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MUSIC CITY MAKEOVER     
BY ROBERT L. REID n  Constructed on a former brownfield site, Nashville’s Ascend 
Amphitheater is both a new outdoor music venue and the chief landmark within a 
park that was designed to help improve the city’s flood protection.

TRIPLE TREATMENT     
BY ROSS W. DUNNING, P.E., AND ANITA FICHTHORN n  Three innovative stormwater 
treatment approaches were designed and implemented for three separate but linked 
industrial sites at the Port of Tacoma, helping to protect waterways that the port has 
worked hard in the past to improve.

SUSTAINABILITY 2.0     
BY CATHERINE A. CARDNO, PH.D. nNew York City’s Department of Design and 
Construction, which oversees capital projects within the city’s five boroughs, has released 
a set of guiding principles to inspire architects and engineers to create designs that will 
help the city realize its equity, sustainability, resiliency, and healthy living goals.

O2 TO THE RESCUE      
BY RICHARD E. SPEECE, PH.D., M.ASCE, DAVID CLIDENCE, P.E., M.ASCE, LARRY NEAL, 
P.E., M.ASCE, HOPE MOORER, AND WILLIAM BAILEY, P.E., M.ASCE n  In the absence of 
mitigation measures, the ongoing effort to deepen the navigation channel serving Georgia’s Port 
of Savannah would reduce dissolved oxygen levels in the Savannah River below those needed to 
sustain ecological diversity. To prevent this scenario, a series of oxygen-injection cones 
will be installed in two locations to add 40,000 lb of dissolved oxygen per day to 
the waterway.

ON THE COVER:  
The new salt shed 

on Spring Street in 
Manhattan, designed 
by Dattner Architects 

in association with 
the architecture and 

urban design firm WXY 
for New York City’s 

Department of Design 
and Construction and 

Department of Sanitation, 
embodies the principles 

of design excellence as set 
forth in the city’s newest 
guidelines. (Photograph 

by FieldCondition. 
See page 48.)
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EORGIA’S PORT OF SAVANNAH stands to 
benefit considerably from the expansion of 
the Panama Canal. Expected to be completed 
this summer, the expansion will enable much 
larger cargo ships from Asia to travel in less 
time to Savannah and other East Coast ports. 
To ensure that the Port of Savannah can ac-
commodate the greater drafts of these larger 
ships, the Savannah District of the U.S. Army 
Corps of Engineers is conducting the Savan-

nah Harbor Expansion Project. The endeavor involves 
deepening the federal navigation channel serving the 
port by 5 ft and includes several features designed to 
mitigate the project’s untoward effects on the environ-
ment. Among these is the design and construction of a 
system capable of injecting 40,000 lb of dissolved oxy-
gen per day into the harbor. Intended to compensate 
for the greater water depth, the additional oxygen will 
help to maintain adequate levels of this key element and 
thereby protect fish and other aquatic organisms.

Opened in 1914, the Panama Canal connects 160 
countries and 1,700 ports around the world. Because 
of its strategic location, it serves more than 140 trade 
routes and accommodates some 14,000 ship passages 
annually. The United States is the key beneficiary of 
the Panama Canal, as more than two-thirds of the car-
go passing through the canal either originates from or 
is bound for U.S. ports. 

Shipping patterns for East Coast cities will change 
dramatically with the completion of the $6-bil-
lion Panama Canal expansion project. The original  
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In the absence of mitigation measures, the ongoing effort 
to deepen the navigation channel in Georgia’s Port of 
Savannah would reduce dissolved oxygen levels in the 

Savannah River below what is needed to sustain ecological 
diversity. To prevent this scenario, a series of oxygen-

injection cones will be installed in two locations to add 
40,000 lb of dissolved oxygen per day to the waterway. 

