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EXECUTIVE SUMMARY

The US Army Corps of Engineers is responsible for the annual dredging of

millions of cubic yards of sediment from the Nation's waterways and harbors.

Most of this material is uncontaminated, poses few potential problems, and may

be disposed of in an environmentally sound and economical manner. However,

some dredged material is contaminated with heavy metals, PCBs, PAHs, pesti-

cides, and other contaminants and may cause adverse environmental impacts if

not disposed properly. Confined upland disposal has been the usual disposal

alternative for these contaminated materials. This approach, however, is not

without potential problems or impact areas. Impacts of confined upland dis-

posal may be the result of the movement of contaminants through leachates,

effluents during disposal, surface runoff, and plant and animal uptake.

Under the Long-Term Effects of Dredging Operations Program and the Envi-

ronmental Impact Research Program (EIRP), the US Army Engineer Waterways

Experiment Station (WES) has developed testing protocols for predicting the

environmental impacts of contaminated dredged material placed in various dis-

posal environments. One such protocol, the WES Rainfall Simulator-Lysimeter

System developed under the EIRP, may be used for predicting surface runoff

water quality from upland disposal sites resulting from storm events. Exten-

sive calibration and field verification tests have previously demonstrated

that the system is effective at predicting soil loss and runoff water quality

from typical soil materials encountered in upland areas. However, because of

the complex nature of dredged material and the extensive physicochemical

changes that occur as the material dries and oxidizes, field verification of

the Rainfall Simulator-Lysimeter System was required before widespread appli-

cation of these procedures to contaminated dredged material disposed in an

upland environment.

Field verification of the WES Rainfall Simulator-Lysimeter System was

accomplished under the Field Verification Program. Sediment was collected

from Black Rock Harbor, Bridgeport, Conn., and tested at the WES to predict

surface runoff water quality. Bulk sediment analysis of the material indi-

cated contamination with various heavy metals such as cadmium, copper, manga-

nese, zinc, nickel, chromium, and mercury. Similar material was also dredged

from Black Rock Harbor and placed in both a wetland and an upland disposal

site on United Illumination Power Company property in Bridgeport.



Dredged material was collected from the upland disposal site and brouglt to

the WES for additional laboratory surface runoff testing. Surface runoff I
water quality tests were conducted on both the laboratory lysimeters at the

WES and at the upland Black Rock Harbor field site throughot the drying and

oxidation period.

The results of this study demonstrated that the physicochemical changes I
that occur in dredged material placed in upland environments may Fignificantl

increase the solubility of heavy metals such as cadmium, copper, nickel, zinc,

and manganese. These contaminants will potentially be more mobile and avail-

able, and thus more easily discharged into the surrounding environment through

surface runoff, as well as in leachates, and taken up by plants and animals.

Results of this study also demonstrated that the WES Rainfall Simulator-

Lysimeter System can predict surface runoff water quality from contaminated

dredged material placed in upland environments. This test, in conjunction

with other protocols and tests developed, provides the Corps with the neces-

sarv resting protocols to more appropriately assess and predict the environ-

•n..ental impacts of contaminated dredged material disposal. Informed decisions

on the selection of disposal alternatives and possible control measures can be

implemented in an environmentally sound manner, if necessary, prior to

dredging.
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PREFACE

This investigation was conducted by the Environmental Laboratory (EL) of

the US Army Engineer Waterways Experiment Station (WES) during the period 1982

to 1986. Funding for the study was provided by the US Army Corps of

Engineers/US Environmental Protection Agency (EPA) Interagency Field Verifica-

tion of Testing and Predictive Methodologies for Dredged Material Disposal

Alternatives Program (Field Verification Program (FVP)). The FVP is sponsored

by the Office, Chief of Engineers (OCE), and is assigned to the WES under the

purview of the EL's Environmental Effects of Dredging Programs (EEDP). The I
OCE Technical Monitors for FVP were Drs. William L. Klesch and Robert J.

Pierce. The objective of this program is to verify existing predictive tech-

niques for evaluating the environmental consequence of dredged material dis-

posal under aquatic, wetland, and upland conditions. The aquatic portion of

the FVP study is being conducted by the EPA, with the wetland and upland por-

tions conducted by WES.

The report was written by Mr. John C. Skogerboe, Dr. Charles R. Lee,

Mr. Richard A. Price, Mr. Dennis Brandon, and Mr. George Hollins of the Con-

taminant Mobility and Regulatory Criteria Group (CMRCG), EL. The report was

edited by Ms. Jessica S. Ruff of the WES Information Products Division.

Chemical analysis of samples from the lysimeter tests was conducted by

the Analytical Laboratory Group (ALG), Environmental Engineering Division, EL,

under the supervision of Ms. Ann B. Strong, Chief, ALG. Chemical analysis of

field test samples was conducted by the US Army Engineer Division, New England,

Water Quality Laboratory, under the supervision of Mr. Forest Knowles.

The study was conducted under the supervision of Dr. Lee, Chief, CMRCG;

Mr. DoT ild L. Robey, Chief, Ecosystem Research and Simulation Division; and

Dr. Jo).n Harrison, Chief, EL. Program Manager of the FVP was Dr. R. M.

Engler.

COL Allen F. Grum, USA, was the previous Director of WES. COL Dwayne G.

Lee, CE, is the present Commander and Director. Dr. Robert W. Whalin is Tech-

nical Director.
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This report should be cited as follows:

Skogerboe, john G., et al. 1987. "Prvdict ion of Sut I ac K<uii'f f Vott-r
Quality from Black Rock Harbor Dredged Material Plaiced in an Upland

Disposal Site," Miscellaneous Paper 1D-87-1 , LIS Ar-mv Enginecr Waterwavs
Experiment Station, Vicksburg, Miss.
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PREDICTION OF SURFACE RUNOFF WATER QUALITY FROM

BLACK ROCK HARBOR DREDGED MATERIAL PLACED IN

AN UPLAND DISPOSAL SITE

PART I: INTRODUCTION

Background

Corps dredging

1. Millions of cubic yards of sediment are dredged from waterways and

harbors every year in the United States. Some of this material may contain

elevated concentrations of contaminants such as heavy metals, polychlorinated

biphenyls (PCBs), polyaromatic hydrocarbons (PAHs), and pesticides. The

US Army Corps of Engineers (CE) is responsible for the dredging and disposal

of much of this material and must evaluate all disposal alternatives. A wide

range of disposal alternatives are available to the CE, including aquatic dis-

posal, wetland creation, and upland disposal. When selecting an appropriate

disposal site, the CE must consider numerous physical, chemical, biological,

and economic factors that will determine the most suitable disposal alterna-

tive. The US Army Engineer Waterways Experiment Station (WES) has developed

many tests to quantify and predict potential environmental impacts resulting

from placement of contaminated dredged material in various disposal

environments.

