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The plant pictured in the photo above is configured as a two-on-one combined cycle plant, 

consisting of two combustion turbine generators (CTGs), two heat recovery steam generators 

(HRSGs), one Westinghouse steam turbine generator and associated auxiliary systems and 

equipment. 

The CTGs and HRSGs are in single train configuration and the exhaust gases from each HRSG passes through the exhaust fiue to individual 

100-foot exhaust stacks. Each of the 165-MW Westinghouse (now Siemens Energy) 501FC+ single-shaft CTGs are configured with dry low

NOx combustors. Each HRSG is equipped with SCR and oxidation catalyst systems to manage air emissions. The steam turbine generator 

has a nominal output of 170 MW and is cooled by an air-cooled condenser. The full load continuous rating of the natural gas-powered 

combined cycle plant is 480 MW with natural gas duct burning and at a maximum ambient air temperature of 120 fahrenheit and 15 percent 

relative humidity. 

Tackling Tube Fouling 

Since plant startup in 2000, the HRSGs have experienced high gas pressure drop in the LP Evaporator/IP Economizer/HP Economizer 

section (Module 5 on Figure 1), the next to last tube bundle before the exhaust gas leaves the HRSG through the stack The majority of 

fouling was occurring on the LP Evaporator side of the module. The cause of the high pressure drop was due to ammonium bisulfate (ABS) 

buildup within the tube bundle caused by high local ammonia concentrations that pass through the SCR in those areas (slip). Ammonia, as a 

28 percent aqueous solution, is inJected at a rate of 150 lb/hr at plant design operating conditions. 

The HRSGs were cleaned annually utilizing costly ice blasting, but the pressure drop quickly increased after cleaning, from 2.1 inches wc. 

pressure drop in clean condition to often greater than 6_8 inches w.c. Figure 1 illustrates typical data taken from the plant DCS when Module 

5 was experiencing high gas pressure drop due to fouling. Figure 2 is a photograph of typical ABS fouling found in Module 5 of both HRSGs. 
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Figure 1. Both of the HRSGs have experienced rapidly increasing pressure drop in the LP Evaporator/IP Economizer/HP Economizer section 

(Module 5) caused by ABS fouling since the plant was commissioned in 2000. Source.· Concord Environmental 



Figure 2. The highly finned tubes in Module 5 experienced ABS fouling due to high local ammonia concentrations in the SCR The fouled 

tubes disrupt heat trans/er in the tubes and an increase in HRSG pressure drop. Both reduce the efficiency of plant operation. Source 

Concord Environmental. 

With these ongoing issues, the utility contracted with Concord Environmental to tune the ammonia inJection grid (AIG) to improve the 

ammonia distribution across the SCR in order to eliminate the ABS problem. However, AIG tuning alone failed to improve the ammonia 

distribution. Physical changes in the HRSG were necessary to reduce ABS fouling downstream of the SCR 

Concord Environmental developed a computational fluid dynamics (CFO) simulation of the entire HRSG to determine the cause of the poor 

ammonia distribution. Concord Environmental was also tasked to develop and implement the necessary design changes once the root cause 

of the fouling was determined 

CFD Identifies Problems 

Without delving into the complexities of the full system CFO model, suffice it to say that detailed contour plots of exhaust gas temperature, 

pressure, velocity, and ammonia distribution were developed throughout the entire HRSG, inc uding the AIG grid. The model found that 

although the velocity distribution is quite uniform at both the CO and SCR catalyst inlets, the ammonia distribution is very poor at over 70 

percent RMS, well beyond the goal of 10 percent RMS, at the inlet to the SCR catalyst. Due to the large areas of recirculation caused by the 

CO catalyst support structure at the bottom, ammonia quickly gathered near the bottom and along the sides where the flue expands and thus 

creating areas of recirculation. These two regions cause the ammonia to be "pulled" in and stay concentrated near the bottom and vertical 

walls before being propagated downstream into the SCR catalyst. These problems are typical y caused by too few inJection holes in the AIG 

and the lack of mixing of the ammonia and the flue gas (Figure 3). 

Figure 3. The CFO results confirmed the poor ammonia distribution measured in the field It showed that the AIG design itself was creating 

the poor distribution with high concentrations along the sides of the catalyst bed. The area shown in red illustrate areas of high ammonia 

concentration. Source: Concord Environmental 

CFO modeling confirmed that ammonia was concentrating heavily along the side walls as well as the top and bottom corners of the reactor. 

