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Are You
Looking
Into Your
Outfalls?

A

Knowing the condition
of an outfall pipe
and diffuser system
assures regulatory
compliance for one
wastewater utility
Bruce W. Husselbee and Shawn M. Heselton

t most wastewater treatment plants, an outfall pipe or channel
conveys treated effluent to an adjacent receiving stream or other
body of water. To limit impacts to the receiving stream, utilities
often install a diffuser system on the end of the outfall pipe that
increases the dilution of the effluent into the ambient water.

These systems are just as important as any of the other processes at a
wastewater treatment plant, but they are less visible. Therefore, it is important to pay attention to outfall design, installation, and operation. After all, it
is usually obvious whether or not a clarifier is functioning properly, but since
outfall diffusers are rarely inspected, their condition often is unknown.
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HRSD

HRSD used a small
remote-operated
vehicle to inspect
the internal section
of the Nansemond
Treatment Plant
outfall.

In 1999, the Hampton Roads Sanitation
District (HRSD; Virginia Beach, Va.) embarked
on a program to create an outfall inspection and
repair program. The HRSD aimed to
• systematically inspect the condition of the
outfall structures at HRSD’s nine major treatment plants using engineer divers,
• determine the integrity of the structures,
• design and make any needed repairs, and
• create a long-term outfall maintenance
program.
HRSD serves an 8000-km2 (3100-mi2) area in
southeastern Virginia. Outfall types range from
offshore ocean discharges to nearshore discharges in shallow estuaries. While some of the
structures have been in place for more than 50
years, others have been replaced recently. The
unique outfall pipe–diffuser configurations called
for different inspection methods at each location
and, in some cases, unusual repair techniques.

Atlantic Treatment Plant
In the early 1980s HRSD constructed the
Atlantic Treatment Plant outfall pipe and diffuser
36

W E & T • www. we f. o r g / m a g a z i n e

system in the City of Virginia Beach. The outfall
pipe, which is 1650 mm (66 in.) in diameter, is approximately 3780 m (12,400 ft) long: 1400 m (4600
ft) for the land portion and 2380 m (7800 ft) for
the water portion. Located near Lake Tecumseh,
the land segment of the outfall extends through
the Fleet Combat Training Center Atlantic, while
the water portion rests below the bottom of the
Atlantic Ocean. Attached to the end of the outfall
pipe is a 730-m (2400-ft) in-line multiport diffuser
that decreases in diameter size from 1650 mm (66
in.), to 1350 mm (54 in.), and finally to 1050 mm
(42 in.). The 300 risers attached to the barrel are
400 mm (16 in.) in diameter, located on each side
of the diffuser, and alternate in direction. Each
riser has a 75-mm-diameter (3-in.-diameter) port.
Collins Engineers Inc. (CEI; Chicago) performed an underwater inspection and a hydro-

Take the Plunge
Go to www.wef.org/magazine to view video
footage of the Atlantic Treatment Plant diffuser
inspection.
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Deep-Sea Adventures

KCI

The dive teams had their share of “Jacques Cousteau”
moments during the underwater inspections. Outfalls
often are an area of increased marine activity due to the
nutrients and increased temperatures at these locations.
So, it’s common for divers to be greeted by fish and other
aquatic life. A large flounder even appeared to pose for an
inspection camera before it swam away.
The mood was decidedly less welcoming at the
Atlantic Plant outfall, which discharges directly to the
Atlantic Ocean. A local fisherman brought the team out
to the outfall and expressed surprise they were willing
to dive there: Another fisherman recently had landed
two Great White sharks in the same area. Unaware of
the recent incident, the divers immediately became
A diver inspects an outfall diffuser at the Atlantic Treatment Plant.
concerned. They eventually gained their composure and
changed their dive procedures to keep two people in the water at all times. One person was assigned to conduct the
outfall pipeline inspection; the second was to watch for Jaws. Luckily, the inspection work remained shark-free.
— Bruce Husselbee
graphic survey of the outfall and the diffuser in
2000. The dive team discovered the entire length
of the diffuser had lost, on average, 0.9 m (3 ft)
of cover since the original installation. In addition, the team found a large depression directly
offshore from the diffuser, with an average depth
of 1.2 m (4 ft). Although the diffuser was found to
be in acceptable condition, CEI was concerned
that future damage could occur from wave action
and continued scour.
CEI performed a follow-up study in 2001. This
study indicated the scour at the diffuser probably
was caused by a single storm event. The most
likely explanation of the dramatic scouring was an
enormous storm that wreaked havoc along the entire Atlantic Seaboard in October 1991. Labeled the
“perfect storm” by the National Weather Service,
the massive low-pressure cell created heavy surf
and coastal flooding, especially on the Virginia
coast. According to the National Oceanic and
Atmospheric Administration, waves 3 to 9 m high
(10 to 30 ft high) disturbed not only the beaches,
but also the ocean floor as the energy moved
from the ocean to coastline. The diffusers, which
extend 1.5 m (5 ft) above the ocean floor, acted
much like bridge piers exposed to high-velocity
water. The high turbulence in the area of the diffuser caused movement of the sand in and around
the structure. This sand then was deposited away
from the area during the storm, resulting in the
scour found during the underwater inspection. CEI
predicted that the scoured area would not get any
worse unless a storm of similar magnitude were
to occur. Sediment levels in the 2001 inspection

were about the same as in the 2000 inspection. CEI
recommended an annual inspection to monitor
potential scour in this area.