2. Confined upland disposal of dredged material is one disposal alter-

native that is often used, particularly for contaminated dredged material.

Placement of freshwater and estuarine dredged material in an upland environ-

ment results in physiocochemical changes that may affect the mobility and

availablity of contaminants (Gambrell, Khalid, and Patrick 1978; Folsom, Lee,

and Bates 1981). Newly dredged sediment is generally anaerobic, with a neu-

tral pH (pH = 7) and high moisture content (>50 percent). As the material

dries and oxidizes, the dredged material pH can decrease to less than 7 and

sometimes to less than 4 when high concentrations of sulfides and organic mat-

ter are present. During the wet, anaerobic stage, many of the contaminants

are tightly associated with particulates as metal sulfides, and consequently

are very poorly soluble. However, as the dredged material oxidizes, some of

6
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these metals such as cadmium (Cd), copper (Cu), manganese (Mn), zinc (Zn), and

nickel (Ni) may increase in solubility and availability. During large storm

events, elevated levels of contaminants may be discharged from the disposal

site as surface runoff, as well as leachates.

3. During the wet, anaerobic stage, the movement of contaminants will

be mainly through the discharge of suspended solids. As the dredged material

dries and oxidizes, the movement of contaminants may be increasingly through

more soluble forms, and thus is more difficult to control. In addition, solu-

ble contaminants are more available to plants and animals both on the site and

in receiving waters, thus having a greater potential for adverse impacts.

4. Contaminants that are poorly soluble require very different controls

than do soluble forms. Contaminants associated mainly with particulates can

be controlled by allowing the suspended solids (SS) to settle out of the sur-

face runoff before being discharged from the disposal site. Control measures

could include the use of filters or settling ponds.

5. Soluble contaminants require different types of control or treatment

measures. Options for control of dissolved contaminants could include catch-

ing or trapping all precipitation on the site, treating the runoff to remove

the contaminants, or treating the dredged material to prevent the contaminants

from becoming soluble. Catching and storing the surface runoff presents sev-

eral problems if used as a long-term solution. Contaminants will remain in

the dredged material and may become bioavailable, entering the food chain

through plants and animals on the site. If the dredged material is estuarine,

salt will be leached out of the material very slowly, and vegetation will be

extremely difficult to establish.

6. Treatment of surface runolf is another option but may be expensive.

An important advantage to surface runoff treatment is the eventual removal of

the contaminants from the dredged material and the disposal site. Immobiliza-

tion of the contaminants, through the addition of soil amendments such as lime

and organic matter to make heavy metals less soluble, is relatively inexpen-

sive. However, this treatment is uncertain and would require periodic moni-

toring in the future. Other options could include capping or appropriate

consideration of mixing zones outside the site to dilute contaminate- runoff

although, as the public becomes more environmentally sophisticated, this

option may become less viable.

7



7. Corps personnel responsible for disposal of the dredged material.

must know the environmental consequences if the material is to be placed in,

upland environments. Environmentally sound decisions can then be made when

considering other disposal options or containment measures for controlling

surface runoff. Because of the need to predict the environmental consequences

of upland disposal of contaminated dredged material and the potential need for

control measures, a method for predicting surface runoff water quality fr(, r a

disposal site was required. Such techniques would aid CE Districts in select-

ing the most cost-effective and environmentally sound disposal alternatives.

Disposal alternatives could then be evaluated, and if necessary, effective I
control or treatment measures could be implemented before environmental prob-

lems occur. The need to predict surface runoff water quality resulted in the

development of the WES Rainfall Simulator-Lysimeter System.

Development of the WES

Iainf,1 Simulator-Lysimeter System

. The WES Rainfall Simulator is a modified version of a rotating disk-

ty.pe rainfall simulator originally developed at the University of Arizona

'i' 1rir, (;oldberg, and Seginer 1967). Rainfall simulators have been used for
.41

many years for conducting erosion, infiltration, and water quality tests and

were an important tool in the development of the Universal Soil Loss Equation

(Wischmeier and Mannering 1969). Until the rotating disk-type simulator was

developed, rainfall simulators were plagued by an inability to simulate the

kinetic energy of natural rainfall, which is vital for predicting erosion and

infiltration (Morin, Cluff, and Powers 1970). To simulate the kinetic energy

of natural rainfall, the rainfall simulator must duplicate the raindrop size

distribution and the terminal drop velocity of natural raindrops. Earlier

types of rainfall simulators were able to duplicate only one parameter or the

other, and therefore could not accurately simulate the kinetic energy of

natural rain. The rotating disk-type rainfall simulator was the first to

duplicate both the drop size distribution and the terminal drop velocities of

natural rainfall and was therefore selected for use in the WES Rainfall

Simulator-Lysimeter System.

9. The WES Rainfall Simulator was similar to the original rotating

disk-type rainfall simulator but had several important design modifications

(Westerdahl and Skogerboe 1982). Instead of using only one simulator unit,

the WES simulator utilized two units to provide larger surface coverage and a

% '?% %



longer slope length (Figure 1). In addition, each simulator unit was equipped

with an adjustable slit disk opening that could be controlled by a program-

mable data trak controller that could instantly change the rainfall intensity.

