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ABSTRACT
In support of CAIR compliance at the St. Johns River Power Park, the team members were tasked with providing
(SCR) systems on two 670 MW units. The SCR systems were designed for high temperatures (750‐800F) while co‐
firing independently bunkered combinations of domestic coal, Columbian coal and petroleum coke. The start‐up
requirements were that all NOx outlet field concentration measurements be within +/‐ 25 PPM of the arithmetic
mean and that the average NOx reduction be greater than or equal to 85% (0.06 lb/MMBtu).
Fuel Tech provided the conceptual design of components including the ammonia injection grid, static mixer, and
large particle ash screen, as well as experimental and computational fluid dynamics modeling to verify
performance. A highlight of the fluid dynamic design was the development of the Graduated Straightening Grid.
The GSG allows for turning the flue gas from the horizontal duct down into the catalyst without the need for a
straightening grid. The GSG also provides excellent results for assuring uniform flow across the reactor.
The test results from the start‐up of the unit in 2009 all met or exceeded the design criteria. Results from the flow
modeling, initial AIG tuning, and commissioning will be discussed in detail.

INTRODUCTION
St. Johns River Power Park (SJRPP) Units 1 and 2, located in Jacksonville, Florida are co‐owned by JEA and FPL and
began commercial operation in 1987 and 1988 respectively. Each 670 GMW unit consists of Foster Wheeler
pulverized coal drum boilers, General Electric turbine generators, and Research‐Cottrell wet limestone scrubber.
In support of compliance with CAIR regulations, the team members including Black & Veatch, Ceram
Environmental, Inc., and Fuel Tech, Inc., were tasked with providing conceptual and detailed engineering design,
and procurement support for the installation of selective catalytic reduction (SCR) systems on both units.
Black & Veatch performed as the Owner’s engineer implementing an integrated SCR approach and working
collaboratively with SJRPP to ensure the development of the optimal approach for achieving the project objectives.
In addition, Fuel Tech provided design support and specification review consulting, helping to shape the team’s
approach to SCR design.
Due to the plant’s ability to receive fuel by rail and water, and their determination to maintain a competitive
advantage through fuel flexibility, the SCR systems were designed to maintain the plant’s diverse fuel procurement
specification. The original SCR design basis was to accommodate the plant’s existing fuel supplies without
restricting future fuel quality flexibility and called for high temperatures (750‐800F) while co‐firing independently
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bunkered combinations of domestic coal (high arsenic and low calcium oxide contents), Colombian coal (high silica
in fly ash) and petroleum coke (high sulfur and vanadium contents, and resulting in high LOI).
The first step in the design process was to perform detailed characterization studies to pinpoint the operating
characteristics of the SJRPP boilers. Black & Veatch led an in‐depth field testing program. The program was
designed to collect data from Unit 1 under a variety of operating conditions involving various loads, fuel types, and
fuel combinations. Together Ceram and Black &Veatch implemented an in‐situ co‐pilot test reactor to determine
SO2 to SO3 conversion rates for a number of fuel blends being implemented. Fuel Tech also provided ash
characterization studies which included determining the ash fallout velocity of a sample of economizer flyash via
wind tunnel testing and determining the characteristics (density, size, drag and restitution coefficients and
erosivity) of a sample of Large Particle Ash (LPA).
Next, both Computational Fluid Dynamics (CFD) and Experimental Fluid Dynamics (EFD) model simulations were
performed to optimize the design of the SCR systems. The final model results confirmed that all of the required
fluid dynamic distributions would be achieved after start‐up. Fuel Tech provided the conceptual design of
components such as the Ammonia Injection Grid (AIG), static mixer, and LPA screen. A highlight of the design was
the development and implementation of the Graduated Straightening Grid (GSG). The GSG (patent pending)
provides an innovative method for turning the flue gas from the horizontal duct down into the catalyst without the
need for a straightening grid. The GSG also provides excellent results for assuring uniform flow across the reactor
along with minimizing ash pluggage risks.
The start‐up requirements were that all NOx outlet field concentration measurements be within +/‐ 25 PPM of the
arithmetic mean and that the NOx emissions be less than 0.06 lb/MMBtu, which was Ceram’s performance
guarantee. The test results from the start‐up of Unit 1 in January of 2009 met or exceeded all of the design
criteria. Results from the flow modeling, initial AIG tuning, and commissioning will be discussed in detail.

EXPERIMENTAL
The operating conditions under which characterization testing was performed are shown in Fig. 1.

Fig. 1. Characterization testing operating conditions.