By Richard E. Speece, Ph.D., M.ASCE, 
David Clidence, P.E., M.ASCE, Larry 
Neal, P.E., M.ASCE, Hope Moorer, 
and William Bailey, P.E., M.ASCE

O2 to the 
Rescue 



Panama Canal locks can accommodate “Panamax” class con-
tainer ships, which are 965 ft long by 106 ft wide with a 
39.5 ft draft and an ability to carry 4,500 shipping contain-
ers commonly referred to as twenty-foot equivalent units 
(TEUs). By adding a much larger set of locks, the expansion 
project will enable “New Panamax” ships traveling from Asia 
to pass through the canal en route to the eastern seaboard of 
the United States. At 1,200 ft long by 160 ft wide, New 
Panamax ships can carry 12,000 TEUs and have a draft of  
50 ft when fully loaded. At present New Panamax ships car-
rying goods from Asia to the United States must offload their 
cargo at West Coast ports. From there, the TEUs are shipped 
by surface transportation to the East Coast, adding $600 to 
the cost of transporting each shipping unit. As an alternative, 
New Panamax ships traveling from Asia to the United States 
can pass through Egypt’s 80 ft deep Suez Canal, which has no 
locks. However, this route takes approximately 10 days lon-
ger than the one through the Panama Canal. 

It is anticipated that the new locks of the Panama Canal 
will see 2,000 passages of New Panamax container ships per 
year. Because of their greater size, the ships will essentially 
double the available cargo capacity compared with current 
levels. At present only three East Coast ports—Baltimore, 
Miami, and New York City—stand to gain, as they are the 
only ones that can accept fully loaded New Panamax ships. In 
response, Savannah and other East Coast ports have embarked 
on a “race to the bottom” to deepen their harbors so that they 
too can accommodate the larger vessels.

The Savannah Harbor Expansion Project will foster even 
more activity at the already busy Port of Savannah. In fiscal 
year 2014, the 1,200-acre facility handled 8 percent of to-
tal U.S. containerized trade, making it the nation’s fourth-

busiest container terminal and its second-busiest container 
exporter. The largest U.S. container facility and one of Geor-
gia’s strongest economic engines, the Port of Savannah han-
dled nearly 3.7 million TEUs in 2015. Located 33 mi up the 
Savannah River from its mouth on the Atlantic Ocean, the 
port is served by a navigation channel that at present is main-
tained at a minimum depth of 42 ft at mean low water.

As a result, New Panamax ships calling at the Port of Sa-
vannah must arrive lightly loaded and must travel only at 
high tide, which effectively increases the depth of the navi-
gation channel by approximately 7 ft. Because container 
ships have daily operating expenses of roughly $60,000, 
waiting offshore several hours for high tide increases ship-
ping costs significantly and makes port operations less effi-
cient. About one-third of the vessels calling at Savannah are 
too big for the Panama Canal and are either part of a trans-
atlantic service or are taking the longer, Suez Canal route 
from the Far East.

Deepening Savannah’s harbor from 42 ft to 47 ft at mean 
low water to accommodate New Panamax ships more effi-
ciently will reduce the cost per container by an estimated 20 
to 40 percent on the larger vessels. Shippers using the Port 
of Savannah will enjoy annual savings of $213 million, while 
U.S. businesses will save $174 million annually. Boasting a 
5.5:1 benefit-to-cost ratio, the $706-million Savannah Har-
bor Expansion Project is expected to recoup the initial out-
lay through these savings in slightly more than three years.

The environmental impact study associated with the 
deepening of Savannah’s harbor has been one of the most ex-
tensive ever completed for a harbor-deepening project, taking 
16 years. Among the critical issues evaluated were the poten-
tial effects of the project on dissolved oxygen levels within the 

J U L Y / A U G U S T  2 0 1 6   C i v i l  E n g i n e e r i n g  [69] 

G
E

O
R

G
IA

 P
O

R
T

S
 A

U
T

H
O

R
IT

Y
/S

T
E

P
H

E
N

 B
. 

M
O

R
T

O
N

Georgia’s 1,200-acre Port of Savannah is the nation’s fourth-busiest 
container terminal and second-busiest container exporter. At the 
Garden City Terminal, nine container berths work simultaneously.



