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1. The technical report transmitted herein represents the results of
one study concerned with the treatability of dredged material initiated
within Task 6B (Treatment of Contaminated Dredged Material) of the Corps
of Engineers' Dredged Material Research Program (DMRP). This task is
part of the Disposal Operations Project of the DMRP and is concerned
with the evaluation of physical, chemical, and/or biological methods

for the removal of contaminants from dredged material.

2. In recent years there has been continued concern over the potential

adverse impact of dredging and disposal operations on water quality and

aquatic organisms. Rapid industrialization and population growth in areas
adjacent to navigable waterways often contribute to the contamination of

water bodies and many sediments that are dredged. It became apparent 3
during the planning phases of the DMRP that it might be necessary, where ;
unacceptable adverse effects are expected, to treat contaminated dredged :
material before it could be disposed at designated open-water disposal 3
areas or before the effluent from upland containment areas could be i
discharged back to the waterways. Therefore, Task 6B was developed to |
meet this potential need. 3

3. When fine-grained sediments are dredged hydraulically, the chemical
constituents associated with the fine-grained particles in the slurry
will undergo an oxidization process which can reduce the dissolved oxygen
levels in the slurry to zero. Field measurements (from this study) in-
dicate that dissolved oxygen levels measured 120 feet from the discharge
in the center of the turbidity plume generated by a typical (untreated)
open-water disposal operation are depressed to approximate levels of
7 mg/% at the surface, 5 mg/% at mid-depth, and 2-3 mg/% in near bottom
water relative to background concentrations of 9-10 mg/% throughout the
water column. An earlier laboratory study (6B02) indicated that in-
line oxygenation might provide a means of reducing the oxygen depletion
in the water column in the vicinity of the disposal operation. The in-
vestigation described herein was designed to investigate the feasibility

! and effectiveness of injecting either air or oxygen into the discharge

] line of a pipeline dredge in order to reduce the depletion of dissolved

‘ oxygen in the water column during the open-water pipeline disposal
operation. The investigation was undertaken by JBF Scientific Corpo-
ration of Wilmington, MA.
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4. Two full-scale demonstrations were conducted as part of the study.
One test showed that direct injection of air into the discharge line
resulted in only weak evidence that aeration mitigated dissolved oxygen
depletion in the water column. In the second demonstration, pure oxygen
was injected into the discharge line. Measurements made during this
field demonstration showed that dissolved oxygen levels measured 120
feet from the discharge in the turbidity plume generated by the disposal
operation averaged 7.5 mg/% at the surface, 6 mg/% at mid-depth, and 5.5
mg/% in near bottom water. Considering the degree of oxygen enhancement
gained by oxygenation, it does not appear that use of oxygen injection
is warranted at every operation; however, since the use of oxygen may be
advantageous in operations in some environmentally sensitive areas or
situations, guidelines for its use and indications of the anticipated
effectiveness of this technique are included.

5. The laboratory study section ¢f the report describes the chemical
processes responsible for the oxygen depletion in the receiving water
during dredging and dredged material disposal operations. An analytical
method for measuring and studying the immediate oxygen demand is also
presented. Other items covered in the laboratory study were the effects
of oxygenation on the elutriation of selected chemical constitutents and
the reaction of several different types of dredged material with dissolved
molecular oxygen in both bench~top and column systems.

6. The report includes a chapter that describes configuration and cost

of injection systems for full-scale dredging operations. Alternate oxi-
dants such as hydrogen peroxide and ozone-enriched oxygen are also con-

sidered.

7. Based on the results of this study, it is believed that oxygenation
systems using pure oxygen are feasible and the design and implementation
guidelines given herein are sufficient for immediate field applications.
It should be pointed out, however, that whenever pure oxygen is used
appropriate safety precautions must be taken.

ey - OHN L. CANNON
o v// Colonel, Corps of Engineers
Commander and Director
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EXECUTIVE SUMMARY

Rapid oxygen depletion is one of the most documented and notice-

able effects of dredged material disposal.

some extent whenever anaerobic sediments are dispersed in an aerobic water

column and is commonly referred to as the immediate oxygen demand (IOD)%*.

A means of mitigating the impact of such an

This phenomenon occurs to

oxygen depletion under actual

dredging operating conditions is desirable in light of the increased

concern over the adverse environmental impacts of dredging operations on

water quality and aquatic organisms.

Objectives

The primary purpose of this study was to determine the feasibility
of injecting an oxidant into the discharge line of a hydraulic dredge and

thereby eliminate or effectively control the depletion of dissolved oxygen

(DO) in the dredged material disposal area.

The study also sought to

investigate the nature and causes of the IOD and any possible effects

oxidation may have on the stability of the sediment chemical contaminants.
The feasibility of using alternate oxidants was investigated to enable the

development of system design criteria and typical costs for these alternate

systems.

* All IOD's referred to in this report are 15-min. IOD values unless

otherwise specified.




Methods

The study focused on a field demonstration in which oxygen, gener-
ated from the vaporization of liquid oxygen, was injected directly into
the discharge line of a hydraulic pipeline dredge. Direct in situ
measurements were made in the disposal area to determine the effects the
dredging operation had on the DO levels both with and without oxygen
injection. A similar field demonstration was performed using compressed
air as the oxidant. The equipment used to conduct each field demonstra-
tion is described in the report.

A critical evaluation of the relevant IOD literature enabled a
description of the chemical processes responsible for the oxygen de-
pletion in the receiving water during dredging and dredged material dis-
posal operations. A refined analytical method for measuring the IOD
was used to study these processes in actual sediment water slurries.