Under these conditions the following data sets were collected using standard EPA measurement
techniques.
Table 1. Field Test Data Sets
Economizer Outlet
Sulfur Trioxide (SO3)
Y
Sulfur Dioxide (SO2)
Y
Nitrogen Oxides (NOx)
Y
Carbon Monoxide (CO)
Y
Oxygen (O2)
Y

Air Preheater Outlet
Y
Y
N
N
Y

Stack
Y
Y
N
N
N
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Carbon Dioxide (CO2)
Gas Velocity
Gas Temperature
Gas Moisture
Arsenic (As)

Y
Y
Y
Y
Y

Y
Y
Y
Y
N

N
Y
Y
Y
N

Fly ash samples were collected from the economizer outlet hoppers and analyzed by Fuel Tech. The following
figures and tables are representative of the results.

Fig. 2. Fly ash sample taken from economizer outlet hopper.

Fig. 3. Fly ash sample under electron‐scanning microscope.
Table 2. Fly ash elemental content (excluding Carbon/Hydrogen).
Fe
S
Ca
Si
Al
16.1
8.4
2.7
43.4
21.9

K
4.5

Ti
1.8

V
1.2

Table 3. Fly ash particle size distribution.
Diameter (µm) <38
<63
<150
Mass (g)
27.5
49.0
153.5
% Pass
11.1
31.0
93.3

<355
2.1
99.6

<600
0.6
99.8

Other
0.5
100

<250
13.4
98.7

Large particle ash samples were also collected from the economizer outlet hoppers and analyzed by Fuel Tech.
The following figures and tables are representative of the results.
Fuel Tech, Inc. • 27601 Bella Vista Pkwy, Warrenville, IL 60555
Phone 630.845.4500 • Fax 630.845.4501
www.ftek.com

Fig. 4. Large particle ash sample taken from economizer outlet hopper.
Table 4. Large particle ash particle size distribution.
Diameter
<1.3
<10.3
Other
(mm)
Mass (g)
75.4
22.7
1.9
% Pass
75.4
98.1
100

Hundreds of large particles were measured and an average equivalent spherical radius of 3.0
mm was calculated based on the average of these measurements with a standard deviation of 1
mm. The average density of such particle was calculated to be 389.5 kg/m3. The coefficient of
drag was measured to be 0.51 with a standard deviation of 0.19. A high speed camera was
employed in measuring the average coefficient of restitution of these particles as 0.12 with a
standard deviation of 0.03.
Using this information, Fuel Tech designed both CFD and EFD experiments which aided in the design of economizer
outlet arrangements optimized for maximizing LPA capture. The experimental model was constructed at a 1‐to‐6
model to prototype geometric scaling and is shown in the following figure, side‐by‐side with a plot of particle
trajectories from the CFD modeling.

Fig. 5. 1‐to‐6 scale EFD model and CFD modeling of economizer outlet LPA capture.
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This testing resulted in aerodynamic design of the economizer outlet which is predicted to
capture upwards of 97% of particles of sufficient size to plug the catalyst. The remainder of
particles will be captured by an LPA screen, also designed by Fuel Tech, described in the sequel.
The next testing to be performed was extensive CFD and EFD modeling, inclusive of all equipment downstream of
the existing economizer and upstream of the existing air preheater. The following figures demonstrate the overall
layout of the SCR systems. It should first be noted that the two units at SJRPP are identical in layout. Therefore,
only one of those units was modeled while results can be applied to both. Second, it should be noted that
downstream of the economizer the gas flow path splits and flow proceeds to two identical and symmetric SCRs. As
the laws governing fluid dynamics, the Navier‐Stokes equations, are mathematically symmetric in nature (solutions
will be identical in all equivalent reference frames and coordinate systems), we know that the flows through both
SCRs will be symmetrically identical, thus necessitating modeling only one reactor.

Figure 6: Overall SCR layout.
The 1‐to‐12 scale experimental fluid dynamics model of the system is shown in the following figure.
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Fig. 7. 1‐to‐12 scale experimental fluid dynamics model.
The following figure demonstrates the bulk fluid velocities at various locations of importance. Bulk velocities are
average velocities, normal to the plane of measurement, and given by the volumetric flow rate divided by the cross
sectional area.

