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Q1: Please state your name, occupation and business address. 

A1: My name is James W. Cuchens.  I hold the position of Principal Engineer for 

Southern Company Generation Engineering and Construction Services (SCG Engineering) in 

Birmingham, Alabama.  SCG Engineering is a division of Southern Company Services, which is 

a sister company of Southern Nuclear Operating Company (SNC) both of which are subsidiaries 

of The Southern Company.  My business address is:  Inverness Office Park, Birmingham, 

Alabama 35201. 

Q2: Please describe your educational and professional background. 

A2: I earned a B.S. degree in Mechanical Engineering from Mississippi State 

University in 1973 and hold professional engineering licenses in Alabama (PE # 13752), Florida 

(PE # 37700), Georgia (PE # 16164), and Mississippi (PE # 09905).  

I have worked as an engineer for The Southern Company for 35 years.  My experience 

encompasses all phases of power plant design and construction: conceptual design studies, 
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equipment design specifications, and equipment bid evaluations.  I have designed the thermal 

cycle equipment, boiler and draft system equipment, and plant cooling system equipment for 

various types of units, including nuclear, fossil, and co-generation.  As relevant to this 

proceeding, in the area of cooling, I have been involved in the development of equipment 

technical specifications, bid evaluations, and applied research of systems equipment 

technologies.  I have developed expertise in the design of various types of cooling cycles, 

including closed loop, once-through, and/or cooling ponds, serving nuclear units, fossil units, 

and cogeneration units.  

My job requires operating knowledge of the optimization of the cooling system 

equipment (towers, pumps, and condensers) for new and/or existing units, taking into 

consideration performance, capital cost, and operation and maintenance.  I have developed 

computer programs for selection of cooling cycle equipment design as well as the analysis of 

equipment and/or plant performance.  I have extensive experience with modeling cooling 

system/cycles and performance analysis for simulation of various cooling system(s), including 

mechanical and draft, and wet and dry.  I have performed feasibility studies for modifying and/or 

upgrading existing towers for enhancing tower performance and reducing operations and 

maintenance costs.  

I contribute my expertise to various professional engineering organizations including the 

ASME (formerly, American Society of Mechanical Engineers) and the Cooling Technology 

Institute (“CTI”).  With the ASME, I served on PTC 23, Cooling Tower Test Code Committee, 

and PTC 30, Air Cooled Condenser Test Code Committee.  With CTI, I sat as a member of the 

Codes and Standards Committee.  Besides my committee work for CTI, I had the honor of 

serving as the organization’s President and Chairman of the Board (2000), Vice President 
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(1999), and a member of the Board of Directors (1995-1997 and 1999-2001).  For the past four 

years, I have served as the Education Program Chairman of CTI.  My Curriculum Vitae is 

attached hereto (See Exhibit SNC000023). 

Q3: Please state the purpose of your testimony. 

A3: My testimony focuses in detail on the feasibility of dry cooling technology for the 

Vogtle 3 and 4 nuclear units.  In two respects, I address the specific topics on which the Joint 

Intervenors raised factual disputes.  First, I sponsor “Feasibility of Air-Cooled Condenser 

Cooling System for the Standardized AP1000 Nuclear Plant” (the “Revised Report”) (Exhibit 

SNC000024, attached hereto).  The Revised Report revises and expands on the report dated June 

25, 2007 (the “Initial Report”) I attached as Exhibit 1 to my affidavit in support of SNC’s Motion 

for Summary Disposition of contention EC 1.3 (the dry cooling issue) submitted to the 

Commission on October 17, 2007.  Both documents study the feasibility of incorporating a dry 

cooling system into the design for an AP1000 Nuclear Plant in South Georgia, the location of the 

proposed Vogtle units.  My colleague, Chris Lazenby, helped me research and draft the Revised 

Report and his Curriculum Vitae is attached (See Exhibit SNC000025).  Second, I respond to 

specific assertions in the Declaration of Mr. Bill Powers (“Powers Declaration”) which 

supported the Intervenors’ Answer Opposing to SNC’s Motion for Summary Disposition.   

Q4: Please explain how the closed-cycle wet cooling system of the AP1000 

Nuclear Plant and a dry cooling system operate. 

A4: In the standard design of the AP1000 Nuclear Plant, steam is passed across a 

steam turbine and the turbine turns a generator, creating electricity.  The steam leaves the turbine 

and goes to a steam surface condenser, a large heat exchanger filled with tubes that have cold 

water flowing through them.  The cold water in the tubes absorbs the heat from the steam, 

causing the steam to condense back into liquid form; the condensed liquid is then pumped back 
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to the steam generator and the process begins again.  The water circulating through the condenser 

tubes is then pumped out to a wet cooling tower where it is cooled by discharging its heat to the 

surrounding air largely by evaporation.  Once cool, the water is collected in a basin below the 

tower and pumped back through the condenser tubes.  Both circuits continue in a continuous 

process (hence the name – “closed loop cooling system”).   

In contrast to a closed-cycle wet cooling system, which relies on the cooling property of 

water, a dry cooling system is based on an air-cooled condenser (ACC).  In such a system, the 

steam leaving the turbine is piped through large ducts outside of the turbine building to an ACC 

where it is cooled by air flowing over large metal-finned tubes.  The heat from the cooling water 

is rejected directly to the air and atmosphere.  As the steam loses its heat, it condenses to water 

and is drained to a large tank from which it is pumped back to the nuclear steam supply system. 

(See Revised Report, Exhibit SNC000024, pp. 3, 10).  

Q5: What do you conclude in your Revised Report regarding the feasibility of dry 

cooling technology for the Vogtle 3 and 4 units? 

A5: In the Revised Report I conclude, in greater detail than in the Initial Report, that 

dry cooling is not feasible for use in the current standard AP1000 design at Vogtle 3 and 4.  We 

originally intended to conceptualize a dry ACC cooling system to match the performance of the 

AP1000 wet cooling system.  However, we quickly realized that our efforts were futile.  Simply 

designing the ACC for the same backpressure (exhaust pressure) as the steam surface condenser 

of the wet cooling system quickly translated to other design and performance challenges such as: 

1) adding miles of large steam ducts to get the steam from the turbine to the ACC; 2) eliminating 

air-in leakage in miles of steam ducts in order to avoid further degradation of 

backpressure/performance; and 3) designing an air-removal system (vacuum pumps/jets, etc.) 
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that would be capable of evacuating the huge steam ducts.  The extreme difficulty in resolving 

these significant design issues makes use of dry cooling, for all practical purposes, impossible. 