The effect of oxygenation on the elutriation of selected chemical con-
stituents and the reaction of dredged material with dissolved molecular

oxygen were studied on both bench-top and column systems.

Oxidant Effectiveness

Measurements made during the oxygenation field demonstration showed
conclusively that the direct injection of oxygen will significantly
reduce the depletion of DO in the disposal area. The DO levels were
seriously depressed near the bottom of the water column when oxygen in-

jection was not occurring. During injection, the DO levels rose to
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approximately those observed at the 3-ft * depth. Oxygenation at a

position providing longer oxidant residence time in the discharge pipe
produced increased DO enhancement in the receiving water. IOD values for
oxygenated sediment slurries were statistically lower than those for non-
oxygenated samples. However, variability introduced by rapidly changing
conditions in the pipeline and by conducting the IOD test under field
conditions made this test somewhat uncertain. Finally, there were
statistical variations in the solids fraction being pumped during the
oxygen demonstration. Since the cost of providing oxygen is likely to be
significant, it may be desirable to provide the capability for continuously
sensing the pumping rate and solids fraction so as to modulate the rate
at which the oxidant is injected.

The aeration field demonstration resulted in weak evidence that the
air injection mitigated DO depletion in the disposal area. Inferences
drawn from this demonstration were hindered by frequent discharges of
material with little or no anaerobic sediment from the pipeline. Further-
more, the amount of air injected in this demonstration was not designed to
satisfy the IOD fully, but was well in excess of that required to saturate
the water. This combination of factors may have influenced the observa-

tion of little apparent benefit from aeration.

* A table of factors for converting U.S. customary units of measurement

to metric (SI) units can be found on page 15.

e




{ Laboratory Observations

The IOD is exerted when reduced chemical species in the anaerobic
sediments react with dissolved molecular oxygen in the aerobic water

column., There are three reduced chemical species which could theoreti-

cally cause the IOD. These include ferrous iron, manganous manganese
and sulfide. Manganese is not rapidly oxidized at the pH levels commonly 1
encountered in dredging operations and consequently does not practically
affect the IOD measurement. Ferrous iron, which is nearly always present
in the largest concentration of these parameters, is readily oxidized by
dissolved molecular oxygen under most dredged material disposal conditions.
Sulfide is also similarly oxidized but a competing oxidation reaction

by ferric iron may lower its effect on the IOD because it takes place

with little direct consumption of molecular oxygen.

The IOD of a sediment can be satisfied by extensive oxygenation.
However, the IOD is slowly regenerated in the settled sediment by the
microbiological decomposition of organic matter, which causes the

| sediment to become anaerobic again. Oxygenation in a closed-loop dredge
pipeline simulation did not completely satisfy the IOD of the sediment
after a 15-minute contact period with the theoretical quantity of oxygen
gas. The DO content of the water, however, did approach air saturation
within the loop.

Batch dumping of sediments in a column demonstrated that the degree

of dispersion of sediment particles in the water had a greater effect on Q

oxygen demand than indicated by bulk analysis of the sediments. The most

probable chemical reaction mechanism for oxygen depletion involves

e i o s ol st




oxidation of sulfide by ferric iron with oxidation of ferrous iron
by molecular oxygen responsible for the observed oxygen depletion.
An oxygen mass balance for Fall River sediment dropped in the
column showed good agreement between DO consumption and ferrous iron
depletion. However, similar balances with Apalachicola sediment
indicated that twice as much ferrous iron was reacted as could be
accounted for by oxygen depletion. This discrepancy has been attribut-
ed to analytical problems in the ferrous iron test. A more detailed
study of these phenomena is needed to clarify these important
reaction mechanisms as they pertain to the open-water disposal of
dredged material.
Several other observations were made in the laboratory studies.
Particle-size distribution of exhaustively oxygenated sediments was
skewed to smaller particle sizes that settle more slowly than the
corresponding anoxic (nitrogenated) sediments. This was probably due
to the formation of colloidal oxidation products. On a limited sample
‘ basis, an apparent causal relationship between sediment particle size
and oxygen demand factors was observed. Oxygenation did not appear to
alter the process of elutriation of heavy metals and nutrients from

the sediments.

System Design Criteria

Although compressed air was used in a field demonstration, its

effects were not sufficiently definite to allow conceptual designs and

cost estimates. Other oxidants considered included ozone, potassium

For these four substances, one

permanganate, chlorine, and nitrate.



or more undesirable characteristics eliminated them from further con-
sideration.

For a variety of locations, it appears that the cost of oxygen
injection would increase the total cost of dredging by a modest amount,
ranging from less than 1 to about 3 percent. Both the laboratory and
field work demonstrated that for residence times of 1 or 2 minutes in the
pipeline, very little of the IOD was reacted. Nevertheless, sufficient
oxygen went into solution so that the level of DO in the discharge area
was appreciably increased. It may well be that less oxygen could have
been injected, while still achieving a similar result. Future work,
particularly in a field demonstration, should be directed toward deter-
mining the relationship between DO levels and oxygen flow over a much
wider range of flow rates.

