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Abstract

During the mid-1970*s, the federal Congress provided $30 million to the US Army Corps of
Engineersto conduct a5-yr research programto investigate the environmenta impactsof dredged sediment
disposal. Aspart of this program, the authors investigated the release of 30 contaminants from, and the
oxygendemand of, avariety of US waterway sediments. A sediment oxygen demand test was devel oped
by placing a few ml of sediment and aerated Site water in a BOD bottle.  Monitoring of the G
concentrations during the one hour under completely mixed conditions was conducted. Thistest assessed
the worst case oxygen demand by the suspension of dredged sediments in the water column.  First-hour
oxygen demands ranged from 42 to 930 g 0, m* wet sediment with typica values on the order of 500 g
0, m’. The plots of oxygen concentration versus time during the first hour could generdly be divided into
aninitid, rapid consumptionfollowed by a dower rate of consumption. Theinitid, fird order ratesranged
from 0.005 to 0.064 mg/l 0, /min. Theratio of initid rate to fina rate typicaly ranged from 2 to 10.

Feld studies of the oxygen demand that occurred at open water dredged sediment disposal sites
showed that there was no relationship between the oxygen demand of the sediment measured by the lab
test and the oxygendepletionthat occurred inthe water column at the dredged sediment disposal site. This
was due to the fact that unlike the test conditions, only asmadl part of the dumped sediment was mixed into
the water column. The results of the field studies aso showed that while openwater dumping of dredged
sediment would rarely cause water qudity problems due to oxygendemand, the discharge of hydraulicaly
dredged sediment by pipeline operations could be adverse to water qudity-aguetic life-related beneficia
usesof the water inthe region of the disposal. The dredged sediment discharge from such operationsforms
adengty current that moves aong the bottom from the point of disposal.

Theresults of this study dso provide information that is pertinent to assessing the oxygendemand
of river and bay sediments upon suspension in the watercolumn that occurswithincreased vel ocities of the
overlying waters. For some aquatic systems, this is a critical period of sediment-related DO depletion.
In order to properly predict the oxygen demand associated with sediment scour, it will be necessary to
develop a much better understanding of the scour of cohesive sediments.

Key words. sediment oxygen demand, dredged sediment, water quaity

1 Report G. Fred Lee & Associates EI Macero, CA (1999)



Introduction

The US Army Corps of Engineers(COE) hasthe responsibility for mantaining the navigationdepth
of many US waterways and annually dredges approximately 400 x 10° n? of sediments from USrivers,
lakes, harbors, and coastal waterways. During the mid-1970*s, the COE undertook a $30 million, 5-yr
Dredged Materia Research Programdevoted primarily to eva uating the environmenta impacts of dredging
and dredged sediment disposd. Aspart of this effort, the authors and their associates conducted a series
of sudiesdesignedto eva uate the rel ease of 30 contaminantsfromdredged sediment uponthar suspension
in the watercolumn.> 2 These studiesincluded an evauaion of the oxygen demand of dredged sediment
associated withopenwater disposal of hydraulicaly dredged sediment as assessed by |aboratory testsand
by fidd monitoring of the oxygen concentration during dredged sediment disposa operations. Thisreport
summarizes the results of these studies of the oxygen demand of dredged sediments, and the applicability
of the findings to assessing the sgnificance of the oxygen demand of sediments when suspended in the
watercolumn.

Experimental Procedures
Approach

The overal approach wasto collect sediment and water onwhichlaboratory oxygendemand and
other analyses would be conducted froman area cheduled to be dredged the following day. The disposal
dte was then intensdly monitored during the time that sediments dredged from the area sampled the
previous day, were being disposed at that location. Sampling boats were positioned in the disposal area
to collect water samples and make ship-board measurements of dissolved oxygen (DO), temperature, etc.
before, during, and after disposa such that changesin chemica characteristics of the watercolumn in the
vidnity of the discharge (both upcurrent and downcurrent) would be detected. Water samples were
collected immediatdly prior to and for an hour or so following disposa. Subsequent sections of thisreport
provide additiona description of goecific monitoring proceduresused for the disposal operations highlighted
inthisreport. A detailed discussion of the gpproach used to monitoring each disposal operationisprovided
elsewhere 2

Sample Collection

Samples of waterway sediments were collected fromvarious Sitesat locations shown in Figure 1.
Sediment grab samplersor corers were used to collect sediment generdly from the upper 10 to 20 cmof
the sediment in the particular navigation channd scheduled for dredging, near mid-channdl. Samples were
ar freghted in 4-1, air-tight containers to the University of Texas-Dallas laboratories in Richardson, TX
for processing and andysis. When it was not possible to anayze samples upon receipt, they were stored
in the dark, at just above freezing for generally less than one week but not more than two weeks.
Subsamples used for testing and andysis were taken from the interior of the sediment sample which had
not previoudy been exposed to air.

