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PREFACE

- 

- 
This study and report were requested and funded by the South

Alabama Regional Planning Commission.

The study was conducted during November and December 1976 in the

existing Mobile Bay Model in the Hydraulics Laboratory, U. S. Army
Engineer Waterways Experimen t Station (WES) , Vicksburg , Mississ ippi,
under the general supervision of Messrs. H. B. Simmons, Chief , Hydraulics
Laboratory; F. A. Herrmann , Jr. , Ass istant Ch ief , Hydraulics Laboratory;
and R. A. Sager, Chief, Estuaries Division; and under the direct super-
vision of Messrs. R. A. Boland , Jr., Chief Interior Channel Branch;

M. J. Trawle , Project Manager; R. C. Berger, Jr. , Project Eng ineer;
and J. S. Ashley, senior technician. This report was prepared by

Messrs. Berger and Trawle.

Mr. Don Brady served as the Project Director for the South Alabama

Regional Planning Commission. Mr. J. R. Duncan of the South Alabama

Reg ional P lanning Commission and Messr s. Trawle and Berger of WES
planned and coordinated this study.

The Director of WES during the performance of this study and the

preparation and publication of this report was COL J. L. Cannon, CE.
Technical Director was Mr. F. R. Brown
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CONVE RS ION FACTORS, U. S. CUSTOMARY TO METRIC (SI)

UNITS OF MEASUREMENT

- U. S. customary units of measurement used in this report can be con-

- 
ver ted t o metric (SI) units as fol lows :

- Multiply By To Obtain

feet 0. 3048 metres
- 

miles (U. S. statute) 1.609344 kilometres

square miles (U. S. statute) 2.589988 square kilometres

• acres 4046.856 square metres

cubic feet per second 0.02831685 cubic metres per second
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DISPERSION OF PROPOSED THEODORE INDUSTRIAL PAR K
EFFLUENTS IN MOBILE BAY

Hydraulic Model Investigation

PART I : INTRODUCTION

Back ground

1. Mobile Bay, located in the southwestern part of Alabama on the

Gulf of Mexico (Figure 1), is a roughly pear-shaped estuary 30 miles*

long and varying in width from 8 miles at its northern end to 20 miles in

its lower portion. The bay covers an area of approximately 392 square

miles and is relatively shallow throughout with an average natural depth

of about 9 to 10 ft. The entrance to the bay from the Gulf of Mexico is

about 3 miles wide and is 46 miles west of Pensacola, Florida , and 104 miles
northeast of the mout h of the Mississippi River. Streams and rivers

flowing into the bay provide fresh water, and tidal flows provide saline

water from Mississippi Sound and the Gulf of Mexico. The greatest influx

of freshwater enters the bay from the Mobile River which is formed approxi-

mately 40 miles north of Mobile , Alabama, by the junction of the Alabama

and Tombigbee Rivers . The Mobile River flows in a southerly direction

for some 45 river mile , before entering Mobile Bay. The river has a

watershed of almost 43,650 square miles that includes most of Alabama ,

nor theast Mississippi , and northwest Georgia. Other major tributaries

entering Mobile Bay include the Tensaw River , Span ish R iver , Apalachee
River , and the Blakely River. The Apalachee and Blakely R ivers are
straits originating in the Tensaw River , while the Spanish River origi-

nates from the Mobile River.

*\ table of factors for converting U. S. customary units of measurement
to metric (SI) units is presented on page 

3.S
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2. All  of Mobile Bay and at least a portion of each of the tribu-
taries feeding the bay are influenced by tidal fluctuations. Mobile Bay

generally has one tide cycle in about a 25-hr period, or one lunar day.
The tidal range varies from less than 1 ft during neap tides to 2.5 ft

during spring tides. A normal tide following predicted elevations with

respect to time is considered a rarity in Mobile Bay, since prevailing

winds are quite often responsible for water surface elevations and circu-

lation patterns within the bay.

3. In 1965, the Mobile City Industrial Development Board and the

• Alabama State Docks jointly acquired a federally owned ammunition depot

and established the Theodore Industrial Park. This industrial park is

located about 2.5 miles south of the Mobile city limits on the western

• shore of Mobile Bay. The original purchase included 1826 acres of land;

dock , water, and fire protective facilities; and a number of buildings .
Additional acreage has been bought to increase the area to about 4000

acres.

• 4. Future effluents from the Theodore Industrial Park are planned
to be discharged through an outfall located in Mobile Bay. The industrial

park effluents and eventually some municipal effluents will be discharged

through the outfall.

Purpose and Scope

5. The objective of this investigation is to provide information

for predicting the effluent dispersion characteristics from each of the

four proposed outfall sites now under consideration . The dispersion

characteristics of each proposed site could then be evaluated to aid in

the final selection of the best site.