However, the CFO model revealed that the AIG design itself was creating the poor distribution with high concentrations along the sides of the 

catalyst bed. The original AIG design was located four feet downstream of CO catalyst, in an expanding section of the flue towards the SCR 

catalyst. The solution was to move the new AIG three feet upstream so that the revised AIG center line was 1 ft downstream of the CO 

catalyst (the gray module immediately upstream of the AIG in Figure 1) in a uniformly spaced arrangement CFO modeling also showed that 

adding mixing baffles to the upstream side of the newly located AIG greatly improved local mixing. The lance penetrations through the HRSG 

casing remain unchanged thus causing a jog in the AIG lances in the upstream direction inside the gas flue This eliminated the need to 

modify any external piping (Figure 4). 

Figure 4. The new AIG lances and baffles are illustrated. Note the original 
structural penetration were unchanged although the AIG was moved three 
feet upstream Source: Concord Environmental 



Mixing of ammonia downstream of an AIG is highly dependent on the local turbulence level in the gas thus the holes in the new grid are 

spaced over the entire length 33-foot length of the grid and all of the holes point directly downstream, unlike in the original design. The 

turbulence level downstream of the fine-pitch CO catalyst i s very low so it did not contribute to gas mixing_ 

In addition, there was also a large wall at the base of the CO catalyst bed which created a large recirculation zone along the floor The CFD 

model was used to design plates that were added around the perimeter of the CO catalyst to direct the flow directly into the AIG and avoid 

leakage along the sides, top, and bottom of the flue into those recirculation zones 

With the addIt1on of AIG mixing baffles and CO catalyst ducting baffles, gas flow from the CO catalyst now flows uniformly into the AIG 

injection area. When compared to the baseline Al G pressure drop, the new design added only 0.2 in. w.c. However, the final CFD design 

reduced the ammonia velocity distribution to 5.8% RMS, well below the design goal of no mor� than 10 percent RMS (Figure 5) . 
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Figure 5. Baseline and final design comparison of ammonia distribu\on across the vertical face of the SCR catalyst are illustrated. The area 

shown in red show regions with ammonia bypass and the darker colors show regions with poor ammonia mixing_ The top figure is the vertical 

cross-section of the flue shown in the plan view of Figure 5. Source: Concord Environmental 

Accelerated Construction 

Concord Environmental was awarded the design, supply and installation contract for removing the old AIG and installing the new upgrades 

after the CFD modeling report was completed and the results presented to the utility in early October, 2017. However, the utility had ea�ier 

scheduled a plant outage for November 1-14, 2017, so there was less than a m onth available to design and fabricate the new AIG and 

baffles, select and mobilize the contractor at the job site, and complete installation. 

Concord selected a non-union contractor based on its experience and abIlIty to meet the proiect's compressed schedule. The new AIG tubes 

and baffles were quickly fabricated by one of Concord's preferred fabrication shops and shipped on October 27, and arrived on site on 

October 30. By that time, the contractor had mobilized onsite and had completed the demolition and removal of the old AIG. Construction 

crews worked two 12-hours shifts in order to complete the AIG upgrades on both HRSGs on schedule Installation of the new AIG and baffles 

was completed on November 13, one day ahead of schedule. 

Operating Data After Startup 

After the outage was completed, initial startup data showed significant reduction in ammonia low, which translates into reduced localized 

ammonia concentrations (Table 1 ). 

Parameter Unit 1 Unit 2 

Ammonia flow before retrofit, J.Wb!. 161.2 164.9 

Ammonia flow after retrofit, J.Wb! 140.1 147.6 

Reduction, !Wt!!. 21.1 17.3 

Table 1. Reduction of ammonia flow due to AIG replacement and baffle additions. Source: Concord Environmental 

To date, ammonia usage has decreased 15-25 percent depending on load and pressure drop in Module 5 has held steady for the past six 

months based on station instrument readings The result has been a reduction in plant operating cost through the reduction of ammonia 

usage, avoiding the operating efficiency loss experienced with ABS fouling of Module 5, and will greatly reduce the future costs to clean the 

ABS formed on the Module 5 tubes 
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