Savannah River. Because such levels are crucial for ensuring 
wildlife diversity within the river, years of studies had to be 
conducted to obtain the necessary regulatory approvals from 
federal, state, and local officials. As part of its water quality as-
sessment duties under section 303(d) of the Clean Water Act, 
the State of Georgia has designated the lower Savannah River, 
including the harbor, as “impaired” because of the waterway’s 
low levels of dissolved oxygen. Therefore, ensuring adequate 
levels of dissolved oxygen throughout the harbor after dredg-
ing is of paramount importance in the deepening project. 

Just as we need oxygen to live, so too do fish and the nu-
merous other species that live in the water. The health of an 
aquatic system is normally reflected in ecological diversity, 
that is, the number of different species that can thrive in the 
system. A positive correlation exists between dissolved oxy-
gen concentration and ecological diversity.

Few constituents in water have such significant and wide-
ranging effects as dissolved oxygen, which can be considered 
the “coin of the aquatic realm.” For example, the concentra-
tion or absence of dissolved oxygen directly affects the behav-
ior of such heavy metals as arsenic, mercury, chromium, iron, 
and manganese in aqueous environments. Dissolved oxygen 
concentrations also affect the types of microbial 
transformations, as well as invertebrate and fish 
populations, in a given aquatic setting. For Sa-
vannah’s harbor, the minimum required level of 

dissolved oxygen is 5 mg/L, a concentration that ensures the 
well-being of the fishery.

If dissolved oxygen concentrations decrease to unaccept-
able levels, deleterious effects on fish and other aquatic organ-
isms could result. Lower levels of dissolved oxygen also reduce 
the ability of the entire 33 mi stretch of the Savannah River to 
safely assimilate loads of oxygen-demanding substances intro-
duced through natural or man-made processes upstream and 
entering the river from point and nonpoint sources. For in-
stance, organic matter enters the river from extensive wetlands 
and marshes, and wastewater discharges and decaying algae 
contribute additional oxygen-demanding substances.

A critical resource in the harbor, dissolved oxygen has 
historically proved challenging to maintain at acceptable 
levels, especially during warm summer months, when river 
flows decrease and water temperatures increase. For its part, 
the U.S. Environmental Protection Agency has imposed a 
“no additional discharge” limitation on the river and harbor 
and established a net total maximum daily load for existing 
permitted discharges of 130,000 lb of oxygen-demanding 
substances. 

Two basic factors concerning the harbor deepening raise 
concerns regarding dissolved oxygen levels. 
The first involves unit atmospheric reaeration 
rates—that is, milligrams of dissolved oxygen 
per liter per day—which decrease because of the 
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SITE PLAN FOR 
INSTALLATION NEAR 

RINCON



resulting greater depths and lower water veloci-
ties. The second factor has to do with lower wa-
ter velocities, which increase seawater salinity in-
trusion farther into the harbor and, in turn, cause 
lower dissolved oxygen saturation levels. In other words, the 
theoretical maximum concentration possible for a given tem-
perature and salinity is decreased. In the absence of supple-
mental oxygenation, deepening the harbor would adversely 
affect dissolved oxygen levels, especially during periods of 
lower river flows and higher water temperatures.

Unit reaeration rates in the harbor are an inverse function 
of water depth: the deeper the river, the lower the unit reaera-
tion rate. This relationship holds true because there remains 
the same water surface area across which oxygen is absorbed 
from the atmosphere into the water. However, the deeper har-
bor has a greater water volume and less top-to-bottom vertical 
mixing. Modeling conducted by the Corps of Engineers to ex-
plore ways of offsetting the reduction in unit reaeration within 
the harbor caused by deepening it from 42 ft to 47 ft at mean 
low water revealed that an additional 40,000 lb of supplemen-
tal oxygenation would be required per day.

Although oxygen in ordinary air may be “free,” ordinary 
air has the following disadvantages when used for the supple-

mental oxygenation of water:
• Because air is only 21 percent oxygen, it pro-

vides relatively limited amounts of dissolved oxy-
gen. For example, air that mixes with water at a 

temperature of 32ºC and a salinity of 5,000 mg/L has a dissolved 
oxygen solubility of approximately 7 mg/L. 