The WES Rainfall Simulator was tested and calibrated thoroughly to optimize

the drop size distribution, terminal drop velocity, and rainfall intensity

distribution over a standard plot area of 5.5 sq m (4.6 by 1.2 m). Calibra-

tion tests were conducted according to the methods used for other types of

rainfall simulators (Meyer 1958). The calibration tests showed the WES Rain-

fall Simulator to be effective at simulating the drop size distribution and

terminal drop velocities, and at achieving 95 percent of the kinetic energy of

natural rain at a 5.08 cm/hr rainfall intensity.

10. The laboratory lysimeters used in the WES Rainfall Simulator-

Lysimeter System were constructed of aluminum, with surface dimensions of

4.6 by 1.2 m. The lysimeter depth could be adjusted in increments of 15 cm to

a total depth of 1.2 m. The lysimeter slope could also be varied from

0 to 20 percent. The laboratory lysimeters were lined with a polyethylene

LSMTRUNIT 2,-

LYSIMETER UNIT 1 RAINFALL SIMULATOR- LYSIMETERU

"- VARIABLE SLOPE
,-AND DEPTH SOIL

,, .iLYSIMETER

RUNOFF QUANTITY AN I" QUALITY MONITORING

Figure 1. Schematic of the WES Rainfall Simulator-Lysimeter System

9
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liner to prevent loss of material through cracks in the lysitneter as well as

corrosion to the aluminum sides.

11. A series of laboratory and field verification tests were conducted

after the WES Rainfall Simulator-Lysimeter System was calibrated. The first

test was conducted in conjunction with the Overland Flow Wastewater Treatment

Project conducted by the WES at Utica, Miss. Field plots, 45.5 by 4.5 m, had

been established and equipped with automatic rainfall and runoff monitoring

equipment (Peters, Lee, and Bates 1981). Blocks of soil were collected from

one of the field plots and placed in two lysimeters at the WES with the exist-

ing vegetation on the soil surface (Westerdahl and Skogerboe 1982). A

multiple-peaked natural storm event was selected from field data and pro-

grammed into the rainfall simulator data trak controller. Comparison of

hydrographs for field and lysimeter data demonstrated that the system accu-

rately simulated surface runoff from a natural storm event. Further analysis

of SS concentrations in surface runoff demonstrated the WES System to be

extremely sensitive to variations in plant biomass covering the study area.

Regression analysis of log SS versus biomass resulted in correlation coeffi-
- 2

cients of r greater than 0.95 on data collected from the lysimeters.

12. The relationship of biomass versus SS was further tested and field

verified under the Environmental Impact Research Program (Lee and Skogerboe

1984). Field plots had been established on the Tennessee-Tombigbee Waterway,

Divide Section to demonstrate restoration techniques for pyritic soil mate-

rials (containing iron disulfides) described in a WES Instruction Report (Lee

et al. 1985). Soil material was collected from the field site, brought to the

WES, and placed in two soil lysimeters. A series of rainfall simulations was

conducted at different vegetation biomasses to quantify soil loss. Regression

analysis of the biomass versus log SS again resulted in correlation coeffi-
2

cients of r greater than 0.90. The WES Rainfall Simulator was then trans-

ported to the field site to conduct a similar series of tests on actual field

plots. Comparison of results from the lysimeter and field tests showed no

differences in SS concentrations at similar biomasses.

13. Results of extensive calibration work and testing demonstrated the

effectiveness of the WES Rainfall Simulator-Lysimeter System for simulating

natural storm events and for predicting soil loss and erosion from CE project

sites. The WES system should therefore also be effective at predicting sur-

face runoff water quality and contaminant release from CE upland dredged

10
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material disposal sites. However, because of the complex nature of dredged

material placed upland and the physicochemical changes that occur, further

laboratory and field verification was required and accomplished under the

Field Verification Program (FVP).

Purpose and Scope

14. This study addresses the evaluation of potential impacts on surface

runoff water quality from an upland dredged material disposal site using the

WES Surface Runoff Water Quality Test and verifies the predictive results of

the test by observing the same parameters at an actual disposal site. This

test provides the CE with a method for predicting potential adverse environ-

mental impacts due to contaminants such as heavy metals, PCBs, and PAHs in

surface runoff from an upland disposal site. The tests can be conducted prior

to actual dredging and disposal and will enable CE Districts to fully evaluate

the movement of contaminants in surface runoff, the need for control measures,

and/or the need for restrictions on disposal of dredged material in upland

environments. This advance testing will allow disposal alternatives to be

formulated and selected prior to the dredging and disposal operation.

15. The field verification portion of this study will evaluate the

effectiveness of the WES Rainfall Simulator-Lysimeter System for predicting

surface runoff water quality from dredged material disposal sites. The

results will demonstrate the system's ability to predict erosion rates, unfil-

tered and filtered contaminant concentrations in surface runoff, and the

effects of physicochemical changes in dredged material that occur at upland

disposal sites.

Approach

16. Sediment was collected from Black Rock Harbor, Bridgeport, Conn.,

prior to dredging and brought to the WES for testing using the WES Rainfall

Simulator-Lysimeter System. Black Rock Harbor was then dredged, and the mate-

rials were placed in both an upland and a wetland disposal site at the United

Illuminating Power Company in Bridgeport. Dredged material was collected from

the Black Rock Harbor upland field site immediately after disposal and brought

to the WES while still wet and anaerobic for further surface runoff water

11



quality testing. This additional dredged material was collected for further

laboratory lysimeter surface runoff testing to determine the adequacy of the

initial sampling. Surface runoff water quality tests were conducted on the

Black Rock Harbor field site and on the lvsimeters throughout the drying and

oxidation process using the WES Rainfall Simulator.

17. Field verification tests concentrated on SS, p11, conductivity, Cd,

Cu, Cr (chromium), Zn, Ni, and Mn; however, other contaminants such as PCBs,

PAHs, mercury (Hg), arsenic (As), lead (Pb), and iron (Fe) were also quanti-

fied using the Lysimeter System. Preliminary studies had shown that Cd, Cu,

Ni, Zn, and Mn would have a high probability of changing from less soluble

forms to more soluble forms due to the physicochemical changes that would

occur in the dredged material as it dries and oxidizes. Preliminary studies

had also shown that Cr would remain poorly soluble compared to the other

metals, and could therefore serve as a contrast to the others. To be fully

successful, the lysimeter test should effectively duplicate the increased

solubility of Cd, Cu, Ni, Zn, and Mn as well as the continued poor solubility

of Cr when dredged material is placed in an upland environment and allowed to

dry and oxidize.