(See Revised Report, Exhibit SNC000024, pp. 22-23).  

Q6:   What is backpressure? 

A6: During the cooling process described above, when steam is condensed back to  

liquid form, it requires a significantly less amount of space and/or volume.  When this occurs, it 

creates a vacuum which is often referred to as backpressure inside a steam condenser and turbine 

exhaust.   Typically, the lower the backpressure (or vacuum), the better turbine performance will 

be because the lower the pressure, the less restriction is being placed on the turbine exhaust flow.   

It is similar to an automobile’s exhaust system.  If you obstruct the exhaust system by placing a 

tennis ball in the exhaust pipe, the engine’s performance will be adversely affected.  If that tennis 

ball is removed, the vehicle’s performance will improve.   (See Exhibit SNC000026, p. 7). 

Q7: As part of your analysis regarding the feasibility of dry cooling technology 

for the Vogtle 3 and 4 units, what specific issues do you discuss in your testimony?  

A7: In order to explain why dry cooling technology is not feasible for the Vogtle 3 

and 4 units, I will address feasibility as it relates to the four disputes of material fact set forth in 

the Atomic Safety and Licensing Board’s ruling on SNC’s Motion for Summary Disposition.  

These four disputes of material fact are:  1) the types of turbines that can be used with an 

AP1000 Nuclear Plant; 2) the adequacy of dry cooling system design for use in facilities like the 

Vogtle 3 and 4 units; 3) the impact of the climate in the vicinity of the Vogtle 3 and 4 units on 

the efficacy of a wet and dry system cooling; and 4) the potential financial, environmental and 

performance impacts on the facility design, construction and operation of using a dry rather than 
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wet cooling system.  In this testimony, I discuss each of these matters, except for the 

environmental impacts of installing dry cooling, which will be addressed by Tom Moorer. 

Q8: Do you discuss any other issues in your testimony? 

A8: Yes.  The Intervenors’ expert, Mr. Powers, denied that dry cooling impeded the 

standard design for the NRC-approved AP1000 Nuclear Plant.  (Powers Declaration ¶ 10.)  I also 

discuss how dry cooling at the Vogtle 3 and 4 units would be inconsistent with the standard 

design for the AP1000 Nuclear Plant. 

Q9: Please describe the type of turbine that is specified for an AP1000 Nuclear 

Plant. 

A9: For optimum plant efficiency, the turbine-generator design for the AP1000 

Nuclear Plant, as specified in the Design Control Document (DCD), Rev. 17, Table 10.1-1 

(attached hereto, Exhibit SNC000027), currently pending before the NRC, requires a Toshiba 

tandem-compound six-flow turbine with a 52-inch last stage blade (LSB).  This turbine-

generator package consists of a high pressure (HP) element and three low pressure (LP) 

elements.  This means that the turbine exhausts its steam in three distinct sections (the triple 

exhaust) with each section being physically split so that two distinct steam flows per section are 

pushed through simultaneously (thus, six flows).  For the standard AP1000 Nuclear Plant design 

as specified in the DCD, the three exhaust sections operate at different design backpressures 

ranging from 2.37” to 3.57” HgA, giving an average backpressure for all three sections of 2.9” 

HgA at the design inlet cold water temperature of 91ºF.  To avoid structural damage caused by 

operating at a backpressure in excess of what the turbine can withstand, the standard turbine has 

an alarm point of 5.0” HgA (five inches of mercury) backpressure.  This means that, if at any 



 

 7  

point the backpressure in the turbine rises above 5.0” HgA, the unit heat load must be decreased 

in order to continue operation.   

During normal operations, the AP1000 standard turbine generator experiences 

backpressure in the range of ~ 1.0” to a maximum of less than 5.0” HgA.  The higher the 

backpressure on the turbine, the less electricity the generator is able to produce, while the lower 

the backpressure is on the turbine, the more electricity the generator is able to produce (down to 

choke flow backpressure at ~ 1.0” HgA).  Backpressure in excess of 5” HgA exceeds the 

functional operational limit of the turbine (See Revised Report, Exhibit SNC000024, p. 9). 

Q10: Could a dry cooling system be used with the AP1000 standard turbine 

generator? 

A10: No, the current limits of technology would likely prevent that.  As detailed on p. 

11 of the Revised Report, current “state-of-the-art” dry cooling units or ACC’s for the utility 

industry are designed with an Initial Temperature Difference (ITD) of around 40°F, although 

there have been a few such condensers built in the United States with an ITD of 35°F.  ITD 

refers to the constant difference between the temperature of the outside air and the temperature 

of the steam condensing within the tube bundles.  No manufacturer of ACC’s has successfully 

designed or built an ACC with a lower ITD than 35°F ITD.   

For an ACC designed with a certain ITD, the higher the outside ambient temperature, the 

higher the steam saturation temperature, and therefore the higher the backpressures of the turbine 

will be.  For example, if an ACC was designed for a 35ºF ITD, then at an ambient temperature of 

75ºF the saturation temperature of the steam condensing inside of it would be 110ºF (75º + 35º 

ITD), which would correspond to a backpressure of 2.6” HgA (the saturation pressure of steam 

at 110ºF).  If the ambient temperature around the same ACC rose to 100ºF, then the saturation 
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temperature of the steam would rise to 135ºF (100ºF + 35ºF ITD) and the unit backpressure 

would rise to 5.16” HgA.  At the design ambient air temperature of 95ºF, the lowest turbine 

backpressure potentially achievable with an ACC based on the current technological limit of a 

35ºF ITD would be around 4.5” HgA, which is only .5” HgA below the alarm point for the 

turbine incorporated into the AP1000 design.  Additionally, with an ACC, operation at multiple 

exhaust pressures would no longer be viable.  Since 4.5” HgA is the lowest achievable 

backpressure and any rise above this would put the turbine near or above its alarm point, an 

AP1000 unit as described in DCD Rev. 17 would not be able operate at full rated power any time 

the inlet air temperature to the ACC was greater than 95ºF.  

Q11: Is a triple-exhaust turbine required in the AP1000 Nuclear Plant? 

A11: Yes.  The AP1000 thermal cycle produces large volumes of exhaust steam and 

this makes it physically impossible to send exhaust through a single-exhaust or, in most cases, a 

double-exhaust turbine.  Physical limits of the materials and construction of turbine shafts, 

blades, and casing dictate the maximum amount of steam that can safely pass through a given 

flow area within a turbine and the maximum safe operating speed of the turbine shaft.  