• Dissolving oxygen from ordinary air into water requires 
excessive amounts of energy. For example, the energy needed 
to dissolve oxygen from air into water at 32ºC at a concentra-
tion of 5 mg/L amounts to more than 2,000 kWh per ton of 
dissolved oxygen, or about $200 per ton of oxygen dissolved 
at $0.10 per kilowatt-hour.

• Nitrogen in ordinary air can become supersaturated in 
pressurized water and effervesce in the gills of fish, causing 
the equivalent of the “bends” experienced by human divers.

An alternative to atmospheric oxygen, high-purity oxygen 
is available for use in supplemental oxygenation systems from 
two different sources. The first is commercial cryogenic liquid 
oxygen, which is approximately 100 percent oxygen and can be 
trucked in and stored on-site in special tanks until needed. For 
the past few decades, the Corps has used this option to supply ap-
proximately 80 tons of oxygen per day that is seasonally injected 
at depth within the Richard B. Russell and J. Strom Thurmond 

J U L Y / A U G U S T  2 0 1 6   C i v i l  E n g i n e e r i n g  [71] 

A
M

E
C

 F
O

S
T

E
R

 W
H

E
E

L
E

R
, 

B
O

T
H

SITE PLAN FOR 
INSTALLATION NEAR 
HUTCHISON ISLAND



lakes, located on the Savannah River far upstream of the port. Al-
though liquid oxygen ordinarily costs about $80 per ton, season-
al availability can prove challenging in a free market.

The second source for supplemental high-purity oxygen 
involves concentrating oxygen from ambient air to produce 
enriched oxygen having a purity of 92 percent. Known as 
pressure swing adsorption or vacuum swing adsorption, the 
technique employs special molecular sieves that selectively ad-
sorb nitrogen gas from the air, leaving enriched oxygen. Con-
ducted on-site where the high-purity oxygen will be used, the 
generation process requires electric power at the site to run the 
oxygen generators, but it eliminates the heavy truck traffic and 
storage tanks associated with deliveries of bulk cryogenic liq-
uid oxygen. On-site generation also affords long-term price sta-
bility and ensures seasonal availabil-
ity of oxygen, something that cannot 
be guaranteed for liquid oxygen. 

For this installation, because 
supplemental oxygenation is need-
ed only during the warmer months, 
reliably obtaining sufficient vol-
umes of liquid oxygen at stable 
prices on a seasonal basis may prove 
difficult. For this reason, the Corps 
selected on-site generation of high-
purity oxygen for the two perma-
nent dissolved oxygen mitigation 
stations now under construction in 
the harbor.

Whether provided as cryogenic 
liquid oxygen or through on-site 
generation, high-purity oxygen of-
fers the following advantages:

• Provides significantly elevated 
(30 to more than 200 mg/L) dis-
solved oxygen levels in a pressur-
ized waterside stream;

• Avoids the supersaturated dis-
solved nitrogen problems associat-
ed with using ordinary air;

• Makes it possible for a relatively small side stream of 
water to be pumped from the harbor, superoxygenated in a 
shore-based system, and then returned to the harbor through 
submerged discharge ports adjacent to the deep navigation 
channel. The submerged discharge ports facilitate rapid mix-
ing and dilution within the bulk harbor water to help avoid 
the potential loss to the atmosphere of dissolved oxygen from 
the supersaturated return water.

In 2004 Amec Foster Wheeler (then MACTEC), of Lon-
don, was contracted by the Corps’s Savannah District to 
determine and evaluate alternative technologies for sup-
plementing dissolved oxygen levels in the Savannah River 
estuary as a mitigation measure for the oxygen deficit caused 
by harbor deepening. Of the 25 alternatives considered, in-
jection of superoxygenated water was seen as the most cost-
effective approach for mitigating the projected dissolved oxy-
gen deficit. The ECO2 SuperOxygenation System, developed 
by ECO Oxygen Technologies, LLC, of Indianapolis, was cho-

sen as the most appropriate and most efficient technology for 
dissolving the gaseous oxygen in the harbor water.