12
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PART II: MATERIALS AND METHODS

Sediment and Dredged Material Collection

18. Sediment was collected from Black Rock Harbor and placed in 200-k

barrels using a box core sampler in August 1982. The barrels of dredged

material were transferred to the WES in a refrigerated truck and thoroughly

mixed (Folsom and Lee 1982). The dredged material was then placed in a

lysimeter (4.7 by 1.2 m) with a depth of 0.45 m to conduct surface runoff

water quality tests to assist in predicting environmental impacts from future

dredging and upland disposal operations.

19. In October 1983, the contaminated sediment was dredged from the

Black Rock Harbor channel and placed in three disposal environments: upland,

intertidal wetland, and aquatic (Figure 2). Material for the upland and wet-

land sites was placed in barges and towed to the disposal sites located at the

* United Illuminating Power Company in Bridgeport, Conn. The dredged material

was slurried by adding water from the Bridgeport Harbor and pumped into the

*disposal sites where the dewatering process was initiated.

20. Dredged material was collected from the upland disposal site

shortly after disposal for the purpose of conducting additional laboratory

lysimeter surface runoff water quality tests. Because of the long time span

between the initial sediment collection and the actual dredging, possible dif-

ferences could have occurred due to new sediment or contaminant depositions in

*the Black Rock Harbor. A total of 25 barrels of dredged material were col-

lected using the crane on the rainfall simulator trailer and a barrel attached

to the hook (Figure 2). Dredged material was removed from the site, placed in

clean barrels, sealed, and transported to the WES. Dredged material was

4poured from the barrels into two lysimeters (4.57 by 1.22 m, 11 barrels per

lysimeter), thoroughly mixed, and allowed to settle (Figure 3). Water that

remained on the surface was drained off prior to conducting rainfall simula-

tions. The remaining three barrels were retained for dredged material charac-

terization and plant and animal bioassays.

21. The initial sediment samples collected within Black Rock Harbor

closely resembled those that would be representative of a clamshell dredging

operation. However, because of the slurrying that was needed to move the

dredged material from the barges to the upland/wetland disposal sites, the

13



Figure 2. Dredged material collec-
tion from the Black Rock Harbor

upland disposal site

dredged material more closely resembled dredged material from a hydraulic

dredging operation. The surface runoff water quality tests were conducted

on the initial sediment samples according to procedures that would be used to

test all future contaminated sediments, as described later in this report.

22. Very often, the method of dredging has not been selected before WES

conducts its tests, and sometimes the selection of a dredging method is based

on the results of those tests. Therefore, a standard method for conducting

the WES Surface Runoff Water Quality Test was established. Since clamshell

dredges are commonly used in the United States, particularly for contaminated

sediments, the method selected resembled a clamshell dredging and disposal

operation.

23. If hydraulic dredging is used on a contaminated sediment, the WES

tests may overpredict initial SS and unfiltered contaminant concentrations due

to a dilution effect caused by the added water from the hydraulic dredging.

Laboratory tests have shown, however, that for the range of SS found in runoff

14
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Figure 3. Placement of dredged material in laboratory
lysimeters prior to testing

from wet, anaerobic dredged material, filtered metal concentrations would not

be significantly affected by differences in sediment handling. After the

material has dried and oxidized, the method of dredging and disposal would

have little effect on the surface runoff water quality.
24. For field verification of the laboratory rainfall lysimeter surface

runoff water quality tests, plots were established at the black Rock Harbor

field site identical in size to the lysimeters (4.57 by 1.22 m). Aluminum

boxes were constructed at the WES and assembled in the field. The sides were

1.83 m high and were constructed for removal in 15-cm increments as the

dredged material consolidated (Figure 4). Three field plots were constructed

and lowered into the upland disposal site at or near the point where the

dredged material was collected for the lysimeter tests.

Surface Runoff Water Quality Tests

*0 25. Surface runoff water quality tests were initiated immediately after

placing the sediment or dredged material in the laboratory lysimeters. A

5 cm/hr intensity storm event was applied to each lysimeter for 30 min. This

%,
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Figure 4. Construction of field
rainfall simulator plots

intensity was selected because it was the standard storm intensity used for

calibrating the rainfall simulator (Westerdahl and Skogerboe 1982) and has

been used as a standard storm event for comparison to natural storm events

(Laws and Parsons 1943). Similar rainfall intensities were also used in

rainfall simulations for development of the Universal Soil Loss Equation

(Wischmeier and Mannering 1969) and soil erosivity nomographs (Wischmeier,

Johnson, and Cross 1971).

26. While 5 cm/hr for 30 min may be uncommon in different areas of the

country, an intensity of 5 cm/hr for brief periods is not. In addition, it is

the less common, high-intensity, high-volume storm events which contribute

most to excessive erosion and runoff water qualitv problems. A single inten-

sity and duration storm event was also selected to providt, standardization and

continuity to facilitate data analysis and comparisons ot other future Mjte,.

27. Simulated rainfall was acidified with sulluric it id to j pH ot .

to 4.5, which was the average pH of raintall lor tht Bridgeport arca

16
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(US Department of Energy 1983). Each lysimeter received two identical storm

events at each stage of drying. One lysimeter was tested for the initial

Black Rock Harbor sediment, and two lysimeters were tested for dredged mate-

rial collected from the FVP upland disposal site.

