

Porr Carcier, Quedrg Mobila, AL R/A wia 77 ) 1,600
Poloz Uhu, Srazil Yobile, AL R/A /A L F1Y & 784
Iron Ore unloaded ‘Puerte Ordaz, Vens, ¥obile, AL W/A - H/a | 17 z,150

&t TCI Termiosl o ‘
Fore Cartier, uebsc Mobile, AL | 71 N/A nia 1,600
Vicroria (Tubarso) Bresil Mobile, AL Wa ‘ "/A §/a &, 704
Coal (Import) Richards lay, So. Africa ¥obila, AL - Wi 7/ B/A 5,600

i 4 ' V -

_coal {Export) Mobile, AL Japani’- . 9,300 14,152 15,536 S/a
: o ‘ mdile, AL teatyd : WA wWa /A 5.6
s Mobile, AL Eogland/Tureped’ . x/a wa . A0
Mobtle, AL X. Coasct of So. amar.d/  wa s/ »a 3,00

W/A = 30T APTLICABLE
1/Typical ports in Japan that tecelve cokl frew Mobila are: Eobe, OChita, Xisdrsw, Tebats, Tokwyess, Kashine, und Yehohmis with Tabata baing tha priceipul pert.
2/Typical parts ia Lesly are: Cemors, Teranto, Vealee, Salermo with Tarsato baing the pitacipal pece.

:lm:r.;l porca for England/Europa ate: Oxelosund, Sweden; Rotterdss, Méth.; c‘.ﬂu: and 'l:n. Talbare, Weles; with Fart Talbart, Uales belng the priocipal
: ,l[tﬂie;lipon.ﬁ;jn; .tn;u"nf':k.‘mum 1 e de .,fmth;,!ri:il,;* T

. BOGKET [wtance Botveen Porte = 1963, publiehed b7 U 5. Waval Dcesmegrashis OFCTEr, U 5. Wavy 1% Sswar L0 TG D 5. BT,




CHANNEL DEPTHS AT FOREIGN PORTS

140. General. The m.ximum depths at foreign ports vary widely and in
~ some. cases are not well-defined in publications that are readily available.
These depths were obtained from several sources which include shippers/

eaivers,”qteamship agents and a widely used publication entitled, "Port

ues Charges and Accommodation - 1977-78 Issue," published by George
-hilip and Son Limited - London, England.

"él* IEQE_Qre. Iron ore for U.S. Steel, being imported through their
,mérlne bulk handling plant at Mpobile, originates at foreign ports where
r;Lhev have invested interest, and the pattern of shipments are fairly stable.
. Sources of supply are; Puerto Ordaz, Venz., Port Cartier, Quebec: and
{Tubarao Erazil The size of vessels used in the benefit analysis was
'restricted to drafts comparahle to the maximum depths at the sbove ports
of 45 54, and 74 feet, respectively. Although the depths at Pucurto (rdaz,
L‘ VEnz. Iocated on the dredged channel of Boca Grande at the mouth of ihe
{ﬁrjnacp‘R;ver,‘fluctuates from a minimum depth of 3Z feetr to a maximum of
 §51%6££,;héhéfits for this commerce are based on a channel depth of 45 feet.
'E‘Tﬁeééfﬁghefits'are considered to be ccnservate since company officials state
‘ ;hat_toﬁuage now being loaded at Puerto Orddz is iron ore fines. This type
;A}¥Bfe-is'gfadually being replaced with iron ore pellets, available at
~Tfports which are a greater distance from Mobilz They state, that, with a
' §deeper channel available at Mohile larger vessels would be used in hauling
‘fjiron Q:ﬂ pellets from alternative sources of supply, such as, Tubarao,

- Brazil with a sailing depth of 66 feet plus rise of tide, which can
¢accummodate vessels up to 270,000 deadweight tons. The distance from
HFPuerta Ordaz tD beile is 2160 nautical miles. The distance from iubarao
.iiis 4784 nautical miles. By use of Tubarao as alternative source of supply
-:?th?.unitxsavings would be increaséd from $0.80 N.T. to §2.21 N.T. giving an
. inﬁreése‘in average annual benefits of $4.9 million. Corsequently, benefits
;ééceﬁtggrin this reﬁoft on-ifdn‘ure from Puerto Ordaz are considered to be

fﬁ?hﬁépvatiVe. Sources of supply for iron ore imports for Jim Walters

xﬁpphndix 3
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Resources at Birmingbam, AL and Republ ¢ -teel at Gadsden, Al

.« Deinp

shipped through the Alabama State Docl -' sulk handling terminal,

Seen
to fluctuate from year to year. Howew - the primary source of suppiv is
Dampier, Australia; Port Cartier, Guebec; and Point Ubu, Brurii. with
maximum depths at these ports of 51, 54, amnd &0 feer, respectively. Vessel
drafts were restricted to ti:se depths for the benefit analvsis ip this

report.

142. Coal Imports. Coal imported through Mobile has originated from
severz:! foreign ports in the past. Howcver., the privcipsis that are

involved in the movements of this coal stafe that all futore cosl wiil
be imported tfrom Richards Bay, Scuth Africa. The harbor depth of this

port is b7 feet and rhe depths agre heing increased fto 75 Peer. Mo

restricrions are places on the maximum size vessel that can 5o gzad

in this service, based on port depths 2t the foreign origin.

143. Coal Exports. The market areas for veal exporis throush Mohile

can be any of the twenty-eight countries ipisted asong the world's

importers of significaif tonnages of coal, with . pan he

)
juen
wy
@
i
E

Fumdr
il
w

importer. Countries that receive coal exports from Mobile are divided
int !our vegions defined as Japan, Italy, EnclandfEurcpe ang Eas: Coast
of South America. According to letters received from Ataks America, Ine.,

a principal coal broker that coordinates coa

s
V]
fre
3
bl
bt
o
ia ]
e

S
Japan, the major ports in Japan that received coal! from Mobils are:
Ohita, Kimitsu, Tabaia, Fukiyama, and "ma with “epths ar piers of
39, 62, 7, S5h, and 52 feer, respe. tively. Data from the U.85. Bureau of

Census, published i= their annual report, "U.8. Haterborne Seneral Zasor

.3

£

and Imports - 19753", indicate additionmal Japanese purts that receive coml

from Mobile are: Kawasaki, Kobs, Yokohams, (hiba, and T Chanme
¥ k]

epths at these ports are: 39, 43, 60, 67, 2nd 30 .eet, respeciively,
Because of the depths at major Japan.se pores, it is assused that vessesls
hauling coal from Mobile te Japanese ports would nor be restricred. Pores

in the region designated as "Itsly” have harbor Jdepthe that range from

L9
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' ‘f"BQ"feer at Venice to 66 feet at Genoa. Other minor ports in this region
i:%rE:' lskenderun. Turkey and Alexandria, Egypt. The major ltaliam nort
'éﬁ&iuingu?cal.frdm Mobile is Taranto with a harbor depth of 50 feet.
ésLLs dellgerlng coal to this area will be restricted to a 50-foot draft.

Prlnelpa] ports that comprise the England 'Europe region are: Rotterdam,

Nath., Newport England; Oxelosund, Sweden; Cardiff and Port Talbot, Wales.

The ﬁajnr por; ig Port Talbot, Wales with a maximum harbor depth of 80
feez  :CGHSech1tl%, no restrictions are placed on the maximum size
QSSQis.that wiil deliver coal frem Mobile to the England/Europe region.
.Thérfhﬁftg region designated ss "East Coast of South America" is comprised

of the fellowing pripcipal ports: Buenes Aires, Argentinag; Paranam,

5 f?in‘afn;'-"t’.itéria‘ Brazil; and Rio de Jsneiroe, Brazil. The majer peort in
this region is Ric de Janeiro, Brazii with 2 maximum depth in the anchor-
dge basin of 70 feet. No restrictions are assessed on benefits due to

_the size and draft of vessels hauling coal to this region.

ALTERNATIVE MODES, VESSEL UTILIZATION RATES, AND UNIT COSTS

‘ laS, -Evaiuation of benefite for the selected plan is based on transporta-—
t10n 5av11gs that would accrue primarily from iucreased loading of vessels
prﬂtentlv u51ng the project and from future utilization of larger, more
econcmltal vessels.‘ Net transportatlon savings are herein defived as the
dlfferenae between the traRSportatlon ccsts of the fleet of vessels which
76 ld use the Exlstlng 4G~foot channel and the fleets of vessels that

could utlllze Lhe varlous consldered dapths, i.e., 45, 50, 55 and 60 feet.




