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PREFACE

The research studies described in this report were conducted to evaluate
the dredging and dredged material disposal requirements for the PCB-
contaminated sediments in Indiana Harbor, Indiana. The research was conducted
by laboratories of the US Army Engineer Waterways Experiment Station (WES),
Funding was provided by the US Army Engineer District, Chicago, under Intra-
Army Order for Reimbursable Services No. NCC-14-85-11, dated 30 QOctober 1984,
The Chicagoe District Project Manager for the studies was Mr, Shamel Abou-El-
Seoud.

The studies were conducted by researchers of the WES Environmental
Laboratory (EL), Hydraulics Laboratory (HL), and Coastal Engineering Research
Center (CERC). The main text (Parts I-VI) is included in Volume I. Appen-
dixes A-J are presented in this volume. Appendixes A, B, and C were written
by Dr. Paul R. Schroeder, EL. Appendix D was written by Drs. Bobby L.

Folsom, Jr., John W, Simmers, Stratford H. Kay, and Messrs. Richard G. Rhett
and Don K. Crawley, EL. Appendix E was written by Mr. John G. Skogerboe, EL,
Appendix F was written by Drs. Douglas L. Gunnison, James M. Brannon, and
Messrs. Thomas G, Sturgis and Issac Smith, Jr., EL. Appendix G was written by
Drs. Brannon, Dixie M. Griffin, Jr., and Mr. Tommy E. Myers, EL. Appendix H
was written by Mr. Myers and MAJ James M. Betteker, EL, Appendix I was writ-
ten by Messrs. Walter E. Pankow and Michael J, Trawle, HL. Appendix J was
written by Mr, James E. Clausner and Dr. Charles E. Abel, CERC.

The WES Study Manager was Dr. Raymond L. Montgomery, Chief, Environmental
Engineering Division, EL. This work was coordinated with other dredging stud-
ies by Dr. Robert M, Engler, Manager, Environmental Effects of Dredging
Programs, EL.

The work was conducted under the general supervision of Dr. John
Harrison, Chief, EL.

COL Dwayne G. Lee, CE, was Commander and Director of WES, and

Dr. Robert W. Whalin was Technical Director.
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PCB-Contaminated Sediments from Indiana Harbor, Indiana; Vol II:
Appendixes A-J," Miscellaneous Paper EL-87-9, US Army Engineer Waterways
Experiment station, Vicksburg, Miss.
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CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to

SI (metric) units as follows:

Multiply

acres
acre—feet
cubic feet

cubic feet per second per foot

cubic yards

Fahrenheit degrees

feet
gallons

horsepower (550 foot-pounds
(force) per second)

inches

knots (international)

miles (US statute)

pounds (force) per square inch
pounds (mass)

pounds (mass) per cubic foot

pounds (mass) per square foot

square inches

yards

By

4,046,873

1,233,489
(0.02831685
0.093

0.7645549
5/9

0.3048
3.785412
745.6999

2,54
0.5144444
1.609347
6.894757
0.4535924
16.01846

4,882428

6.4516
0.9144

To Obtain

square metres
cubic metres
cubic metres

cubic metres per
second per metre

cubic metres

Celsius deprees or
Kelvins*

metres
cubic decimetres

watts

centimetres
metres per second
kilometres
kilopascals
kilograms

kilograms per cubic
metre

kilograms per square
metre

square centimetres

metres

* To obtain Celsius (C) temperature readings from Fahrenheit (F) readings,

use the following formula: C = (5/9) (F - 32},

readings, use K = (5/9) (F - 32) + 273,15,

Te obtain Kelvin (K)






DISPOSAL ALTERNATIVES FOR PCB-CONTAMINATED
SEDIMENTS FROM INDIANA HARBOR, INDIANA

APPENDIX A: SEDIMENTATION AND FILTRATION

Settling Test Results

1. A flocculent settling test and a 15-day initial storage test were per-
formed on a 100-g/4& suspension of the composited Indiana Harbor sediment. The
suspension was not sieved or hydraulically separated to remove the sand prior
to the tests, The sediment was about 35 percent sand as shown in Figure A-1,