Fig. 8. High load bulk velocities in the SCR system.
As protection from large particles plugging catalyst opening, it was proposed that an LPA screen be installed in the
system. Normally such a screen is located at the outlet of the economizer where the downward momentum of the
particles can be leveraged in screen optimization. In this case, the velocities at the outlet of the economizer
approach 80 fps in some areas. As the reader may be aware, erosion rates are related to the velocity at which
particles strike the surface of the material by the equation,
, where n is an exponent dependent upon
the material and particle properties and is typically found to be between 2.0 and 3.5. Due to this erosion concern
it was decided to locate the LPA screen further downstream and immediately upstream of the riser duct to the
SCR. Here the ceiling of the ductwork could be expanded to create an area of lower velocities to encourage LPA to
fall into the hoppers there and minimize erosion. The magnitudes of these velocities are demonstrated in the
following contour plot taken from the CFD simulations.

Location 3
(LPA Screen)
A=640.625 ft2
Vavg=40.1 fps
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Fig. 9. High load velocities upstream of LPA screen.
Fuel Tech proceeded to provide conceptual design of the LPA screen for this location which would result in
minimal pluggage risk, minimal pressure loss, maximum LPA removal and maximum lifetime, including
recommendations on the pitch, wire diameter, and construction material.
Moving towards the SCR, the flue gas must make a turn to vertical. The bypass tie in occurs at this corner. As
such, swinging dampers will be located here. The inclusion of the dampers does not allow for design of turning
vanes at this location. Cross sectional velocity profiles downstream of this location are shown in Fig. 10.

Fig. 10. Full load velocity cross sections in vertical riser duct.
As the reader will note, the flow is heavily imbalanced in the lower sections of the vertical riser duct due to having
this un‐vaned turn to vertical. Flow then progresses through an asymmetric expansion that is vaned and into a
specially designed HI‐TEC static mixer. What is evident in this figure is the ability of the static mixer to redistribute
these imbalanced velocities before reaching the horizontal “cross‐over” duct. The mixer was specifically designed
to distribute flue gas velocities from front to back in order to rectify the flow imbalance following the un‐vaned
turn at the LPA screen location
Although the main purpose of this static mixer is to redistribute velocities as described above, it also serves two
alternate purposes; redistribution of NOx imbalances due to operational variance and redistribution of
temperature imbalances due to operational variance. The second of these, temperature mixing, is important in
two aspects. The first is the concern regarding formation of Ammonia Bi‐Sulfate (ABS) (NH4HSO4) during low load
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operation. The second is the concern regarding efficiency of the catalyst with large temperature variation and
increased SO2 to SO3 conversion at higher temperatures during maximum load operation.
Much effort has been expended in ensuring that the formation of ABS does not turn into an operational issue at
low load. The SO2 oxidation rate concern was not an issue due to the fact that the catalyst was designed to meet
oxidation guarantees up to 800ºF.
An example of a temperature field test result from the characterization study is shown in the following figure. This
distribution was taken at Location 2 of Fig. 8 after the flow splits leaving the economizer during a low load test,
which is considered one of the most challenging cases as the average temperature is approaching the ABS
formation temperature.

Fig. 11. Particular field test (4 of 9) result for temperature distribution downstream of economizer outlet at low
load (flow direction is out of the page).
A variation of approximately 100‐degrees Fahrenheit is seen. In determining how this temperature profile evolves
as flow progresses towards the SCR, the inlet condition to the CFD model was calibrated to produce a distribution
similar to that of the above figure. The CFD thermal modeling involved solving the energy equation in addition to
the Navier‐Stokes equation, subject to adiabatic wall conditions. The result of modeling at low load reproducing
the above distribution is demonstrated in the following figures.

Figure 12: Temperature evolution at low load (demonstration of mixer efficiency).
As the reader can see, the temperature variation improves from +/‐ 50º F at the economizer outlet to +/‐ 24º F at
the AIG location.
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At this point it is appropriate to introduce the design of the AIG that was implemented. The most important
parameters in the design of an AIG are: ensuring a sufficient number of control zones to account for large scale
NOx imbalances from the boiler not accounted for by static mixing, ensuring a sufficient density of AIG nozzles to
ensure sufficient local mixing of NH3 and NOx before reaching the catalyst, and ensuring optimal lance and nozzle
sizing to optimize mixing and draft and dilution air pressure losses.
The appropriate number of headers and control zones for this application was 42 per duct. Specifics of the
analytical design including nozzle density, nozzle exit velocity, and dilution air pressure loss were provided by Fuel
Tech. The AIG upon construction is shown in the following figure.