Oxygen Demand Test
A sample of sediment for oxygen demand evauation was transferred to a glove bag containing
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nitrogen gas, with care taken to avoid induding any of the oxidized microzone (indicated by areddish

brown color on the surface of the sediment). Under the N, atmosphere, the sediment was mixed with a
glassdtirring rod; gpproximately 20 ml were drawn into a plagtic syringe that had the end removed to dlow
free flow of sediment into the barrel upon withdrawd of the plunger. The end of the syringe was capped
with SaranWrap; this prepared sample was stored in the dark at just above freezing until oxygendemand
was determined. To conduct the oxygen demand test, the prepared syringe was uncapped and the first
few ml of sample discarded to ensure minimd introduction of oxidized sediment. A measured volume
between 2 and 10 ml of sediment was introduced into an gpproximately 300-ml BOD bottle containing a
magnetic stirring bar. Water collected near the sediment sampling Site wasaerated and then added to fill

the BOD bottle containing the sediment. A Y SI membrane eectrode BOD probe was inserted into the
bottle and the magnetic stirrer started. DO readings were made on a Y Sl Model 54 dissolved oxygen
meter at one-minute intervas during the firs 10 minutes and then & five minute intervas for the next 50
minutes.

Sulfide Determination

A modification of the lodometric Titration procedure described in Standard M ethods® was used
for the determination of total sulfides. Following Gardner®, steam was used for H,S stripping instead of
the APHA et al®. -recommendedinert gas. Also, following Bortleson,® potassium biniodate was substituted
for the iodine solution.

Oxidation-Reduction Potential

Oxidation-reduction (redox) potential (Eh) was determined by placing a bright platinum eectrode
in the sediment. The probe was dlowed to come to equilibrium before a reading was made on an Orion
Model 801A Digitd lonanayzer againgt acalomd reference el ectrode. The reading was corrected againgt
an H, cdl. Vaueswere reported at ambient pH.

Other Measurements

Other measurements were conducted in accord with procedures specified in or equivadent to US
EPA® or APHA et al.® Further information on experimental procedures, analytical methods, etc. hasbeen
presented by Lee, et al.?

Oxygen Demand Test Results

Resultstypical of the oxygendemand tests on dredged sediment are presented inFigure 2. In most
cases, the oxygen decrease could be described astwo consecutive firgt order reactions. Theinitid “firg-
stage’ reaction exhibited a fagter rate and usudly had a duration of 5 to 10 minutes. The rate of the
second-stage reactionwas agpproximeately five to ten timesdower thanthe initid rate. Table 1 presentsthe
overdl firg-hour oxygen demand data collected during this study. Also presented are vauesfor selected
bulk chemica parameterswhichcould have aneffect onthe sediment oxygendemand. The highest demand
per gramdry weght after one hour, 1.95 mg 02, was found in the sample from Apaachicola, FL SiteNo.
4. Tha sediment aso had one of the higher first-hour oxygen demands caculated on a sediment volume
bas's, dthough the sample from Perth Amboy Channel exhibited the highest demand per cubic meter of
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Tablel

Oxygen Demand and Bulk Characteristics of Sediments

Sample Site Eh Sulfide* (mg/kg) Fe* (mg/kg) Oxygen Demand First Percent | Dry Wt.
(mv) Hour Dry Wt. | (g/cc)
mean SD mean SD go,/m** | mgOo,/g*