In 1977 one of the authors, R.E. Speece, designed and in-
stalled above Clarks Hill Dam on the Savannah River a fine-
bubble oxygen diffuser system that dissolved 100 tons of ox-
ygen per day. That project validated the concept for the two 
oxygenation systems now used by the Corps to oxygenate the 
bottoms of the Richard B. Russell and J. Strom Thurmond 
lakes. Installed at the bottom of each lake, these systems now 
routinely add up to 80 tons of dissolved oxygen per day to 
the hypolimnion of each lake as a means of improving the 
dissolved oxygen concentrations in the water before it passes 
through the turbines of the hydropower dams forming the 
lakes. The 140 ft depths of the reservoirs facilitate efficient 

absorption of oxygen from the ris-
ing bubbles. However, Savannah’s 
harbor is much shallower, and no 
oxygenation equipment may be 
placed in the shipping channel. 

To efficiently dissolve pure ox-
ygen at a lesser depth, an oxygen 
transfer reactor is needed that can 
generate a significant interfacial 
area in which gas bubbles and wa-
ter come into contact and can re-
tain bubbles for extended periods. 
The ECO2 SuperOxygenation Sys-
tem achieves both goals. The system 
pumps water downward through a 
conical vessel referred to as a Speece 
cone, and gaseous oxygen is injected 
into this cone. The resulting exten-
sive bubble swarm has an exception-
ally large interface of gas to water, 
maximizing oxygen transfer. The 
water velocity gradient within the 
cone traps the oxygen bubbles for 
the necessary prolonged retention 
time because the high inlet water 
velocity prevents the bubbles from 

escaping. What is more, the bubbles cannot be swept out the 
bottom of the cone because the buoyant velocity of the bub-
bles exceeds the downward exit water velocity from the cone’s 
bottom. 

The system thus achieves the prolonged oxygen bubble 
contact times required for efficient oxygen absorption. Pres-
surization of the reactor produces even higher dissolved oxy-
gen concentrations in the discharge. Speece cones have been in-
stalled at numerous locations, including California’s Camanche 
Reservoir; the Gowanus Canal, in New York City; the Logan 
Martin Dam, on the Coosa River in Alabama; Colorado’s Mar-
ston Reservoir; and Washington State’s Newman Lake.

Natural resource agencies had misgivings about whether 
the ECO2 SuperOxygenation System would work effectively 
in Savannah’s tidal harbor and also were concerned that the 
resulting dissolved oxygen levels might be too high near the 
discharge site and perhaps adversely affect fishery resources. 
In 2007 the Georgia Ports Authority, the owner of the Port of 
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Savannah, contracted Amec Foster Wheeler to design, install, 
and operate a temporary, barge-mounted ECO2 SuperOxy-
genation System for high-purity oxygen absorption and sub-
sequent injection into the harbor. The project was intended to 
demonstrate that such supplemental oxygenation technology 
could be successfully adapted and used in Savannah’s tidal har-
bor to mitigate the anticipated dissolved oxygen deficit and to 
directly address the potential fish toxicity question. Dubbed 
the ReOx demonstration system, the temporary installation 
consisted of two barge-mounted cones 12 ft in diameter and 
20 ft high supplied by ECO Oxygen Technologies and the nec-
essary supporting equipment and facilities, including water 
intake pumps and piping, shore-based liquid oxygen storage, 
and a shore-to-barge power supply. 

The ReOx demonstration system had a nominal design 
capacity of 30,000 lb of supplemental dissolved oxygen per 
day. The system was operated and monitored in 2007 from 
August through mid-September. Overall, the limiting factor 
for oxygen dissolution by the temporary ReOx system was 
the water flow and pressure available from the water intake 
pumps. These limitations contributed to episodic belching 
of oxygen bubbles from the submerged discharge to the river 
when oxygen gas flow to the cones exceeded the water flow 
and pressure capacity available from the pumps. Overall, the 
ReOx demonstration system reliably added 20,000 lb of dis-
solved oxygen per day to the harbor for 30 days. The opera-
tional limitations amounted to “lessons learned” that were 
addressed in the design of the full-scale system.