2. The procedure used in the flocculent test was to dilute the composited
sediment having an initial solids concentration of about 740 g/& with tap
water to a concentration of 100 g/f. The resulting slurry was mixed well in a
barrel and then pumped into a 7-ft tall, 8-in.,-diam acrylic column to a depth
of about 6 ft while mixing the slurry in the barrel and bubbling air through
the slurry in the column to keep the solids in suspension. Samples were then
taken periodically from the slurry in the column at various depths., The
solids concentrations of these samples were measured and are reported in
Table Al and plotted in Figure A2,

3. The 15-day initial storage test, also known as the compression
settling test, was performed in conjunction with the flocculent settling as a
continuation of that test, In this test the height of the interface after
forming between material that had settled from the slurry and the supernatant
that formed during the test was measured as a function of the time that elapsed
since the start of the test. These data are reported in Table A2, Using the
ratio of the initial slurry depth in the column to the height of the inter-
face, the average solids concentration of the settled material below the inter-
face was determined and also reported in Table AZ, These concentrations were
plotted in Figure A3 as a logarithmic function of the elapsed time when the

interface height was measured.

Sedlmentation Analysis

4, The following evaluation of sedimentation design was made using

procedures given in Palermo, Montgomery, Poindexter (1978) and Palermo

Al



Table Al

Solids Concentrations* During Flocculent Settling Test

Time Surface Sample Locations: Height Above Bottom of Settling Column, ft
hr Height, ft 6.0 5.65 5.35 4.65 4.0 3.35 2.65 2.0 1.5 1.0
0.0 6.255 Initial Solids Concentration = 100 g/
1.0 6.220 14.70 - 67.4 78,00 78.50 88.00 94.20 96.10 106.0 110.3
2.0 6.185 10.60 - 10.70 70.40 80.90 84.80 91.30 96.8 100.9 113.6
4.0 6.150 7.10 - 7.50 7.20 7.30 78.40 92.70 111.9 140.7 187.6
12,0 6.110 440 - 4,30 4,20 4.20 4.80 4.30 197.3  216.5 231.4
24.0 6.070 4.60 - 3.30 3,30 3,30 3,40 3.40 190.0  231.9 -
48,2 6.010 1.60 - 2.50 2,50 2.50 2.50 2.50 22.90 249.0 -
96.0 5.930 - 1.7¢ 1,80 1,90 1.80 2.00 1,90 1.90 254.7 -
167.5 5.856 - 1.20 1.40 1.50 1,50 1,60 1.60 1.60 47.7 -
263.5 5.730 - 0.82 L.10 1,30 L.40 1.40 1.40 1.40 6.80 -
335.0 5.648 - - 0.91 1.20 1.30 1.30 1.30 1.30 1.50 -
¥ In grams per litre,
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Table A2
15-Day Compression Settling Test Results*

Solids Concentration Below Interface

Elapsed Time, hr Interface Helght, ft g/t
0.0 - -
1.0 - -
2.0 - _
2.5 - -
3.0 - -
4.0 3.79 163
5.0 3.32 185
5.5 3.05 202
6.3 2.80 220

12.0 2.40 255
24,0 2,242 271
26.0 2.203 276
27.5 2.192 277
29.0 2.180 278
48.2 2.070 290
72.0 1.965 306
96.0 1.910 310
1168.5 1.830 324
144.2 1.790 331
167.5 1.765 336
191.0 1.710 347
263.5 1.655 358
287.0 1.640 362
311.5 1.630 364
335.0 1.618 366
359.0 1.605 369

* Initial height of slurry = 6.255 ft. Initial solids concentration =
100 g/n.
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Figure A2. Flocculent settling test results
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(1985).,* This analysis will be used to determine the settling requirements
for the disposal of the PCB~contaminated sediments to an in-~lake CDF of a
design as originally propesed for moderately and heavily polluted sediments
from Indiana Harbor,
Flow rate