TABLE F-3%

CHANNEL, DEPTH AVAILAGLL AT FUREIGN PORTS

REPTH
PORT | {Fr) FEMARKS L
Iron Orc Importe fer TCI Terminal
fucrto Ordaz, Venz. 45 Fluctuares with depth in river
Portl Cariier, Queboer 54 bepths in channe}l .
Tubarae, Brazil 74 bepths at Tiers —
Iron Ore Twports fcs AsD Tipple
ngicr, Australia 53 Minimue depth at begrh
Port Cartier, Quebec 54 At mean low tide
Point Ubu, HBrazil &0 Depths quotced by shipper
E(l,‘l}m [;fgfir_i;s_ Thros; " 7!-‘.:})uffiu {Zts.‘r_i__j'ormi,nai
Ohita, Japan 89 Penths at berth
Kimitse, Japan 62 Depths at Lerth
Tobata, Japan 57 Bepths at bhorth
Kukuysma, Japan 56 -
Kashiua, Japan 52 -
Kawasak i, Janin 9 -
Kobe, Japaa 43 Channel depths not well-defined
Yokohama, Japarn &0 -
Chiba, Japan 67 Depths at Private berths
Tokyo, Japan 30 -
Taranic, lealy 30 -
Cenoa, ltaly 66 -
Savenis, Italy - Port can accommodate & 45,000 d.w.t. wessed
Veniee, Ttaly 30 -
Atex.ndria, Egvpt 30 Tonnage to this port was vliminated
Iskenderun, Turhey 30 -
Kottevrdan, Neth. 17 -
Newpoert, Fngland 33 Max depth dvpends on berth uscd
Oxclosund, Sweden 42 -
Caritiff, Wales 42 Max depth depends on berth uvsed
Fort Talbot, Hales B0 -
Rio de Jancirc, Brazil 70 Depehs at anchorage -~ wiloading by lighterage
Hucenes Afres, Argentinag 28 -
Vitoria, Brazil 36 Depth at coal berth
Coal Imporrs
Rithards B.y, So. Africa 62 Being dredped to 15 fest

et v < —s——————

SOURCE:  Part rws, Chirres and Arcommodation —-1‘:3—7?:7—5,._;;;-11—1_5?11:*;} by Ec;;i;‘éml’i;i‘fi_p and Son,
Limited, London, Ifngland

1/ Can accommodate vessels up to 270,000 d.ow.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 vessecl fleets based on the number of
vessels in each size (d.w.t.) class and the total carrying capability
in each class; "at sea" and "in port" hourly operating costs; distance
~of haul; vessel port time; vessel speed; registered vessel draft; type
vessel used per commodity and the utilization factor per vessel type.

All costs were adjusted to reflect the cost-per-ton.

147. The major components of the transportation cost ceomputations are
described in the following paragraphs. Because of their size, geueral
cargo vessels would not benefit from the proposed project improvements

and, therefore, were not ipcluded in the cost analysis.

148. Vessel Operatinpg Costs. All vosts for dry-buik carriers reflect

only costs for vessels operating under foreign flag registry. Vessel
operating costs 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 obtained from the Office, Chief of Engineers (OCE). A regression
analysils was used tc determine the vosts for those vessel sizes not
supplied by OCE. Costs-per-hour for dry-bulk carriers are based on the
1 Jamuary 1977 shipbuilding costs; however, OCE has aythorized these
price levels to remain in effect through 1 October 1978. Consequently,

vessel costs in this report reflect an effective date of 1 Octoher 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 {ron ore and coal through Mobile Harbhor.

. Apperidix 5
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TARLE ¥F-26
CENERAL CEARACTIRISTICS AMD HOURLY OPFERATING COST DATA 1'OR OCEAN-COTNG DRY BULK CARRIERS EXPECTED TO THANSPORT TRON ORE AND
COALL THROUGH MOBILE HAREOK FOR ALI, DEPTHS CONSIDERED

{Foreipn Flag)

w1l . e et e et ndran Irersion Payioail Average Povt Hourly Operating Costs
ve?izigaésisfﬁ'w'““ %?25;? JE:::t? depistered Factor (short Capacity Speed Time 1978 Price LevelsEl
TEEe drait {feet) tuns per foot) {short tons) {knors) {hours) At Sea In Porc
15,000 521 nY 24 &11 16,128 15 101 & J64 § 282
17,000 335 il 20 G4 18,278 13 101 378 292
20,00 534 74 H L,o017 21,504 15 103 40 09
23,000 3L 7 a2 2,020 24,720 15 103 427 327
26,030 587 &l 33 1,224 27,455 15 134 455 J45
29,000 Laz B2 34 1,327 3,181 1% 1G5 483 363
32,600 all 85 15 1,430 34,400 15 106 509 379
36,000 035 88 36 1,533 38,707 15 1a7 540 399
39,008 648 90 37 1,636 43,933 15 108 558 411
43,330 U1 93 15 1,739 40,234 15 109 577 424
47,000 631 9% 39 1,842 50,5234 L5 110 594 436
22,000 Fud 34 <0 1943 35,010 1% 112 619 451
56,000 ] N L 2,048 60,211 15 113 645 465
Gl o 732 1dh 43 2,151 65,587 15 114 667 483
65,049 716 107 43 2,254 69,958 15 116 700 495
73,000 Tl 108 M 2,357 75,2684 15 117 121 567
5,600 773 iz 45 2,460 80,0640 15 138 738 5138
S5, Ve 115 ih 2,543 LAV Y 1% 120 760 523
T LI e L7 2,006 Gz, b 13 122 783 54%
PRI bog 13g 45 2,704 95,518 13 124 gla 572
L] L 123 oy +,872 105,370 15 125 845 594
165,000 Gou 1260 33 2,975 111,821 15 127 873 614
000 B 126 51 3,073 118,272 1% 129 898 631
117,000 Bl PN ST 3,141 135,798 15 131 323 648
125,000 it 134 33 3,234 132,250 i3 133 942 13
130,000 G5 N 55 3,38 13%,77¢ L3 135 202 673
137,000 Gl 143 53 5,400 147,302 i5 137 980 685
144,350 457 147 Sé 3,543 Y54 8Y i5 139 998 695
- i 151,962 L7 iai 57 3,698 15 141 1,015 106
b :g 130,000 939 48 38 3,800 15 143 1,109 753
O m lko,Cu0 1,004 150 59 3,902 15 145 1,142 758
ol 174,005 1,001 133 63 4,006 15 148 1,181 765
meo 13002 1ar e BE 43 4,709 . 15 150 1,219 783
WVOSDURCE:  Deka drawn [rom wessel oherating statistics provided antually by OCE angt ¢ -+ owci) enalysis on gata extracted from
Whe Bry Bolk Carcier Beeister - 1573, comailed ani published oy H. Clarese -+ ¥, td., London, England.

1
" “Computed based on Teyrassion equation: LNG = 313,99 + I 494 {square roac of d.w.r.s.

hy ‘ ; - - .
“CompuLred buased on regressios couaiiod: 3A3 = 33,43 + (287 (square roor of d.w.t.).

3Computed based on the following equation: d.w.t. (.96 X 1.13;5.
*The L Januacry 1977 prices effective to ! Goiuber 1978, as auchorized by OCE.




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 each considered channel depth. The minimum size for dry-bulk carriers
used in the cost computation is hased on the minimum size of vessels
present]v servicing the harbor. The maximum size is based on the largest
versel that can use a particular channel depth light-loaded by 5 feet with
a bonttom clearance of 4 feet. The resulting range for each channel depth
was weighted according te the availability of each vessel size in the
world fleet. Weighting of the fleet for costing purposes consists of
determining the total carrying capability in each vessel size {(number of
vessels in d.w.t. size X payload capacity of the vessel). ince the

exact size of vessel to be utilized in the different movements is based

totally on the svailability at time of need, the weighting process was

considered necessary for determination of unir transportation rosts and

gsavings.

151. Vessel Utiljzation. Vessel vtilization is the messurement of time

or distance a vesgel is operating at sea with cargo aboard. In order to
assign the operating conditions to s factor for applicaticn in adjusting
woit costs and savings, the time or distance a vessel opervates at sea
loaded and empty is ronverted to a percentage of time a vessel is operating

with cargo aboartd.

152. A ranvass was made to interview lecal steamship apents and charter
brokers at Mobile and other locations for the purpose of obtaining infor-
mation on-vesséls‘ activity as it pertains to their ability in obtaining
cargo for the various shipping trades. 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 eof competing vessels available in the

world fleet, availability of cargo at ports-of-c.ll, shipowners' method
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of operation, type of cargo being handled, and trade routes the shipowners
select for their operation. Because of the variations Iin the world
shipping and trade business that affect shipowners' ability to sacure
cargo for their vessels, it is Jifficulet to establish a pattern of vessel

utilizarion for a particular commodity movement in a given time frame.

153. Shipping interests furpmished judgment estimates on the utilization
of vessels that would call at Mobile applicable to those hauling bulk
cargo, such as, grain, coal, iron ore and crude oil. The following

information in table F~37 was given.

TABLE F-37
B VESSEL UTILIZATION RATES
{Pexrccnt)
Source Iren Qre Iron Qre Coal Coal Coal Grain
All other
{Tipnle) {(ICT)Y {To Japan’ {Countries) {Imporc) {Exporc)
Strachan Shipp-
ing Co,-hkcbile 56 50 86 50 - 80
- NorLon tilly & Co.
Inc. -Mobile - 50 - - - -
Filleitte Groin &
Co. - Mobile - - 80 80 80 80
Bulk Shipping
Inc., - MoLile - - 83 63 67 63
Hanseu & ‘lideman,
Ine, -Mobils g0 - - - - g0
Stieplor Shipping ’
Co.- Fobile 85 - - - - B85
Page and Jones,
Inc, - Mobile 75 - - - - 75
Rodriquer & Soas
~Hew York &5 - 74 - S 50
J. . Winchaster -
& Co.,-New York H/A N/A N/a B/A N/& N/A

Typiecal Yessel

Utilizavion
Factor 75 50 80 &5 75 75

N/A Data not availgble a;lcauld.hﬁt be released,
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154,

A more realistic method for obtaining data rulative to determining an
average utilization rate for vessels calling at Mobile would be to randomly

board vessels docked at terminals in Mobile Harbor and examine their log re-

cords. A total of 15 vessels were boarded at Mobile during March ané April of

‘ships boarded, & made their tope availahie for examination.
Bata ohtained from these logs include: name of vessel, type of charter,
date of departure and arrival at next port-of~call for each voyage during
A one- or two-year time frame. name of cargo or empty between each port-
of-call, origin/destination of each trip, und vessel travel rime or
distance between each port.

155, The dry-bulk carriers that were examined ranged in size from 22,000
to 114,000 d.w.t. One vessel operated under a voyage charter, tro
operated under a combined time and voyage charter, and five operated
under a time charter. These vessels hauled a variety of cargo during

the course of 2 year or more. The major commodities hauled were: grain,
coal, iron ore, bauxite, and alumina. It was found that utilization of
vessels ranged from 50 to 71 percent, with an average utilization rate

of 60 perceut. There was no definite basis for the difference in

utilization races.