A system based on hydrogen peroxide would be many times more
expensive than oxygen if the same amount of available oxygen were delivered.
However, for a given residence time, hydrogen peroxide, which is much
more reactive, would satisfy more of the IOD than would a comparable
fraction of oxygen. This suggests that less hydrogen peroxide could be
used to achieve a given effect. However, it is not clear that reacting
to satisfy the I0D would necessarily result in higher DO levels in the
discharge area. Sufficient oxygen must still be available to replace any
DO reacted, and it is not known how hydrogen peroxide might perform in

this respect. The use of hydrogen peroxide should not be dismissed, how-

ever, for two reasons. First, because of its reactivity, it may still be




effective enough at lower injection rates to reduce its unit cost con-
siderably. Second, the high reaction rates may also be an advantage in

dredging situations where sediment IOD's are high and the discharge line

is relatively short.




PREFACE

The U.S. Army Corps of Engineers was authorized by the River and
Harbor Act of 1970 to conduct a comprehensive nationwide study concerned
with the disposal of dredged material. The task of developing and
implementing the study was assigned to the U.S. Army Engineer Waterways
Experiment Station (WES), which established the Dredged Material Research
Program (DMRP).

The purpose of the DMRP is to provide more definitive information on
the environmental impact of dredging and related disposal operations and
to develop new or improved disposal practices. Task 6B of the DMRP,
entitled "Treatment of Contaminated Dredged Material,'" has as its objective
the development and evaluation of technically and economically feasible
techniques for treating contaminated dredged material.

During hydraulic dredging operations when dredged material is
discharged directly into open water, there can be a significant depletion
of dissolved oxygen in the general vicinity of the point of discharge.
This is caused by an oxygen demand exerted by the sediments within a
relatively short time immediately after discharge.

In the work reported herein, the concept of utilizing direct injection
of an oxidant into the discharge line of a hydraulic dredge to ameliorate
the depletion of dissolved oxygen in the disposal area has been investi-

gated., Two full-scale field demonstrations were performed: one using

oxygen and the other compressed air.




The study was conducted under Contract No. DACW39-75-C-0105 (Neg.)
to the JBF Scientific Corporation. The study was supervised by the
Environmental Effects Laboratory (EEL), WES.

Mr. Robert W. Neal, Dr. Stuart P. Bowen, Dr. Robert B. Pojasek,
Mr. Stephen Greene, and Mr. James Soden conducted the study for JBF
Scientific Corporation.

Mr. Charles C. Calhoun, Jr., Manager, Disposal Operations Project
(DOP), EEL, was the Contracting Officer's Representative. Contract
Manager was Mr. Thomas K. Moore, DOP, manager of DMRP Task 6B '"Treatment
of Contaminated Dredged Material."

The Directors of WES during the study and preparation of the
report were Col. G.H. Hilt, CE, and Col. J.L. Cannon, CE. The
Technical Director was Mr. F. R. Brown and Mr. A. J. Breithaupt was the
Contracting Officer.

The oxygenation field demonstration was performed during the
week of 1 September 1975, and the air injection during the week of 19
July 1976. The success of both demonstrations depended a great deal
upon the wholehearted cooperation of many people. In particular, the
support of the following people is acknowledged:

For the oxygen injection demonstration at Apalachicola: the
U.S. Army Engineer Area Office, Panama City, Mr. Alton Colvin, Area
Engineer, and Mr. Larry White; the U.S. Army Engineer White City
Repair Shops, Mr. Joe Sowell, Superintendent; and Captain John Hutto

and the crew of the U.S. Army Engineer dredge, WILLIAM L. GUTHRIE.
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For the air injection demonstration conducted in Mobile Bay:
the U.S. Army Engineer Area Office, Mobile, Mr. Paul Warren, Area

Engineer; Mr. Steve Benton, Vice President, OKC Dredging, Inc.; and

Captain Harold Marks and the crew of the OKC dredge, PAUL F. JAHNCKE.
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

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

verted to metric (SI) units as follows:

Multiply By To Obtain

inches 25.4 millimetres
feet 0.3048 metres
yards 0.9144 metres
miles (U. S. statute) 1609.344 metres
square miles 2.589988 square kilometres
square inches 6.4516 square centimetres
cubic inches 16.38706 cubic centimetres
cubic feet 0.02831685 cubic metres
cubic yards 0.7645549 cubic metres
gallons (U. S. liquid) 3.785412 cubic decimetres
cubic feet per hour 0.02831685 cubic metres per hour
gallons (U. S. liquid) per

minute 3.785412 cubic decimetres per minute
tons per day 907.1847 kilograms per day
pounds (mass) 0.4535924 kilograms
tons (short) 907.1847 kilograms
pounds (force per square

inch 6.894757 kilopascals
feet per second 0.3048 metres per second
knots (international) 0.5144444 metres per second
pounds (mass) per minute 0.4535924 kilograms per minute
cubic feet per minute 0.02831685 cubic metres per minute
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CHAPTER I: INTRODUCTION
1. Much of the concern about the potentially adverse environmental
effects of dredging operations relates to the practice of open-water dis-
posal of polluted materials. As shown in Table 1, approximately 60 per-

cent of all maintenance dredging utilizes open-water disposal.

Table 1

Disposition of Dredged Materiall

Disposal Method Total Quantity¥* Percent of Total
Open water 182.1 61
Confined 67.1 22
Unconfined 4.9 2
Undifferentiated 44.3 15

298.4 100

* Numbers are million cubic yards.

2. The other disposal methods are diked containment (i.e., confined)
or depositing material unconfined along the shoreline. The term
"undifferentiated" was used to cover projects where both confined disposal
and open-water disposal were practiced or where no breakdown of the total
quantity was provided. Thus, as much as three-fourths of the materials
dredged during maintenance operations may be disposed of in open water.