Importantly, large, multi-exhaust turbine-generators similar to the Toshiba turbine incorporated 

in the AP1000 design are standard in the nuclear industry.  See DCD, Section 10.2.4. (attached as 

Exhibit SNC000028).1  Thus, it is accurate to say that an AP1000 unit, regardless of its cooling 

system design, would have to use at least a triple-exhaust turbine in order to physically be able to 

pass the steam flow specified in the AP1000 thermal cycle.   

 

                                                 
1 See also Exhibit SNC000029, p. 13 (G.E. Steam Turbine Product Brochure (an example of a GE 

“standard” nuclear steam turbine and note that it contains a six-flow LP turbine.) (available at: http://www. 
gepower.com/prod_serv/ products/steam_turbines/en/ downloads/steam_brochure.pdf).   
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Q12: Can an AP1000 Nuclear Plant operate with a uniform pressure on all 

sections? 

A12: While not recommended, the turbine could physically operate with all three 

exhaust sections seeing the same backpressure, even though such operation would drastically 

deviate from the current thermal cycle design and, more important, change the heat balance 

performance (performance guarantee) for an AP1000 Nuclear Plant located on the Vogtle site.  

Operating the turbine as a single-pressure turbine rather than a multi-pressure turbine would have 

a detrimental impact on turbine/cycle efficiency.  In comparison to operating a triple pressure 

turbine, operating a single pressure turbine restricts the exhaust sufficiently to reduce turbine 

performance.  A simple analogy would be to stick a tennis ball in one of the exhausts of an 

automobile with a dual exhaust system.  While the automobile will still run, it would not be as 

efficient nor would it be good for the engine since the exhaust pressure on half of the engine will 

be restricted due to the tennis ball.   

Q13: Mr. Powers claims (Power’s Declaration, ¶ 13) that the AP1000 Nuclear 

Plant could use less expensive, higher-backpressure turbines, rated to 8” HgA, to 

accommodate dry cooling.  In fact, he recounts a conversation with a General Electric 

official who stated that a high-pressure GE D11 system can work with dry cooling.  How do 

you respond? 

A13: The current AP1000 standard plant design as specified in DCD Rev. 17 does not 

employ a high backpressure turbine which would be necessary to accommodate an 8” HgA 

backpressure as suggested by Mr. Powers.  I am not aware of any turbine manufacturer that 

offers a triple-exhaust high-backpressure turbine capable of handling the steam flows that would 

be associated with the current AP1000 steam cycle if the reactor used dry cooling.  As such, 
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while I would not say that a high backpressure turbine and/or an air-cooled system could never 

theoretically be used with any kind of AP1000 plant design, I would say that it cannot be used 

with the current AP1000 standard plant design, as proposed for the Vogtle site and specified in 

DCD Rev. 17.    

Moreover, in making the assertion that a high-backpressure turbine could be used in 

conjunction with the AP1000 units at the Vogtle site, the Intervenors and Mr. Powers appear to 

extrapolate from experience with significantly smaller generating units.  (Powers Declaration ¶ 

23).  Their underlying assumption appears to be that since those smaller units can use high 

backpressure turbines, then it is true for every power plant in operation.  Even if we were to 

accept the assertion from the General Electric official cited by Mr. Powers at face value, that 

teaches us nothing about the AP1000 Nuclear Plant.  (See Powers Declaration ¶ 13 n.1)  The 

specific turbine Mr. Powers references is a GE single-exhaust, dual-flow turbine designed for 

“Medium Fossil Applications”2 and is not comparable to the significantly larger and more 

complex turbine specified in the DCD for an AP1000 Nuclear Plant located on the Vogtle site.  

What Mr. Powers asserts is akin to suggesting that the four cylinder engine in your personal 

automobile is capable of producing the horsepower necessary to compete in a NASCAR race 

because both your car and a race car are four-wheeled vehicles driven by internal combustion 

engines.  There is a point at which such generalizations become overbroad and that is the case 

here.   

 

 

                                                 
2 See  Exhibit SNC000030 (available at:  http://www.gepower.com/ prod_serv/products 

/steam_turbines/en/fossil =/d_series.htm).   
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Q14: Mr. Powers said that you ignore nuclear plants in the U.S. and abroad that 

incorporate dry cooling (Powers Declaration ¶¶ 7 and 9).  How do you respond?  

A14: Mr. Powers does not identify a nuclear power plant that utilizes dry cooling.  He 

suggests that the Palo Verde Nuclear Generating Station uses dry cooling based on a “plant 

expansion proposed in the late 1970s”, but this suggestion is incorrect.  A simple search on the 

Internet,  reveals that the Palo Verde reactor actually uses wet cooling.  (See Exhibit 

SNC000031, attached hereto (www.pnm.com/systems/pv.htm))  Though located in the desert, 

the plant uses treated municipal waste water and stores it in a man-made reservoir.   

Speaking in a broader context, we have visited and studied numerous large dry cooling 

installations both in the U.S. and abroad, (including Majuba, Matimba, and Kendal in South 

Africa)3 in order to capture their experiences, lessons learned and best practices from design and 

operational perspectives.  As such, our opinions are based on solid experience with applied 

technology rather than cherry-picking, as suggested by Mr. Powers.   

As part of our research regarding the use of dry cooling in Southern Company generating 

facilities, we have investigated numerous dry cooling technologies in pursuit of water 

conservation and have spent considerable efforts on optimizing dry cooling systems for potential 

use on future combined cycle gas plants, where dry cooling proves to be an economically viable 

technology, in part because of the relatively smaller size of the turbines as compared with the 

AP1000 turbine.  I doubt that anyone else has gone through as extensive an effort in pursuit of 

applied dry cooling technology as we have at Southern Company.  Having gone through these 

                                                 
3 See Exhibit SNC000032, Overview of Kendal Power Station (available at: 

http://www.eskom.co.za/live/content.php?Item_ID=170&Revision=en/0); Overview of Majuba Power Station 
(available at http://www.eskom.co.za/live/content.php?Item_ID=181&Revision=en/2); Overview of Matimba Power 
Station (available at: http://www.eskom.co.za/live/content.php?Item_ID=183&Revision=en/0). 
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efforts, we are confident in our assertion that dry cooling is not feasible at the Vogtle 3 and 4 

units.  