28. Surface runoff from the laboratory lysimeter tests was monitored

for runoff rates, SS, Cd, Cu, Cr, Mn, Zn, Ni, Pb, Hg, As, oil and grease,

PCBs, and PAHs. Runoff was collected in a graduated cylinder once every min-

ute for a duration of 10 sec, and the hydrograph was calculated. Runoff sam-

ples for SS and heavy metals were collected periodically in polyethylene

bottles throughout the storm event. Samples for PCBs and PAHs were collected

in glass bottles once, midway through the storm event. Procedures for deter-

mining runoff rates and collecting samples in the field were identical to

those used on the laboratory lysimeters. Field-collected samples, however,

were analyzed for only SS, pH, conductivity, Cu, Cd, Cr, Mn, Zn, and Ni. Ini-

tial laboratory testing showed that other parameters would be less than

detectable limits in filtered samples and thus would provide very little use-

ful information toward field verification of the laboratory lysimeter tests.

29. Samples for heavy metal analysis were divided into two portions--

one was filtered for soluble metal analysis, and the other left unfiltered and

used for total metals in surface runoff. All samples were preserved according

to the Standard Methods for the Examination of Water and Wastewater. Field

• samples were chemically analyzed by the US Army Engineer Division, New

England, Water Quality Laboratory, and the laboratory lysimeter samples were

analyzed by the Analytical Laboratory Group, Environmental Laboratory, WES.

Both laboratories used atomic absorption spectrophotometric analytical methods

on filtered samples.

30. Different analytical methods were used on the unfiltered field sam-

ples. These were preserved according to Standard Methods but were analyzed as

sediment samples due to the high concentrations of SS. The unfiltered lysim-

eter samples were also preserved but were acid digested and analyzed as water

samples using a nitric acid digestion procedure from Standard Methods. The

laboratory lysimeter values therefore had lower detection limits, which became

particularly noticeable for the dry, oxidized tests. Analyses for PCBs and

PAHs from the lysimeter tests were also conducted according to Standard

Methods.

17
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Statistical Analysis

31. An analysis of variance procedure was used to compare lysimeter and

field results for both wet and dry dredged material. Analysis of variance is

essentially an arithmetic process for partitioning a total sum of squares into

components associated with recognized sources of variation (Steel and Torrie

1980). The two sources of variation were treatment (lysimeter or field) and

error. The null hypothesis was that lysimeter concentrations equaled field

concentrations. The alternate hypothesis was that lysimeter concentrations

were not equal to field concentrations. These hypotheses were investigated

for filtered and unfiltered samples separately. Rejection of the null hypoth-

esis concludes that the lysimeter test did not accurately predict the field

results.

32. The analysis of variance procedure was also used to compare fil-

tered and unfiltered heavy metal concentrations. The null hypothesis was that

filtered lysimeter concentrations equaled unfiltered lysimeter concentrations.

The alternate hypothesis was that filtered lysimeter concentrations did not

equal unfiltered lysimeter concentrations. Rejection of the null hypothesis

concludes that filtered concentrations were not equal to unfiltered

concentrations.

33. One-sided T-tests of significance were used to compare lysimeter

runoff concentrations to US Environmental Protection Agency (EPA) Maximum

Criteria for the Protection of Aquatic Life. Tests of significance allow one

to compare the mean of one population to a specific value. The EPA criteria

values were substituted into the tests of significance as the specific value

for comparison. The null hypothesis was that lysimeter runoff concentrations

were equal to or greater than the EPA criteria. The alternate hypothesis was

that lysimeter concentrations were less than the EPA Criteria. In cases where

the EPA Criteria were a range, the lower limit was used. Rejection of the

null hypothesis concludes that no restrictions should be placed on surface

runoff. The T-test and tests of significance have P = 0.05 of a type I error

unless otherwise stated. Because the most likely receiving area for

discharged surface runoff was some type of aquatic environment, the EPA

Maximum Criteria for the Protection of Aquatic Life were selected as the

criteria for comparison to surface runoff (Lee et al. 1985).

18
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PART III: RESULTS AND DISCUSSION

Dredged Material Characterization

34. The Black Rock Harbor dredged material placed in the upland dis-

posal site was characterized as mostly fine-grained sands (87 percent), with

9 percent clay and 4 percent silt (Table 1). The initial pH was 7.6, and the

salinity was 25.3 ppt. Total sulfur was also high (1.3 percent) and resulted

in very low pH values in the dry, oxidized dredged material in the field

(pH <4.0). Heavy metal concentrations were very high, particularly Cd, Cu,

Cr, Zn, and Pb.

35. The initial dredged material moisture content was very high:

90 percent for the Black Rock Harbor field site and the laboratory lysimeters

containing the dredged material from the field disposal site, and 56 percent

for the initial sediment collected from Black Rock Harbor. The difference in

moisture between the initial sediment and the dredged material was the result

of the collection and disposal methods. As the dredged material consolidated

and settled, the resulting surface water was allowed to evaporate and be

released through a discharge weir. Dredged material and sediment placed in

the laboratory lysimeters was dewatered by siphoning the water from the sur-

face as the material settled.

Comparison of Surface Runoff Water Quality Tests from

Laboratory Lysimeter and Field Tests

36. Surface runoff water quality from Black Rock Harbor sediment and

dredged material placed in an upland environment was quantified at WES using

the WES Rainfall Simulator-Lysimeter System. Two sets of laboratory lysimeter

test results were included in this report--the first set from the initial sed-

iment collected directly from the Black Rock Harbor, and the second from the

*, dredged material collected from the upland disposal site. The field runoff

data were used to verify the accuracy of the lysimeter data.

Wet, anaerobic
sediment and dredged material

37. Despite differences in the methods of sediment collection and dis-

posal, the WES surface runoff water quality tests conducted on the initial

19
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Table 1

Characterization of Black Rock Harbor Sediment and Dredged Material

Parameter Concentration

Percent sand 87
Percent silt 4
Percent clay 9
pH 7.6
Salinity 25.3
Conductivity, dS/m 35.7
Total sulfur, % 1.3

Initial Sediment Dredged Material
Heavy Metals 11/$ _ __ /g

Cd 22.7 +1.18 27.7 +1.15
Cu 2,810 +171 2,520 +73.2
Cr 1,450 +211 1,650 +15.1
Zn 1,345 +66.1 1,620 +75.2
Ni 198 +16.7 180 +3.90
,In 305 +18.6 *

* Value not available.

sediment predicted the filtered metal concentrations in surface runoff from

the dredged material collected over 1 year later. Comparison of the first set

of lysimeter tests conducted on the initial sediment to the second lysimeter

and field tests conducted on the dredged material showed that the moisture

content had no statistically significant effect on the filtered heavy metal

concentrations (Table 2), except for Cr. The difference in filtered Cr con-

centrations, however, was less than an order of magrAtude.