3. Potential water-quality problems which have been identified with

these disposal techniques include increased turbidity and suspended solids,




and lowering of the dissolved oxygen (DO) level. Other effects which may
occur are changes in pH and in the concentration of phosphorus, pesticides,
and heavy metals. A recent review of the literature by May2 has cited
many studies which attempted to determine the effects of dredging oper-
ations. Based on that literature review and his own work in Mobile Bay,
May concluded that almost all dredged material deposited in open waters
settles very rapidly and forms a density flow along the bottom. Within
the mud flow the concentration of DO generally was below 1 mg/% and may be
completely depleted. A number of other researchers also observed that DO
levels were depressed in the vicinity of dredging operations. A U. S.
Army Corps of Engineers study3 of a highly polluted area showed that DO
was depressed near a pipeline dredge. Brown and Clarka observed that DO
levels were lowered by clamshell and dragline operations in a polluted
tidal waterway between New York and New Jersey. Servizi et al.,5 in study-
ing sediments prior to dredging, concluded that due to a high oxygen demand
and hydrogen sulfide release, the sediments were toxic to fish and should
be disposed of on land. O'Neal and Sceva6 concluded that the disturbance
of bottom material by pipeline and grapple dredging and the subsequent dis-
charge of the materials can significantly reduce DO levels. Many of these
researchers have noted that the demand is concentrated in a density layer
flow that quickly propagates outward from the disposal point.

4, The rapid depletion of DO during disposal operations is caused
by chemical oxidation of constituents which are present in the anaerobic
sediments in a reduced state, Oxygen may also be consumed by the action

of microorganisms; however, this mechanism operates much more slowly and
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contributes little to the immediate demand for oxygen observed in open-
water disposal.

5. This report examines the nature of the sediment oxygen demand and
the means of mitigating its impact under actual dredging operating condi-
tions. Two full-scale field demonstrations were conducted as a part of the
study. In the first demonstration pure oxygen was injected into the dis-
charge line of a hydraulic dredge, and, in the second, compressed air was
similarly injected. The report describes the equipment and methods used
to conduct the demonstrations and the results obtained.

6. The laboratory study section describes the chemical processes
responsible for the oxygen depletion in the receiving water during dredging
and dredged material disposal operations. An analytical method for
measuring and studying the immediate oxygen demand (IOD)* is also presented.
Other items covered in the laboratory study are the effects of oxygenation
on the elutriation of selected chemical constituents and the reaction of
several types of dredged material with dissolved molecular oxygen in both
bench-top and column systems.

7. The final chapter discusses the feasibility, configuration, and .
cost of injection systems for full-scale dredging operations. Alternate
oxidants, such as hydrogen peroxide and ozone-enriched oxygen, are also

considered.

*A11l IOD's referred to in this report are 15-min IOD values unless
otherwise specified.
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CHAPTER II: OXYGENATION AND AERATION FIELD DEMONSTRATIONS

Purpose and Scope

8. An important component of this research study was a field
demonstration series carried out at full scale. The primary purpose of
the field .demonstrations was to determine whether air or oxygen injected
directly into the discharge line of a hydraulic dredge would significantly
reduce the depletion of oxygen in the waters of an open discharge area.

In addition, the tests were designed to obtain quantitative information
about the following:

. Oxygen and air flow rates required.

]

b. Influence of residence time in the dredge discharge line.

5 Effects upon observed DO levels.

o

d. Effects upon observed suspended solids in the plume.
Besides making observations and taking samples to obtain the above infor-
mation, measurements were made and samples were taken to characterize
the system without oxygen or air injection. Similar procedures were used
for both the oxygen and air demonstrations.

9. It should be emphasized that these tests were conducted primarily
to assess the mitigation of oxygen depletion at full scale. This assess-
ment could be carried out reasonably well in a short-term test; some im-
provement in the data may have been produced by many hours of oxidant in-
jection, but the anticipated slight improvement would have incurred great
costs. These costs would be primarily caused by a massive system to pro-
vide oxygen. Therefore, the number of measurements made was limited to

those that could be obtained during about 20 min of injection for each
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test run. Air injections were conducted in a similar manner to enable
comparison with the oxygen tests. The more detailed chemistry and longer
term effects associated with in-pipe oxidation were investigated in the
laboratory program; field verification of the laboratory studies was be-
yond the scope of these preliminary tests.
10. In the work using pure oxygen, five test runs were conducted.
The first, called the "dry run,'" was intended as a practice run to check
out all equipment and procedures. As initially planned, oxygen would not
have been injected during the dry run. However, the operation was pro- ;
ceeding so smoothly at the point in the countdown when oxygen injection ;
was scheduled to start, it was decided to proceed with injection. Con-
sequently, additional data were obtained during this run. Of the subse-
quent four tests, two were run with the oxygen injection point near the
discharge end of the pipeline and two were run with it closer to the
dredge. The two positions provided a significant difference for the
residence time of the oxygen in the pipeline.
11. The work using air included eight test runs. Of these, five were
run with the air injection 1500 ft upstream of the discharge, and three

were run with air injection 2300 ft upstream of the discharge.

Oxygenation Demonstration

Experimental design

12. Extensive investigations were carried out to select a dredging
project that would be suitable for the oxygenation demonstration. Various
projects within the Mobile District were considered, ranging from 12-in.

contractor-owned dredges to a 27-in. dredge owned by the Corps and
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scheduled for operations in Mobile Bay. The project finally selected was

a maintenance dredging operation planned for the Gulf Intracoastal Waterway
near Apalachicola, Florida. The project was scheduled to be running during
the period December 1975 through February 1976, approximately. The general ]
location of the oxygenation tests is shown in Figure 1. The dredge was the

WILLIAM L. GUTHRIE, a 16-in. hydraulic cutter head dredge.