5. For the disposal of mechanically dredged materials, the flow rate
will be roughly equal to the production rate, which 1s assumed for this anal-
ysis to be 200,000 cu yd per 2 month project duration (U.S. Army Engineer Dis-
trict, Chicago 1986). This corresponds to 3,700 cu ft/hr or approximately
1.0 c¢fs., For hydraulic dredging the flow rate will be from four to six times
ag great but prcbably not more than 5 cfs on the average with a matchbox
dredge.

In situ concentration

6., The in situ void ratio is:

] (saziégieg) (AL)

= 2,37

where
e, = in-situ void ratilo of sediment
w = water content of sediment, percent
GS = gpecific gravity of sediment solids
SD = degree of saturation, percent

The corresponding suspended solids concentration for this void ratio 1s

* See References at the end of the main text (Vol I),

A7



CsVu

i - e, +1
i

(2.69) (1,000 g/r)

T TTIAT 41 (A2)
= 798 g/¢
where
Ci = in-situ suspended solids concentration
¥, = specific weight of water, g/s

Settling results

7. 1f the dredged material is hydraulically transported from the scows
by slurrying with water from the confined disposal facility CDF, it is assumed
in this evaluation the sediment will be diluted to an influent suspended
solids concentration, of less than 100 g/%. At this concentration, flocculent
settling controlled the sedimentation of the slurry mass, The results of the
settling tests are shown in Figures AZ and A3.

8. The slurry concentration resulting from hydraulie dredging by a match-
box dredge is expected to be 100 g/% based on the results of the matchbox
dredge demonstration in Calumet Harbor which produced an average of 98 g/4.
For this evaluation, the slurry concentration will be assumed to be equal to
the results of the demonstration., The settling should be very similar te the
results given above for hydraulic transfer from scows. The concentration of
suspended material following hydraulic disposal can be reduced by carefully
placing the material on the bottom using a submerged diffuser, This con~
centration may be as low as 2 to 7 g/% based on the results of the demonstra-
tion of the matchbox dredge and submerged diffuser.

9. A minimum ponding depth of 1 ft i1s assumed during the end of the dis-
posal operation, This condition represents the worst case for settling,
producing an acceptable effluent quality and stressing the filter system.

10, Mechanical transfer of mechanically dredged material from scows to the
CDF would yield a drastically different supernatant and deposited material in
the CDF as compared with hydraulic transfer or dredging. The resuspension of
dredged material and contaminants and dilution of the deposited material would

be reduced very significantly., The concentration of deposited material will

A8



probably be greater than 600 g/{ and the concentration of suspended solids in
the supernatant near the influent may be less than 50 mg/g¢ if a sluice is used
to deposit the material. The conditions resulting from mechanical placement
are very favorable to producing a good effluent and the effluent quality would
be very significantly better than the following estimates for hydraulic dis-
posal, Settling tests and tests to predict effluent quality for mechanical
dredging have not been developed, but it is apparent from observations made at
the Calumet Harbor disposal operation that significantly less resuspension and
contaminant release would occur.

Initial storage requirements

11, The design concentration for storage of hydraulically disposed
material obtained from the 15-day settling test using a design time of 30 days
(one half of the project duration of 2 months) is 380 g/% based on the settling
test conducted on the homogenized sample during December 1984,

12, The homogenized sample was 33-percent sand and 67-percent fine-grained
material. At the end of each disposal operation for 200,000 cu yd of sediment,
the volume of the resulting 1ift will be

<3
|

= vi (Ci/Cf) + vsd

(0.67) (200,000 cu yd) (798 g/¢ / 380 g/1) (A3)