Modeling of the near-field dissolved oxygen plume indi-
cated that the discharge plume diluted from its initial con-
centration of 85 mg/L to about 10 mg/L within the one to 
two seconds required to move about 15 ft away from the 
point at which the dissolved oxygen was injected. Because 
large tidal flows occur in the Savannah River, fish moving 
with the current would spend only a few seconds in the dis-
solved oxygen dilution plume. Abundant wildlife was ob-
served in the vicinity of the injection site during the demon-
stration project. After observing the ECO2 SuperOxygenation 

System in operation, state and federal environmental agency 
staff expressed no further concerns about fish mortality result-
ing from locally elevated dissolved oxygen concentrations.

A hydrodynamic water quality model of the harbor was 
used so that the injection sites would be at the optimal loca-
tions for ensuring that tidal forces would mix the dissolved 
oxygen throughout the estuary. The model was used to bal-
ance the up-front construction costs with the costs to main-
tain injection systems at multiple locations. The design ad-
dressed itself to the following goals: locating the injection 
sites in the areas most in need of supplemental dissolved oxy-
gen; colocating injection facilities, if possible, to serve mul-
tiple needs; and locating facilities near existing utilities and 
roads to the fullest extent practicable. Ultimately, the project 
team called for the installation of oxygen-injection systems 
in two locations in the Savannah River: one near Hutchison 
Island and the other near Rincon.

Based on this modeling study and the subsequent system 
design, it was determined that water withdrawn from the 
tidal harbor near Hutchison Island by a single pump station 
at a rate of 65 cfs and pumped through three Speece cones 
could add 12,000 lb of dissolved oxygen per day. (This sys-
tem also includes a fourth cone for redundancy.) The model-
ing further determined that supplemental dissolved oxygen 
should be injected in two harbor locations: one in the Front 
River navigation channel and the other in the smaller Back 
River. (The Front River is the westernmost fork of the Savan-
nah, and the Back River is the easternmost.) The water in-
take structures would include screens designed to reduce the 
intake of fish and trash. The screens would be sized to pre-
vent face velocities from exceeding 0.5 ft/s, and they would 
ensure gentle return of fish to minimize impingement mor-
tality. The intake and primary discharge would be located 
on Hutchinson Island along the bank of the Front River and 
would not encroach on the maintained navigation channel. 

A second, larger system for adding dissolved oxygen will 
be located far upstream on the free-flowing Savannah River 
near Rincon. This system will pump 
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(Continued on Page 77)

For one month in 2007, a temporary oxygenation system was 
used to add dissolved oxygen to the Savannah River, dem-
onstrating its effectiveness as a means of safely maintain-
ing adequate levels of the critical element in the waterway.



guiding principle is what we call community capital,” he 
says. “At the end of the day, we in the public sector are mak-
ing investments for and with the community [because] these 
choices enhance our neighborhoods. The community capital 
is the cultural capital, the social capital, the educational capi-
tal, the natural capital, the symbolic capital, and, of course, 
the economic capital.”

“Guidelines or guiding principles have been written be-
fore. We are very conscious of the challenges of writing some-
thing that might just end up on someone’s shelf, and not as a 
living part of a project’s development,” Bell adds. “That’s the 
challenge: making it happen, not just talking about it.” The 
trick will be incorporating such design elements early on into 
a project’s schematic or conceptual designs and making sure 
that they are not value-engineered out, he says. By releasing 
Guiding Principles and creating a system to monitor the ap-
plication of these principles in projects throughout their de-
sign life cycle, the DDC hopes to ensure, says Bell, that the 
designs are meeting the needs of the city and the community 
on all levels.