Mare Island — 48 47,900 4,300 4.8x10? 0.84 435 0.583
Rodeo Flats — 258 42,800 20,000 5.7x107 0.96 43.8 0.589
Oakland -198 1568 8 37,300 1,000 6.0x10? 0.95 46.8 0.634
Los Angeles A-7 -234 2565 259 17,478 946 6.7x107 115 43.6 0.583
Los Angeles C-2 -117 291 4 — — 3.2x107 0.24 74.2 1.309
Newport A +57 38 8 8,847 293 6.2x107 0.55 67.4 1127
Newport B -92 93 12 — — 2.2x10? 0.22 64.0 0.979
Stamford -173 2320 93 9,531 64 5.6x107 133 345 0.421
Norwalk 1 -151 2890 281 9,414 178 5.3x10? 0.94 42.6 0.562
Norwalk 2 -160 2810 225 9,387 344 6.4x107 1.39 36.4 0.462
Apalachicola 2 -106 745 32 37,600 8,600 — — 285 0.328
Apalachicola3 -129 674 79 9,648 25 5.6x107 153 30.8 0.365
Apalachicola 4 -90 684 18 9,914 70 7.5x107 1.95 345 0.433
Apalachicola5 -117 883 190 9,990 102 4.8x10° 115 33.6 0.416
Duwamish 1 -64 13 8 15581 4 42 0.03 79.6 1.401
Duwamish 2 -91 254 10 16,079 88 5.2x107 0.64 56.9 0.812
Duwamish 3 -111 247 13 15892 220 5.6x107 0.64 59.7 0.891
Texas City Channel 1 -38 1205 108 23,200 300 5.0x107 0.66 52.6 0.761
Texas City Channel 2 -20 1251 95 17,400 4,700 4.8x10? 0.64 514 0.745
Texas City Channel 3 — — — 33,300 2300 — — — —
Texas City Channel 4 -100 2519 10 26,260 238 6.0x10? 121 385 0.495
Texas City Channel 5 -136 237 10 26,000 2,714 4.5x10° 0.76 441 0.592
Texas City Channel 6 -124 1557 140 25,792 477 6.IxI0? 1.17 40.0 0.520

Table 1 continues




Table 1 (continued)

Sample Site Eh Sulfide* (mg/kg) Fe* (mg/kQg) Oxygen Demand First Percent | Dry Wt.
(mv) Hour Dry Wt. (g/cc)
mean SD mean Sh) gO,/m * mgO,/g*
Galveston Bay Entrance Channel
Buoy 1 +100 446 57 40,000 1,300 3.6x10? 0.67 40.7 0.561
Buoy 9 — — — 13,300 2,100 |.5x10? 0.16 41.2 0.552
Buoy 11 — — — 94,100 6,900 80 0.14 60.0 0.962
Galveston Channel -87 1078 35 26,848 262 5.9x107 1.28 36.3 0.460
Port Lavaca +40 166 7 21,000 1,100 2.5x10? 0.42 44.6 0.603
Houston Ship Channel -96 2962 78 20,055 0 5.8x107 1.42 34.3 0.416
1
Houston Ship Channel -137 3483 291 19,778 161 6.0x107 1.80 28.2 0.333
2
Houston Ship Channel -104 633 35 29,790 488 5.2x107 0.88 43.6 0.594
3
Vicksburg WES Lake -75 278 17 — — 8.1x10? 1.01 54.8 0.802
Wilmington -86 72 4 8,145 124 .5x10° 0.11 73.3 1.320
Mobile 1 -51 327 25 49,400 2,300 5.1x10? 1.18 34.9 0.434
Mobile 2 -9 577 20 64,400 0 6.3x107 162 314 0.388
Upper Mississippi -172 5 4 11,820 700 1.1x107 0.07 834 1.488
River 1
Upper Mississippi -209 15 5 — — 1.7x10? 011 85.9 1.608
River 2
James River 1 -215 25 0 59,750 440 6.2x10? 0.97 46.6 0.639
James River 2 -244 44 6 — — 7.3x107 1.15 46.6 0.637
Bailey Creek -2 166 5 37,100 4,500 4.0x10? 0.27 80.0 1.493
Port of New Y ork
Bay Ridge Channel -135 1190 27 15900 10,300 6.6x10? 0.90 47.6 0.735
Perth Amboy -109 1502 25 13,900 4,900 9.3x10? 1.43 344 0.650
Channel
Perth Amboy -137 2373 121 14,800 7,300  8.4x1C? 1.29 307 0.652
Anchorage




Table 1 (continued)

Sample Site Eh (mv) | Sulfide* (mg/kg) Fe* (mg/kg) Oxygen Demand First Percent | Dry Wt.
Hour Dry Wt. (g/cc)
mean SD mean Sh) gO,/m * mgO,/g*
Menominee 1 77 212 80 12,400 100 5.0x10° 1.25 30.6 0.399
Menominee 2 -116 1133 26 9,600 100 5.4x10? 114 38.8 0.476
Foundry Cove -96 56 9 27,890 100 5.2x107 0.81 46.7 0.642
Ashtabula — — — 30540 1840  36x10° 0.4 55 —
Corpus Christi 1 — — — 8,300 10 |.6x10? 0.2 70 0.80
Corpus Christi 2 — — — 27,400 8,780 2.2x107 0.6 33 0.37
Corpus Christi 3 — — — 20,830 5,890 2.5x107 0.3 57 0.83
Corpus Christi 4 — — — 29,270 860 2IxI0? 0.6 30 0.35

Dash (—) indicates no data collected.
*  Based on dry weight of sediment.
** Based on wet sediment.