+ (0,33} (200,000 cu yd)}

347,000 cu yd or 215 acre-ft

where
Vf = volume of new lift at end of each disposal operation, cu yd
Vi = volume of in-situ sediment to be dredged, cu yd
Cf = concentration of newly settled material at end of each disposal
operation, g/l
Vsd = yolume of newly settled sand at end of each dispocsal operation, cu

yd

13. The average dike height above lake bottom of the proposed in-lake CDF
will be about 35 ft (US Army Engineer District, Chicago 1986). The height of
settled material in the CDF prior to placement of the final lift is unknown

and dependent on the area of the CDF. Therefore, the minimum surface area

A9



based on storage cannot be determined. If the previously deposited material
consolidated to the in-situ concentration, the minimum volume required for
storage would be the sum of the volume of sediment previously dredged
(1,200,000 cu yd) and the volume for new storage (347,000 cu yd), totaling
1,550,000 cu yd or 965 acre-ft, Allowing a minimum of 3 ft of freeboard and
2 ft of ponding, the maximum height for storage is about 30 ft, Therefore,
the minimum area required for storage is 32 acres (965 acre-ft/30 ft). Addi-
tional area would be required for the dikes and if less consolidation occcurs,
14, The volume requlred for storage of mechanically disposed material
would be approximately equal to the volume placed in the CDF, 1If it is
assumed that the concentration of disposed material is 600 g/¢, the initial
storage volume required for new 1lift of 200,000 cu yd of sediment would be

V. = Vi (Ci/Cf)
= (200,000 cu yd) (798 g/2/600 g/4) (A4)
= 266,000 cu yd or 165 acre-ft

The resulting area required for storage would be only about 1.5 acres smaller

than for hydraulic disposal.

Required area for effective zone settling

15. The minimum surface area required for effective zone settling fol-
lowing hydraulic disposal is determined from the results of the settling tests
performed in 1980 (US Army Engineer Waterways Experiment Station 1980). This
evaluation is not necessary for mechanical disposal. The maximum solids

loading rate corresponds to the influent solids loading rate:

Samax) - “iVei

]

(9.36 1lb/cu ft) (0,30 ft/hr) (A5)

= 2.8 1b/sq ft-hr

where

Sd(max) = maximum solids loading rate

si

<
n

zone settling velocity at the influent concentration, Ci
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The solids loading rate determined graphically using the solids loading curve
and the design concentration of 470 g/% is 3.8 1b/sq ft-hr, Since this is
greater than Sd(max) ,» the design loading rate is 2.8 1b/sq ft-hr. There~

fore, the required surface area for zome settling is

Q ¢

54

A=

- (3690 cu ft/hr) (9.36 1b/cu ft) (800 g/1) (AG)
2.8 1b/sq ft-hr (150 g/1)

= 6,5800 sq ft or 1.5 acres

where
A = surface area
Qi = discharge rate
Ci = influent concentration

Sd design solids loading rate

Considering inefficiencies in basin hydraulics, the required area would be

-
n

(HEF) (A}

[

2,25 (1.5 acres) (A7)

3.4 acres
where
Ad = design surface area for zone settling

HEF = hydraulic effieiency correction factor

Required area and detention for flocculent settling

16. The slurry mass settles by flocculent settling at concentrations of
fine-grained material below about 70 g/% (US Army Engineer Waterways Experi-
ment Station 1980)., A flocculent settling test was performed on a 63-g/%
slurry of fines in 1980 (US Army Engineer Waterways Experiment Station 1980)
and on a 100-g/% slurry that was about 35-percent sand in December 1984. In

the first test a 6-hr detention resulted in an effluent having 250 mg/%
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suspended solids, an overall removal of 99,6-percent of the influent solids.
In the latter test a 96-hr detention was required teo reduce the suspended
solids to less than 2 g/% and after 336 hr 1.2 g/g of solids still remained
suspended. The two tests show significantly different results, illustrating
the variability of the sediments. To be conservative in this evaluation, the
latter test results will be used in this sedimentation analysis and the filter
design evaluation for the alternatives using hydraulic disposal, The results
of this analysis apply only to hydraulic disposal.

