





Figure 6 — CFD Model Results — Velocities on Vertical Screen Section
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Physical Modeling

A 1/12" scale flow model was used to determine the optimum arrangement of flow control
devices needed to meet the flow and ammonia distribution within the SCR. In addition, flues

and flow control devices were to be optimized to minimize system pressure drop and ash dropout.

The flow model extended from the exit of the economizer to the air preheaters (see Figure 7).
The model included simulations of the SCR inlet/outlet flues, SCR bypass flues, AIG, static
mixers, catalyst layers, and air preheaters.

Figure 7 — 1/12" Scale Physical Flow Model

-12 -



As shown in Table 2, the primary objectives of the modeling were to meet flow distributions at
the catalyst inlet. The following procedures were used to simulate and optimize these objectives:

Flow Distribution - Cold flow simulation utilizing ambient air was measured in the model at the
point of interest. Standard pitot-static tubes were used to measure velocity distribution in the
transport flues, and a hot-wire anemometer was used to measure the velocity field and flow
angles at the catalyst inlet. Velocity distribution at the catalyst inlet was measured at 5.6% RMS
and flow angles were all less than 15°.

Ammonia Distribution - A tracer gas (CO) was uniformly injected into the 20 AIG pipes, and
the CO-concentration field was measured at the catalyst inlet. The distribution of the tracer gas
was used to infer ammonia distribution. Ammonia distribution was measured at 4.4% RMS at
full-load conditions. Distributions at reduced loads were consistent with the full-load results.

Pressure Drop - Model pressures were measured and then corrected to full-scale flow and
temperature conditions. Results from the economizer exit to air heater inlet indicate a 2.7 in. w.c.
pressure drop (without catalyst). This was well within the objectives.

Ash Dropout - Model cork-dust particles were injected into the model, taking into account the
differences between the actual fly-ash, model scale and temperature/flow conditions. The results
gave general indications of where ash dropout could occur in the full-scale system. All inlet and
outlet flues showed minimal ash layout at low load, which swept clean at full-load conditions.
After the initial drop-out testing was completed, additional turning vanes were added to the SCR
outlet flues to eliminate areas where ash dropout had persisted.

UREA TO AMMONIA SYSTEM DESIGN

Per the SECI’s requirements, a urea to ammonia system was incorporated into the SCR system.
The U2A™ System was supplied by HPSA from Wahlco, Inc. The system was designed to
serve both Units 1 and 2 with a capacity of 2,200 Ib/hr NH3,

The system in located approximately 1,500 ft from the boilers and SCR’s. The urea unloading
system accepts either dry urea (prill), and also has provisions for 70% liquor solution delivery.
The major system components included:

18,000 gallon 304 SS dissolver tank (Shop built)

Dissolver (Circulation) Pump Skid (pumps, heat exchanger, etc.)

Two (2) 200,000 gallon 304 SS urea solution storage tanks (field erected)
Urea feed pump skid

2 X 100% Urea to Ammonia hydrolysers

Redundant, steam-heated ammonia product lines

* 6 6 6 o o

SECI required that the ammonia product lines, the pipes used to deliver NH3 to the SCR’s, were
to be designed with one operating and one spare line. To avoid condensation of gases and
formation of solid ammonium carbonate and ammonium carbamate in the ammonia products
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lines, the lines must be heated to a temperature of at least 315°F. The SECI specification did not
allow electrical heat tracing, so three alternate methods that were considered

+ Steam Jacketing (ammonia pipe encased in a larger steam pipe)
Steam Tracing (small diameter pipe/tubing wrapped around ammonia pipe)
+ Natural Convection (bundled steam and ammonia pipes)

A detailed evaluation was performed on each of the three methods, and the following factors
were used in selecting the natural convection option:

¢ Steam Jacketing

» Complicated stress analysis and extensive expansion loops

» Difficult to detect leaks in ammonia pipe, which is encased in steam pipe.
+ Steam Tracing

» High number of circuits and traps (more maintenance of traps)

» Contact of tracing to pipe degrades over time
+ Natural Convection (bundled pipes)

» Ease of maintenance of ammonia pipes

* Number of traps based on steam pipe (needed anyway)

» Used extensively in process plants

Shown in Figure 8 is a diagram of the natural convection option that was selected. Figure 9
shows the natural convection design during construction.