A and B are replicate sediment samples collected at same location.

sediment for the first hour, 930 g 0,. The lowest oxygendemand per gram dry weight for the first hour was 0.03
mg 0, in the DuwamishRiver Site 1 sediment sample. That sediment aso exhibited the lowest demand per cubic

meter for the first hour, 42 g 0,. The mgority of the samples had first-hour oxygen demands between about 500
and 650 g 0,/m?; many were in the 200 to 400 g 02/n7 range.

The reproducibility of the oxygen demand test after the one-hour test period was good. The highest
standard deviation between the dissolved oxygen readings of triplicate runs of the same sample was seen with the
sediment from the James River Site No. 1, 0.6 mg/l. The lowest was found in the test of the Upper Mississppi
River Site No. 2 sediment, 0.07 mg/l.

The reaction rates are presented in Table 2. Since various sediment to water ratios were used, the
depletion rates were normalized based on volume. In normdizing, it was assumed that the relationship between
reection rates and sediment volume waslinear, i.e., that a2 ml volume of sediment in 300 ml would react & arate
two-thirds that of a 3 m sediment sample in 300 ml. Severa studies were conducted which verified that this
gpproach was appropriate. The rates of oxygen depletion fit the following first order equation:

log Ct=log C, + kt



where Ct is the dissolved oxygen concentration at time t; C, is the initid oxygen concentration; k isthe oxygen
depletion rate congtant; and t istime.

A wide range of first-stage rates was noted from a low of 0.005 mg/l 0, min* for the Wilmington, NC
samples, to ahigh of 0.064 mg/l 0, min* in the Texas City Channel Site No. 6, and WES L ake (Vicksburg, MS)
samples. The second-stage rates aso had a large range of vaues from alow of 000l mg/l Omin* for the
Wilmington, NC and Corpus Christi Site No. 2 samples, to a high of 0.014 mg/l 0, mir* in the sample from Los
Angeles Harbor, Buoy A-7.

There were several samples where asingle rate best described the data. As seen from Table 2, therates
were dso varied, ranging from 0.001 mg 0, mirt* inone of the Upper Mississippi River sediments, to 0.02 mg/l 0,
min* in a Texas City Channel sediment, about the same range as found for the second-stage rates for the other
sediments. Theratios of thefirst to second-stage rates of oxygen depletion for the sediments investigated were
compared and found to vary considerably among the sites (Table 2). Theyranged from 1.8 for the sediment from
Perth Amboy Channd to 21.3 for the WES Lake, Vickshurg, MS sample. These ratios have important
implicationsfor eva uating the potential impact of oxygendemand of sediments upon suspens oninthe watercolumn.
The higher theratio, the more likely that greater demand would be exerted near the point of sediment suspension
(or dredged sediment disposal) in the watercolumn.

It is important, however, that the information developed from these ratios be closely tied with the actual
rates of depletion, as part of assessing the degree of depletion a a Ste and implications for water qudity there.
Further, asdiscussed ina subsequent section, the actua amount of DO depletion that occurs at asiteis controlled
to a mgor extent by the hydrodynamics of the system rather than by the measured oxygen demand of the
sediments. Thisis especidly true for dredged sediment disposa or suspension of sediment, because the oxygen
demand evaudion is made in completely mixed sysems.

Because of the design of the evauationsystem, the rates of reactionfound inthe laboratory portionof this study
were controlled by chemica oxygen demand reactions rather than mixing. Each species exerted its own degree
of influence in each sediment, creeting a complex system in which the overdl reaction took place. However, the
two consecutive firgt order reactions may have been controlled by two different sysems. The initid stage may be
the result of the oxidation of reduced materid, such as ferrousiron, sulfide, and polysulfide in the intertitia water.
These condtituents would be expected to be oxidized rapidly, as found in the faster initial rates. The dower,
second-stage rates may be the result of the oxidationof reduced particulate materid suchas pyriteand FeS. These
surface-controlled reactions take place at adower rate. The Sngle stage reactions may be controlled primarily by
surface reactions, or by reduced condtituents in the interdtitial water, but both of these processes likely exert
approximately equal influence. Gardner and L ee’ studied the reactions betweenl ake Mendota, W1 sedimentsand
dissolved oxygen in amilar, well-mixed laboratory systems. They found that these oxygen demand reactions
proceeded for periods of months at asteady rate. The rates of oxidation they observed appeared to be controlled
by the diffusion of dissolved oxygen through the hydrous oxide film on the surface of the particles.