156. A utilization rate of 60 percent was applied to all traific except

iron nre delivered to the TCI terminal at Mobile. A 50 percent utiliza-

tion rate was applied to the latter commodity. Dry-bulk carriers

hauling iron ore to the TCI 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.5. Steel.

 157. Sengitivity of Vessels' Utilization Rate. A comparative

' benefiﬁ lnaiyéis‘was made‘on the moveﬁents of iron ore shipped from
Fuerté ﬁfdlz; Venezuela; Port Cartier, Quebec; and Tubarao, Brazil
ﬁo,@heQTCI';grﬁih51 at Mobile. The results of this analysis reveal
thé;rqte.qf‘féduction in benefits by the use of a vessel
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utilization rate over 50 percent. | 1e.its were computed to reflect a

50, 60, 70, R0 and 100 percent vessel -rilization rate. A comparison

of the benefits, using the vessel utilization rates shown zbove, indicates
that a reduction in benefits of 8, 16, 25, and 41 percent would be
realized by the use of a 60, 70, 80, and 100 percent utilization rate,
respectively. when compared to the benefits for a 30 percvent utilizarion
rate. Benefits for varying channel depths adjusted by use of the various

vessel utilization rates are shown in table P-33.

158. Unit Transportation Cests. The cost-per-ton was determined for

¢ach 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 bevond 5 feet., In a recent sampling of foreign flag dry-bulk
carrier records, it was determined that these vessels gre utilized, i.e.,
carrying cargo, 60 percent of the time. To reflect this in the unit cost
computation for bulk carviers, a utilization factor of ,60 was applied to
the one~way distance, with the single exception of iron ore movements
into the TCl terminal. The bulk carriers moving these iron ore shipments
will return empty to point of origin thus yielding a utilization factor

of .50,

159. The following sample shows the computation used top determine the
cost-per—-ton of cargo transported in a 56,000 d.w.t. dry-bulk carrier

of foreign registry. Since it is assumed that dry-bulk carriers will
have a 60 percent utilization rate, the distance cof haul is increased

by 40 percent for costing purposes. The cost-per ton or upit transporia-
tion 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 chaunnel depths,
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TABLE F-38

A COMPARATIVE ANALYSIS OF BENEFITS FOR IRON ORE (TCI) BY USE OF VESSELS'

UTTLIZATTON RATES WITH A RANGE BETWEEN 50 TO 100 PRECENTI

‘ Percentage '
Ch Depths
. Vessel Reduction e e CRETDE] P

Urilization Rare _ in Beoefits 35" 50' 55 .60’

Average Annual Benefits ($000)
{1 October 1978 prices)

502 - $2,2822  53.369°  $3,641°  $3,8112
607 8% 2,095 3,092 3,340 3,495
70% 167 1,908 2,817 3,040 3,180
80% 259 1,721 2,540 2,740 2,864
1007 e 1,348° 1,988 2,1397  2,233°

These are not the henefits as shown in the report, but were computed for
comparative purposes only.

2 . :
Benefits actually computed, other benefits were interpclated by use of
~d formula:
X

Y=« = % (B fit - B fit i

5p ¥ (Benmefit .. enetit goy) * Bemefit y4ny
where X = (100% urilization - desired % of utiligzation).
Example: X = 70, benefit 507 = 52,282, benefit 1007 = 51,348,

Solution: 100%Z - 70% ¢ 50% x (2,282 - 1,348) + 1,348 = $1,908.
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TABLE F-39

CARRYTNG CAPABILITY OF EACH S1ZE CLASS OF WORLD FLEET DRY-BULK CARRTERS
EXPECTED TO USE MOBILE HARBOR FOR MOVEMENTS OF IRON OORE ANL COAL

{Foreign Flag Registry)

Vessel Size Number of Vessels Carrying Z
__(d.w.t.)  Payload Capacity”  in Size Clags _ Capability” Capability
15,000 16,128 194 3,128,832 2.05
17,000 18,278 177 3,235,277 2.12
20,000 21,504 222 4,773,888 3.13
23,000 24,730 245 6,058,752 31.98
26,000 27,955 282 7,883 366 5.17
29,000 31,181 306 9,541,325 6.26
32,000 34,406 334 11,491,737 7.5%
36,000 18,707 247 9,560,678 6.28
349,000 41,933 151 6,331,853 4.16
43,000 46,236 105 4,854,528 3.19
47,000 50,534 90 4,548,096 2.99
52,000 55,910 83 4,640,563 3.05
56,000 60,211 89 5,358,797 3.52
61,000 65,587 92 6,034,022 3.96
65,000 69,888 86 6,010,368 3.95
70,000 75,264 80 6,021,120 3.95
75,000 80,640 62 4,999,680 3.28
81,000 87,091 40 3,483,648 2.29
86,000 92,467 29 2,681,549 1.76
2,000 98,918 30 2,967,552 1.9%
98,000 105,370 11 3,266,458 2.14
104,000 111,821 31 3,466,445 2,23
110,000 118,272 31 3,666,432 2.41
117,000 125,798 28 3,522,355 2,31
123,000 132,250 25 3, 306,240 2.17
130,000 139,776 24 1,354,624 2.21
137,000 147,302 22 3,240,653 2.3
144,000 154,829 20 3,096,576 2.0
151,000 162,355 21 3,409,459 2.24
159,000 170,957 19 3,248,179 2,13
166,000 178,483 15 2,667,248 1.75
174,000 187,085 L0 1,870,848 1.23
182,000 195,686 3 587,059 0.9

TOTALS 152,308,207 10G.00

1Develaped by thas equation: d.w.t. x (.96 x 1.12).

2 : .
“Carrying rapabllity = (Payload capacity of a vessel) x (number of vessels in
the size class).

*The number of vessels represent those 15 years old anpd under, plus those
under ronstruction or on order as aof o January 1977,

SOURCE: Source for .number of world fleet vessels in each clase =ize was:
Lloyd's Register of Shipping, Statistical Tables, 1975
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SAMPLE COMPUTATLON

,Deadweight Tons: 56,000 Payload Capacity: 60,211 tons

f,:Haximum draft 41 feet Iimmersion Factor: 2,048 tons per foot
osts per hnur. 7§645 at sea, $465 in port

: Dne«way d1qtanre ‘5684 nautical miles

’fAdJusced distancé: 5684 divided by .60 = 9,473 uavrical miles

Kt_ilme at sea: 9 &?3 nautical miles divided by 15 knots = 632 hours
j'Timer;n portl(orlgln:an&-destination): 113 hours

Cost per adjusted distance: $645 X 632 hours + $465 X 113 hours = 5460, 185

Cost~per-ton light~loaded to 36 feet for a 40-foot channel: $460,185 divided
by (60,211 - 2,048 X 5) = $9.21

o Cﬁst—pér-tén fully~loaded to 41 feet for a 45-foot chamnel: 5$460,185 divided
- by 60,211 = 37.64.

'160. In order to derive tae welghted unit costs, thce carrying capability
was determined for each d.w.t. size vessel expected to use Mobile 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

1 . records the carrving capability 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
multipiying the percentage of each vessel's carrving capabilitv times the

imit transportation costs of each size vessel and summing the products.

-1614- Io.expedite the*computaﬁiﬁn of weighted.average.unit costs, a
;ompufer model was devised. An example computer printout of the sub-
‘ :rcutines and the resulting answers are shown in attachment $-1. This
 gxhib1t covers iron ore te TCI terminal at Mobile from the following
"criginsi Puerto Ordaz, Venz., Port Cartier, Quebec; and Vitoria

" (Tubarao) Brazil.
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162. The computer model alsc produces the annual tonnage and 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 caﬁai a charge of §1. 29
per Panama Canal ton for loaded vessels and $1 O3 per ?anama uanal ton fcr ,n
those vessels moving through in ballast (empty). These flgures vere -
adjusted to reflect a cost par deadweight ton (d wit.) g:vxng 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 v&ssel-cost for trénéiting the
Panama Canal, with a vessel utilizarion (loaded vs empty) féctﬁf atf 60
percent. The following formula was used to arrive at the weighted rost
per round~trip of $1.18 per d.w.t.

Cost for the vessel transit-loaded 50.64 d.w.t.

Cost for the vessel transit-~empty $50.51 d.w.t,

Round-trip costs:

100% vessel utilization (loaded 100% of trips)
50.64 + 50.64 = $1.28 per d.w.r.

50% vessel utilization (loaded 50% of trips)
$0.64(loaded) + 50.51 (empry} = $1.15 per d.w.t.

Costs interpolated for a 607 utilization factor by use of a formula:

y = xR
<5 X {(R/T cost 507

where x = (507% utilization - desired % urilization)

- R/T costs 1005) + R/T costs 50%

x = 60, R/T cost 507 ° $1.15, R/T cost 1007 = 51.28

607 — 50% & 50% x (81.28 - 51.15) + 8§1.15 = $1.18 per d.w.L.

164. Records on ship characteristics and toll charges for each vessel that
transited the Panama Canal during a period from 1 May 1978 to 31 May 1979

was obtained ffoﬁ the Pﬁuama Canél Cémpany. These records revealed that

the toll charge is $1.29 per P;E. ton {loaded) and $1.03 per P.C. ton (empty).
The weighted average: __‘;érgé per d.w.t. for d'ry bulk carriers was determined
by dividing the total toll charges for these vessels that transited the
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Panama Canal during this time period by the total d.w.t. of these vesseis.

The weighted averdge for the Panama Canal toll charses of $1.18 per d.w.t.
were included in the tetal operating costs of dry bulk carriers in

., determining the unit (per ton} costs for a {leet of ships hauling iron ore
%»StﬁmnAustralia and ccal to Japan under fhe present channel conditiva al

. HMobile.