HLopw

Standard 127 pipe insulation
ID insulation = 12.75"

Ds=12.75" ---- ¥ 2 -~ ith=35"

HLT = X(Tm—Tam ) x Avg
ti

2mti
Aavg= —
In [(Ds+2t)/Ds]

Figure 8 — Natural Convection (Bundled steam and ammonia pipes)
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NH; Pipe
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Figure 9 —Bundled steam and ammonia pipes

CONSTRUCTION AND START-UP

Modular Shop Construction

The original SCR construction plan was based on shipping all components to the job-site in
largest possible sizes and with maximum shop assembly. Size of the shop assembled
components would be limited to legal load dimensions. In reality, a large majority of the flues
were shop-assembled to a larger extent than originally planned, resulting in significant number of
oversized loads. This reduced and simplified the extent of field assembly.

SCR inlet flues were shop assembled into spool sections. Static mixers and the Ammonia
Injection Grid were all shop installed into these spools, checked for proper alignment in the shop
by the mixer/AlG supplier, and shipped assembled. The only sections of the SCR inlet flues that
could not be assembled into spools due to shipping limitations were the 90 deg. elbows.

The SCR Reactor was shop assembled and shipped to the site in large panels. Each reactor level
consisted of a total of seven shop assembled panels, each panel measuring roughly 40’ long x 12’
high. Catalyst support beams were also shop connected into “modules”, with three beams to a
module. To simplify and expedite the installation of the catalyst, grating was added to all
catalyst layers and was also shop-installed into support beam modules.

The shop preassembled components were further assembled at the site into large modules. These

modules were insulated and lagged at grade. The size and the extent of site modularization was
restricted by crane limitations only. Site modularization was performed in the lay-down yard as
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well as in areas adjacent to the SCR. Generally, modules that could be easily transported around
the site were assembled in the lay-down yard. The larger modules, such as the reactor levels,
were assembled within the reach of the crane (see Figure 10).

All process equipment was skid-mounted and shipped to the site accordingly. The balance of
field work included interconnection of field wiring and piping to the skid boundary limits.
HPSA supplied the following skids in the SCR proper (quantities listed are on a per-unit basis):
One Ammonia Flow Control Unit, one blower skid and one Condensate Tank skid. In addition,
one shop assembled/pre-wired MCC building with all analyzers, DCS upgrade and MCC
equipment contained within it was provided for each SCR.

The equipment supplied in the U2A™ area was also shop preassembled to the maximum extent
possible. The urea dilution tank was delivered to the site completely assembled. Due to their
size, the urea storage tanks had to be field erected. The rest of the equipment in the U2A™ area
was all skid mounted, with the exception of the interconnecting piping and wiring. Most of the
interconnection piping was spooled at the erection contractor’s shop.

Construction

The erection contractor mobilized at the site in February 2007, approximately three months after
full NTP. The purpose of such early mobilization was to start working on the long piping run
between the U2A™ system and the SCR area, which is roughly 1,500°. This plan has worked
well, as it allowed well as it completed this work early in the projects without much impediments
resulting from other on-site construction activities.

The majority of the SCR erection has been done with the units in service. Some work, however,
had to be executed with the units out of service and such work was/will be performed during the
two contractually scheduled outages. During the first outage, all tie-in preparation work
necessary for interface of the new SCR with the existing boiler outlet flues was completed. This
work consisted of demolishing the existing economizer to air heater flues and replacing them
with new flues and diverter dampers (see Figure 11). The geometry/arrangement of these new
components is such that it allows for complete erection of the SCR with the unit in service.

During the second outage, the actual SCR tie-in work will be minimal and will consist of
connecting a total of four fabric expansion joints to the modified economizer outlet flues and
removal of temporary isolation plates at these four interface points. The challenging, critical
path, components of the second outage will be the replacement of the ID Fans and upgrade of the
air heater modules.

Although the original construction plan called for only one major crane for erection of both
SCR’s, a decision was made to utilize a second crane in order to have one crane for each SCR
erection. Consequently, erection of the two SCRs is being executed in parallel. Although this
decision will have no impact on the Unit 1 SCR, it is anticipated that the erection of Unit 2 SCR
will be completed considerably earlier than expected.
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Figure 11 — Diverter Damper Being Lifted into Place (October 2007 Outage)
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SUMMARY

The SCR at Seminole Units 1 and 2 is HPSA'’s first US SCR system installation. The SCR is
system is designed for 90% NOx removal and utilizes Hitachi’s plate-type catalyst which has
been used in hundreds of coal-fired DeNox applications in the U.S. and worldwide applications.
The SCR design posed some unique design and installation challenges, which have all been met.
All project milestones, including a tight erection erection schedule, have been completed on-time
or ahead of schedule. The challenging nature of this project and its ultimate success will
demonstrate the maturity of the U.S. SCR industry in meeting stringent NOx control levels on
difficult retrofit applications.
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