Fig. 13. Ammonia injection grid.
Moving downstream in the direction of the SCR the flow turns 90‐degrees to horizontal into the cross‐over duct
before making another 90‐degree turn to move vertically down through the SCR. This arrangement has been used
in multiple SCRs in the past with success. The main reasons that this arrangement has been arrived at as the
standard design historically are retrofit space constraints and the necessity of having vertical flow through the SCR
due to fly ash dropout concerns with horizontal reactors.
The author’s have taken part in many previous flow model studies implementing a fairly standard curved vane
design in the area above the reactor, coupled with what is commonly called a straightening grid immediately
above the first layer of catalyst. Although there are successful examples of this type of arrangement in industry, it
is being increasingly realized that this arrangement behaves less than ideally, especially with regards to ash fallout
on the catalyst and flue gas velocity patterns into the catalyst.
An example of the above is shown in the following CFD derived contour/vector plot of a “traditional” curved vane
arrangement performed during the early stages of this project. Please note, the cross section here is only one
sample of an infinite number of cross sections across the reactor. Indeed, one of the most striking deficiencies of
the standard design is that these cross sectional profiles have the tendency to vary quite dramatically across the
reactor, as could be deduced from the plan view velocity contour at the catalyst provided in Fig. 15. Although the
velocity profile requirements at the catalyst inlet are met with this arrangement, significant flow deficiencies are
evident.
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Fig. 14. Transverse cross sectional velocity profile at centerline of SCR reactor with traditional vaning and flow
straightener.

Fig. 15. Plan view, cross sectional velocity contour at catalyst inlet, with traditional vaning and flow
straightener.
The goal of the SJRPP design team was to build only state‐of‐the‐art SCR systems. As such, the less than ideal fluid
dynamics of this transition as described above was identified as an area where, if a solution could be found in this
study, performance improvements over existing SCRs could be made. Fuel Tech’s response was to initiate study of
a previously un‐introduced flow distribution device that had been an ongoing, internal research project for some
time. Known as the Graduated Straightening Grid, the device has proven an excellent solution for areas such as
reactor inlets, where relatively high‐angle transitions and the adverse pressure gradients associated with high
expansion ratio transitions are the causes of the previously presented maldistributions. In addition, possibly the
greatest characteristic of the GSG is that it eliminates all horizontal from above the reactor, thus minimizing the
risk of ash problems.
The cross sectional contour/vector plot and plan view contour plot corresponding to those previously presented
for the traditional system are shown in the following figures. The improvements due to the GSG are dramatic.
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Fig. 16. Transverse cross sectional velocity profile, at full load, at centerline of SCR reactor with GSG.

Fig. 17. Two views, cross sectional velocity contour, at full load, at catalyst inlet with GSG.
A summary of the achievements from the CFD and EFD modeling is shown in the following table.
Table 5. Flue gas distribution achievements from CFD and EFD modeling.

AIG Inlet
SCR Inlet (Vel)

RMSE
6.7%
8.6%

% Abs.
+/‐ 14%
+/‐ 20%

SCR Inlet (NH3)

3.2%

+/‐ 7%

SCR Inlet (Temp)

+/‐ 25F

RESULTS AND DISCUSSION
Upon startup no significant issues were encountered. The commissioning went smoothly and the ammonia
injection grid tuning took less than 8 hours before the required outlet NOx and NH3 slip requirements were
achieved. The following plot demonstrates the homogeneity of the NOx distribution downstream of the catalyst.
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Fig. 18. NOx concentrations downstream of catalyst.
In addition, a SCR inspection was performed after six weeks of operation. During that inspection the LPA screen
location was inspected for pluggage and as the following figure demonstrates no pluggage was found. This is likely
due to the aerodynamic LPA capture at the economizer outlet hoppers and proper LPA screen design.

Fig. 19. Picture from LPA screen inspection after 6 weeks of operation.
The SCR reactor was also inspected an almost zero ash issues were identified. The only ash found on the reactor
was a pile measuring less than one foot in diameter downstream of a gusset plate as seen in the following figure.
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Fig. 20. Picture from reactor inspection after 6 weeks of operation.
In conclusion, this project demonstrates how an integrated approach to SCR design and supply, utilizing state‐of‐
the‐art knowhow and industry experts, can result in a highly successful SCR able to accommodate fuel flexibility
and operational flexibility demands, without compromising performance. Larry Bradley from SJRPP summarizes
the success in the following statement.
The final analysis of any project has to be based on how well the final product meets the initial
objectives. In this case, the performance has exceeded our expectations. We have truly enjoyed
working with our Black & Veatch and partners and look forward to working with them again on
future projects.
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