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ABSTRACT

The Blue P lains Advanced W astewater Tre atment P lant owned b y District of
Columbia Water and Sewer Authority (DC Water) is one of the largest wastewater
treatment plants in the world. One particularly critical pipe within the facility is the
Nitrification RAS Line, which transports slud ge a nd is loc ated inu nderground
galleries. Thr ough inspection it w as identified that eight elbow sections of the 84-
inch ste el pip eline had significant thinning and were in n eed of repair dur ing the
scheduled 2013 pipeline shutdowns. Four 90-degree elbows and four 45-de gree
elbows required a struc tural upg rade and CFRP was sel ected ast he appropriate
structural lining s ystem based on DC W ater’s previous success ful history with this
material. The EPA regulates the amount of time this f acility can be shut down and
dictates t hat onl y h alf t he piping can be shutd own at one time, so th e cle aning,
inspection, weld repairs, CFRP and topcoat installation, along with full cure of the
repair system had to take place over the course of two 5-day shutdown windows. This
paper will provide details and owner feedback on the design and construction process
undertaken for this unique project.

1. BACKGROUND ON DC WATER

DC Water’s Blue Plains Advanced Wastewater Treatment Plant serves more than two
million Washing ton, D.C, metropolitan ar ea customers from ar eaj urisdictions
including Mont gomery and Prince G eorge's counties in Mar yland, and Fairfax and
Loudoun counties in Virginia. With a capacity to treat more than 370 mill ion gallons
of sewage per day and a peak capacity of over 1 billion gallons per day, this facility is
one of the largest w astewater tre atment plants in the world (DC Water). F igure 1
shows a site plan of t he Blue Plains Advanced Wastewater Treatment Plant and t he
project site location.
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Figurel. Project siteplan

2. BACKGROUND ON NITRIFICATION RASPIPELINE

Once sewa ge arri ves at the Blue P lains Advanced W astewater Tre atment P lant, it
undergoes an extensive tre atment pro cess asshownin F igure2. Th e
nitrification/denitrification pr ocess is one o fthe f inal ste ps p rior to dis charge of
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treated water into the Pot omac R iver and t akes place primarily in the Ni trification
Return Activated Sludge (Nit RAS) Building.
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Figure 2. Wastewater treatment processat DC Water’s Blue Plains Advanced
Wastewater Treatment Plant (DC Water)

Within the Nit RAS B uilding there is a to tal of approx imately 3,500 LF of ste el
pipeline that varies in diameter from 20-inch to 84-inch and is located in underground
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galleries. This N it RAS pipeline connects the nitrification reactor gallery, the waste
sludge gallery, and the nitrification sedimentation gallery as shown in Figure 3.

During a plant up grade project completed several years ago, deterioration of the Nit
RAS pipeline was obse rved. This w as due to a brasion and corrosion, and it was
most prominent at the horizontal and ver tical bend locations which ar e shown as
regions M-9 and M-10 of Figure 3. Ex cept a f ew requir ed upsizing of this piping
system, no m ajor r epairs had be en sch eduled or ex ecuted on thes e pipe lines since
they were put in ser vice more than 20 years ago. A sar esult of the abrasion and
corrosion, leaks had developed in several locations along the length of the pipeline.
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Figure 3. Plan view of Nit RAS Pipdine
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The Nit RAS pipeline is divided into two halves: a West or Odd Side and an East or
Even side, which allows for operation of the facility to continue at a reduced capacity
while one of th e pipel ines is taken out of s ervice. H owever, EPA and plant
operational requirements severely restricted the timeframe in w hich either Nit RAS
pipeline could be out of service. All work within each pipeline was required to take
place withina 5 da y shutdown peri od. Addi tionally, i fa si gnificant precipitation
event w as for ecasted to occur during the shutdown, the pipeline would needtob e
reinstated within 24 hou rs of the notification to meet anticipated peak demands. In
addition, a minimum of four (4) weeks was required to elapse between completion of
work on the first side and start of work on the second side so that the nitrification
processes could re-stabilize.
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DC Water originally intended to r ehabilitate the entire length of Nit RA 'S pipeline,
however the constructi on schedule requi rements did no tallow for continuous
upgrades du ring the c urrent outa ge constraints. Instead, DC W ater opt edt o
implement a long -term structural upgrade at the horiz ontal and vertical bend re gions
within the pipe line. The be nd reg ions ha d b een ide ntified as a reas with mor e
prevalent degradation. In addition, the DC Water decided to inspect the entire length
of pipeline while the pipeline was shut down and perform localized temporary repairs
in the deteriorated areas identified during the inspection. This a pproach allowed for
the areas with known degradation to be addressed with long term repair solutions and
while the inspection and other temporary repairs also allowed for improv ed planning
for future repairs to the pipeline.