17. A minimum detention of 96 hr 1is indicated as necessary from the floe-
culent settling test. Since basins are not perfectly hydraulically efficient,

the design theoretical detention time is computed as follows:

]
|

= (HEF)Td

(2.25) (96 hr) (A8)

216 hr or 9 days

where
T = design theoretical detention time
HEF = hydraulic efficiency correction factor
Td = laboratory detention time or field mean detention time

This detention time should be sufficient to achieve a supernatant having 2 g/
suspended solids,

The volume of ponding required for flocculent settling is

Vg = QT

(3690 cu ft/hr) (216 hr) (800 g/2)/(150 g/4) (A9)

= 4,250,000 cu ft or 97.6 acre-ft

where

Vpd volume of ponded supernatant
influent flow rate

L
]
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Assuming a minimum ponded depth of 2 ft, the maximum ponded surface area re-

quired for flocculent settling 1s

A =

pd Vpd/

Hog

]

(97.6 acre~ft)/(2 ft) (A10)

48,8 acres

where

Apd ponded surface area

de

ponded depth

Based on this analysis, clarification controls the required surface area if
flocculent settling occurs; storage requirements control the required surface
area 1f zone settling occurs.

Supernatant suspended solids concentration

18, Comparisons of the areas required for storage, zone settling and
flocculent settling show that storage controls the size of the minimum surface
area for all three alternatives if zomne settling occurs as expected. There-
fore, the required surface area should be about 35 to 40 acres assuming a dike
height of 35 ft and effective consolidation. Consequently, the ponded volume
will be greater than the volume required to achieve a supernatant having 2 g/i
of suspended solids following hydraulic disposal from scows. The ponded
volume will be about 80 acre-~ft (40 acreg * 2 ft of ponding}. The detention
time will be about 708 hr (80 acre-ft * 4,3560 sq ft/facre X 600 g/%/800 g/4/
3690 cu ft/hr) for mechanical dredging and about 177 hr for hydraulic
dredging. The field mean detention time will be about 315 hr (708 hr/2.25)
and 79 hr, respectively. The supernatant following settling for this
detention time will contain about 1,3 g/% of suspended solids for hydraulic
transfer from scows and about 2,1 g/L for hydraulic dredging. If zone
gsettling occurs, the supernatant will contain only about 400 mg/% of suspended
solids, Laboratory tests were not performed specifically for the prediction
of suspended sclids concentration of the supernatant following settling for
the mechanical disposal. The supernatant quality for this alternative can
only be estimated using the flocculent settling tests results and field

measurements as a guide. Based on those results and the expected resuspension
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by this disposal method, the estimate of the suspended solids concentration of
the supernatant for mechanical disposal is 20 mg/%.

19, To prevent resuspension at the weir between the primary and secondary
areas, the weir should be designed for a weir loading rate of 0,08 cfs/ft.
Therefore, weir lengths of 13 ft (1,03 cfs/0.08 cfs/ft) and 35 ft are required
for mechanical dredging and hydraulic dredging, respectively. The 35-ft weir
should be specified for both cases to provide for flexibility in future dis-

posal operations,

Sedimentation Summary

20, The proposed in-lake CDF is sufficient to store the volume of dredged
material to be disposed. The effluent quality of the supernatant and the
loading on the filter dikes are highly dependent on the dredging and disposal
methods. The suspended solids loading on the filter dikes can be as high as
2.1 g/* for hydraulic dredging, 1.3 g/% for hydraulic transfer of mechanically
dredged sediments, and 20 mg/% for mechanical disposal. The loadings for
hydraulic disposal may be much lower if the influent concentration is kept
high and the settling is controlled by zone settling instead of flocculent
settling. Under this condition, the loadings for hydraulic transfer and

hydraulic dredging would be about 250 and 400 mg/%, respectively,

Filtration Analysis

Background
21, The filter system consists of a perviocus dike enclosing the complete