Q15: The Intervenors’ Answer to the Motion for Summary Disposition (¶ 12) 

asserts that you did not address the Midlothian coal plant, which uses dry cooling and 

Intervenors allege is nearly the capacity of either the Vogtle 3 or Vogtle 4 AP1000 units.  Is 

the Midlothian coal plant relevant to assessing the feasibility of dry cooling for the Vogtle 

site? 

A15: No.  While the total capacity of the Midlothian plant is 1,650 megawatts, slightly 

higher than that of Vogtle 3 or Vogtle 4, the 1,650 actually arises from six separate units of 275 

megawatts each.4  Therefore, no relevant comparison can be made between a Midlothian unit and 

an AP1000 Nuclear Plant at the Vogtle site (i.e., comparing six small high backpressure turbines 

to a single large standard backpressure turbine is like comparing apples to oranges).  The same is 

true for the Matimba plant in South Africa that Mr. Powers mentions at ¶ 23 of his declaration.5  

To be relevant, the comparison would have to entail dry cooled units of equal size with similar 

turbine cycles rather than a group of small units to a single large unit.  However, since such large 

dry cooled units don’t exist, Mr. Powers’ comparison inappropriately attempts to make it appear 

as though they are technically sound and viable. 

Q16: Even if it were possible to construct and install a dry cooling system, is it 

feasible to use dry cooling at the Vogtle site given the climate of South Georgia location? 

A16: No.  As I stated earlier, operating an AP1000 Nuclear Plant as currently specified 

in the DCD with a “state-of-the-art” air-cooled system would likely result in backpressure in 

                                                 
4 See Exhibit SNC000033, Description of the Midlothian Power Plant, Energy Information Administration 

Existing Generating Units in the United States by State, Company and Plant, 2006 (p. 188)  (available at: 
http://www.eia.doe.gov/cneaf/electricity/page/capacity/existingunits2006.xls). 

5 Exhibit SNC000032, Overview of Matimba Power Station.  
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excess of the steam turbine alarm point any time the temperature was at or above the design 

ambient air temperature of 95°F, which can occur quite a bit in South Georgia.  In addition, the 

20°-30°F differential in daily temperatures on hot days would harm operation of the plant.  (See 

Revised Report, pp. 11-12). 

Q17: Mr. Powers contends that the difference in air temperature over the course 

of a day does not affect the capability of dry cooling systems and that you failed to 

demonstrate that is does.  (Powers Declaration ¶ 14).  Does the difference in air temperature 

affect dry cooling systems? 

A17: Yes.  This opinion is not mine only, but it is shared by industry experts.  For 

example, in a paper presented at the 2002 National Energy Technology Laboratory (NETL) 

Electric Utilities and Water: Emerging Issues and R&D Needs Conference, John M. Burns, the 

Chairman of the recent ASME PTC 30.1 committee that wrote an acceptance test code for 

ACCs, and Wayne Micheletti, an recognized industry consultant in the area of power plant 

cooling and environmental issues, stated the following: 

For dry cooling systems, sensible heat transfer is the only form of heat 
rejection, so performance depends upon the ambient air dry-bulb temperature 
instead of the wet-bulb temperature.  Because ambient dry-bulb temperatures 
are usually higher and tend to experience more dramatic daily and seasonal 
fluctuations than ambient wet-bulb temperatures, designing and operating dry 
cooling systems to obtain the consistent and continuous performance 
historically provided by wet cooling systems is possibly the greatest obstacle 
to the increased use of dry cooling in power plants.6   

Q18: How does the daily fluctuation in temperature affect dry cooling systems?  

A18: First, we would need to assume that a “state-of-the-art” ACC could be constructed 

for an AP1000 Nuclear Plant on the Vogtle site and it could actually maintain a backpressure of 
                                                 

6  Exhibit SNC000034, “Emerging Issues and Needs in Power Plant Cooling Systems” by Wayne C. 
Micheletti and John M. Burns, P.E., presented at the 2002 National Energy Technology Laboratory (NETL) Electric 
Utilities and Water: Emerging Issues and R&D Needs Conference, at p. 5 (emphasis added) (available at 
http://204.154.137.14/publications/proceedings/02/EUW/Micheletti_JMB.PDF). 
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4.5” HgA at an ambient temperature of 95ºF.  On a summer afternoon in South Georgia when the 

ambient temperature (e.g., 98ºF) was already exceeding the design temperature, a breeze could 

blow the hot air discharge from the top of the ACC back down into the inlet of the ACC, 

instantaneously raising the inlet temperature by another 5°F.  This, in turn, would increase the 

ITD and the backpressure.  The breeze will have caused the unit to operate well above its turbine 

alarm set point and have placed it, with only another 3°F rise in temperature, in danger of 

tripping off.  The operators, as they must, would begin decreasing the thermal power of the 

reactor in order to get below the alarm set point.  This results in a decrease in the amount of 

power produced by the unit precisely when it is most needed by the customers dependent on 

Georgia Power.  Then, assume a sudden thunderstorm moved in and cooled the air by 15°F.  In 

that case, the operators would try to increase production from the plant back towards the unit’s 

rated output, and so on as climate conditions changed.   

In short, an AP1000 Nuclear Plant operating with an ACC would be in a mode where the 

operators were constantly “chasing” the weather.  This is a very real situation that could, and 

would, occur due to the sensitivity of a dry-cooled system to changes in the ambient dry bulb 

temperatures.  In addition, due to exposure to winds from all directions, the vast size of the ACC, 

which the current standard AP1000 Nuclear Plant would entail, enhances the detrimental impact 

of temperature and/or wind fluctuations.  Lastly, though ACC performance can change suddenly 

from meteorological influences, it does not respond rapidly to sudden changes in thermal 

loading.  Thus, it would be virtually impossible to control and/or modulate a large ACC system 

(with approximately 300 fans) to react to fluctuating weather influences without impacting unit 

performance.   
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By contrast, these climate conditions would pose a less significant risk on a wet cooling 

system because it relies on wet-bulb temperature, meaning that, in addition to the ambient air 

temperature, the operation of a wet cooling tower is dependent upon the amount of moisture in 

the air.  In contrast to the temperature, the moisture in the air remains more stable.  The only way 

wet cooling would cause the same fluctuations in electric generation as an ACC is if both the 

temperature and moisture in the air would change quickly and dramatically.  A wet cooling tower 

would also be significantly smaller and thus we would be able to place it in a more favorable 

location on the plant site in order to minimize hot plume recirculation effects of sudden winds 

(or, as a result of the height of a natural draft cooling tower, render them almost entirely moot).  