3. OPTIONSEVALUATED FOR REPAIR OF NIT RASPIPELINE BENDS

The designated pipeline regions requiring structural repair consisted of t wo 84-inch
45° vertical bends and t wo 84-inch 90° hor izontal bends on both the W est and East
side pipelines, for a total of eight regions. The pipeline segments in ne ed of repair
were | ocated approx imately 25 fe et bel ow grade, wi thin t he w aste sludge gallery,
with part of the scope several fe et abov e the gallery floor and part o fthe s cope
suspended from the gallery ceiling as shown in Figure 4. A ccess for materials and
personnel into the pipeline was through existing 20-inch and 30-inch man ways in the
pipeline, some of which were only accessible by specially built 20 ft platforms which
had to be erected prior to the plant shutdown.
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Figure4. Location of repair

During planning phases for this pr oject, multiple options w ere evaluated for
rehabilitation of the horizontal and vertical bend regions of the pipeline including:
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Specialty coatings

Cured in place pipe (CIPP)

Slip-lining

Replacement

Externally applied carbon fiber reinforced polymer composite (CFRP)
Internally applied CFRP system

A

The se lected re habilitation s ystem, or replacement, ne eded tot ake t he inte rnal
pressure acting on the Nit RAS pipeline without reliance on the host pipe. In addition,
it needed to maintain th e ex isting h ydraulic conditions within the pipeli ne without
significant ch ange t o t he i nternal di ameter. Duet ot he ex tent of d eterioration
observed during the previous inspection of the pipeline and the pressure requirements
of the Nit RAS pipeline , a more structural ly rob ust repair be yond applic ation of a

specialty coating s ystem was d etermined by DC W ater to b e ne cessary at cri tical
bends. The ex tremely | imited access i nto t he wast e sl udge gallery and NitR AS
pipeline along with the limited construction window ruled out C IPP, slip-lining, and
pipeline replacement as potential options.

The two remaining options considered for structural repairs were externally applied
CFRP s ystem and an inte rnally applied CF RP s ystem. D C Wa ter h ad pr evious
history w ith su ccessfully implemented inte rnally a nd e xternally a pplied CF RP
systems for structural upgrades of their pipelines (Bian et al, 2013).

While an externally applied CFRP system would have be en ideal from a scheduling
standpoint, allowing rep airs to take place while the N it RAS p ipeline was still i n
service, the project logistics rendered this option infeasible. Surrounding utilities and
other equipment within t he sludge waste gallery made for difficult acc ess conditions
to the extent that most of the outside of pipeline was not visible or directly accessible.
In addition, this pipe line was experiencing primarily internal deterioration, w hereas
the previous ex ternally applied CFRP project implemented by DC W ater involved a
pipeline which was ex periencing prima rily external deterior ation. The source of
deterioration for a pipe line is important to tak e into account becaus e use of an
externally applied CFRP system on a pipeline which is deg rading p rimarily on the
inside poses a significant challenge regarding termination of the CFRP system onto
competent pipe to avoid leakage at the termination locations.

After consideration o f costs, r isks, sc hedule constraints and a vailable reha bilitation
options, an internally applied CFRP system was selected by DC Water as the method
for addr essing the desi gnated re gions o f the Nit RA S pipeline. The im plemented
system p rovided a st ructural i nternal lining thathad anominal th ickness of

approximately % inch, which was considered to have ne gligible impact hydraulically
on the system.
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4. IMPLEMENTATION OF THE CFRP REHABILITATION SYSTEM

In order to make sure that a qualified CFRP design and installation team was selected,
design drawings and a full imple mentation plan with detailed construction schedule
was required as part of th e bid subm ission. T he CF RP design involved multiple
longitudinal and circu mferential la yers of u nidirectional carbon fi  ber fabric,
electrically isolated from the steel substrate by an initial layer of glass fabric. B oth
the glass and carbon fiber fabrics were saturated with a two -part 100% solids epoxy
using a me chanical sa turator stag ed in the pipe g allery. F igure 5 sho ws the site
location as well as the staging areas available for implementing the repairs.