13. There were a number of advantages associated with the particular
project selected. It was located in an area where good support and accommo-
dations were available nearby. The Army Engineer White City Repair Shop,
which has excellent facilities, was available for building the test
section of pipeline and for assisting in the installation of oxygen
equipment. In addition, the dredge GUTHRIE was well equipped to provide
support during the demonstration. The fact that the GUTHRIE is a 16-in.
dredge (rather than 27-in. or larger) was also an advantage in that the
required oxygen flow rate and, therefore, the size of the oxygen equip-
ment, could be kept within reasonable bounds.

14. The demonstration required an oxygen injection system that
would deliver oxygen at a rate sufficient to satisfy the demand of the
slurry being pumped. In order to be conservative, it was decided that the
oxygen demand should be considered to comprise two components: that re-
quired to satisfy the IOD of the sediments; and that required to fully
saturate the water (based on the assumption that there would be no DO in
the water at the point of oxygen injection).

15. The demand was therefore determired for the following conditions

and assumptions:

21
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a. Solids content of dredged material would be 20 percent
(by weight) at a specific gravity of 2.5.

b. Saturation concentration of oxygen in equilibrium with
the water would be 45.5 mg/%.

c. Initial concentration of DO would be zero.

d. The IOD of the dredged sediments would be 1.0 mg/g.
Samples of bottom sediments at the two locations shown in Figure 1 were
taken in July 1975. The IOD of these samples was measured and found to
be approximately 0.8 mg/g; therefore, the assumption of 1.0 mg/g was
thought to be conservative insofar as the required oxygen flow rate was
concerned.

16. The oxygen required for various conditions as a function of

the dredge discharge rate was determined and is shown in Figure 2. The
lowest curve indicates the amount of oxygen required only to saturate the
water. The uppermost curve indicates the total amount that would be re-
quired to satisfy both the IOD and the amount to fully saturate the water.
The intermediate curves show the oxygen required to satisfy 25 percent and
50 percent of the IOD and to saturate the water. For the demonstration,
the oxygen equipment was designed to supply as near the maximum rate as
possible. Based upon design calculations for the oxygen system and upon
estimates of the dredge pump performance, it was predicted that test con-
ditions would fall within the "planned operating region'" shown in the
figure. During the test runs, however, the conditions that prevailed
were as indicated by the "actual operating region.'" The discrepancy, which
is in fact minor, was due primarily to the fact that the dredge pump

would not operate satisfactorily at a flow rate of 7000 gpm as had been
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hoped. During this period, the dredge normally operated at a pump speed i

of 390 rpm. For the oxygen tests the pump speed was reduced, but it was
found that any speed less than about 350 rpm resulted in unsteady flow
and fluctuations in the vacuum and discharge pressure at the pump. Hence,
test operations were conducted at 350 rpm, which resulted in a line
velocity of 13 fps and a flow rate of 8147 gpm.

17. To limit the oxygen flow rate to reasonable values, it was
desirable to reduce the flow rate in the pipeline as much as practicable.
However, in order to assure turbulence and effective mixing of injected
oxygen gas, it was desirable that the flow rate be sufficient to maintain
a high Reynolds numbexr. For the test conditions the actual Reynolds
number was approximately 1.6 x 106, which was more than adequate to
assure good mixing.

18. During the tests, the GUTHRIE was operated with a total of
approximately 1500 ft of pipeline from the dredge pump to the discharge.
This provided sufficient line to select two injection points well sepa-
rated without having to operate the oxygen system close to the dredge
itself. The lengths of pipeline and the positions of the injection

points are shown schematically in Figure 3.

Test facilities and equipment

19. Sampling equipment and sample analysis. The environmental

measurements portion of the oxygenation demonstration consisted of
sampling the sediments, the water in the discharge area, and the discharge

from the pipeline; in situ measurements in the disposal area; and labora-

tory measurements of the samples obtained.
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Sampling. Sediment samples were obtained with a Petersen
type grab dredge and transferred to glass sample jars
for shipment to the laboratory. Water samples were
pumped from various depths with submersible pumps
powered by 12-v batteries. Pipeline samples of slurry
just prior to oxygen injection were taken from a

sample port located on the side of the dredge discharge
pipe. Samples from the end of the pipe were obtained
with a Pitot tube-type device mounted on a cradle and
chained to the pipe. Although plugging was a problem,
sufficient sampling was accomplished to characterize
the suspended solids concentration and obtain samples
for IOD determination at the point of discharge.

In situ measurements. DO concentration was determined

with polarographic DO meters manufactured by Yellow
Springs Instrument Company. Water temperature was deter-
mined with the thermistor built into the DO probe.
Salinity values were established with a YSI Model 33
conductivity/salinity meter. Water current measurements
were made with a Hydro Products Model 460 current meter.
Transmissivity was measured with a Hydro Products Model
612S transmissometer.

Laboratory measurements. Laboratory measurements were made
both at the field laboratory and at the JBF laboratory in
Burlington, Massachusetts. Suspended solids in the water
column and percent solids in the pipeline slurry samples
were determined by filtering and weighing. Turbidity
values were determined with a Hach Model 2100A turbidi-
meter. Values of pH were found with a portable Fisher
Accumet Model 150 pH meter. IOD values were determined
for both pipeline samples and sediment samples by a
procedure which is discussed in greater detail in Chapter
III. Briefly, a known amount of sediment was added to a
sealed bottle containing water with a known concentration
of DO. The bottle was continuously stirred with a mag-
netic stirrer and monitored with a polarographic DO meter.