UNIT SAVINGS

165, Zeneral. Unit savings zre measured by the difference in per-ton

costs for a fleet nt vessels that can eperate on the existine S3-7opt suip
channel and the costs for a fleet of vessels that can cperale with increased
L channel depths ranging from 41 to 60 feet. SKavings are reperted oo chanmel
depths of 45, 50, 55, and 60 feet only, a= these are the anly Ioeth. rhayr
are being considered in the bhemefit/cost analesis. These savinee refiosd

vessel operating costs effective as of 1 otober 1975,

16b. Factors that affect the unit savinzs and, iz some cases, reosirict the
savings, are: channel depths at foreign ports, vessel utilis.tion rate,
traffic that can ke routed by more than one roufe, sucl s, fhroagh the
Panama Canal or via the Cape of Good Hope. Sowth Africa, distance of haul.

and size of vesse] fleet.

e
poms

167. There is a greater variation in wessel operating costs on irom ore

moving from Australia via the Panama Tapal versus voutring arommd the Cape
Gf,GQQS Hope than for those costs associated with coal exports ov fhe same
fautiﬁgs to Japan and aother Far East countries. 7This is mainly due to the

- difference in miles of haul by the two routes from differenmt originsy

 destinatioms. A comparison of costs by the alternative routings fs shown
 in table F-40.




TABLE F-40

COMPARISON OF PER-TON TRANSPORTATION COSTS ON [RON ORE AcD COAL RORHTED
THROUCH THE PANAMA CANAL VERSUS COSTS FOR VESSELS ROUTED AROUND THE CAPE
OF GO0OD EOPE

55-foot chunnel

i ,
Via Panama Canalj Via Cype of flood Hﬁ?&z
item Hiles” Costs™ Hiles Costs

iron Ore
Australia to Mobile 17,934 523,75 20,020 212,18
Cogt Differential § 8.57

Difference in distance - 2,086 nautical miles

Coal
Mobile te Japan 15,4499 517.487 I8 926 51%. 55
Cost bDifferential s 2,12

Difference in distance - 10,427 nautical wiles

1 e - . e fe Fireds :
Vessal fleet size 13-936,000 d.w.t. for iron ore and 20-58,000 d.w . 190
coal.,

?
“Ye-agl fleer size 61-110,000 d.w.r.
3A.djust;d toe reflect 3 80 perceni vessel utilization rate.

4 .
Costs include Panama Canal roll charges.
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 {_[§9§;§53. Unit savings on imported iron ore vary with each mavement
7 f?tﬁlfheﬂextent that: miles of haul are different: different uriliza-
'Iiéﬁ?féﬁﬁé for vessels: and alternative routing available when shipped
if%@m'ﬁquﬁast countries. On iron ore for the TCL terminal ot Mobile, the
=b%?giﬁ$'nre:. Puerto Ordaz, Venz.: Port Cartier, Quebec; and (ubarao,

Brazil.. The unit savings for these movements are shown in table F-4l.

3,159-._{rnn ore moving rhrough the Alabama State Docks bulk handling plant
"(ﬁibpie) originates at 'ost Cartier, Ouebec: Point Ubu, Brazil; aud
?fdepiéf. Australia. Unit savings on iron ore from Port Cartier and
-ﬂﬁoinfrﬂﬁplgro shown in table F-42. Unit saviogs on iron ore from Dampler,

;Ap$fralia are piven in rable F-43.

‘iiab-{ngﬂél_iﬂﬁgﬂﬁi' tinif savings on coal imports range from $1.03 per
"-“ton fnr'a\45~foot channel to $2.43 per ton for a 60-foot channel. This

. cﬁgl originating at Richards Bay, South Africa, as no restrictions
fraségssed against the unit savings other than che 60 percent vessel utili-
' ~£a§i0n rateg_'Because of its geographical location and 62-foot channel
T&épph,ftﬁere is° nc alterpative routing and the channel depth ic greater
fﬁﬁn tﬁdsé under study for Mobile Harbor. The unit savings that can be
"ffeaiiZEd by greater channel dimensions at Mobile given at 5-foot increments

‘are shown in table F-44.
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(TABLE F-41

5 : o - 1
UNIT SAVING ON IRON ORE DESTINED 7O TCI TERMINAL AT MOBILE

From
Channel‘ _.Puerto Ordaz, Venczuela Port Cartier, Quebec 7 Tubarao, Brazil
Depths Cost {per ton)2 Savings Cost (per ten)e Savings Cost (per tcn}2 Savings
40 $5.66 - $6.56 - $11.04 -
a5 5,11 50.55 5.92 $0.64 9.96 $1.08
50 4.86 0.80° 5.5 1.00 9.35 1.69
55 ' 4.86 c.80" 5.26 1.30 8.83 2.21
60 4.86 0.80° 5.100 1.46° 8.49 2.55
L

"Unlt savings ref;ect a 50 percent vessel utilization rate.

: ® Costs calculated'by use of a computer model. _
ﬁf.Savlngs restricted to a 49-foot channel deptn dae to the. 45-foot channel depth avaiiable at Puertio
, ;Ordaz,_?eqezuela. : _ :
e , ‘ , . |
.Savxngs restrlcted to a 58-foot channel depth due to the 54-foot chamnel depth available at Port
Cartier, Quebec. '




TABLE F-42

=
9.
*gz' Unit savirgs on iron ore distiped to the Aiébama State Docks "Iripple™ at Mcbile,
i;ﬂ excert from Dampier, Austrailia.1
H?t‘ - _From
. ' Channel . . __ Port Cartigr, fusbec ' ___Point Ubu, Brazil ,
DﬁﬁthS- —_— ; Cost (pex tqn}, Unit savings -Cost {per tan) Unit s vings
40 $5.567 - $9.40 -
45 5.12 50.55 5.48 8G.92
50 4,81 0.86 7.97 1.44
35 4.55 1.12 7.52 1.883
60 4.41 1.26° 7.23 2.17

Unit savings reflect a 60 percent vessel utilization rate.

“Costs calculated By use of a computer model.

W

Savings restricted to a 58-foot channel depth due to the 54-foot channel depth available at
Port Cartier, Quebec.




TABLE F-43

UNTT SAVINGS ON IRON ORE IMPORTED FROM DAMPIER AUSTRALIA

Vessel C-osts per ton

Via Panama Canal Via Cape of Good Hope
with a vessel with a vessel fleet Unit
Channel fleet rgnge: 1 range: 61,0005182.000 Savings
Depths 15,000-56,0.0 d.w.t. d.w.t, {(per tom)
40 $20.75 $ - $ -
41 20.75 17.24 3.51
42 20.75 16.74 4.01
43 20.75 16.13 4.62
44 20,75 15.50 5.25
45 20,75 14.91 5.84
46 20.75 14.38 6.7
47 20.75 13.98 6.77
48 20.75 13.66 7.08
49 20.75 13.40 7.35
50 20.75 13.18 7.57
55 20.75 12.18 8.57
60 20.75 11.58 8.570

Vessel fleet size restricted by the 41-foot depth of the Panama Canas;.

Costs include Panama Canal toll charges.

Costs based on untestricted vessel operation except channel depths at

Mobile.

Savings are restricted to a 55' channel depth at Mchbile due to the 51°

channel depth available at Dampier, Australia.
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TABLE F-44

UNIT SAVINGS ON COAL IMPORTS FROM RICHARDS BAY, SOUTH AFRTCAI
Channei Dept hs Costs (per ton)2 Unit Savings
40 510.43 -

45 9.40 $1.03
50 | §.82 1.61
55 8.33 2.10
60 8.00 2.43

——— ———n—

Costs were calculated by computer model.

2
Costs based on a fleet of dry-bulk carriers ranging in size from 15,000

to 182,000 d.w.t. with limitations for each channel depth.

171. Coal Exports. Two methods for caleulating anit savings on coal
e#pnrts from Mobile were used in this analysis. On coual destined to Japan,
the Lowest cost alternative routing, with a 40-foot channel available at
Mnhile, would be via the Panama Canal. The vessel operating cost by this
route, using a fleet of dry-bulk carriers ranging from 20,000 te 56,000
d.w.t., i3 $17.67 per short tom, which includes the Panama Canal toll
charges. On a vessel fleet moving via Cape of Good Hope. the operating
costs with pgreater channel depths available at Mobile range - rom 8$22.03 per
ton with a 41-foot channel available to $14.78 per ton with a 60-foot channel
available. No benefits can be realized by deepening for depths between 40
and 47 feet. The unit savings ranpe from $0.22 per ton for 48-fnot channel
to $2.89 per ton for a 60-foot channel. More detailed figures on unit

costs and savings for coal exports to Japan are shown in table F-45.
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UNIT SAVINGS ON COAL EXPFORTS TO JAPAN

Vessel Operating Cost (per ton)2

TABLE F-4

5

1

e TR T EY
Depths
(fr)

[y

Via Panama Canal3

Via Cape of Good HopeA

tnit Savings

40
41
42
43
44
45
46
47
48
49
50
55
60

$17.67
17.67
17.67
17.67
17.67
17.67
17.67
17.67
17.67
17.67
17.67
17.67
17.67

§

22.03
21.42
20,
19.

i9

61
81

.06
18.
.86
.45

37

7.12

. B4
.55
.78

5 -

0.22
0.55
0.83
2.12
2.89

The principal ports are:

Tabuta, Tokyo, Ohita, Kimitsu and Fukuyama.

2
Costs were calculated by computer model.

3Costs for a fleet of dry-bulk carriers 20-56,000 d.w.t. restricted by the

depth of the Panama Canal and 40-foot channel at Mobile.

the Panama Canal toll charges.