Table2 Reaction Ratesfor Oxygen Demand Test

Sample Site Rate (mg O,/L/min) Initid:Fnd
Initid Single Rate Findl Retio

Oakland Harbor —0.023 —0.011 2.09

LosAngdes A—7 —0.029 —0.014 2.07

Los AngelesC—2 —0.026 —0.003 8.67

Newport A* —0.014

Newport B —0.006 —0.002 3.00

Stamford —0.009

Norwalk 1 —0.009

Norwalk 2 —0.017 —0.009 1.89
Apdachicola3 —0.026 —0.006 4.33
Apdachicola4 —0.034 —0.009 3.78
Apdachicola5 —0.016 —0.004 4.00

Duwamish 1 —0.001

Duwamish 2 —0.030 —0.006 5.00

Duwamish 3 —0.033 —0.007 4.71

Texas City Channd 1 —0.020

Texas City Channel 2 —0.018

Texas City Channdl 4 —0.023 —0.011 2.09

Texas City Channdl 5 —0.024 —0.004 6.00

Texas City Channel 6 —0.064 —0.010 6.40

Gaveston Bay Entrance Channel —0.014 —0.004 3.50

Buoy 1

Gaveston Bay Channdl —0.025 —0.009 2.78

Port Lavaca —0.016 —0.002 8.00




Houston Ship Channd 1 —0.018 —0.008 2.25
Table 2 (continued)
Sample Site Rate (mg O,/L/min) Intid:FAnd
Initid Single Rate Find Retio
—0.030 —0.008 3.75
Houston Ship Channd 2
Houston Ship Channel 3 —0.031 —0.007 4.43
Vicksburg, WES Lake —0.064 —0.003 21.33
Wilmington —0.005 —0.001 5.00
Mobile Bay 1 —0.031 —0.006 5.17
Mobile Bay 2 —0.031 —0.011 2.82
Upper Missssppi River 1 —0.001
Upper Missssppi River 2 —0.002
James River 1 —0.036 —0.009 4.00
James River 2 —0.037 —0.010 3.70
Bailey Creek —0.010 —0.004 2.50
Port of New Y ork
Bay Ridge Channdl —0.022 —0.009 244
Perth Amboy Channel —0.024 —0.013 1.85
Perth Amboy Anchorage —0.012
Menominee 1 —0.025 —0.003 8.33
Menominee 2 —0.019 —0.005 3.80
Foundry Cove —0.027 —0.003 9.00
Ashtabula Harbor —0.012 —0.004 2.86
Corpus Chrigti 1 —0.006 —0.002 3.00
Corpus Christi 2 —0.012 —0.001 12.00
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Corpus Christi 3 —0.006 —0.002 3.00

Corpus Chrigti 4 —0.006 —0.002 3.00

*A and B are replicate sediment samples collected at same location.
Dash (—) indicates not applicable.

Relationship Between Sediment Characteristics and Oxygen Demand Test Results

Bulk characteristicsof the sediments examined, percent dry weight, oxidation-reduction potentia, and total
aulfideand total ironcontent, are presented in Table 1. The sedimentspercent dry weight valuesranged from about
28 to 86% with a mean vaue of about 50%. In the authors® dredged sediment oxygen demand evauations,
correations between first-hour oxygen demand and weight percent sediment have been ar? = 0.37.

Redox potentid for the sediments studied ranged from+100 mvto -244 mv. Only three of the sediments
were found to be in an oxidizing or positive Eh state: Newport, RI, GBEC Buoy 1 (the most seaward Site), and
Port Lavaca, TX. It can be concluded that most sediments are in a reduced oxidation-reduction state and,
therefore, would likely contain sgnificant concentrations of chemicals whichwould exert anoxygendemand. The
reducing conditions of the sedimentswere a so evidenced by the presence of sulfide. Therange in the totd sulfide
concentrations was large, from5 mg/kgto 3,483 mg/kgdry weight; these sampleswerefromthe Upper Missssppi
River Site No. 1 and Houston Ship Channd Site No. 2, respectively. The mean sulfide concentration was 928
mg/kg dry weight. Eventhe samples having a positive redox potential contained sulfide. It has been reported® that
the highest oxidation-reduction potential at whichsulfide specieswill be formedis+110 mv and the lowest is -500
mv. The Ehvauesfor dl sedimentsinvestigated in this sudy were within thisrange, and sulfide was found in each
sample analyzed. When compared Satidticdly, therewasnot asignificant reationship between Eh and totd sulfide
concentration in the sedimentswith ar?= 0.08. This would be expected, however, because the Eh provides an
indicationof whether or not sulfide canform, not of the extent of formation. Theformation of sulfideismorerelated
to the suitability of the particular environment for sulfate reduction by microorganisms.