38. Unfiltered heavy metal concentrations from the initial sediment

laboratory lysimeter tests were statistically higher than unfiltered concen-

trations from the laboratory lysimeter and field tests with the dredged mate-

rial. Unfiltered metal concentrations from Black Rock Harbor field site were

not statistically different from the laboratory lysimeter filled with the same

dredged material. The added water from hydraulic disposal of the dredged

material did cause a dilution effect, so that WES Surface Runoff Water Ouality

Test overpredicted unfiltered heavy metal concentrations. However, these dif-

ferences were less than an order of magnitude.
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Table 2

Surface Runoff Water Quality from Wet, Anaerobic

Sediment and Dredged Material

Initial Dredged Dredged
Sediment Material Material

Parameter Lysimeter Lysimeter Field

SS, mg/k 12296 a 10326 +5040 a 9247 +6049 a
pH 7.6 a 7.8 +0.07 a 7.5 +0.18 a
Conductivity, 7.3 a 10.5 +1.02 a 6.7 +0.98 a

mV/cm

Unfiltered Heavy metals, mg/t

Cd 1.172 a 0.328 +0.104 b 0.218 +0.173 b
Cu 102 a 34.6 +15.2 b 24.5 +17.3 b
Mn 11.5 a 3.83 +1.51 b 2.61 +1.73 b
Ni 6.48 a 2.04 +0.965 b 1.63 +1.02 b
Zn 53.7 a 16.0 +7.08 b 16.1 +11.4 b
Cr 61.2 a 19.3 +8.87 b 15.7 +8.57 b

Filtered Heavy Metals, mg/t

Cd 0.005 a 0.005 +0.002 a 0.0004 +0.0002 b
Cu 0.058 a 0.011 +0.005 a 0.008 +0.012 a
Mn 0.022 a 0.112 +0.026 a 0.102 +0.034 a
Ni 0.021 a 0.013 +0.012 a 0.012 +0.005 a
Zn 0.05 a 0.120 +0.087 a 0.081 +0.036 a
Cr 0.014 a 0.004 +0.001 b 0.002 +0.002 b

Note: Concentrations from different tests followed by the same letter are not
statistically different at (P = 0.05).

!

39. The small differences in the prediction of surface runoff water

quality due to different methods of dredging and disposal should, therefore,

not affect conclusions on potential adverse environmental impacts due to

surface runoff water quality, change recommendations for other disposal alter-

natives, or change the need for restrictions and controls if the dredged

material were placed in a confined upland disposal site. The filtered concen-

trations represented the soluble fractions of heavy metals which are more

mobile and available, and therefore the most important factor to consider in

addressing potential adverse environmental impacts. The filtered concentra-

tions were also the basis for comparison of surface runoff to water quality

criteria, such as the EPA Maximum Criteria for the Protection of Aquatic Life.
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[)rv, oxidized sediment
and drediged materialI

Compa r ison of sur f;ce runo f wate qu , t " re s t ruo'i toe t wt

lvsimeter tests and the field test on dry, ox.idized scdiiment and dred:iJd mite-

rial sho ,ed no st;4istical dit terences from either thit uni i tk rv.' ,i r . t :

heavy mc tai data. Sna ill difference:; that haU occurred ii ,;ur ace rt,!,,;. I rkw

the wet, anaerobic condition no longer existed once the materials had dlried

and oxidized. Both laboratorv lysimeter tests predicted the physicochemical

changes that occurred when the dredged material was placed in the actual con-

fined upland disposal site. Filtered concentrations of Cu, Mn, Zn, Ni, and (Jr

were not statistically different; however, both laboratory lysimeter tests

overestimated the filtered concentration of Cd. The laboratory lysimeter

tests did predict the increased solubilities of Cd, Cu, Mn, Zn, and Ni, as

well as the continued poor solubility of Cr, which was verified at the Black

o)ck " ,-bor field site.

The only significant difference between the laboratory lysimeter

ttst ,nd the field tests was that surface runoff pH was statisticallv lower

. .; ti:c :ield. Management of the Black Rock Harbor field site to prevent con-

4taminants from being discharged from the site may have caused these differ-

ences. After the initial dewatering of the field site, the outlet weir at the

field site was controlled to prevent surface runoff from being discharged from

the disposal site. All surface runoff from the laboratory lysimeters, how-

ever, was completely removed from the lysimeter. During the first 5 to

6 months of drying and oxidation, moisture contained in the dredged material

was being leached to the surface along with acid-forming materials such as

sulfides. As the moisture evaporated, the acid-forming materials were depos-

ited on the surface and then redissolved during storm events, either simulated

or natural. Because the runoff was discharged from the laboratory lysimeter

and not from the field site, acidity would have been removed from the labora-

tory lysimeter and trapped on the field site, resulting in a lower pH in tie

field. Heavy metals during the first 5 to 6 months were poorly soluble and

would not have been leached from the material until later. The potentially

low plh that occurred at the field site could, however, he predicted using

techniques developed to predict lime rcquirements en acid mine materials.

These tests. were conducted on the initial sediment for plant bioassav arC'

veg.etation establishment tests, and did indicate the pc.tential lor a very low

% %.



sediment pit. This condition can greatly inhibit establishment of vegetation

on the disposal site and can adversely aftect vegetation outside the site due

to very acidic surface runoff. By routinely applying lime requirement tests

to dredged material placed in upland disposal sites, potential pH problems can

be predicted ind easily corrected with the appropriate application of lime.