Costs include

4Costs 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
countries other than to Japan is by use of the computer model that gives
the costs per-ton for a designated fleet of vessels for each channel depth
under study Unit savings on coal exports to the three regioos other

than Japan are given in tahle F-46,

TABLE F-46

UNIT SAVINGS ON COAL EXPORTS DESTINED TO COUNTRIES OTHER THAN JAPAN

L

10
Italyi England/Europe2 E. Coast of So, Americ33

Channel — 4 4 %
Depth Costs Unit Costs Unit Costs Unit

(ft) _ (Per ton) Saviags (Per -on) Savings  (Per ton) Savings

40 510.57 5 - $8.98 $ - 56.28 5 =

45 9.53 1.04 8.10 0.88 5.66 0.62

50 3.94 1.63 7.60 1.38 5.32 0.96

55 8.53° 2.04° 117 1.81 5.03 1.25

60 8.53° 2.04° 6.90 2.08 4.83 1,45

The principal ports in this area are: Taranto, Genoa and Venice, Italy: and
Iskenderun, Turkey. Tennage to Alexandvia, Egypt was eliminated.

2 . . .

*The principal perts in this area are: Hewport England; Cardiff and Port
Talbot, Wales; Clasgow, Scotland; and Antwerp, Belgium; Bunkerque, France;
Goteborg, Sweden; and Kristiansand, Nurway.

3 . : . rs ;
The princlipal ports in this area are: Vitoria and Rio de Janeiro, Brazil.
Costs were calculated by use of a conputer model.

5 ) )
Costs and benefits are restricted to a S4~foot channel at Mpbile due to
the limited depths at ports in the Ttaly region.
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173. Summary of 1975 Benefits. A summary of total initial-year (1975}
transportation benefits that would have been reclized from the considered

improvements at Mobile Harbor is presented in table F-47.

TABLE F-47

INITIAL-YEAR (1975) BENEFITS (THOUSAND DOLLARS)}

Channel Depths (feet)

Commodity ___45 50 55 60
Iron Ore Imports (ASD Tipple) 51,480 $1,998 §2,340 52,427
Iron Ore Imports (TCI Terminal) 1,724 2,555 2,769 2,888
Coal Imports (ASD Tipple) 382 597 780 300
Coal Exports (McDuffie Island) 7145 1,732 2,928 3,519
Total Initial-Year 3enefits $4,331  $6,882  $8,809  $9,734

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 expected 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-48, F-49, and F-50.
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TARLL F-48

ANNUAT. SAVINGS ON IRON ORF IMPORTS AT MOBILE FOR YEAR 1986

Channel Depth (feet)

Imem 5 50 55 0
FROM PUERTO ORDAZ, VENRZUELA -

Tons (Thousands) 2,594 2,594 2,594, 2,594,

Unit Savings $0.55  $0.80%  s0.80%  so.80"

Total Savings (Thousands) $1,429 52.070 52,070 52,070
FROM PORT CARTIER, QUEBEC2

Tons (Thousands) 369 369 369 369

Unit Savings $0.59  $0.92  $1.20  §1.34°

Total Savings (Thousands) $ 219 $ 340 $ 444 $ 497
FROM VITORIA (TUBARAQ), BRAZIL!

Tons {Thousands) 337 337 337 337

Unit Savings $1.08 $1.69 52.21 8§2.55

Total Savings (Thousands) $ 365 5 569 § 745 5 B6O
FROM DAMPIER, AUSTRALIA 37

Tons (Thousands) 224 224 224 22&6

Unit Savings $5.84 §7.57 $8.57 58.57

Total Savings {Thousands) 51,305 41,692 $1,915 51,915
FROM_POINT URU, BRAZIL °

Tons (Thousands) 232 232 232 232

Unit Savings 50,92 51.44 $1.8B8 $2.17

Total Savings (Thousands) $ 214 $ 334 5 437 $ 504
TOTAL SAVINGS FOR IRON ORE $3,532 55,005 5,611 &5, B46

Totals may not balance due to rounding

lFor iron ore unloaded at Marine Bulk Terminal {(TCI) below I-10 tunnels
destined to U.5. Steel at Birmingham.

b

“For iron ore currently being unloaded at Marine Bulk Terminal (TCI) and
ASD "Tipple" destined to Jim Walters Resource Corp. and U.S5. Steel at
Birmingham, AL and Republic Steel at CGadsden, AL.

3For iron ore currently being unloaded at ASD "Tipple" destined to Jim

Walters Resource Corp. at Birmingham, AL and Republic Stee]l at Gasdaen, al.

[= LBV, B )

~4
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Savings restricted to a 48' channel

Savings restricted to a 49' channel.

"Savings restricted to a 55' channel.

Savings reflect the Panama Canal tcil charge assessed for the vessel fleet
operating under present channel conditions at Mobile.




TABLE F--:9
ANNUAL SAVIRGS ON CQOAL (MP(.2TS AT MOBILE FOR YEAR ]936

_Channel Depth (feet)

45 50 55 60
FROM: RICHARD___S_ BAY, SQUTH AFRICA
Tons (Thousands) 8496 236 845 896
Unit Savings £1.03 51.61 52.1C §2.43
Total Savings (Thousands) § 923 51,441 1,883 352,175
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TABLE F-30

ANNUAL SAVINGS ON COAL EXPCRTS AT MOBILE FOR YEAR 1984

Channel Deptﬁ;‘(feet)

IT-M 45 50 45 60
TO JAPAN

Tons {Theusands) 4, 77 4,177 4,177 4,177

Unit Savings None $0.83 $2.12 52.89

Total Savings {(Thousards) None $3,467 58,855 512,072
T0 ITALY'

Tois (Thousands) 3,211 3,211 3,211 3,211

Unit Savings 51.04  $1.63  $2.04  $2.04

Total Savings $3,352 55,234 36,544 36,544
TO ENGLAND/EUROPE

Tons (Thcusarnds) 1,270 1,070 1,070 1,070

Unit Savings $0. 88 51.38 51.81 $2.08

Total Savings {Thousands) § 947 51,479 £1,932 52,230
(0 EAST COAST GF S0UTE AMERICA

Tons {Tho ..ands) 576 476 476 476

Unit Savings $0.672 $0.96 51.25 51.45

Total Saviangs (Thousands) § 293 $ 457 559, 5 688
TOTAL SAVINGS FOR COAL EXPORT 54,592 810,637 $17,9°8

521,534

lBenefits restricted to those for a 54' channel berause of channel

depths at foreign ports.
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175. Summary of Unit Savings for 1986 Traffic. Estimates of the frans-
portation benefits which would result from the considered improvement

were developed by comparing the trangportation cOSts by use of & 40-foot

“:;_ohannel on that commerce Whlfh w0uld beneflt from the deeper channels

w1th the transportdtion costs that are exneuted tu Dcrur w1th the 1mpr0ve-ju;_w

ments. The savings would result printlpally from eLunomiLs of scale

-  assoc1ated with the use nf larger, more effio1ent-ships dnd increased
: Icadingq of sh1ps. A Summary of averdge unit savings that would be

realized in '1986, based on totel benefits divided hy the tatal tonnagé

for Eth'fummOdity, is presented in table F-51.

176. Summary of Total Navigation Benefits for 1986. A summary of benefits

déveloped by application of unit savings applied to the 1986 tonnagz on
each commodity movement giving a composite of benefits is shown in table

“F-52.

. FUTURE AND AVERAGE ANNUAL EQUIVALENT BENEFITS

177. Transportation Benefité. Projected tonnage, unit savings, and

'benefits for each S5-foot 1ncrement of depth are shown in tables F-31
through F-55. Average annual equlvalent 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:. Detailed information on unit savings and benefits

fer iron ore imports with average annual henefits for each movement is
”‘fppesentéd in faﬁfe f=53.‘ Uniform incfeaSe in iron ore imports is expected
between 1995 and 2035 with no growtk between 2035 and 2044. The only

‘constraints that affect benefits are the channel depth at foreign ports.

71?9; Cnal Imgprts. All cnal imports will originate at Richards Bay,
_HSoutﬁ Afrirn No increase in tonnage is expected over the SU-year project
- Hfe (1995 20&4) Detaixed information on benefits for coal imports ie
L preseu;ed in table F-Sk ‘
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| TABLE F- 51 ,
‘:SUI‘QIARY OF 1986 mmxcv m A‘JERAGE UNTT: smrmcs FOR ALIERNATTVE 'CHANNEL - DEPTHS INVESTIGATED

B - - Savings/Ten
L C o , (Thcmsands of Tons) 45 30 55 60
Cometie: th-ro‘ugg Bulk Termnals abnve 1“10 Turmels S L : -
- (mpmt) R o ese $2.48  $3.35  $3.93  $4.07
: ‘ : . 896 1.03  1.61  2.10  2.43
| .Cmn' rce. thruugh Bulk Termlnals in Mobile below I-10 Tunnels
-"-7,“‘Ymn' om (1mp0rt) 3,099 $0.61 $0.91 $0.98  $1.02

. Coal (export) | 8,93 0.96! 1.19 2.0 2.41

' ‘-‘*'In-r_,l‘-t‘ides Volln71y commerce that would benefit from déeper channel.

'-,1Based on tonnage and savlngs for traffic to. all destlnatlcms except Japan. No savings on traffic
o Japan witih a 45—faot channz1 at Mobile. Tonnage excludlng Japan is 4,757,000.