The other mgjor reduced species in the sediment which would have a mgor impact on the immediate
oxygendemand isironintheformof Fell. Theiron form reported in Table 1 wastotd iron in the dry sediments;
no atempt was made to differentiate between Fe |l and Fe I11 dthough it islikely that most of the iron present in
the samples was inthe Fe Il form. Tota iron ranged from 8,145 mg/kg in sediment from Wilmington, NC to
94,100 mg/kg in the sediment sample from GBEC Buoy 11. The meanwasfound to be about 25,000 mg/kg for
al ssdimentstested

Cd culaions were madeto determine the theoretical oxygendemand of each sediment based onthe sulfide
and iron content. 1t was assumed that al of the ironinthe sediment was in areduced state and that the oxidation
of the two reduced species followed these reactions:

HS +20,= SO, + H'
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Fe*+1/402+H= Fe* + 1/2H,0

Presented in Table 3 are the theoretica oxygen demands based on the above equations, the demand
redlized after one hour, and the percentage of the theoretical demand redizedinthat time.  The percentage of the
demand redized ranged from a low of 1.3 in the Duwamish River Site No. 1 sediment to about 70 in the
Apaachicola Site No. 4 sediment. The mean percent of the theoretica demand (based on the iron and sulfide
present) that was exerted by the sediments tested during the one-hour period, was20 %. From these datait can
concluded that the oxygen demand of a sediment cannot be predicted based on the tota iron and total sulfide
content alone.

The data were examined to determineif areationship between the bulk concentrations of tota sulfide or
total iron and oxygen uptake could be described. The r? vaues for these two relationships were 0.32 and 0.01,
respectively, indicating the lack of strong regressions for these data. Thus, as expected, neither tota sulfide nor
iron done can be used for edimating the first hour oxygen demand of a sediment. From these findings it can
concluded that bulk characteristics such astotd sulfide, total iron, oxidation-reduction potentia, and dry weght
cannot be used individudly or in combination to estimate the one-hour oxygen demand of asediment. Oneof the
primary reasons is the complexity of the reactions of iron sulfide and other surface reactions. Another is the
importance of hydrodynamicsin contralling oxygendemand exertion. Therefore, at thistimeand for theforeseeable
future, oxygen demand can only be determined by empiricd methods.

It isimportant not to confuse the results of these abiotic oxygen demand results with biochemica oxygen
demand (BOD) processesthat cantake place inambient waters and sediments. Biotic oxygen demand at theBOD
concentrations typicaly found innatura water systems is amuch dower process with first order rate constants of
about 0.1 day*

Relationship Between Oxygen Demand Test Results and Oxygen Depletion
Observed During Open Water Dredged Sediment Disposal

Dumping Operations

Therewere basicdly two types of dredged sediment disposal operations monitored. Onewasthe dumping
of sedimentsat alocationfar removed fromthe dredging Site viahopper dredge or barge. Sediments mechanicaly
dredged were placed on a barge and were towed to the dump site. A hopper dredge vessel contains large bins
into whichthe hydraulicaly dredged sediment durry is pumped; much of the excess weater is alowed to overflow.
The dredge proceeds to a disposal area and dumps the sediment into the watercolumn by opening doors on the
bottom of the bins. Normally, each dump from a hopper dredge will involve a few thousand cubic meters of
sediment. Most of the sediment fals directly to the bottom as a mass, reaching the bottom a few seconds after
release. A turbid cloud isformed from the suspension of sediment from the edges of the mass of dumped sediment
as it proceeds downward through the watercolumn. Theturbid cloud moves downcurrent and is dispersed within
an hour or so of the dump.™ 1% It was the concentration of contaminants and DO in this turbid cloud that was of
primary interest in thisinvestigation.
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Table3
Sediment Oxygen Demand