(See Revised Report, pp. 12, 15).  

Q19: Please summarize your conclusions about the impact of the climate at the 

Vogtle site on the desirability of a possible dry cooling system. 

A19: In South Georgia, extreme maximum temperatures recorded in the vicinity of the 

Vogtle site have ranged from 105°F to 112°F at Louisville IE station.  According to climatic data 

referenced in the Vogtle Environmental Report at section 2.7.4.1.1, the station record high 

temperature for the Midville Experiment Station (i.e., 105°F) has been reached on four separate 

occasions.  Individual station extreme maximum temperature records were set at multiple 

locations on the same or adjacent dates.  The similarity of the respective extremes suggests that 

these statistics are reasonably representative of the temperature extremes that might be expected 

to be observed at the Vogtle site.  

The hot South Georgia summers would correspondingly increase steam saturation 

temperatures and backpressures beyond the operational limits of the turbine, and consequently 

eliminate the capability of an ACC to provide necessary cooling during times of peak electric 
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load.  This creates a practically insurmountable limitation on the technical feasibility of an ACC 

system in conjunction with the AP1000 steam turbine at the proposed site.  Conversely, even if 

an ACC could be designed and constructed that would deliver backpressures within the 

AP1000’s specification (2.9” HgA), the ITD necessary to deliver such pressures would need to 

be approximately 20°F, or approximately 50 percent of the minimum ITD achievable with 

current ACC technology.  

Q20: Mr. Powers stated that you exaggerate the extreme climate in South Georgia.  

He said that “during much of the year” the area experiences maximum temperatures below 

70°F and no difference between dry and wet cooling will appear (Powers Declaration ¶ 20).  

How do you respond to Mr. Powers? 

A20: Mr. Powers’ assertions mischaracterize the issue.  First, with regard to the 

ambient air design point of 95°F, using a 1 percent temperature value is standard industry 

practice when designing a cooling system for an electric generating plant.  While it is true that 

these design values are typically only exceeded in 1 percent of the hours during a year (87 

hours), there is no way to know if temperatures will be higher than that value for a much greater 

amount of time.  As shown in a study by Michael Kjelgaard in calendar year 2003, the ASHRAE 

(American Society of Heating, Refrigerating and Air-Conditioning Engineers) found that 1 

percent of summer design dry bulb and/or wet bulb temperatures were exceeded in literally 

hundreds of hours in a dozen major cities7.  It may be that an AP1000 Nuclear Plant located on 

the Vogtle site would not frequently experience temperatures in excess of 95°F, but that does not 

help much during a summer such as that of 2007 when temperatures exceeded 100°F across the 

Southeast for days at a time.  Moreover, the days when the temperature is the highest tend to be 
                                                 

7 See Exhibit SNC000035, “June 2003: a year in review: ASHRAE design conditions vs. 2002 - weather 
report,” Engineered Systems, August 2003, FindArticles.com, 24 Jul. 2008 (available at: 
http://findarticles.com/p/articles/mi_m0BPR/is_8_20/ai_107123411/pg_2). 
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the days of heaviest electricity demand. Reliance on dry cooling for large baseload capacity such 

as a two unit nuclear power plant would create significant reliability issues for Georgia Power 

and its customers.  

Second, with regard to average temperatures and unit operation, Mr. Powers’ assertion 

that during much of the year the performance of a dry-cooled unit and a wet-cooled unit would 

be virtually the same is misleading (Powers Declaration ¶ 20).  To begin with, the reference cited 

by Mr. Powers, states that: “Dry cooling saves a lot of water but there is a price to pay for it…the 

heat rate may be impacted on all but the coldest days” (Powers Declaration at Attachment D, p. 

9 (emphasis added) (Exhibit SNC000036, attached hereto).  A chart in that same document 

clearly shows that, at dry bulb temperatures down to 60ºF, a typical air-cooled system produces a 

higher turbine backpressure than a typical wet-cooled system.  Even accepting that the “typical” 

values shown on that chart are applicable for an AP1000 Nuclear Plant and that the difference in 

backpressure produced by the two systems decreases as the ambient air temperature decreases to 

the point that below 60ºF the turbine backpressure could be considered virtually the same, at 

70ºF there is still approximately a 0.5” HgA difference in turbine backpressure between a wet-

cooled unit and a dry-cooled unit.  On each AP1000 Nuclear Plant on the Vogtle site, this would 

equate to around 15 MW8 of lost generation and that difference is quite significant.  Based on 

historical data, the average temperature in Augusta, Georgia exceeds 60ºF over 58 percent of the 

hours in a year.9  Based on this, it is correct to say that an AP1000 Nuclear Plant located on the 

Vogtle site would face significant performance degradation for the majority of every year it is in 

operation by implementing an air-cooled system as compared to a wet cooling system.  

                                                 
8 All references in my testimony to “MW” or “megawatts” are MWe. 
9 See Exhibit SNC000037, (Ref. TMY-2 data set constructed by the National Renewable Energy 

Laboratory (NREL) in Golden, CO, as listed in BinMaker PLUS software published by InterEnergy Software Inc., 
©1999).  
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Q21: Do you have an opinion regarding the potential financial, environmental and 

performance impacts on the design, construction and operation of using dry, rather than 

wet, cooling? 

A21: I will discuss the financial and operational questions. I understand that Tom 

Moorer will testify on the environmental impacts of installing dry cooling units on the Vogtle 

site.  

Q22: What did you conclude are the financial effects of dry cooling? 

A22: As I testified earlier, I am not aware of a triple pressure, 1117 MW turbine 

available in the marketplace that would operate at the high backpressures produced by a state-of-

the-art ACC system.  Conversely, as my Revised Report indicates on p. 14, constructing a dry 

cooling system at the Vogtle site that could replicate the performance of a wet cooling system 

specified in the DCD is impossible with the current turbine cycle configuration.  Current limits 

of technology do not allow for construction of an ACC that could condense that amount of steam 

to that low of a backpressure on that warm of a day.  However, using ratios of numbers generated 

from manufacturer curves for much smaller ACCs, I estimated that if such a unit could be 

designed and built, it would necessitate construction of approximately 324 cooling modules 

linked with large steam ducts.  The estimated cost of construction of this ACC (excluding cost of 

large steam ducts, condensate tanks/pumps, foundations, and associated vacuum systems) would 

be approximately $445 million for each of the Vogtle 3 and 4 units, for a total of a minimum 

$890 million for the entire plant.  None of these costs include any additional engineering or 

construction costs associated with required design changes to the turbine island and the 

significant losses of electrical output due to the inordinately large number of fans employed with 

an ACC of this size.  In a nutshell, the incremental cost for an ACC for the current standard 
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AP1000 Nuclear Plant design including unit performance penalty and associated equipment is 

more than the cost of a single 500 MW combined cycle generating unit.  