6. This was accomplished by the continuous release of conservative

fluorescent dye at each of the proposed outfall locations in the physical

model of Mobile Bay located at the Waterways Experiment Station and by

the collection and measurement of dye concentration samples taken through-

out the model.
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PART II : THE COMPREHENSIVE MODEL

Description

7. The physical model of Mobile Bay reproduced approximately 1073
square miles of the prototype, including about 268 square miles of the

Gulf of Mexico from Pine Beach on the east to about the western end of

Dauphin Island and offshore to the _70_ft* contour (msl); all of Mobile

and Bon Secour Bays; a portion of Missis~;ippi Sound ; and the Mobile and
Tensaw Rivers and adjacent marshes to the  junct ion of the two rivers at

• Mt. Vernon , some 40 miles upstream from Mobile .  The l imi t s  of the area
reproduced are shown in Plate 1.

• 8. The mode l was of the comprehensive fixed-bed type, molded in

• concrete to conform to 1972 prototype conditions except for the navigation

channel from deep water in the Gulf of Mexico, which was constructed to

project dimensions (40-ft depth) or to 1972 conditions , whichever was

deeper. Additionally, the proposed Theodore Ship Channel and associated

dredged mate r ial disposal is lan d was installed to a 40-ft depth and 400-

• ft-width (see Plate 1). Construction was to linear scale ratios , model

to prototype , of 1:1000 horizontally and 1:100 vertically, using the

Alabama Grid Coordinate System for horizontal control. Other pertinent

scale ratios , derived from the Froudian laws of similitude , were :

slope 10:1 ; velocity 1:10; time 1:100; discharge 1:1 ,000,000; and

volume 1:100 ,000,000. The salinity scale ratio for the study was 1:1 .

One prototype tidal cycle (diurnal tide) of 24 hr and 50 mm was repro-

• duced in the model in 14.904 m m .

9. Verification of the model , or the adjustment of tides , currents,

and salinities to agree with similar phenomena observed in nature , was
• accomplished in three interrelated phases. Phase 1 involved adjustment

of the model until tidal elevations and phases for normal astronomical

* All elevations (ci) cited herein are in feet referred to mean sea
level (insi).

A 
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)
tides throughout the model were in proper agreement with corresponding

tides in the prototype; phase 2 involved adjustment of the model until

current velocities and directions in the model agreed with similar

measurements in the prototype for the same conditions of tide and upland

flow; and phase 3 was the salinity verification which ensured that the

mixing and dispersion of salt water in the model corresponded to the
prototype for similar conditions of tide and freshwater flow . No proto-

type dye dispersion data were available for verification purposes , and
• consequently, dispersion , other than that evidenced by sal inity gradients , ‘ 1

was not confirmed in the model.

Appurtenances

10. ‘rhe tidal action in the model was reproduced by a primary

tide generator located adjacent to the limit of the model ocean and a

secondary tide generator located in Mississippi Sound at the western
l imit of the model. Basically, the tide generators in the Mobile Bay

model produce the tide by pumping salt water from the sumps at a constan t
rate while controlling the return gravity flow to the suinp by an automatic

valve (primary generator) or automatic tailgate (secondary generator)
whose automatic movement is controlled by an adjustable cam.

11. The Mobile and Tensaw River inflow systems were each equipped
wi th  constant head tanks and suff icient  f low meters (three for Mobile
River and two for Tensaw River) for the precise measurement of the

respective freshwater inflows required at the model cutoff point at

M t .  Vernon .

12. Permanently mounted point gages , graduated to 0.001 ft (0.10

ft prototype), were installed on the model at locations corresponding to

prototype recording tide gage locations to obtain measurements of water

surface elevations .

13. Water samples for subsequent analysis to obtain dye concentra-

tions were drawn into collection vials by suction from a vacuum pump

connected to a central  manifold , which in turn was connected to tubes

8
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running to each Station . Samples were obtained simultaneously at all
• depths and stations throughout the desired sections of the model.

14. Gulf and Miss iss i ppi Sound source sa l in i ty  concentrations in
the salt water sumps were determined by chemical t i t ra t ion . The t i t ra t ion
eq uipment consisted of s i lver n i t r a t e  and potassium chromate , a graduated
burette for measuring the volume of silver nitrate , pipettes for measuring
the volume of samples used , and sample jars in which to perform the

titration . The potassium chromate was used as an end—point indicator in

the titration process . The method consisted of adding a known concentration

of silver nitrate solution to a known volume of the water sample obtained

from the model sump ; the amount of silver nitrate required to precipitate

the salt contained in J~e sample was then converted to salinity in parts 4’

per thousand (ppt) , total salts.