4". The results of the surface runoff water quality tests demonstrate

that a contaminated sediment can be collected from a waterway, brought to the

WES, and tested using the WES Rainfall Simulator-Lysimeter System to accu-

rately predict surface runoff water quality. The results also showed that the

initial sediment sampling can be conducted up to a year in advance and still

be representative of the dredged material deposited later. Results of the

surface runoff tests on the dry, oxidized material also demonstrated that

sediment can be placed in laboratory lysimeters and the physicochemical

changes that occur will be very similar to those that take place at an actual

disposal site. The WES Rainfall Simulator-Lysimeter System will predict which

heavy metals will become soluble, as well as their concentrations in surface

runoff.

Effectslof Drying and Oxidation on Surface Runoff Water Quality

43. During the wet, anaerobic stage, the dredged material placed in

- . the upland Black Rock Harbor field site had a very high moisture content,

90 percent (Figure 5). As the dredged material dried, the surface hardened

and cracked (Figure 6). Surface runoff water quality tests initially resulted

in very high SS concentrations but declined rapidly as the dredged material

dried (Figure 7). Dredged material pH was the controlling factor in runoff pH

ard remained high (pH >7.0) for several months (Figure 8). Heavy metals

during the wet, anaerobic period were poorly soluble and were bound tightly to

the SS (Table 3). Solubilities of metals except for Mn were less than 5 per-

cent of the total concentration, and filtered concentrations for all metals

were statistically less than unfiltered concentrations.

44. Despite the poor solubility of the heavy metals in the wet, anaer-

obic dredged material, filtered concentrations for several metals were ini-

tially equal to or greater than the EPA Maximum Criteria for the Protection of

.1 1Aquatic life (Table 3). Filtered concentrations of Cd, Cu, and Zn were equal! -c' or greater than the criteria, and therefore deserve special consideration
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Figure 5. Wet, anaerobic dredged material at the
Black Rock Harbor field site

for control measures or mixing zones outside the disposal site during this

stage of dredged material consolidation and drying. During this period, con-

centrations of filtered and unfiltered metals declined rapidly along with the

SS concentrations as the dredged material dried. The duration of the wet,

anaerobic period where metals were poorly soluble was relatively short

(<6 months) when compared to the much longer indefinite time period for the

dry, oxidized dredged material. The transition from wet, anaerobic dredged

material to dry, oxidized dredged material with respect to soluble heavy

metals in surface runoff appears to require 5 to 6 months. This process is

dependent on several factors, including dredged material moisture, length of

time that the material is exposed to the atmosphere, and weather (i.e., pre-

cipitation, freezing, and thawing). Further research on different dredged

materials under different conditions is necessary to more reliably determine

exactly when this transition will occur. More consideration and emphasis

should therefore be placed on the results of the runoff tests from the dry,

oxidized dredged material, which has a greater potential for long-term adverse

environmental impacts.
45. As the dredged material dried, a very hard crusted surface formed

with extensive cracking that was resistant to the erosive effects of rainfall

and the resulting runoff (Figures 9 and 10). Consequently, SS concentrations
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Figure 6. Anaerobic dredged mate-
rial beginning to dry and crack

y

in runoff samples were decreased to 151 mg/i (Table 4). Filtered concentra-

tions of Cd, Cu, Ni, Zn, and Mn were not statistically different from unfil-

tered concentrations and were present primarily in soluble forms. Only

filtered concentrations of Cr were statistically lower than the unfiltered

concentrations. Contaminants such as PCBs, PAHs, Hg, and As were below detec-

tion limits in both the filtered and unfiltered samples and were of no concern

in surface runoff from this dredged material.

46. Comparison of filtered concentrations in surface runoff from dry,

oxidized material with the EPA Maximum Criteria for the Protection of Aquatic

Life shows that Cd, Cu, and Zn were equal to or greater than the criteria and

could pose a regulatory concern (Table 3). Filtered concentrations of Cr and

Ni were below the EPA Criteria and were considered to have little potential

for adverse environmental impacts.
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Figure 7. Mean suspended solids concentrations versus time in surface runoff

! from dredged material placed in the Black Rock Harbor field site
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Figure 8. Surface runoff pH versus time after dredged material disposal

in the Black Rock Harbor field site

1 Need for Control Measures and Restrictions

47. The results ot the surface runoff water quality tests will be used

in conjunction with other testing protocols to determine the environmental

impacts of disposal in a confined upland disposal site. If the Black Rock

Harbor dredged material were determined to have the potential for causing
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Table 3

Effects of Drying and Oxidation on Surface Runoff Water Quality

from the Black Rock Harbor Field Site

Field Field EPA Maximum
Parameter Unfiltered Filtered Criteria

Wet, Anaerobic Dredged Material I
SS, mg/i 9,247 t t
pH 7.5 tt
Cond., mV/cm 6.7 t

Cd, mg/i 0.218 0.0004 0.0015-0.0024 ''1
Cu, mg/i 24.5 0.008* 0.012-0.043
Ni, mg/i 1.63 0.012 1.3-3.1
Zn, mg/i 16.1 0.081* 0.180-0.570
Mn, mg/i 2.61 0.102 t
Cr, mg/i 15.7 0.002 2.2-9.9

Dry, Oxidized Dredged Material

SS mg/i 151 t t
pH 4.7 t I
Cond., mV/cm 6.0 t t

Cd, mg/i <0.030 0.016*,** 0.0015-0.0024
Cu, mg/i 1.90 1.47*,** 0.012-0.043 %
Ni, mg/i <0.520 0.188** 1.3-3.1

Zn, mg/i 2.98 3.07*,** 0.180-0.570
Mn, mg/i <0.100 0.740** t
Cr, mg/i 0.293 0.016 2.2-9.9

* Filtered concentrations were statistically equal to or greater than the

EPA Maximum Criteria for the Protection of Aquatic Life (P - 0.05).
** Filtered concentrations were not statistically different from unfiltered

concentrations (P = 0.05).
No value available.

adverse environmental impacts, other disposal alternatives could be selected,

a mixing zone could be considered, or control measures and restrictions could

be implemented.