The ACC design and cost was estimated based on a design backpressure which would 

presumably still allow use of the steam turbine in the current standard AP1000 Nuclear Plant 

design.  This in itself is a stretch, since the steam duct piping, ambient temperatures, and wind 

effects may make such a design impossible or the cooling system useless.  As such, any ACC 

design chosen will not provide equitable performance (heat rate or net MW) in comparison with 

that of the steam surface/wet tower cooling system.  I will elaborate on that later. 

Q23: Mr. Powers indicated that you admitted that dry cooling would require 230 

units in each plant, not the 334 you testified to in the summary disposition phase of this 

case (Power’s Declaration ¶ 14).  He also said that the cost in each of the proposed plants 

would come to $200 million, for a total of $400 million, not the $361 million for each plant, 

or the total of $722 million you had claimed.   Please respond to his assertions. 

A23: I did not mention anything about a 230 module ACC in my Initial Report that 

could operate successfully in conjunction with an AP1000 Nuclear Plant at the Vogtle site or the 

cost associated with such a unit.  Moreover, I cannot find any factual basis or calculations 

supporting these figures within any of the supplied documentation.  I think that the 230 module 

ACC that Mr. Powers attributes to me is actually his guess as to how large an ACC designed 

with a 35°F ITD at the Vogtle site would be.   

Q24: How did you estimate the loss in electric generation from dry cooling? 

A24: In my Revised Report, I calculated the loss in several ways to try and more clearly 

relate the impact of a dry cooling system on unit output.  In one scenario, I assumed that an ACC 

could be constructed that would replicate the performance of a wet cooling system on an AP1000 
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Nuclear Plant proposed for the Vogtle site.  In theory, the unit would suffer no output 

degradation with this ACC since it was operating at the same backpressure as with the wet 

system.  However, the size of this unit would increase the consumptive power demand on the 

unit by anywhere from 27-33 MW over that of a wet cooling system (See Revised Report, p. 20).   

Q25: Mr. Powers said that the actual operating loss would come to 1.5 percent, or 

15-20 MW’s, not the much larger volume you contend (Powers Declaration ¶ 15).  How do 

you explain this difference? 

A25: Mr. Powers did not provide any support for his measurement of the loss in 

efficiency from using ACC.  However, I infer that the performance penalties Mr. Powers claims 

are based upon a paper Mr. Powers authored studying the heat rate impacts on “a 515 MW 

pulverized coal-fired boiler equipped with air-cooled condenser (ACC) at a north central U.S. 

site location” (See Powers Declaration, Attachment C, p.1).  In this paper, Mr. Powers estimated 

that the average annual heat rate penalty for such a unit operating with an ACC designed with a 

35°F ITD would be about 1.5 percent when compared to operation with a wet cooling tower 

system.  The Intervenors, in Section I.13 of their opposition to summary disposition, equate this 

loss in efficiency to a loss of “15-20 MW at peak conditions” for an AP1000 Nuclear Plant 

operating with an ACC designed with a 35°F ITD at the Vogtle site.   

It seems to me that Mr. Powers is using a 515 MW coal plant as an exact model for the 

much larger AP1000 Nuclear Plant.  Such a comparison has no scientific validity.  
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Q26: Could you elaborate on why the comparison of a 515 MW coal plant to the 

1,193 MW AP1000 Nuclear Plant is invalid? 

A26: Yes.  As has been repeatedly said and demonstrated, comparisons between a 515 

MW coal-fired unit, which, given its capacity, would not use a multiple exhaust turbine, and a 

much larger, triple-turbine 1,193 MW nuclear unit are not at all germane.   

The fact that the coal unit Mr. Powers studied was located in Wisconsin adds another 

layer of incompatibility to the study.  The annual temperature distribution for Madison, 

Wisconsin listed in his study as representative of the plant site is quite different from that of the 

Vogtle site (Powers Declaration, Attachment C, p. 4).  Madison, Wisconsin also has a much 

colder climate than South Georgia.10  

Additionally, Mr. Powers’ conclusion about the coal unit is based on an assumption that 

it was going to have an “average annual load (equal to) 2/3 of rated load.” (See Powers 

Declaration at Attachment C, p. 5.)  An AP1000 Nuclear Plant built on the Vogtle site would be 

a base-load unit, meaning that it would operate at its rated unit load for the entire year.   

I note as well that Mr. Powers misunderstands the concept of loss of efficiency.  He 

asserted in ¶ 15 of the Powers Declaration, “The estimated annual average efficiency penalty of 

using dry cooling at Plant Vogtle is approximately 1.5 percent using a 35°F ITD ACC” 

(emphasis added).  What the 1.5 percent penalty in Attachment C actually refers to is an increase 

in plant net heat rate, or the amount of heat (in Btu’s) necessary to generate one kilowatt-hour of 

electricity.  While heat rate is a common way of expressing thermal cycle effectiveness of a 

power plant, strictly speaking the thermal efficiency of a power cycle is the constant 3,412 

Btu/kWh divided by the plant heat rate.  Semantics aside, a point of importance is that a 1.5 

                                                 
10 See Exhibit SNC000038, National Climatic Data Center, Normal Daily Maximum Temperature, Deg F 

(available at: http://lwf.ncdc.noaa.gov/oa/climate/online/ccd/maxtemp.html). 
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percent increase in heat rate would typically only equate to around a 0.5 percent drop in thermal 

cycle efficiency.  I do not say that the loss of efficiency at the AP1000 Nuclear Plants in 

Augusta, Georgia would amount to only 0.5 percent.  Rather, this shows that Mr. Powers’ 

calculation of loss of efficiency lacks merit.  

Q27: What effect would the use of a dry cooling system with the Vogtle 3 and 4 

units have on Georgia Power’s customers? 