20. Oxygenation equipment. The oxygenation demonstration was

planned to include four test runs in which oxygen would be injected for a

period of 20 min during each run at a nominal flow rate of approximately

10,000 scfh (standard cubic feet per hour). Thus, the total quantity of

oxygen required was a minimum of 13,300 scf. In order to provide a con-

servative margin, it was decided that the system should have a storage

capability for about twice that quantity.
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21. The discharge line of the GUTHRIE is made up of standard
40-ft sections of 16-in., I.D. steel pipe, each attached to and supported
by a double pontoon float. A special test section for injecting the
oxygen was made by modifying one of these floats. The entire system was
installed on the test section, allowing it to be moved as a unit and
placed in the discharge line at any desired location. This approach also
precluded the need for any special precautions against relative motions
that would have occurred had the oxygen system been installed on a sepa-
rate barge moored alongside the test section.

22. Because the standard pontoon floats provide only limited space

and reserve buoyancy, the size and weight of the oxygen system had also

to be limited. Storage of the oxygen in high pressure gas cylinders was
considered, but proved to be totally impractical. Approximately 135
standard cylinders weighing a total of 27,000 1b would have been required,
far exceeding the allowable limits. Consequently it was decided that the
oxygen would be stored as a liquid and vapor®zed prior to injection.

23. A schematic of the oxygen system is shown in Figure 4, and the
complete installation is illustrated in Figures 5 and 6. The liquid
oxygen was stored in six commercially available cylinders, each having
a capacity sufficient to deliver 4500 scf of oxygen gas. In operation,
the containers were manifolded in pairs to deliver liquid to an air-
warmed, natural convection vaporizer. The vaporizer was sized to
deliver up to 10,000 scfh of gas at a temperature within a few degrees

of ambient. The vaporizer is shown in Figure 7.

24, The oxygen gas was injected into the pipeline through eight
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Figure 5. Oxygen system

Figure 6.

Oxygen system (side view)

30

i el




Figure 7. Liquid oxygen vaporizer

Figure 8.

Oxygen-injector installation
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specially designed nozzles equally spaced around the pipe. Each nozzle
had seven orifices 0.063 in. in diameter to inject the oxygen as very
small bubbles that would be quickly distributed by the turbulence in
the discharge stream. The eight nozzles were connected by pieces of
tubing of equal lengths to a 1l.5-in. header into which the oxygen gas
was fed. The injector installation is shown in Figure 8.

25. For the purposes of the demonstration, the system was designed
for simple, manual control. The storage containers were initially filled
with liquid oxygen saturated at a pressure of about 100 psi. Two high
pressure gas bottles were also provided as an auxiliary source of pressuri-
zation for the 1liquid containers when oxygen was being withdrawn. Gas
flow was controlled by a pressure regulator downstream of the vaporizer.
This could be set at a pressure sufficiently above the pipeline pressure
to inject the oxygen at the desired rate. In order to assure that the
oxygen system did not become contaminated by dredged material, a shut-~off
valve was located on the injection nozzle header. This valve was always
kept closed unless the oxygen pressure was well above the pipeline
pressure.

26. Oxygen flow rates were measured by a precision, calibrated
orifice meter. The indicated flow readings were adjusted by three
correction factors: (1) upstream pipe diameter, (2) observed oxygen
pressure, and (3) observed oxygen temperature.

27. A sampling tap and pressure gauge were installed in the test
section pipeline about 15 ft upstream of the injection nozzles. This

allowed the pipeline pressure to be monitored and samples of the dredged
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material slurry to be withdrawn immediately upstream of the oxygen
injection point.

Test operations

28. Time, location, and conduct of field measurements. The oxygena-

tion tests consisted of measurements made prior to addition of oxygen to
establish background conditions, and measurements made immediately prior
to, during, and after oxygen addition. During the baseline measurements
and oxygen injection, test personnel took samples and made measurements
at a number of locatioms:

Bridge of the dredge. Data recorded were dredge

pump speed, dredge pump discharge pressure, and
dredge pump suction pressure (vacuum).

Oxygen barge. The test operation was directed from
this location and the oxygen system was monitored
and operated here. The following sampling and data
recording were done: extract slurry samples from
sampling tap upstream of injection nozzles; and
record pipeline pressure and oxygen flow rate.

Pipeline discharge. At this location a man stationed
on the discharge barge operated the sampling equipment
to take slurry samples from the end of the discharge
pipe and measured the DO concentration in the slurry.

Plume X. Plume X was located at a fixed point in the
center of the plume approximately 60 ft downstream

of the discharge point. DO concentration in the water
column was measured and water samples were obtained.

Plume Y. Plume Y was located at a distance of approxi-
mately 120 ft from the discharge point and moved such
that it was always in the center of the plume. Mobility
was necessary since the plume meandered considerably
even in a few minutes time. Aerial observations con-
firmed that Plume Y, as well as Plume X, was able to
maintain a position in the center of the plume. Data
recorded were values of DO, salinity, and temperature
profiles. Samples were collected at mid-water depth for
determination of suspended solids concentration.
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Field laboratory. A laboratory was set up on the dredge.
All water and sediment samples were delivered to this
location where they were checked for proper identification
and prepared for transfer to shore and shipment. The
measurements performed in the field laboratory were IOD
analysis of pipeline samples, turbidity of water samples,
and pH of water samples.