CD¥ and a pervious cross dike separating the primary and secondary settling
areas, The cross—section of the dike 1s shown in Figure 30 (Volume I)}. The
sand filter media is 10 ft thick and the prepared limestone ranges from 0 ft
at the top of the dike to over 100 ft at the base. The sand filter is to be
constructed of lake sand from the CDF site. The laboratory-measured coeffi-
cient of permeability of the sand ranges from 1.5 * 10_5 cm/see to

13.6 * 10_5 cm/sec. The effective particle size of the sand deposits is

D
10
about 0.08 mm. The clays and silts of the lake bottom have effective particle

sizegs as low as 0,001 mm,
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Filter coefficients

22, Krizek et al, (1976) developed the following relationship to estimate

the filter coefficient for sands and gravels:

1.84

¥y = 0.40 D10 {(Al1)
where
= filter coefficient, m_l
D10 = effective particle size, mm
For the lake sands the filter coefficient would be
Y = (0.40) (0.20)"1-84
(A12)

= 7.7 w7 or 2.4 £t

Filter tests (US Army Engineer Waterways Experiment Station 1980) con-
ducted on supernatants having 1.49 g/% suspended solids, using sands having a
effective size of 0.5 mm, ylelded a filter coefficient of:

Iin (CO/C)
L

_ Jn (1.49/0.04) (A13)
1.2 m

i

3.0 oL oor 0.92 ft

where

o = suspended solids concentration of the supernatant

suspended solids concentration of the filtrate

thickness of sand filter

Krizek's relationship would have estimated the filter coefficient to be:
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(0.40) (0.5)"1'84

-2
I

(AL4)

1.4 m ) or 0.44 £t 1

it

The removals were probably larger in the tests because an oily sludge from the
supernatant ccated and clogged the sand,

Clogging potentiagl

23, In the laboratory test simulating hydraulic disposal from scows the
volume of throughput per volume of sand for clogging to occur was about 4.
The volume of throughput per surface area of sand was about 500 cm or 5 m,
1f, as believed, clogging was caused by coating the surface and not by filling
pores throughout the depth of the sand, filtrate from a supernatant having a
suspended solids concentration of 1.49 g/f would penetrate about 8 m or 26 ft
through the sand and dike prior to clogging. The volume of throughput under
these conditions would be very small and, if lake sand were used, the volume
of throughput would be even smaller. The total volume of throughput before

cloegging for hydraulic disposal from scows would probably be less than

<
Il

{5.0 m) (Surface area of sand) (Test Solids)
(Supernatant solids)

(A15)

%

(5.0 m) (250,000 sq ft) (3.28 ft/m) (1.49 g/4)
1.3 g/

4,700,000 cu ft or 174,000 cu yd

or about 12 percent of the in situ sediment volume. If based on volume of

sand instead of surface area, the throughput volume would be less than

=t
1§

4 (Volume of sand) (Test Solids)/(Supernatant Solids)

1t

4 (250,000 sq ft) (10 ft) (1.49 g/2)/(1.3 g/Q) (A16)

11,500,000 cu ft or 425,000 cu vyd
or about 30 percent of the total production volume,

24, Krizek et al, (1976) reported that sands having effective particle
size below 2 mm tended to clog rapidly by trapping solids at the surface of
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sand instead of uniformly throughout the bed. This appears to have happened
in the lab tests due to the oil content of the sediment when using sands of
0.5 mm effective size. Lake sands having effective sizes of 0.2 mm or less
would certainly clog at the surface, also. Krizek et al. (1976) recommended
the use of sand having an effective size of 2 to 3 mm.