A27: Assuming the turbine technology existed to support it, using dry cooling for the 

current AP1000 standard plant design would force the citizens of Georgia to pay considerably 

more money for less electricity and lower reliability.  I estimate the capital cost increase alone 

for an air-cooled system at $890 million and, even according to Mr. Powers, would be at least 

around $200 million per unit, for a total of $400 million (Powers Declaration ¶ 14), as compared 

to a wet cooling system.  An ACC would also cost significantly more to maintain and operate 

over the life of the plant than a wet system.  As others have noted,  

Both direct and indirect dry cooling systems…are larger and mechanically 
more complex than corresponding wet cooling systems. . . .[D]ry and hybrid 
cooling systems will have more fans, meaning more electrical motors, 
gearboxes and drive shafts.  As such, labor requirements for a large ACC can 
be substantial.  At one site with a 60-cell ACC…the maintenance staff was 
increased by two people for such activities as cleaning fan blades and heat 
exchanger tube fins, monitoring lube-oil systems, and leak-checking the 
vacuum system.11   

In addition to any dedicated maintenance personnel required to maintain a 200 module 

ACC, let alone a 324 module system, the cost of maintaining such a large number of fans, 

gearboxes, and motors over the life of the plant would be substantially greater than those for a 

comparable wet system.   

                                                 
11 See Micheletti and Burns, at p. 5 (Exhibit SNC000034). 
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The worst of it is that all of this additional money would buy significantly less power 

than a plant cooled by a wet cooling system could produce for the majority of the year.  On hot 

days, when the temperature can reach 105°F or more, as I testified earlier, this penalty would be 

even greater because the plant operators would have to lower the thermal output of the reactor in 

order to avoid exceeding the steam turbine alarm limit.  In a worst case scenario, sudden 

transient conditions could cause the plant to shut down because the turbine backpressure 

exceeded the trip point and the entire unit output of close 1,200 MW would be unavailable.  If 

this coincided with a system peak, then residents of the area could suffer power outages.  At a 

minimum, Georgia Power would have to buy expensive replacement power from the spot 

market.  

As the very reference that Mr. Powers provided as Attachment D to his Declaration 

states,  

Since a wet tower has a lower capital cost and has a better performance in hot 
weather, it will be the best choice if sufficient water is available at reasonable 
cost…Dry cooling saves a lot of water but there is a price to pay for it; the 
capital cost is significantly greater and there may be plant limitations on the 
hottest days (See Powers Declaration, Attachment D, p. 9)(Exhibit 
SNC000036).   

It would not be reasonable to ask the citizens of Georgia to pay substantial amounts of 

money up front to build air-cooled units that would produce less electricity and be less reliable 

than wet-cooled units, especially when those units would be located near the banks of a major 

river. 

In addition to cost and performance implications discussed above, the demand for reliable 

clean power supply is of utmost concern.  An ACC for the current standard AP1000 design with 

a standard backpressure turbine requires a huge land/footprint area due to the large number of 
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fans/modules.  As stated previously, such a large ACC will be impacted by fluctuating 

meteorological conditions which can jeopardize unit reliability.  (See Revised Report, pp. 22-23). 

Q28: Mr. Powers states that you gave no reason “why the dry cooled system must 

match the performance of the standard wet tower system at peak hot day conditions” 

(Powers Declaration ¶ 14).  Please explain your comparison. 

A28: The purpose of my testimony is to compare the feasibility of dry cooling to closed 

cycle wet cooling.  I thought it intuitively obvious that I was trying to make an “apples-to-

apples” comparison between wet and dry cooling, which to me implies that the comparison 

should focus, if possible, on a dry cooling system that performs its cooling function as 

effectively and efficiently as a closed cycle wet cooling system. 

To allay any confusion, my Revised Report also compares a smaller ACC configuration 

that Mr. Powers and the Intervenors posit would work with an AP1000 Nuclear Plant located on 

the Vogtle site – a position that I do not share.  When differences in unit output and consumptive 

power demand are taken into account, this option does not compare favorably.  Using such an 

ACC would result in a loss of around 55 MW out of the generator at design conditions and 

would require an additional 9-15 MW of consumptive power versus the current wet system, 

making the total reduction in unit net output at design conditions at 64-70 MW (approximately 

130 MW total for Vogtle 3 and 4).  (See Revised Report, pp. 22-23). 

Q29: Mr. Powers states that nuclear power plants do not serve peak load on hot 

days and, therefore, the NRC should not be concerned about the loss of output on hot days 

(Powers Declaration ¶ 21).  How do you respond? 

A29: Mr. Powers’ assertion is a non-sequitor.  Suppliers of electricity must balance 

generation with load.  Specific generation sources do not normally serve specific loads, and that 
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is particularly true of nuclear power plants.  As I testified earlier, a nuclear unit, as a base-load 

plant, operates as much as possible during both peak and non-peak periods.  It is nonsense to 

suggest that nuclear units do not serve peak load on hot days, because on those days all 

generation is serving all load.  If the nuclear unit were not there, then it would be necessary to 

bring the smaller, higher cost, units on-line sooner in order to cover the load.  Then, it would be 

necessary to have additional generation capacity, either through additional generation or costly 

purchases from the spot market, to cover the peak load that would normally be covered by those 

smaller units.  On very hot days, we need to utilize each of our generators to satisfy our 

customers’ demand.  As such, the nuclear generation is in the mix of “total load demand” which 

include peak loads.  However, if generation provided from a nuclear unit is not reliable (i.e., due 

to potential meteorological influences on an ACC), then it may not be considered viable for 

meeting either base or peaking load demands. 

Q30: Mr. Powers says that the increased thermal efficiency of an LM6000 gas-

fired unit and the infrequent need to use those units (he claims these units cost $13 million 

each) would result in almost no impact in the overall cost of electricity (Powers Declaration 

¶ 21).  Is this as inexpensive an option as Mr. Powers suggests? 

A30: No.  While it is true that purchasing and building additional gas-fired capacity to 

offset losses may be an option, Mr. Powers’ cost numbers of such generating capacity are a few 

years old and thus understated.  Using a more recent version of the Gas Turbine World 2007-08 

GTW Handbook that he uses as the basis for the $13 million dollar figure,12 a more current cost 

for a 50 MW LM6000 gas turbine is $17.8 million.  This increase in cost for the unit, however, is 

small when compared to the permitting, engineering, real estate, gas pipeline, transmission, 

                                                 
12 Mr. Powers is using the 2006 version of this annual publication (Powers Declaration ¶ 21 n.2), while I 

am getting my information from the 2007-2008 version, which is attached (Exhibit SNC000039). 
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construction, and potential variability in fuel costs associated with putting even a simple-cycle 

gas turbine generating unit into operation.   