Peña-Mora, Castillo, and Bell worked with a five-mem-
ber team in preparing Design and Construction Excellence 2.0 
Guiding Principles. The team’s members were James S. Rus-
sell, FAIA, the director of the design strategic initiatives; If-
eoma N. Ebo, LEED AP, a strategic initiative specialist on eq-

uity; Dolores Spivack, Ph.D., AIA, LEED 
AP, a strategic initiative specialist on sus-
tainability; Jean You, a strategic initia-
tive specialist on resiliency; and Alison 
Brown, a strategic initiative specialist on 
healthy living. CE

Catherine A. Cardno, Ph.D., is the senior 
writer of Civil Engineering.
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 ASCE’s 2017 International Conferences on Sus-
tainable Infrastructure will take place in New 
York City October 26–28. This gathering of 

civil engineers, urban architects, policy makers, tech-
nology experts, and related professionals will provide 
a showcase for the latest developments and advances in 
design, construction, technology, policy, and education 
related to “nature-based solutions” and sustainable infra-
structure and will offer a forum for discussing and debat-
ing the creation of healthy and safe communities and fu-
ture directions for the 21st century. Prospective speakers 
are invited to submit abstracts, which should be limited 
to two pages. Speakers who wish to submit a paper for 
inclusion in the conference proceedings should indicate 
their intention to do so. Online submission is required 
to be considered for acceptance into the program. For ad-
ditional information on the process and requirements for 
submission, visit www.icsiconference.org.

water at a rate of 150 cfs through 
seven cones, an eighth cone to be available for redundancy. 
The upriver installation is designed to add 28,000 lb of dis-
solved oxygen per day to the river. Together, the two loca-
tions will supply 40,000 lb of supplemental dissolved oxy-
gen per day.

Two alternatives were evaluated for supplying the necessary 
oxygen: one using liquid oxygen and the other on-site genera-
tion of oxygen. Although the two approaches had similar com-
parative costs on an average annual basis, 
the Corps opted for on-site generation to 
increase the long-term reliability of per-
formance and supply. As noted previously, 
the Corps has experienced difficulties in 
obtaining liquid oxygen for use at other 
project sites during the summer. On-site 
oxygen generation would remove that po-
tential supply problem and eliminate the 
truck traffic associated with the delivery of 
liquid oxygen. The Corps will begin oper-
ating the installed systems each season by 
June 15 so that the supplemental dissolved 
oxygen can disperse thoroughly through-
out the estuary by July 1.

The final oxygenation system designs 
best balance the choices of system spac-
ing, size, and effectiveness when the is-

sues of operating complexity, existing land uses, and the need 
to offset the expected incremental effects on dissolved oxygen 
from the deepening are considered as a whole. What is more, 
since the oxygen-injection systems are scalable, they can be 
expanded in the future, if desired, to produce additional in-
cremental improvements in dissolved oxygen levels in the 
harbor. Now under construction, this $100-million supple-
mental dissolved oxygen project was designed by Amec Fos-
ter Wheeler, which served as a subcontractor to STOA Ar-
chitects, of Pensacola, Florida, the project’s principal design 
firm. CDM Constructors, Inc., of Maitland, Florida, is serv-

ing as the prime contractor for this effort, 
which is slated for completion in 2017. 
The Corps has committed itself to moni-
toring the performance of the systems af-
ter construction is completed. CE

Richard E. Speece, Ph.D., M.ASCE, is a profes-
sor emeritus of civil and environmental engineering 
at Vanderbilt University. David Clidence, P.E., 
M.ASCE, is the president of ECO Oxygen Tech-
nologies, LLC, in Indianapolis. Larry Neal, P.E., 
M.ASCE, a vice president of Amec Foster Wheel-
er, works in the firm’s Kennesaw, Georgia, office. 
Hope Moorer, not pictured, is the general manager 
of navigation programs for the Georgia Ports Au-
thority. William Bailey, P.E., M.ASCE, is the 
chief of the planning division of the U.S. Army 
Corps of Engineers’ Savannah District.
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