SR . TABLE F~52 ,
SUHMARY OF NAVIGATION BENEFITS FOR ALTERNATIVE CHANNEL DEPTHS INVESTICATED FOR YEAR 1986

37T§£é35f‘Coﬁhoaify

; Cummerce through bulk ternminals in Mobile
: above 1=10" Tunnels

JIron Ore (1mport)
fﬁCoal (inport)
Suh«Total

.,:Cbmmerce thrOugh bulk termlnals in Mobile
- below 1-10 Tunnels -

:fIron Ore (1mport)

j"",‘-':‘Cs:ml (export)

Sub‘thal '

Total Benefits for Mobile Channel Improvement

Channel (Depth in Feet)

45

$1,630, 000
923,000

50

$2,198,000
1,441,000

55

$2,577,000
1,883,000

$2,671,000
2,175,000

2,553,000

51,902,000
4,592,000

3,639,000

$2,807.,000
10,637,000

4,460,000

$3,034,000
17,928,000

4,846,000

$3,175,000
21,534,000

6,494,000

$9,047,000

13,444,000

$17,083,000

20,962,000

24,709,000

$25,422,000° $29,555,000

‘. Thls trafflc w111 be diverted to. termlnals below I 10 Tunnels

:I_Av rage annual casts for the reCOmmended 55 foot channel are 322 028 000

‘Thé B/C ratio in 1986 is 1.15.




TABLE F-5)

ANNUAL TONKAGE AND RENFF. S 0N TRUN ORE IMPORTS

Channel Depths (k}?!)

590

Annual 45 50 5% [41]
Tounage Savings Savines . Savings Savings
YEAR  (ud0) Unir Total (000) unit Tatal (D) Unit Tota} (000)  Unit Total (O0U)
FROM: PUERTO ORDAZ, VENZ.?
1995 2,887 555 51,5, §.80 52,304 $.80 - 52,304 S.80  $2,304
2000 3,087 .55 1,701 .80 2,463 .80 2,463 .80 2,463
010 3,593 .55 1,980 .80 2,867 .80 2,867 .80 2,867
2020 4,140 .85 2,281 .80 3,374 .80 3,304 .80 3,304
2030 4,729 .55 2,606 .80 3,774 .80 1,774 .80 3,774
005 5,162 .55 2,84k .80 4,119 .80 4,119 .80 4,119
e 8,162 .55 2,804 .80 4,119 .80 4,119 .80 4,119
. Avg. Annual Denefics 1,931 1,796 1,796 2,796
P FROM: _PORT CARTIER, OUEBEC’
cowsesl s s 243 .92 178 1.20 4% 1.34 553
woo 418 .59 260 KH 405 1.20 529 1.34 591
L Zoxe T 511 .59 02 .92 472 1.20 615 1.34 san
. 2020 . 589 .59 W9 .52 543 1.70 709 1.34 793
C w30 &2 .59 398 .92 620 1.20 810 1.3 905
035 - 7M. .89 436 92 &77 1.20 483 1.34 988
Ca0ee  TH .59 436 .92 677 1.20 383 1.34 98N
Avg. Adnual Benefits 296 450 600 672
R FROM: _ VITORIA (TUBARAQ), BRAZIL
1998 s 108 w06 1.69 6313 2.21 829 2.55 257
2000 01 1.08 634 1.69 477 2.21 886 2.55 1,024
2010 a7  1.08 505 1.69 788 2.21 1,032 2.55 LT
20200 538 1.08 582 1.69 908 2.21 1,189 2.5% 1,372
2030 614 1.08 665 .69 1,017 .21 1,358 2.55 1,568
2035  &70  1.08 726 1.69 1,132 2.21 1,482 2.55 1,711
2044 670  1.08 726 1.69 1,132 1.1 1,482 2.5% 1,711
Avg. Asnyal Benefits 491 769 1,006 1,162
L FROM;  POINT UBD, BRAZIL
S199s! 259 .92 218 1.84 172 1.%8 8% 2.17 561
© 2000 276 .92 255 .44 97 1.88 519 2.1% 600
2010 322 .92 297 1.44 462 i.88 605 2.17 698
. 2020 in .92 142 .44 513 1.88 597 2.17 205
20300 424 .92 190 L.44 509 1.88 796 7,17 919
2635 462 \92 426 1.64 864 1.88 869 217 1,003
2084 . 462 .92 476 1.44 584 1.a8 ("1 2.17 1,003
Avg. Annual Benefits 286 &51 590 (1.1
L FROM: DAMPIER, AUSTRALIA®
1995 249 5.84 1,454 7.57 1,883 857 2,13 B.57 2,13
2000 266 5.84 1,553 7.57 2,014 B.57 2,280 8.57 2,280
010 M0 5.84 1,810 7.57 2,347 8.57 2,657 .57 2,657
1020 187 5.64 2,085 7.5 2,702 E.57 3,059 8.57 3,059
2030 407 5.8 2,317 7.57 3,081 8.57 3,488 8.57 3,488
©F0I5. - WAST 5.84 2,599 7.5% 3,369 8.57 3,824 8.57 2,814
2086 &5 5.84 2,599 © 1,51 3,369 8.57 3,814 8.57 3,814
.Av'g.: Antual Benefits 1,764 1,287 1, 2,%0

'zhﬁﬁpfitsuaré

j etof

o Available at

': §nv!ﬁ§a m@j‘wéfy due to rounding.

- %firii year of project life.

reatricted to.a 49° chantiel deoth bocause of the 45' channel depth

origin.

otigin.,

‘r98§tictcd to 3 58" channel depth because of the $4* channel depth

";péspﬁ;étéd to 3 55' channel depth because of the 31' channel dupth
orlatn, '




TABLE F-54

Channel Depths (feet) w;j::,i.

ANNUAL TONNAGE AND BENEFITS ON COAL IMPORTS

Annual - e 60
Tonnage Savings Savings Savings  __Savings
(000) _ Unit Total (000) Unit Total (0C0) Unlt 'lural (O06) Unit  Toraf (000)
FROM: RICHARDS BAY, SOUTI AFKiGA
19951 896 $1.03 $923 $1.61 S1,441  $2.10 S, Su.44 42,176
. 2000 89é 1.03 923 1.61 1,441 2.10 1,887 2.4 2,115
2010 896 1.03 923 1.61 1,441 2.10 1,883 2.47% 2,175
. 2020 896 1.03 923 1.61 1,441 2.10 1,883 2.4% 2,175
2030 896 1.03 923 1.61 1,441 2.10 1,883 2.43 2,175
2035 896 1.03 923 1.61 1,441 2.10 1,883 2,413 2,175
2044 896 1.03 923 l1.61 1,441 2.10. 1,883 2.43 2,175
-Avg. Annual Benefits 923 1,441 1,883 2,175
lFirst year of project iife.
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TABLE F-55
ANNUAL TONNAGE AND BENEFITS ON COAL ¥XPORTS

Channel Depis (feet)

e e ot i e

Annunl 45 50 53
Tonnope __ __ Saviugs Savings ... . ___Ravias . Savings
YEAR {000) Unit Tot 1[(000) Unit TN’:“II(QGD) 'nit  Total (000) Unit Tnta]_@__@)_
T0: _JAPAY
1995 4,653 None  Nome $0.83 43,862 $2.12 § 9,865 52.89  $13,448
2000 4,937 None None 0.83 4,098 2.12 10,467 2.B8 14,269
2010 4,937 None Hone 0.83 4,098 2,12 10,467 2.89 14,269
2020 4,917 None None 0.83 4,008 2.12 10,467 2,89 14,269
2020 4,937 Nont Nono 0.83 4,098 2.12 10,467 Z2.89 14,269
2035 4,917 Hone None 0.83 4,098 2,12 10,487 2.89 14,269
2044 4,937 None None 0.83 4,098 2.12 10,467 o8¢ 14,269
Avg. Aonunl Lenefies None 4,055 10,356 14,118
10:_ 17ALY?
19951 3.5n §1.04 $1,734 1.63 5,831 2.04 7,290 2.04 7,290
2000 3,795 1.04 3,962 1.63 6,187 2,04 7,735 2.04 7,735
2010 1,795 .04 31,862 1.63 6,187 2.04 7,735 2.04 7.735
7020 3,795 1.04 3,862 1.63 6,187 2.04 7.735- 2.04 7,735
2030 3,795 1.04 3,962 1.61 6,187 2,04 7,735 2.04 7,715
2035 3,795 1.04 3,962 1.63 6,187 2.04 7,735 2.9 7,735
2044 3,795 1.04 3,962 1.63 6,187 2.04 7,735 2.04 7,735
Avg. Annual Kenefits 1,520 6,121 7,653 7,653
TO: _ENGLAND/EUROPF,
19951 1,192 0.89 1,055 1.38 1,647 1.81 2,153 z2.08 2,484
2000 1,265 0.89 1,119 1.38 1,748 1.81 2,284 2.08 2,636
2010 1,265 0.89 1,119 1,38 1,748 1.81 2,284 2.08 2,636
2020 1,265 0.89 1,19 1.38 1,748 1.81 2,2B4 2.08 2,636
2030 1,265 0.89 1,119 1.38 1,748 1.81 2,284 2.08 2,636
2038 1,265 0.89 1,119 1.38 1,748 1.81 2,284 2.08 2,616
2044 1,265 0.89 1,119 1.38 1,748 1.81 2,284 2.08 2,636
Avg. Annual Benefits 1,108 1,729 2,260 2,608
TO: EAST COAST OF SOUTH AMERICA
1995} 530 0.62 127 6.9 510 1.25 665 1.45 767
2000 563 0.62 347 0.9 541 1.25 705 1.45 Bl4
2010 563 0.62 347 0.96 541 1.25 05 1.45 814
2020 5621 0.62 347 0.96 541 1.25 705 1.45 Bl4
2030 561 0.62 347 0.95 54] 1.25 105 1.45 8l4
2035 563 0.62 347 0.96 541 1.25 705 1.43 Bl
2044 561 0.62 7 0.96 541 1.25 705 1.45 814
Avg. Annual penefirs I3 535 698 BOS5

Yyivat yrar of project 1ife,

Benefits are restricted to a 54' chanucl depth Lecause of limited depths at ports in che
ltnly ropton

Tbl-:ll RiavIngs wmay not l.“h'“.!‘lv vqual the product of unit savings times tonpage due ta

roundiog.
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180. Coal Exports. No benefi:s can be reulized by providing a 45-Foot

channel st Mobile on coal exports teo .J-jav. 1t is more economical to route
the commerce through the Panama Canal !~ -essels sultable for this waterway.