Aircraft. The disposal area was overflown by a helicopter
to aid in assuring that the boats were properly stationed
in the plume and to provide a photographic record of the
entire operation.

29. Operation Sequence. The sequence of operations followed during

each of the oxygenation trials, including the dry run, was as follows:

Check oxygen injection system to assure that it is in
readiness for the test.

Reduce the dredge pump from its normal speed of 390 rpm
to 350 rpm.

Boats at locations Plume X and Plume Y assume their
stations in the plume and begin taking readings and
collecting water samples at approximately T-20 (T-0
was the time at which oxygen injection was to begin).
Pipeline sampling also begins at this time.

At T-0 turn on the oxygen.
At T+20 (T+30 on the dry run), turn off the oxygen.
After readings return to normal (T+35 to T+45), cease

monitoring the plume. Stop sampling pipeline at the
same time.

30. Oxygen flow during tests. During the test runs a constant

oxygen flow was maintained. This could not satisfy the variable demand

from minute to minute. The primary source of this variability was the

changing solids fraction in the dredge discharge line. Another source of
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variability was an occasional fluctuation in the dredge line pressure.
Because this reflected back to the oxygen system, it caused some varia-
tion in the oxygen flow rate. However, this was a relatively minor effect,
and the average rate during each run is sufficiently representative for
that entire run.

31. The oxygen flow rates achieved during the test runs are summa-
rized in Table ?. The oxygen requirements are shown in two parts: that
required to react with the sediment's immediate oxygen demand and that re-
quired to saturate the water. The amount of oxygen required to saturate
the water has been calculated in two ways: one assuming that the liquid
is in equilibrium with air, and the other assuming that it is in equili-
brium with oxygen. Based on these calculations and the actual conditions
occurring during the tests, the oxygen flow rates are shown as a percentage
of the total that would have been required if the IOD were fully reacted
and the water were fully saturated.

Table 2

Oxygen Rates and Requirements

Run Number¥*

A-1 A-2 A-3 A-4

Oxygen flow rate:

scfh 8459 8458 8378 9274

grams/min 5308 5307 5257 5819

1b/min 11.7 117 11.6 12.8
Oxygen rate required to satisfy IOD,

grams/min 7784 6673 6112 5559
Oxygen rate required to saturate liquid

in equilibrium with oxygen, grams/min 1284 1301 1309 1317

(Continued)
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Oxygen rate required to saturate liquid

in equilibrium with air, grams/min 257 260 262 263
Percent of total oxygen provided if 1
in equilibrium with oxygen 59 67 71 85 i
Percent of total oxygen provided if
in equilibrium with air 66 77 82 100
* For all runs: IOD = 1.12 mg/g ]

Flow rate of slurry = 8,147 gpm or 30,863 2 /min
32. The IOD of the sediments is taken as 1.12 mg/g for all test runs.
This value is the mean of the IOD's measured for 49 slurry samples obtained

when oxygen injection would not have affected the IOD value. IOD data

were taken from all four runs and pooled because there was no significant
difference between the means from one run to another. The measured values
ranged from 0.82 to 1.51 mg/g, and the standard deviation of the data was

0.138.

Test results

33. Background data. Observations and measurements were made in the

water column near the dredging operation (but outside its zone of influence)
on several days prior to the actual oxygenation demonstration. Conditions
were found to be quite uniform from location to location with the main
variability with depth being a salinity stratification. A typical profile
describing the water column is shown in Table 3. The location of this
sampling point was in the disposal area 200 yd south of the discharge

point. Dissolved oxygen values are seen to be at or near saturation,

and salinity is very low at the surface and high at the bottom although

the depth was less than 6 ft. The level of suspended matter was fairly
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high. A curious observation, which was repeated at other background
sampling stations, was that while the concentration of suspended solids
increased with depth, the turbidity decreased. This was presumably
due to differences in particle size with larger or denser particles
predominating nearer the bottom. The speeds of the currents are seen to
be low at the time of these observationms.

Table 3

Background Measurements, Apalachicola Bay*

Suspended
Depth DO Salinity Solids Transmissivity Turbidity Current
ft mg/4 ©/00 mg/2 % NTU knots
Surface -~ 0.7 20 16 16 -
B 9.0 0.7 ~ 16 - 0.3
2 - 6.8 ~ 16 - -
3 10.8 11.8 - 23 - 0.05
4 - 12.8 - 28 - -
5 9.5 20.9 74 - 8 0.125
5.8 - 20.9 - = - —
(Bottom)

*Air temperature, 16°C; water temperature, 16-18°C; date, 2 Dec 75;
and time, 1400-1410 hr.

34, Slurry solids fractions. During each test run, samples of

the dredged material slurry were withdrawn from the discharge line at a
point immediately upstream of the oxygen injection nozzle. When the
samples were taken (at intervals of about 5 min) there appeared to be a

pronounced variability in the density or thickness of the slurry from one
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sample to another. Some were quite watery while others were thick
enough to mound up when poured onto a flat surface. The variability
seemed quite random.

35. After the tests, the density of each slurry sample, PS, was
measured in the laboratory; for each run, the mean density and the stan-
dard deviation for the sample set were determined. These results are
shown in Table 4. The table also shows the percent solids (both by weight
and by volume) based upon the mean value ¢ cthe measured slurry densities.