15. The model was comp letely enclosed in a shelter to protect it

and its appurtenances from the weather to permit uninterrupted operation .

16. More detailed accounts of the model description , verification ,

and some model appurtenances may be found in WES Technical Report U-75-13 ,

“Mobile Bay Mode l Study’; Effects of Proposed Theodore Ship Channel and
Disposal Areas on Tides , Currents , Salinities , and Dye Dispersion ,”

IL J. Lawing , R. A. Bolan d, and W . II. Bobh , September 1975.*

* h ereafter referred to as Mobile Bay Mode l Study Report 1.

9
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PART III : MODEL TESTS AND RESULTS

• Description of Tests

18. Test conditions. The model conditions during this test were

as follow:

• a. Gulf tide range of 2.3 ft measured at Dauphin Island gage
(Figure 2).

O~IUPI4IN ~SLANO GI ILF

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ H
:~~~EE~~~EEEEEE~

T InE I N IIOUIS AI’TE!~ ~~~~~~ T~ ØNS1T O~ THE ~~~ I4 f~E~~IO lnN

Figure 2. Dauphin Island gulf tide curve

b. Total freshwater inflow was 12 ,000 cfs at Mt. Vernon,
7200 cfs of which was introduced into the Mobile River

• and the remainder, 4800 cfs, in the Tensaw River.

c. Source salinity of 30 ppt .

d. Initial dye concentration of 1 ,000,000 parts per billion
(ppb).

e. Continuous dye release at the bottom depth of each injection
4 . site of 20 cfs (prototype) corresponding to 34 cc/mm (model).

f. The density of the initial dye solution was adjusted to
equal that of the average salinity at the point of injection .

19. Test procedures. The model starting procedure was the same

• as described in the Mobile Bay Model Study Report 1. The model was run

32 complete cycles to achieve salinity stabi•lity before the start of any

dye release.

10
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• 20. The dye was mixed using 40 grams of powdered dye mixed with

enough water to yield 40 l iters of final sol ution , a concentration of
• 1 ,000,000 ppb. The water used to make this solution was drawn prior t o

the scheduled dye release from the injection point. Since water density

varies with salinity concentration , the water was drawn at a constant

rate over a tidal cycle so that the dye solution density was approximately

equal to the average receiving water density at that station. This

procedure ensured on the average a neutrally buoyant dye release to the

model.

21. Injection was made at two locations simultaneously by utilizing

• two injection systems and two dyes, Uranine and Pontacyl Brilliant Pink ,

which fluoresce at sufficiently different wavelengths to make each dye

• concentration easily distinguishable from each other. All injection

points and station locations are shown in Plate 1. Injection locations

A-l-A and A-S-A were tested simultaneously, as were A-2 and A-3. The

dye releases were initiated at hour 0 of the tital cycle (about two hours

after local low water) after at least 32 cycles of model operation to

achieve stability. The injections were made at the bottom depth and were

continuous for 50 cycles. Samples were drawn simultaneously by means of
_t 

t a vacuum sampling system at high water (about hr 10) and low water (about

• hr 22) at the Fowl River tide gage (Figure 3) for sta 1, 3, 5, 7, Il
through T5, TSC, S4, S5, S7, 510, 512, S14, and Ml through M27. Samples

r0wt RIVER

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
j :

TI NE in HOUR S •FT (N NOON ’S TRØNSIT OP TIlE eeTM ,lfnIOInn

Fi gure 3. Fowl River  tide curve

11
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)
were taken at the surface and bottom at these stations during cycles I,
3, 5, 7, 9, 12, 15, 20, 25, 30, 35, 40, 45, and 50. Supplemental data

• were taken at cycles 20, 30, 40, and 50 during high water (about hr 10)
at sta HB1, HB2, Fowl River, Dog River, Theodore Turning Basin, Mobile

• River , Raft River , Apalachee-Tensaw Rivers , and Tensaw River.
22. At the time of high water prior to releasing the dyes, samples

were obtained at both surface and bottom depths at each sampl ing station
to determine the “background” dye concentration remaining from previous

tests. Subsequently, samples obtained from each station were adjusted

to remove respective background concentrations.
23. The samples were allowed to reach a stable temperature of

74°F and were later analyzed in a fluorometer (Figure 4) to determine

I ’ their respective dye concentrations.

24. Calibration tests indicated that Pontacyl Brilliant Pink dye

raised the concentration computed from the fluorometer reading of the

Uranine dye by 5 percent of the Pontacyl Brilliant Pink dye concentration

in that same sample . An adjustment for this effect was included in the

data reduction process. Uranine dye concentration had no effect on

Pontacyl Brilliant Pink dye concentration measurements.