25. The potential for clogging from mechanical disposal operations would
be considerably less than from hydraulilc transfer operations since the quantity
of 0il released would be much smaller. Assuming that the oil release and
clogging potential is proportiocnal to the expected suspended solids concentra-
tion of the supernatant fellowing settling, the total volume of throughput

before surface clogging for mechanical disposal would probably be about

<
1l

(5.0 m) (Surface area of sand)
(Test solids)/(Supernatant solids)

(5.0 m) (250,000 sq ft) (3.28 ft/m) (1.49 g/¢)/(0.020 g/g)

310,000,000 cu £t or 11,000,000 cu yd or about 810 percent of the
in situ sediment volume

26. For hydraulic dredging with flocculent settling the total volume of
throughput before surface clogging would probably be about

vV = (5.0 m) (250,000 sq ft) (3.28 ft/m) (1.49 g/g) / (2.1 g/y)
= 2,900,000 cu ft or 108,000 cu yd
or about 8 percent of the total in-situ sediment volume or about 2 percent of
the total inflow, If zone settling occurs as seen in the laboratory at

influent concentrations above 100 g/y, the total volume of throughput before

surface clogging would probably be about

V = {5.0 m) (Surface area of sand)

(Test solids) / (Supermatant solids)

= (5,0 m) (250,000 sq ft) (3.28 ft/m) (1.49 g/g) / (0.4 g/g)
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= 15,000,000 cu fr or 570,000 cu yd

or about 41 percent of the total in situ sediment volume or about 15 percent
of the total inflow.

27. Provisions should be made to skim the oil release around the inlet to
minimize the clogging potential. Mechanical placement of material along the
dike will also seal the dike and reduce the area for filtering. A settling
and filtering aid will probably be required to dispose and filter the entire
volume to be dredged. Chemical clarification of mechanically disposed dredged
material with oil control appears to be a viable method to ensure adequate
protection from clogging. Both hydraulic disposal methods appear to have the
potential for clogging early in the disposal life of the CD¥,

Effluent concentration

28. The effluent suspended solids can be computed using the following

removal efficiency relationship:

(@]
I

_'YL
(Co) e

(A17)
-(2.4) (10)

(1100 mg/L) e

0 mg/4

Sands having an effective size less than 0.4 mm would, in effect, capture all
of the suspended solids using this described filter design.

Maximum discharge rate

29. The laboratory permeability of the lake sand ranges from

1.5 x 10_5 to 13.6 x 10_5 cm/sec but, as discussed previously, the field

4 to 5 x 10_3 cm/sec. Using an

permeability would probably range from 3 x 10~
average permeability of 1 x lO_3 cm/sec for the sand, the initial maximum

seepage rate without clogging would be

KAAh
=

(AI8)
(1 x 1073 cm/sec) (250,000 sq £t) (8 £t)
(30.48 cm/ft) (10 ft)

7 ¢fs
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where
@ = rate of seepage
K = coefficient of permeability
= surface area of sand filter
Ah = height of ponded water in CDF above the lake water level
L = thickness of sand filter

The surface area of the sand will decrease to about 60,000 sq ft at the end of
the disposal operation, The permeability will also decrease as clogging
occurs, falling to as low as 1 X% 10-7 cm/sec. Consequently, the seepage rate
is sufficient to discharge the iInflow, providing that the field permeability
is, as expected, significantly greater than the laboratory measured value and
that clogging can be prevented., Even without clogging, the seepage rate at
the end of the disposal life of the CDF when the filter area is small may be
toc low to permit hydraulic dredging,
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APPENDIX B: EFFLUENT QUALITY

1. A modified elutriate test was performed on a 100-g/% suspension of the
composited Indiana Harbor sediment. The procedures used in the test are fully
described in the Environmental Effects of Dredging Technical Note EEDP-04-2,
"Interim Guidance for Predicting Quality of Effluent Discharged from Confined
Dredged Material Disposal Area—-Test Procedures." 1In addition to the test,
contaminant analyses were performed on the site water and the bulk sediment.
The results of these analyses are presented in Table Bl, The site water was
collected on December 10, 1984 in the Indiana Harbor Canal near the northwest
corner of the railroad bridge at Canal Street. This water was used in the
modified elutriate test., The results of the modified elutriate test are
listed in Table B2. The water quality standards for Lake Michigan and Indiana
Harbor are given in Table B3.