Benefits on coal exports to Italy are restricted to a 54-foot channel

project at Mobile due to limited depths at these forelgn ports. Detailed

information on benefits for ceal exports are presented in table F-55,

181. Summary of Transportation 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 couverted to average annual
equivalent benefits using aun 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 benefiis is presented herein to tes: the
benefit/cost ratio for the first year (1995) after the project has been
completed. The zotal navigation benefits that would ocecur, with the
recommended 55-foot project in place, is estimated to be $28,106,000, The
annual charges are $22,028,000. This 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 530,803,000 is realized. The BCR will change to 1.4. This

demonstrates that the recommended project is justified at beginning of the

project life.

183. Land Enhancement Benefits. For a 55-foot level of development, it is‘xr;

propused 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 estiﬁated that the 1047 acres of new fast land would
be iusable for industriai or commercial.putppses and would be eﬁhanced in
value by an amount equal to the cost of providing the same improvement by |
the least costly method. ' ' | ‘
| " Appendix 5
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TABLE F- 56
SUHHARI oF ANNHAL VOLUHE o¥ TEAFFIC AND SAVINGS

(ThouSands)
I 1975 1986 1995 U o000 2010 2020 2030 2035 2064
mmodity  Tons  Savings Tons - Savings Tons _ Savings Tonh Savings Tons - Savings Tons Savings Tons Savings Tons _ Savings Tons  Savi
TN e e oo . 43-Foot Channel Depth . .

nOre . 3,411 §3,204° 3,755 $3,532° 4,180 $3,931 ' 4,465 $4,204 5,203 $4,892 5,994 $5,637 6,806 $6,440 7,473 $7,030 7,473 $7,0
. ‘CnaT {imports) 371 382 896 923 B96 923 . 89 923 496 923 © B9 923 896 923  g96 923 896 9
 coal (exports) 7925 745 47570 4,502 5,299° 5.116 5,621 5,428 {iiiﬁiazﬁ 5,428 5,623 5.428  5.623° 5,478 S5.623° 5428 5.623° 5.4
"TOTAL 4,554 54,331 9,408 §9,047 10,375 $9,970 10,987 $10,555 11,722 §11,243 12,513 $)1,988 13,365 $12,791 13,992 513,381 13,992 §13,3

U ‘ ‘ 50-Foot Chanhel Depth o '
. Irom Ore =~ = 3,411 $4,553 3,755 $5,005 4,180 $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
'i;"taal {{mports) 171 597 896 1,441 896 1,441 896 1,441 B96 1,441 B96 1,441 896 1,441 896 1,441 896 1,4
" Coal (exports) 1,458 1,732 8,934 10,637 9,952 11,850 10,560 13,574 30,560 12,574 10,560 17 574 10,560 12,5/4 10,560 12,574 10,560 12,5
TOTAL 5,240 §6,882 13,585 $17,083 15,026 $18,862 15,924 $19,970 16,659 $20,947 17,451 $22,003 18,302 $23,159 18,929 523,974 18,929 §$23.9

' ' 55-Fnot_Chapnel Deprh "
. Iren Ore 3,611 $5,100 3,755 $5,611 4,180 $6,245 4,468 $6,677 5,203 §7,772 5,995 $8,956 6,846 510,230 7,473 $10,845 7,473 $10,8
 Coal (imports) 371 780 . 896 1,883 896 1,883 896 1,883 896 1,883 896 1,80, 896 1,883 8%6 1,883 896 1,8

. Coal (exgérfsg 1,458 2,928 8,934 17,923 9,952 19,973 10,560 21,192 10,560 21,192 10,560 21,192 10,560 21,192 10,560 21,192 10,560 21,1
TOTAL 5,240 "§9,808 13,585 $25,422 15,028 §28,101 15,924 529,752 16,659 §30,847 17,451 $32,091 18,302 $33,305 18,979 533,920 15,529 $33,9

' - ) 60~ Foot Channel Tepth

. Iron Ore ... | 3,411 s5,3;5 3,755 §5,846 4,180 §$6,507 4,468 $6,957 5,203 $8,097 5.995 $9,332 6,846 510,658 7,473 $11,634 7,473 $11,6
. Coal (imports) ~ 371 -900 896 2,175 896 2,175 - 896 2,175 - 896 2,175 896 2,175 896 2,175 896 2,175 896 2,1
- Caal (exports) 1,458 3,519 8,934 21,534 9,952 23, 989 10,560 25,454 10,560 25,454 10,560 25,454 10,560 25,456 30,560 25,45 10,560 25,4
TOTAL - 5,240 ~ 9,734 13,585 $29,555 15,028 §32,671 15,924 $34,586 16,659 $35,726 17,451 $36,961 18,302 $38,287 18,929 519,263 18,929 _$39,2

: lFlrst year of pznject life
Does not 1uc1ude tonnage to Japan because there are no benefits for a 45-foot channel depth on this traffic.




TABLE F-57

SUMMARY OF AVERAGE ANNUAL NAVIGATION BENEFITS FOR ALTERNATIVE CHANNEL DEPTHS INVESTIGATED
Iype_bf'COEmodity ‘ Benefits for varying chaunels (Depth in feet)
-Coﬁﬁéfce‘through_bulk terminals above I-10 tunnels 45 50 55 60
Iron Ore (impott) $2,203,000 $2,971,000 $3,484,000 $3,611,000
Coal (import) 923,000 1,441,000 1,883,000 _2,175,000
Sub-Total $3,126,000 54,412,000 $5,367,000 55,786,000
Commerce through bulk terminals in Mobile, below

_Iﬂlﬂxtunnels

Iron Ore (impert) $2,570,000 $3,792,000 $4,098,000 $4,290,000
‘Coal (export) 5,371,000 12,440,000 20,968,000 25,184,000
Sub~Total $7,941,000 $16,232,000 $25,066,000 $29,474,000
Total Benefits for Mobile $11,067,000 $20,644,000 $30,433,000 $35,260,000

1Pr‘oject life 1995-2044 with interest rate of 6-7/8 percent.




- 184, The'aécomplishment by local interests of the work deseribed ahove
would involve the cost of dredging material from the nearest available

SEﬁrce; Thege cpsts are estimated and shown in rable F-58.

TABLE F-58
LEAST COSTLY ESTIMATE OF LANDFTLL AREA

fa ooo 000 c.y. @ $0.7%/c.y.) ¢ 3,160,000
| (30 630 000 c.v. @ §0.75/c.y.) : 22,973,000
' 28,000
17,000

3,734,000
cijf'SUB—TnTAL $29,912,000

, 4,487,000
ungine“ring & Design @ 37 1,032,000
_Supervision & Administration @ 5% | 1,772,000

" TOTAL FIRST COST | $37,203,000

The‘estlmated capital value of enhancement, as shown above, would be

$3?W203'900 This converts to a value of approximately $36,000 per acre
which 15 substantially less ‘than thn existing market value of land

:(565 DUO to, $100, 000 rer acre) in the area. Average annual equivalent
benefits over the life of project (SO-year 8 rate of return of 6-7/8
i‘per;ent pe;.annum) whiech includes annual maintenance of $44,000 would be
1$2,697,000.

-;Supplemental Navigatinn Benefits The _present channel dimensions

Lfsoon create traffic delay= due to the indicated traffic not being
' du pass unconstrained in the bay channel Supplemental savings to

rs calling at Mnbile wculd result from widening and deepening the main

aﬁ@?l Annual casts fnr delaYS were LO”thEd and used in Section D




186. Summary of Total Bemefits. Average annual 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.

SUMMARY OF AVERAGE ANNUAL EQUIVALENT BENEFITS’

Project Transportation Land Enhancement

Depth Benefits Benefits Average annual benefits ($)
(feet) (%) {8 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
25 30,433,000 2,697,000 33,130,000 10,557,000
6% 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.. analysis in this report is
thought to be conservative based on infermation which became available too
recently to incorporate into the report. Also, the conservative assumptions
relating to future growth trends result in lower benefits to the project than
if more liberal trends were adopted. Information is not available to allow
changes at this time in the report. The impact of the assumptions on projece
beneflts, as well as other changes which will be incorporated into later

reports, are discussed in the—paragraphs that follow.

188. Alternative Source of Japaunese Coal. 1t is expected that approximately

9.7 million tons of coal will be exported through Mobile for the Japanese
steel mills in 1986. This'Wililiﬂcrease to 11. 5 million tons by the vear
2000 and rewain constant theraafter during the 44 remaining years of the

project life., The average annual benefits on this coal that rould be

Appeﬂdix 5




~ealized by providing a 35-foot channel depth at Mobile would be $10,356,000.

Tf the source of supply was diverted from Mobile where it would be supplied
erage annual benefits for

ing a BCR of .91.

from Australia., Poland, South Africa, ete. the av

the 55-foot project would decrease to $20,077,000, giv

fiég Coal Imports. The base year tonmnage for this commodity was accepted

,as 896 UUO tons based on a 10—year contract jnitiated for the impertation

'fof South African coal in 1977. At the time the: information was obtained,

ilthere was no 1nd1cation that imports would increase. Therefore, the annual

:Utcnnage of 896,000 tons was held constant throughout the period of analysis.