Boat Harbor Treatment Plant
The Boat Harbor Treatment Plant outfall pipe
and diffuser system were constructed in 1978.
The outfall is constructed of reinforced concrete
pipe and is approximately 610 m (2000 ft) long
and 1350 mm (54 in.) in diameter. The in-line multiport diffuser is also constructed of reinforced
concrete pipe, is 1350 mm (54 in.) in diameter,
and 61 m (200 ft) in length. Located on opposite
sides of the springline of the pipe are 20 ports
that are 300 mm (12 in.) in diameter. The system
discharges treated effluent to the James River adjacent to the north end of the Monitor–Merrimac
Memorial Bridge–Tunnel in approximately 7.6 m
(25 ft) of water. The diffuser is supported by a
series of timber pile bents and is tied down with
steel straps.
Underwater inspections of the diffuser pipe
were conducted in 2000, 2001, 2003, and 2005.
During the 2000 inspection, the dive team from
KCI Technologies Inc. (Hunt Valley, Md.) found the
diffuser was severely damaged, most likely due to
an impact with a marine vessel. The 9 m (30 ft) at
the end of the 61-m-long (200-ft-long) diffuser was
completely destroyed. Another 18 m (60 ft) of the
diffuser, as well as the pile bents and caps, were
damaged. From October 2001 to February 2002,
HRSD performed repairs, removing and replacing
the damaged portions of the diffuser and the supporting structures, and installing a warning buoy
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Nansemond Treatment Plant

The plan and section view of the
diffuser pipe, riser,
and ports at the
Atlantic Treatment
Plant.

to help limit future collisions.
Subsequent to this repair project, the 2003 and
2005 inspections found there were no construction-related deficiencies and that the diffuser and
buoy assembly were functioning as designed.
Because of the close proximity to a shipping
channel and the aggressive marine environment,
HRSD chose a 3-year interval for future diffuser
inspections.

HRSD

A diver examines a section of an outfall pipe
during the 2000 inspection of the Atlantic
Treatment Plant.
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HRSD installed the Nansemond
Treatment Plant outfall pipe and diffuser
system in 1983. The system includes a
4100-m (13,500-ft) outfall pipe that measures 1350 mm (54 in.) in diameter and
discharges treated effluent into the lower
James River. This waterbody, commonly
known as Hampton Roads, is located at
the confluence of the James, Elizabeth, and
Nansemond Rivers as they discharge into
the Chesapeake Bay. Connected to the end
of the outfall pipe is a 1350-mm-diameter
(54-in.-diameter) diffuser pipe. This pipe is
elevated above the bottom of the river by
timber piles and includes 40 ports. Each
port is a 225-mm-diameter (9-in.-diameter)
hole on the side of the diffuser pipe barrel. The diffuser is located adjacent to the south
end of the Monitor–Merrimac Memorial Bridge–
Tunnel and, like the Boat Harbor Treatment Plant
diffuser, is located in 7.6 m (25 ft) of water.
HRSD conducted underwater inspections of
the exposed diffuser pipe in 1999, 2000, and 2004.
In 1999, a boil was reported in the river near the
outfall pipe. Further inspection indicated this
pipe was damaged and releasing treated effluent
prior to the diffuser. This discovery was a mystery since the pipe was covered with 1.5 m (5 ft)
of backfill material and located in 3.7 m (12 ft)
of water. CEI and a local contractor determined
that there was a 200-mm (8-in.) hole in the top
of the reinforced concrete pipe. But it was difficult to verify the extent of the damage, due to
the turbidity of the water at the boil location
and the team’s inability to inspect the pipe from
the inside. Although the pipe diameter is large
enough to allow diver access, the distances to
the nearest access manholes — 1740 m and 2290
m (5700 ft and 7500 ft) — were far too great to
allow standard, manned-entry techniques.
CEI recommended the use of a small remoteoperated vehicle (ROV) to assess the damage
accurately. The hole in the top of the pipe was
enlarged to 300 mm (12 in.) in diameter, and a
diver placed the ROV inside the outfall pipe.
Using a built-in light system, the ROV traveled
inside the outfall pipe for a distance of 18 m (60
ft) in either direction of the hole. Using the ROV
and supporting equipment, the team was able to
provide a video inspection indicating that there
was no other damage to the pipe. The team then
repaired the pipe and installed a clamp over
the damaged area. CEI concluded that perhaps
a barge or other large vessel had driven a tem-
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Two sections
of the Atlantic
Treatment Plant
outfall diffuser
prior to its installation in 1983.