2. The effluent quality is a function of the disposal alternative used.
The prediction of the effluent requires interpretation and analysis using the
modified elutriate test results, the leaching test results, settling test
results and design information. The effluent gquality predictions are presented
in Table B4. These estimates assume that the water in the in-lake CDF prior
to disposal has no contaminants, the quantity of water available for dilution
is the minimum to maintain one foot of ponding, the effluent following filtra-
tion contains 0.5 mg/f suspended solids, and the concentration of dissolved
contaminants does not change while passing through the filter dikes. Signifi-
cant adsorption of hydrophobic contaminants such as Polychlorinated biphenyls
{PCBs) onto the filter material is expected and, therefore, the estimates are
conservative, and are very conservative for several of the contaminants, Fur-
thermore, depending on the sequencing of the disposal projects, the volume of
water available for dilution may be as much as four times as large as assumed

in calculating the effluent quality in the following sections.

Hydraulic Transfer from Scows

3. The sediment in the modified elutriate test was diluted to 100 g/%
since the sediment is expected to be diluted to 100 g/% during the transfer
from scows. During the disposal operation, water 1s to be taken from the

in-lake CDF to slurry the sediment. This water may be used for dilution
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several times and, unlike the clean water used for dilution in the modified
elutriate test, the CDF dilution water may accumulate contaminants each time
that it is used for dilution. The behavior of each contaminant in response to
reuse of dilution water is unknown. If the dissclved contaminant concentra-
tion of the water is in equilibrium with the sediment solid phase concentra-
tion, then additional contaminants may not partition into the water, and the
concentration would not increase. Contaminants that are released by mechani-
cal means or are present in the water at concentrations well below their
solubility may be released to the supernatant water during each use of the
water for dilution., Since the response of each contaminant is unknown, the
dissolved contaminant concentrations predicted by the modified elutriate test
will be multiplied by the number of uses as dilution water to generate a con-
servative estimate of the effluent quality. Many of the values in the follow-

ing analysis are taken from Appendix A.

Total Volume of Sediment = 200,000 cu yd (eO/(l + eo)

Total Volume of In Situ Pore Water (2.37/3.37) 200,000 cu yd

141,000 cu yd

Total Volume of In Situ Solids = 200,000 - 141,000 = 59,000 cu yd

Total Volume of Available Dilution Water (assuming 1 ft of ponding at end
of disposal)

L]

347,000 cu yd (initial storage volume)
+ 56,000 cu yd (ponded volume)
403,000 cu yd

K

Total Volume of Influent (800 g/R)/{(100 g/} 200,000 cu yd

1,600,000 cu vyd

Required Dilution Water = 1,600,000 - 200,000 = 1,400,000 cu vd

Ratic of Dilution Water to Pore Water in Modified Elutriate
Test = 1,400,000/141,000 = 9,93
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Ratio of Dilution Water to Pore Water in Field = 403,000/141,000 = 2.86

Therefore, the dilution water will be used

9.93

.86 = 3.5 times

Consequently, the dissolved contaminant concentrations predicted by the modi-
fied elutriate test were multiplied by 3.5 to estimate the effluent quality

for hydraulic transfer from scows.

Hydraulic Disposal by Matchbox or Cutterhead Dredge

4, The modified elutriate test predicts the release of contaminants to
the supernatant water following hydraulic dredging (generally by a cutterhead
dredge) where the bulk of the dredged material slurry settles rapidiy by floc-
culent or zone settling and a significant quantity of supernatant is quickly
generated. The contaminants are released by a variety of mechanisms including
partitioning between the solid and liquid phases by desorption and dissolutionm,
dilution of pore water, and mechanical means. Hydraulic disposal by a matchbox
dredge is expected to produce a slurry that has a solids concentration that is
similar to that used in the modified elutriate test. The slurry is expected
to settle by flocculent or