Sample Site Oxygen Demand (mg O,/g dry wt)
Theoretical Resdlized Percent
Mare Island 6.96 0.84 12.07
Rodeo Flats 6.65 0.96 14.44
Oakland 8.48 0.95 11.20
LosAngees A—7 7.63 1.15 15.06
Newport A* 1.34 0.55 40.95
Newport B 145 0.22 15.14
Stamford 6.01 1.33 22.15
Norwalk 1 7.13 0.94 13.19
Norwalk 2 6.96 1.39 19.96
Apdachicola3 2.73 1.53 56.04
Apdachicola4 2.79 1.95 69.94
Apdachicola5 3.20 1.15 35.97
Duwamish 1 2.26 0.03 1.33
Duwamish 2 2.81 0.64 22.77
Duwamish 3 277 0.64 23.10
Texas City Channd 1 573 0.66 11.51
Texas City Channd 2 4.99 0.614 12.82
Texas City Channd 4 8.80 121 13.75
Texas City Channdl 5 4.20 0.76 18.10
Texas City Channel 6 6.81 1.17 17.18
G B E Channd Buoy 1 6.62 0.67 10.12
Galveston Channel 6.00 1.28 21.33

13




Port Lavaca 3.34 0.42 12.57
Table 3 (continued)
Sample Site Oxygen Demand (mg O,/g dry wt)
Theoretical Redized Percent
Houston Ship Channd 1 8.80 1.42 16.14
Houston Ship Channd 2 9.80 1.80 18.37
Houston Ship Channd 3 5.53 0.88 15.90
Wilmington 131 0.11 8.39
Mobile Bay 1 7.73 1.18 15.26
Mobile Bay 2 10.37 1.62 15.62
Upper Missssppi River 1 1.70 0.07 14.11
Upper Missssppi River 2 1.72 0.11 6.34
JamesRiver 1 8.61 0.97 11.27
James River 2 8.65 1.15 13.30
Bailey Creek 5.65 0.27 4.78
Port of New Y ork
Bay Ridge Channdl 4.66 0.99 21.25
Perth Amboy Channel 4.99 143 28.63
Perth Amboy Anchorage 6.87 1.29 18.79
Menominee 1 2.20 1.25 56.84
Menominee 2 3.64 1.14 31.22
Foundry Cove 411 0.81 19.72

*A and B are replicate sediment samples collected at same location.
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The monitoring procedure for this type of disposal operationinvolved postioning asampling boat 100 m or so
downcurrent of the dump ste. Measurements of light transmission were made to determine when the turbid
cloud had reached and had passed the sampling vessdl at various depths within the watercolumn.  Anexample
of the type of turbidity patterns found during dredged sediment disposd is shown in Figure 3. In this hopper
dredge disposal of sedimentsfromthe Galveston Bay Entrance Channd (Buoys 1-3), the turbid cloud reached
the sampling vessd about 30 m downcurrent, 2 to 3 minutes after the dump began, and
concentrationwhichreturned to pre-dump leveswithinabout 2 minutes of the arrival of the turbid cloud (Figure
4).

Fgure 5 shows a different pattern of DO concentration during the barge disposa of mechanicaly
dredged New Y ork harbor (Perth Amboy Anchorage) sediments, at the Mud Dump Site in the New Y ork
Bight. During thisdump, which was monitored from about 200 m down bottom current, there was an increase
in the near-bottom water*s dissolved oxygen concentration during the passage of the turbidity cloud. Such
anincreasewas noted during dl three New Y ork dumps and occurred despite the fact that the oxygen demand
of these sediments had been among the highest found for the sedimentsevauated. The reason for the increase
in bottom water DO with the passage of the turbid cloud relates to the fact that the disposal Site waters were
dengity dratified and the ambient DO concentration of the bottom waters was lower than that of the surface
waters. The dump of sediments caused an entrainment of surface waters into the bottom waters, thereby
increasing their dissolved oxygen concentration.

It has been concluded that the open water dumping of dredged sedimentsderived from either hopper
or mechanica dredging operations would not be expected to cause a significant dissolved oxygendepletionin
the watercolumn at or near the dredged materid disposa Ste. Because of the entrainment phenomenon, a
dumping operation may actualy increase the short term DO concentrationinthe hypolimnetic waters. Further,
it is evident that because of entranment and other hydrodynamic factors, no smple relationship can be
developed between the results of the oxygen demand test developed by Leeet a2, and the oxygen depletion
that will occur in the watercolumn at or near an open water dredged materid dump site.
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Pipeline Discharge Operations