porary anchor or spud into the top of the pipe,
causing the damage.
In 2004, an underwater inspection indicated
a new concern at this outfall location: marine
growth. Mussels, clams, and oysters were plugging a number of diffuser ports. HRSD selected
a local contractor to remove the growth from
the ports and the adjacent diffuser pipe. HRSD
decided to inspect for port-plugging concerns
every 3 years.

the diffuser. The increased depth of the diffuser
allowed for the desired dilution while minimizing
the length of the structure. Locating the diffuser
at the bottom of the excavated trench also limited possible direct impacts from ships or anchors
dragged by smaller boats.
HRSD and KCI conducted underwater inspections of the exposed diffuser pipe in 2000,
2002, and 2003. The 2000 inspection indicated
an alarming problem: The entire diffuser trench
had filled with debris and sediment, making the
trench nonexistent. In addition, 20 of the 72 diffuser outlets were partially or fully plugged.

KCI

The Williamsburg Treatment Plant outfall
pipe and diffuser system were installed in 1972.
The system includes a 1000-m (3300-ft) outfall
pipe measuring 900 mm (36 in.) in diameter that
discharges treated effluent into the James River
south of Colonial Williamsburg. The pipe was
constructed of high-density polyethylene (HDPE)
and was kept in place with concrete collars. (This
was HRSD’s first experience with large-diameter
HDPE pipe. This material’s durability and corrosion resistance make it an excellent choice for
outfall installations.)
At the end of the outfall is a 900-mm (36-in.)
diffuser pipe that includes 36 pairs of 75-mm (3in.) nozzles located on each side of the diffuser.
The diffuser was placed in a trench dredged to a
depth of 1.2 m (4 ft) below the natural river bottom. The diffuser is located in the bottom of the
trench at a depth of 5 m (16 ft) below the water
surface. The original diffuser design took advantage of the trench depth to limit the extent of

HRSD

Williamsburg Treatment Plant
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This photo of
the Atlantic
Treatment Plant
outfall diffuser
shows a riser
extending from
the main barrel
and the lack of
cover material
over the pipe.
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HRSD

A diver prepares
to descend during
the construction of
the Williamsburg
Treatment Plant
outfall in the James
River in 1971.

After reviewing a number of permanent solutions, the team determined that raising the
nozzles to the natural river bottom elevation
and installing 90-degree elbows would provide a
comparable dilution while eliminating the need to
re-dredge the diffuser channel. HRSD hired a local
contractor to install the nozzle risers and remove
the sediment from inside the existing diffuser.
The contractor installed a high-pressure hose
into the first pair of diffuser outlets, forcing the
material to the far end of the diffuser. During the

repairs, the contractor removed the
flange at the end of the diffuser, allowing the sediment to be removed
from the pipe.
Now the diffuser was functioning
as originally intended. But HRSD
was still concerned: Could passing
boats damage the raised diffuser
ports? Recreational boaters and
fisherman frequently use this section of the river, and the remnants
of anchors and crab pots were
found during the numerous inspections and repair operations. HRSD
decided to design the elbows on
the diffuser nozzles so they would
break free before the riser pipes
could be damaged. (The elbows
could be replaced easily with parts
found at any local plumbing supply
store.) This turned out to be a smart decision. In
2003 a follow-up underwater inspection showed
that nine of the elbows were missing and a few
of the ports were plugged with sediment. A local
contractor repaired the diffuser and installed
three warning buoys in the vicinity of the outfall. To monitor the diffuser and the condition
of the risers, HRSD decided to inspect them
every 2 years.
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KCI

Divers inspect
outfalls for direct
damage as well
as marine growth,
which can plug up
diffuser ports.
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KCI

Inspections
in 2000 and
2001 revealed
dramatic
scouring around
the Atlantic
Treatment Plant
diffuser, probably caused by
a single storm
event. The engineering team
recommended
an annual
inspection to
monitor any
further scour.

Planning for the Future
Once a utility has completed a baseline inspection effort and any remedial repairs, it is

important to set a reasonable frequency interval
and scope of work for future inspections. The
ASCE Underwater Investigations – Standard Practice
Manual provides a good baseline for inspection frequency, scopes of work, and
checklists to determine which items
should be investigated. Frequency intervals listed in the manual vary from
once every 6 months to once every 6
years. Once a baseline is verified for a
particular outfall or diffuser structure,
utilities can use a longer time interval.
If the structure is exposed to storm or
severe weather activity, it is prudent to
inspect after each event to verify the
structure’s condition and allow the utility to consider insurance alternatives in
case of damage. With a comprehensive
inspection program, utilities lay the
groundwork for regulatory compliance
and possible financial reimbursement
in the unlikely case of severe weather
or other accidental damage to this extremely important asset.

HRSD

Bruce W. Husselbee is director of
engineering, and Shawn M. Heselton
is project manager for Hampton Roads
Sanitation District (Virginia Beach,
Va.).
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A construction
crew prepares to
float a section of
the Williamsburg
Treatment Plant
outfall in 1971.
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