Figure5. Outside view of vertical bend regions of Nit RAS pipelinerepaired
internally with CFRP

Due to the limited time window and criticality of this pipeline, ex tensive preplanning
was performed for this project including multiple walk downs of the jobsite prior to
mobilization. In order to meet the construction schedule, the general contractor, the
FRP installer and DC water all had personnel on site performing work 24 hours a day
during the shutdown.  During the s ame time that FRP installations were occurring,
valves we re b eing r eplaced ont he work areas i mmediately nextt ot he ac cess
manholes. In addition, other wo rkw asbeing p erformed bein g performed
downstream, requiring airflow to be contro lled so that dust and contamination would
be isolated to a g iven region of the pipe . F lexible duc ting c onnected to a large
environmental control unit staged above grade was utilized to accomplish this effort.
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Prior to implementation of the CFRP system, the entire pipeline was pressure washed
to remove sludge buildup from the walls of ~ the pipe. The substrat e was then
prepared usin g sponge b lasting to achiev e a near white metal blast SP 10 substrate
finish. The use of sponge blast media was selected over conventional grit blast media
in order to minimize the dust c reated in the Nit RAS pipeline and reactor galleries.
After surf ace pr eparation was com pleted t he ent ire i solated pi peline reg ion was
cleaned and dried to ensure a contaminant free work environment.

The surface preparation was verified through an adhesion test performed per ASTM
D4541 on adjacent substrate. Minimum requi rement for the adh esion test value was
300 psi, however values achieved were significantly higher as shown on Figure 6.

Figure6. Adhesion test panel with adhesion test resultswritten on the panel

In order to ensure complete access to the work scope on th e inside of the pipeline,
specialty scaffolding was developed so the FRP could be installed without walking on
the repair scope and so t hat the hoop dire ction reinforcement could be ins talled in a
continuous piece. Figure 7 shows the access scaffolding installed in the pipeline. All
scaffold piec es were des igned to in or der to fit t hrough the ex isting manholes and

then be assembled on the inside of the pipeline to span the full length required.
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Figure 7. Access planking system to allow for full circumferential accessto the
work scope

In addition to the 45° v ertical bends and the 90 ° horiz ontal bends, one of the 90°
bends inte rsected w ith a 42in la teral a nd spe cialized de tailing w as deve loped to
accommodate this connection as shown in Figure 8.

Figure 8. Lateral connection repaired with CFRP
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Throughout the installation process, DC Water's third-party inspector and Structural's
quality assur ance r epresentative docum ented e ach st age of t he proc ess t o ensure
conformance with the project drawings and specification. This included observation
and documentation of the following:

Calibration of the mechanical saturator

Alignment of the reinforcing fabric

Temperature and humidity in the mixing and pipeline areas
Verification of the adhesion test

b S

To facilitate accelerated cure of both the carbon fiber lining system and the chemical-
resistant topc oat, the temperature in the pipe line was elevated usin g in-line he aters
attached to the environmental control unit for the project.

An additional chemical resistant topcoat was applied over the FRP system to provide
chemical resistance to the nitrification return a ctivated sludge. The comp leted CFRP
lining system with topcoat installed is shown in Figure 9.

Figure9. Completed CFRP lining

5. CONCLUSIONS

The use of C FRP as a tar geted structural system allowed for DC W ater to i mprove
reliability on the critical Nit RA S p ipeline w hile pe rforming the w ork within the
required 5 d ay shutdown window. The sc hedule, site log istics a nd acc ess
requirements on this project created one of th e most ¢ hallenging CFRP pipe line
rehabilitation pr ojects toda te. Ex tensive pr e-planning f or this pr ojecta nd
experienced personnel helped to make this project successful.
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