48. Potential problems from surface runoff may be in the form of

excessive SS during the wet, anaerobic stage and soluble metals during the

dry, oxidized stage. A mixing zone could be considered that would have the

effect of diluting contaminant concentrations to an acceptable level to mini-

mize impacts on the receiving water. The size of mixing zone required for

dilution of surface runoff would depend on the physical and chemical charac-

teristics of the receiving water (Peddicord et al. 1986) which include water

27



IL

Figure 9. Dry, oxidized dredged

material in a laboratory lysimeter
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depth, current velocities, and background concentrations of the contaminants.

If a mixing zone were considered to be unacceptable, then some form of control ,

measures or restrictions may be considered. .

49. During the wet, anaerobic stage, the most effective control would ,

be to prevent surface runoff from being discharged from the disposal site or

to detain the surface runoff and allow the SS and the associated contaminart -

to settle out ot the runoff before being discharged. Most ,i the ' ant ."

would chus be prevented from being discharged from the dispo,-.il .i te. 't" . -

of the high concentrations of soluble heavy metal., such is Cd , Cu, Nn , Ni, and

iZn in surface runoff from dry, oxidized dredged mterial, cons i ]rat t,:. t

mixing zone or control measures will be requ ired t,r so 1ble cI e t arinant. ,,,

The most important contaminant of clcern was Cd, which was approximatelv"

100 times greater than the EPA Maximum Criteria for the Protect ion ,, AquatiL

Life. Consideration of a mixing zone should be based on the filtered cd
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Table 4

Surface Runoff Water Quality tram Dry, ()xidized ,ed irtnt

and Dredged Material

Initial Dredged Ired'!e!
Sediment Material .

Parameter Lysimeter 1,vsimeter __ 1-it. -

SS, mg,/i 320 a 167 441 a ,1 .:

pH 6.7 a 6.2 +().07 a . . . , r
" Conductivity, 4.q a 5.1 +1.2 a .u + ,,

mV/cm '

Unfiltered Heavv Metals, m&,', 5%

Cd 0.110 a (0. 1 1 +0. 109 a 'f.*)KI

Cu 1.05 a 0.470 +0.314 a I.,'' +. I a
Mn 0.'295 a 0.190 +0.085 a . (l(

0i . 150 a 0.183 +0.039 a (.,

1.10 a 3.62 +1.41 a ,.9,, +i . ,

r 0.650 a 0.255 +0.113 a 1.19 I.V .

Filtered Heavv Metals, mg/i

1,i 0.08 a 0.112 +0.111 a I). )1 , II). l.' 0
0. 109 a 0.622 +0.108 a 1 .4 + .(). a

Mn 0.158 a 0.158 +0.08(0 a 0*.'4, + . a,

Ni 0.090 a 0.128 +0.045 a . S +0. 119 a
Zn 0.43 a 1.06 +0.463 a 3.17 +).7 4 a
Cr 0.01 a 0.008 +().001 a 0.()[(, + (.1 a

Note: (oncentrations tram different tests followed bv the same letter are not

statistically different at P 0.05.
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1 c -LI C I t10 : waiter qu ill t r-on i t ar i nate d d ir dg ed materil placed ini

1it' ! o ireit u r tCC lt] II) I watL qui itv I rnt i t hi init ial sediment

c , A i Rik k It H o6 r w. ,, It, c ni rf Ic., I t d ti I rnt from su r v .< -

to,. : t eI t tia i t i uor tht it t no 1 dredlg.ed mater ia I l let ed more thdn

, .t Fited te.t u irn the W FS K a iii t a l , tint Ilato;r demon -.t rated that t

t11t ,11 i. t ie l I 1t t g , th at OC l i "ed imelnt , whet it is al lowed to

k :. ,: xi d diz-, ire not signil liI'd . V t I Le ted bV placement in labora t orv

,, imeters t t tie WES. smal1 dirt erices that mva occur in utn ii tered con-

t in;.I lt .ncent rat ins I rom wet, anierobit bediment due to dredging and dis- -

m,, nethod. do n,,t signi Iicantl', .lter conclusions and reL ommendations

,oncernilig the potential impacts ,I surface runoff water quality on receiving %

)1. The results ot these tests, along with other tests being conducted

i,.nun!tr the FVP, will enable Corps personnel to make informed decisions concern-

ing the most environmentally sound disposal alternatives for dredged material.

It the material were placed in an upland site, planners would be able to pre-

dict potential environmental impacts that might occur from surface runoff

prior to dredging, and appropriate restrictions and control measures could be

implemented. It further testing of control measures were required, these
,''A

tests could also be conducted before the sediment was dredged and placed in

the disposal site.

5.'. For the particular case of the Black Rock Harbor dredged material,

tth tihe lvsinmeter tests and the field tests demonstrated that the placement

of Black Rock Harbor dredged material in an upland environment has the poten-

tiail 1,hr exceeding water quality criteria due to surface runolt water quality.

1)urinl,' the wet, anaerobic stage, large quantities of SS could potentially be

E, 1. 1 on tht, dispsal site it proper control measures were not implemented.

Alt ,I r [it dredgetd a1,11terial Ias dried and oxidized, tht runoff SS and until-

t.rd r Itav me t,-t cIIUrentrat : -ns were si'ni t icant v rVduced, tut soluble heavy

lll't. i 1 rVI k'(! ,I ~ ULt, d ed the I ,AA M.ximum Criteriai I or the Protectiol ofi

XNA :e - % -_

.

i , , , , . i¢i I ' ." . * . " . " . ' . - .r , %. " .' . % '"..% . ." d 
.

: "- . '. '. . , e ,'.I, '



AjuaL iC L it. onsiderat 1011 01 a s ut t i( jent mix jn) zo Ie or thfe imnp Iement a L Iu

o:~i~c ro< mvesure, or rtrIc Lt j011 S ,.Ii i he- Ieju reu~ I .' utie nii

d.pa ftht- blac-K Kock Hatrbc r dredgui- m~at cri, ('1uns idera t jc-n iiif -ixi

lo.ies an(! ontr,,l mEna.ures and rust rictiu.- should he based on the! .lrered tcd

ll' eE~t ratIiu- t rum the dr., , oxijdized mrateri al , sinrce Cd exceeds the EPA

riteria tor -oiitaminints by the highes-t degree.
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