Table 4

Statistics of Slurry Densities

Run Number#*

A-1 A-2 B-1 B-2
Slurry Density, PS, (g/cc) E.15 1.13 1.12 b %5 5 |
Std. Deviation of Py 0.045 0.039 0.055 0.027
(Coeff. of Variation,%) (3.9) (3.5) (4.9) (2.4)
Number of Samples 12 11 16 15
! Range of PS (g/ce) 1.08- 1.05- 1.02- 1.07-
- 1.23 148 1.19 1.16
% Solids by Volume 8.5 T3 6= 6.1
% Solids by Weight 19.6 b 4% | 15.8 14.5

*For all runs: Density Solids = 2.66 g/cc; Density Seawater = 1.0l g/cc

36. One striking feature of these results is that there was a
systematic variation superimposed upon the random variability in percent
solids as the tests proceeded. This is further illustrated in Figure 9.

The curves show the functional relationship between the solids fraction

38




i
g |
g )
g

£3Tsuap A1anTs °"SA SPTI[OS JUa213dd

149

—t

‘g 2an31y

(29/38) A3Tsuap A1inis

Gl

01°1 80°1 90°1 PO° 1 201 00°

ueaW [-y uny.__g,

—

|

——

———— —— e s i

ueaW Z-y uny___ -

ueall T-g uny

ueaduw z-g uny

<
—

(%) oraea sprios

O
ot

0c

(4

ve

39

&




in the slurry and the slurry density for the actual test conditions (i.e.,
seawater density of 1.01 g/cc and solids density of 2.66 g/cc). The mean
density for each run is shown, as well as the value of one standard
deviation about each side of the mean. The differences in the mean value
from run to run appear significant upon examination and did in fact prove
significant when subjected to standard statistical tests.

37. There is a variety of sources of random variability in the
solids fraction. Some examples are: (1) the characteristics and degree
of compaction of the sediments may vary, causing the cutting rate to vary;
(2) the depth of cut will change as the cutter head swings across a cut
if there is a variation in the water depth; and (3) the techniques uti-
lized to advance the dredge by alternately setting and raising its spuds
cause the cutterhead to pass through a previously cut region for a few
degrees in each swing, reducing the solids fraction momentarily.

38. The systematic variation which caused the solids fraction to
decrease from about 20 percent in Run A-1 to about 14 percent in Run B-2
could have been caused by a change in the depth of cut. This was probably
not the case here since the depth at which the cutterhead was set during
the tests was not changed and the bottom depth did not vary enough.

Figure 10 shows the profile of the average bottom depth along the channel
in the region in which the tests were performed. The location of the
dredge during each test is indicated above the profile. The water depth
remained almost constant (within about 1 in.) throughout the period of the

tests.
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39. Other more speculative explanations may be sought for the

systematic variation. For example, the degree of compaction of the sedi-
ments may have been varying. However, no data are available to test such
speculations. The implication of these results to oxygenation is that
there can be long-term systematic and also intermittent random variations
in the solids fraction actually being pumped. In this case, a 40 percent
systematic change was observed. Since the cost of providing oxygen is
likely to be significant, it may be desirable to provide the capability
for continuously sensing the pumping rate and solids fraction so as to
modulate the rate at which the oxidant is injected.

40, Observations of DO in water column. The concentration of DO in

the water column in the disposal area was determined at two locations: at
an anchored boat designated Plume X located approximately 60 ft from

the point where the discharge entered the water and at a second mobile boat
designated Plume Y which maneuvered so that it stayed in the center of the
plume approximately 120 ft. from the discharge point. At Plume X, DO
readings were taken at mid-water depth (1.5 ft), and at Plume Y, DO readings
were taken at 1-ft intervals from just below the surface to just above

the bottom. The water depth was generally between 4 and 5 ft, so about

six readings were taken in each set. As one set was completed, the next
began at intervals of about 4 to 5 min. For the purposes of summarizing
the data into a compact and readily understandable form, two procedures
were used. For the data from Plume Y, only three depth values were
plotted: the first is the near-surface value; the second is an average of

all values between the surface and the near-bottom value; and the third is




the near-bottom value. For the Plume X data, the one value of mid-depth 3
DO is plotted.

41. The second summarizing procedure was to use a time-averaging :
technique because of the high degree of variability observed from one set
of readings to the next. To smooth out gsome of this variability and allow
longer term trends to be more readily recognized, the value plotted at
each time was an average of three values, the actual value and the value i
on each side of it in its time sequence.

42. The effect of oxygenation on DO levels in the water column at

Plume X during Run A-1 is shown in Figure 11. Prior to oxygenation the

DO level is seen to average 4.2 mg/g . During oxygenation the average DO
rose to 6.3 mg/y and then rapidly fell again to preoxygenation levels.
This clearly demonstrates the effect of oxygenation on the water columnm.

43. Dissolved oxygen levels at Plume Y during Run A-1 are shown in
Figure 12. In this case the mid~depth value shown is the set of readings
taken at the 3-ft level. Near the end of the oxygen injection period, the
DO probe was held at the 3~-ft level to observe the effect of ceasing
oxygen injection. Once obvious effects were no longer noted at that depth,
readings were resumed in the usual sequence.

44, Even at this location only about 120 ft from the discharge
point, and although obviously in the turbid plume, the surface DO level
is seen to be only slightly depressed from background values. At the 3-ft
level a downward trend in DO levels is seen throughout this test period.
That trend was apparently not affected by oxygen injection. Only near

the bottom were DO levels seriously depressed when oxygen injection was

43
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