Discussion of Test Results

• 25. A summary of the steps involved in reducing the raw test data

to final form shown in the station time-concentration plots (Plates 2-173)

is as fol lows:

a. The dye concentration of each sample was determined from
— measurements obtained by a fluorometer by use of the

functional relationship between dye concentration and meter
reading evaluated during the cal ibration process for both
dyes.

b. The dye concentrations were corrected by subtracting the
background concentration (dye detected at each location
prior to starting a test) .
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F
c. The concentration of Uranine dye in each sample was reduced

by 5 percent of the Pontacyl Brilliant Pink concentration
found in the sample.

• d. Graphs of dye concentration in parts per billion as a
• function of time for each observation station depth at

• high-water and low-water slacks were prepared using time
in tidal cycles after initiation of the dye release as the

• abscissa and the log of b or c as the ordinate. The results
are presented in Plates 2-173.

• e. The same procedures were followed for samples collected
• ‘ at the supplemental stations , except that these results

are presented in Table 1 instead of in graphical form .

~
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PART IV: CONCLUSIONS

26. In accordance with the agreement with the South Alabama Reg ional
Planning Commission, this office made no attempt to analyze the results
of the dye dispersion tests or draw any conclusions from these results.
The dyes used in these model tests were conservative and so did not decay
with time. Therefore, appropriate decay rates should be applied to the

model test data as a basis for predicting prototype concentrations .

I I
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Table 1
Dye Concentration at Supplemental Stations

Dye Concentration ~ppb )
Dye Release Points

A-i-A A-5-A A-2 A-3
Station ~~~~~~ Surface Bottom Surface Bottom Surface Bottom Surface Bottom

20 -- -- -- -- 7 -- 25 --

31 15 -- 15 -- 5 -- 13 --
40 37 -- 314 -- 15 -- 35 --
50 40 -- 36 -- 22 -- 45 --
20 -- -- -- -- 3 -- 20 --

• 
• 31 9 -- 8 -- 9 -- 27 --

40 16 -- 33 -- 11 -- 20 --
50 23 -- 17 -- 17 -- 27 --

• Fowl River 20 -- -- -- -- 561 1,09 397 397
31 1469 1493 1049 259 6149 1466 l~43 410
140 1521 .. 1022 714 434 775 696 344 416
50 1381 684 681 334 1490 423 318 318

Dog River 20 -- -- -- -- 927 1043 285 259
31 795 1023 1342 1183 682 717 292 266
40 1042 1154 8u 81,4 686 yi6 266 285
50 1325 1323 1084 1115 597 623 226 233

Theodore Turning 20 -- -- -- -- 233 15 63 Li
Basin 31 1169 34 1123 31 694 27 233 22

isO 1366 39 972 1004 684 45 292 22
• 50 1581 81 9214 55 7146 29 305 16

Mobile River 20 -- -- -- -- 9 226 13 207
31 23 373 1514 7145 30 347 32 253
IsO 24 413 103 566 50 266 60 233
50 60 47~ 2014 616 8 237 9 181

• Raft River 20 -- -- -- -- 13 240 32 118
31 41 1402 279 9144 72 14,8 90 207
1,0 50 387 218 616 64 3140 92 200
50 48 500 191 66~ 1148 5 1148 6

Apalachee Tensaw River 20 -- -- -- -- 0 16 3 15
• 31 12 51 60 312 5 76 6 102

isO 13 24 46 110 9 31 U 33
50 12 34 26 84 3 11 3 13

Tensaw River 20 -- -- -- -- 17 371 19 181
31 49 412 364 924 23 1408 22 213
40 82 574 697 307 76 350 99 194
50 55 605 261 795 10 166 U 156
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In acccTdance ‘with ~~ 70-2-3, psr.graph 6c(1)(b),
dated 15 February 1973, a facainile cat&.cg card
In Library of Coegress f~~~~t 1. re~~o6uced belov.

Berger, Rutherford C
Dispersion of proposed Theodore Industrial Park

effluents in Mobile Bay; hydraulic model investiga-
tion, by R. C. Berger, Jr., and N. J. Travie. Vicks—
burg, U. S. Army Engineer Waterways Experiment Sta—
tion , 1977.
1 v. (various pagings) illus. 27 cm. (U. S.

Waterways Experiment Station. Miscellaneous paper
H—? 7—3)
Prepared for South Alabama Regional Planning Com-

mission, Mobile , Ala.

1. DIspersion. 2. Effluents. 3. Hydraulic models.
4. Mobile Bay. 5. Theodore industrial Park.
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