The other generd type of dredged sediment disposa operationinvestigated was the pipdine disposa
of hydraulicaly dredged sediments. Thiscommonly used method involvesthe durrying of the sediment and the
trangport of the sediment via pipdine to an off-channd location. The discharge point for this type of operation
generdly receives amore or less continuous flow of dredged sediment durry for afew hoursto aday or more.
The sediment durry discharge, whichistypicaly onthe order of 10 to 30% sediment, sinks to the bottom and
moves with the bottom current, forming a turbid plume about 0.5 to 1 m thick. Four pipdine disposa
operations were monitored. At three of the four locations (James River, Apaachicola Bay, and Mobile Bay)
the dischargeswere anoxic and amilar patterns of DO behavior inthe recaiving waterswerefound. Therewas
generdly aninversereationship between the turbidity and DO concentrations. Figure 6 shows representative
DO concentration profiles at various locations directly downcurrent from the Mobile Bay discharge. Inthis
case, measurements were made in the watercolumn from about 0.5 m benesth the water surfaceto afew cm
above the sediment water interface. It is evident from the examination of Figure 6 that even asfar as200 m
fromthe Mobile Bay, AL discharge, there was appreciable oxygen depl etionnear the sediment water interface.
At the fourth pipdine disposal operation monitored (Upper Missssippi River), the discharge fromthe pipdine
was oxic, containing severd mg/l DO. While the DO was depressed near the point of discharge, within afew
tens of meters, DO concentrations within the turbid plume were a ambient levels.

Discussion

It has become clear fromthese studiesthat in order to predict dissolved oxygen depletion associated
with open water dredged sediment disposal operations, amuchbetter understanding of the hydrodynamics of
the dengty current and the disposal area must be available. It isadso evident that while it would likely berare
that Sgnificant oxygen depletion problems would occur in association with open water dumping of dredged
sediment, water quality problems related to DO depletion could develop near the point of discharge for a
pipdine disposal operation. Of particular concern would be the effects of the dissolved oxygen depletion in
the turbid plume on benthic and epibenthic organisms.

Suspended sediment-rel ated oxygendepl etionis not restricted to dredged sediment disposdl; it cana so
occur inshallow bays or rivers when increased flows or wind-induced turbul ence suspends bottom sediments
into the watercolumn. It is well-known that in certain rivers which accumulate significant amounts of dudge,
the mogt crucid period for aguatic life in terms of the adequacy of dissolved oxygenoccurswiththe firs mgjor
rigngof the hydrographthat causes sediment scour after anextended low-flow. RiverssuchastheLittle Miami
River near Cincinnati, OH and the Trinity River near Ddlas, TX have shown sgnificant DO depletion with
increasing hydrographs.

The typica oxygen demand studies involving laboratory cores or in gsitu “bdl jar-chambers”
measurements do not properly account for the high oxygendemands associated with the accumulated ferrous
iron and sulfide species that are present in sediments which would exert a rapid oxygen demand upon
suspension of the sediments in the watercolumn.  In order to properly monitor this type of oxygen demand,
whichfor some systems may be the most important, it will be necessary to obtain a much better understanding
of the influence of the velocity of the overlying waters on the suspension of cohesive sediments.
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Summary and Conclusons

Withfew exceptions, the sedimentsin US waterways near urban centersare anoxic. Upon suspension
of these sedimentsinthe watercolum, the reduced ironand sulfur species exerted aninorganic chemica oxygen
demand which had afirst order rate constant on the order of 0.02 mg O, mg/l min* when a few ml of the
sediment were mixed into several hundred ml of water. This oxygen demand can typically be described as
having two components: a higher rate exerted over the firs 5 to 10 minutes of exposure of the sedimentsto
oxygen-containing waters, followed by a lower rate which may extend over a period of days, weeks, or
months, gpparently controlled by the diffuson of oxygen through a hydrous oxide film formed on the surface
of ironaulfideand polysulfide particles. Thisabiotic oxygen demand may result in sufficient depletion of oxygen
toimpair water quality whenincreased water velocity suspendsriver or bay sediments. Thesuspension of such
sediments may, in some aquatic systems, represent one of the most important sources of oxygen depletion.

Itisapparent that oxygen demand modeling efforts which do not include the short-term, highintensity
demand associated with sediment sugpension may have limited applicability to describing the true impact of
sediment suspension on water quality-impairment of beneficia uses of awater. In order to properly describe
the abictic, short-term, high intengity oxygen demand of sediments, it will be necessary to better describe the
relationships betweenwater velocity and cohesive sediment suspensioninriversand the shalow waters of lakes

and bays.
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