‘1Imports of this commodity amounted to about 1, 600,000 tons in 1978. Contacts

with company officials directly responsible for these imports revealed that

the increase in volume wass due to spot purchases of coal from Prrt Kembla,

' Australia which is located about 50 miles south of Sidney. The officials

indicated that, because of the price and quality of the coal, the company's
long-term plans are to further increase this import

' The officials further stated that the most probable method of projecting

‘ theSEuimparts would be to increase the movements at a decreasinp rate of
‘zgrpwth'throughout project life. The spot purchases of this coal, as well as
the availability 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 rhese movements will be determined if and when

the future increases can be supported. The increase from 896,000 tons to
1,600,000 tons without projections would increase the benefits by about

= $2 500 000 ($3.50 % 704 000) for a 55-foot chamnnel at Mobile. This benefit
‘ considers the use of a 36,000 d.w. t. vesqel for the existing 40-foot channel

:'and a 110,000 d.w.t. vessel for a modifled 55 foor channel. Additional

'Tcomputer runs will be necessary to determine actual benefits.

‘,196. Coal Export ?rogections. Coal‘eprrts were projected to increase at a

.ﬁééwpégnd annual growth rate of 1.2 percent from 1975 through 2000 and remain

.fggﬁétaqﬁ,;hgreaf;er, -In nrder to test the sensitivity of this assumption,

tonnage heginning in 1979.




the annual export tonnage was also projected to increase at g compound
annual growth rate of 1.2 percent thr0ughout the period of analysis, and
alternatively, to increase at }.2 percent thrungh the year 2000 with a

declining rate of growth thereafter, such that by the end of the period of

analysis, the rate of annual growth would be f“rd;: Thcse dlternative
projections would both increase project bsnefits ‘rvsu1t1ng in additional
average annual benefits of $2.3 and $1.5 million. reqppctively, for a
55-foot channel depth. Benefits to other chanHEI depths would show rreater
Increases for deeper channels and smaller increases for the more shallnw

channel depths under study.

191. Vessel Costs. Vessal operating costs "at sea" and "in port" for
foreign vessels are based on January 1977 costs furnished FyVOCE. With the
inflationary increases in fuel, labor, and cocs;rUCtion costs, it is
unrealistic to assume these costs are représectctive of costs being 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. Zraffic Delays. Under existing conditions, vessels will scon encounter

delays because of traffic congestion. Modification of the width and depth

of the channel will reduce or eliminate these delays. Annual costs (benefits)
for these delays have been computed and are shown in Section D; however,
benefits have not been included in the recommended plan since they are not

necessary to establish feasibility.

SUMMARY OF ECONOMIC ANALYSIS

193, The estimated annual charges. the estimated annual benefitq, and the
:ratios of benefits to charges summarized in table F-60 indicate that the
propcsed Plan of imporvement to provide a 55-foot main bay channel and
entrance channel to Hobile Harbor is economically justified.r




TABLE F-&0

SUMMARY OF ECONOMIC ANALYSIS

Depth ~ Annual Charpes Atnnual Benefits Neﬁ Benefitsg BCR

' - K8 L ) e (8) -
45T 9,195,000 12,597,000 . 3,402,000 1.4
TS0t 15,252,000 22,646,000 7,394,000 1.5
55+ - 22,028,000 133,130,000 11,102,000 1.5
6D 34,435,000 38,956,000 - 4,521.000 1.1

AVERAGE ANNUAL BENEFITS AND CHARGES AT 7-1/8 PERCENT INTEREST RATE

194, fhe average annual equivalent benefits based on gn interest rate of
'jﬁ7-1/8 percent for each commodity that would benefit by the project for the

" various channel depths considered is presented in table F-61.

- 195.  Average annual equivalent benefits for navigation and land enhancement
for each level of development of Mobile ship channel based on an interest

rate'cf‘7—1/3~pefcent are summarized in table ¥-62.
196. The estimated annual charges; benefits and ratios of benefits to
charges, based on an interest rate qf 7-1/8 percent is summarized in table

F-63.

197. The change in interest rate from 6~7/8 to 7-1/8 percent did not

"f,5significantly affect ‘the BCR. For the recommended 55-foot channel, the

"annual charges increased Erom §22, 028 ano. to 522 833,000 and the venefits
increased from $3§,130,000 to $33ﬁ159.0FQ. The BCR remained at 1.3.

| Appendix 5.
- F-128




TABLE F-61

' ‘SUMMARY OF AVERAGE ANNUAL_Nég;GATIDN.BENEFIIE_EOR ALTERNATIVE CHANNEL DEPTHS INVESTIGATED

1

' Iype of Commodity

Benefits for varving channels (Depth in feet)

" Total Bemefits for Mobile

‘quﬁgﬁég\tﬁtdﬁgh 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) 923,000 1,441,000 1,883,000 2,175,000
Sub-Total $3,116,000 §4,397,000  $5,335,000  §5,767,000
'.Com¢erce-thr6ugh bulk terminals in Mobile, below
_I-10 tunnels :
. 1iron Ore (import) $2,558,000 $3,775,000  $4,081,000  $4,271,000
. Coal (export) 5,369,000 12,436,000 20,961,005 2,177,000
" §yb-Total $7,927,000  $16,211,000  $25,042,000  $2v,448 600
$11,043,000  $20,608,000 = $30,377,000  $35,215,000

" project life 1995-2044 with

interest

rate of 7-1/8 percent.




TABLE F-62
SUMMARY OF AVERAGE ANNUAL EQUIVALENT BENEFITSI

Project Transportation

Land Enhaﬂtement
-‘¢D@PEH Benefits Benefirs Avetage Annual Benefit$r($)
C (zeer) . (%) ) (5)  Total Incremental
45 11,043,000 1,577,000 12,621,000 -
50 20,608,000 2,065,000 22,673,000 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

Sy
- - Benefits based on 7-1/8 percent interest rate and 53C-year project life
. (1995-2044).

TABLE F-63
SUMMARY OF ECONOMIC ANALYSIS

.. Project

ijlﬂepph Annual Charges Annual Benefits Net Benefirs BCR
. {feet) _ (% (%) (5)
45 9,419,000 12,621,000 3,202,000 1.3
50 15,873,000 22,673,000 6,800,000 1.4
55 22,833,000 33,159,000 10,326,000 1.5
60 15,524,000 39,028,000 3,504,000 1.1

ppendix 5
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SBECTION G
DIVISION OF PLAN RESPONSIBILITIES

1. Responeibility for devclcpment of the Bclcctnd plan ii divided hc-
tween Federal and non-Federal intcreuta in accordance with estnbliuhed
policy and guidelines., The Faderal govcrnmcnt uay conutruct or 1mprcve
channels and harbore to meet the requirenenta of uhipping, whilc non—
Federal interests are renponsiblc for terminal facilitiea. berthing
areag, certain other components, and spccified.itenu of local coopera-—

tion.

2, The United States would design anc prcpare‘detciled plans, dredge the
improved gulf and bay channels and tqcnihg an& anchorage basins, and
maintain the improvement to project dihgcaionc, after Congressional
authorization and funding.

3. Local interests would pfovide all lands, easements and righte~of-way;
all relocations and,altefations of utiliciea; all retaining works and
stabilization measures tcﬁuirc& for disposal of;dcedgcd material; and
depths in all berthing areas commensurate with chonezcrovidcd in related

proiect areas.

4. Total average annual benefits for the 55-foot selected plan are
evaluated at $33,130,000 anluding $30 433 000 navigation henefi:s and
$2, 697 000 land enhancement benefita.‘ Navigation bencfitl are connidcred
to be of a gencral nature and land eunancement is conaidcrcd local, The
bcnefits are lulmarized und lllocntld 1u table G~1.




TABLE G-1

ALLOCATION OF BENEFITS

Average Annual Value

‘T ;iype§f§ﬂn§fit . Total . General Local
'5 4JNdvigati5n | $30,433,000 330,433,000 -
| Jnd Enhancement | $ 2,697,000 - $2,697,000
' .T5tn1 | | §33,130,000  $30,433,000 52,697,000
pereent 100 91.9 3.1

5., The first cost of general navigation facilities for the selected

55-foot channel plan considered herein for the Mobile segment, excluding

- navigatlon aids, is to be borne jointly by the United States and local

{interests. The apportionment is based on the ratios of “general" to
"local benefits"”, According tc the ratio of general to local benefits
-derived heretofore, 91.9 perceut of the first cost of general navigation

facilities would be borne by the Corps of. anineers and 8,1 percent by

local interests,

6. The President, in his June 1978 water policy message to Congress,
proposed several changes in cost-sharing for water resources projects to
-nlluw states to participnte more actiVnL) in proJect implementatior deci-
:sinns ‘These changes 1nc1ude a cnsh contribution from benefxtxng states
of 5 percent of first costs of - conetruction asslgned to nonvendible
‘ pcoject purposes and 10 percent of costa assigned to- vendible project

‘1purposea.

;- Application of this policy to- the Mobile Hnrbor project requires a
: ,contrxbution from the’ atate of. Alab'””}of an estimated $14,232,000 in
"caah (5 percant of $28ﬁ 635 000 to"*\ timated project first costs




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 cnst-sharing policy.

The allocation of financial first co&t between Federal and non-Federal

interests is shown in table G-2.
TABLE G-2 = -

APPORTIONMENT OF FIRST COST
(0CT. '78 PRICE LEVEL)

Federal first cost

Corps of Engineers

(91.9% of §$276,653,000) §254,244,000 10
U.S. Coast Guard (Aids to navigationm) 93,000
Non-Federal Cash Contribution -1%4,232,000 .

Total Federal First Cost $ 240,105,000

Non-Federal first cost

Cash contribution ( 8.1% of $276,653,000) $22,409,000
Dredging and Dike Construction § 7,889,000'
Cash Contribution (5% of $284,635,000) 14,232,000
Total non-Federal First Cost 44,530,000
Total Project First Cost $284,635,000

8. The presently estimatgd additional Federal annual maintenance is ;
$1,424,000 which includes annual costs to the U.S. Coast Guard of §4,000 '/

for maintenance of névigatioh aidé. The estimated non—Federal average

annual maintenance is $304,000.
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