A more pertinent point, however, is that, even if one accepts his figures, Mr. Powers is 

guilty again of comparing “apples-to-oranges.”  The appropriate comparison in this situation is 

not the cost of gas-fired generating capacity compared to that of a larger ACC.  Instead, Mr. 

Powers and the Intervenors might offer justification for why it makes sense to spend what they 

say is an additional $400 million dollars (plus costs for permitting, real estate, etc. as mentioned 

above) for a smaller ACC and gas turbine to send the same amount of electricity to the grid as a 

wet-cooled AP1000 Nuclear Plant would at no additional cost. 

Q31: Please describe the design changes to the AP1000 Nuclear Plant that would 

be necessitated by a dry cooling system.   

A31: These changes are described in greater detail in my Revised Report, pp. 13-14.  In 

general, if an ACC were to be designed for an AP1000 Nuclear Plant, the current turbine 

building layout would have to be reworked.  In place of the current steam surface condenser, 

three large ducts would have to be constructed beneath the turbine.  Admittedly, I erred in my 

Initial Report when I suggested that 16’-20’ steam ducts would be sufficient to transport the 

steam from the turbine to the ACC unit.  I was basing this on operating experience with smaller, 

combined-cycle gas generating units and did not account in my analysis for the fact that the 

exhaust steam flows of those units (typically around 1,300,000 lbs/hr) are small when compared 

with those of an AP1000 Nuclear Plant (over 8,300,000 lbs/hr total, or around 2,750,000 lbs/hr 

per duct).  After discussing relative steam flows and duct sizes with an ACC manufacturer, it is 

estimated that the ducts would actually need to be much larger, probably at least 30’ in diameter.   
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Even if they were to fit, an issue which I cannot speak to, these ducts would then have to 

be run through the walls of the turbine building and outside to a spot a substantial distance away 

prior to routing the ducts to individual sections of the ACC up to 2000 feet away.  This would 

necessitate changes to the wall of the turbine building and potentially the turbine pedestal.  It 

could also cause layout changes to other equipment in order to provide a path for the steam 

ducts.   

In addition, as shown on Westinghouse preliminary drawings APP-2000-P2-901, -903, 

and 905, there are six feedwater heaters currently located in the neck of the steam surface 

condenser on the current AP1000 standard design.  Contrary to a condenser, which would have 

adequate internal bracing and structure to support the heaters, an open duct would not contain the 

structure necessary to support this equipment.  Changing to an air-cooled system would require 

either an independent support system be constructed within the steam ducts or relocation of all 

six heaters and their associated piping to a different location within the turbine building (more 

building space and cost).   

Finally, the sheer size of even a “smaller” ACC may dictate a change in the entire plant 

layout.  Trying to fit a dry cooling system that occupies almost ten acres may necessitate moving 

buildings and/or other equipment external to the turbine building.  Indeed, the entire plant site 

layout may have to be rearranged.   

These are all primarily layout issues, but there is a much more significant design issue as 

well.  The DCD Rev. 17 reports in Section 10.2.2.1 that the turbine-generator foundation forms 

“an integral part of the turbine building structural system…[t]he lateral bracing under the 

turbine-generator deck also serves to brace the building frame.”  Modifying the turbine pedestal 

in any way, whether to accommodate steam ducts or the theoretical “high backpressure” turbine 
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that Mr. Powers purports would work on an AP1000 plant design (Powers Declaration ¶ 13, 

would impact the structural framework of the entire turbine building and may require literal 

redesign of the entire building itself.  

Ultimately, Mr. Powers fails to realize that a nuclear power unit is composed of 

numerous sub-systems including the turbine cycle, steam cycle, cooling cycle,  condensate and 

feed-water cycle, which are all designed to optimize performance (heat rate and generation) 

based on the unit's thermal cycle.  All of these systems would face redesign if an ACC were to be 

used with the AP1000 or if the steam turbine were changed to accommodate an ACC.  

Redesigning a power plant with the main purpose of accommodating the cooling cycle (either 

wet or dry) is analogous to designing an automobile engine to primarily accommodate the 

radiator. 

Q32: Mr. Powers claims that the changes to the plant design “are simply design 

engineering adjustments necessary to accommodate the air-cooled system” (Powers 

Declaration ¶ 11).  Is he correct that the only changes needed to incorporate a dry cooling 

system are simple design engineering adjustments? 

A32: No.  Mr. Powers underestimates the extent of the changes that would be needed.  I 

don’t think the changes I just described amount to “simple adjustments.”  It is true that right now 

all of these issues are only on paper and thus easier to remedy than after construction begins.  

However, the impacts to the plant layout will necessitate a substantial amount of engineering on 

the front end, especially since preliminary drawings of the plant layout have already been issued.  

Relocating the feed-water heaters and rerouting the associated feed-water piping, steam piping, 

and condensate drain piping will be a significant change to the existing standard plant design 

which will require substantial costs and redesign efforts, to say nothing of what it would take to 
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redesign the entire turbine building structural support system.  This would also incur additional 

engineering and equipment/material costs to Southern Companies that, while small compared to 

the cost of the plant, will still be an unnecessary expenditure.   

Further, costs would be incurred due to the potential operational and safety analyses that 

changing to an ACC might necessitate.  As noted in Section 10.1.2 of DCD Rev. 17, the current 

Toshiba turbine design and orientation minimize the probability of missile generation and directs 

potential missiles away from safety-related equipment and structures.  Changing the steam 

turbine to accommodate an ACC would require a re-working of this analysis.  It would also 

cause a similar effort on Chapter 11 of the DCD, as removing the condensing mechanism from 

the turbine building and placing it in the open air where a tube leak would vent straight to the 

atmosphere would most certainly impact the analysis of primary-to-secondary system leakage.   

In conclusion, it would appear that Mr. Powers has a rather narrow perspective if he 

considers these design alterations as simple changes.  

Q33: Mr. Powers says that dry cooling does not require steam condensers and that 

removing them will make room for dry cooling at the Vogtle site (Powers Declaration ¶ 16).  

Is his assertion correct? 

A33: Removing the steam condensers might create enough room for the steam ducts 

necessary to carry the steam to an ACC; but Mr. Powers provided no backup data.  Moreover, I 

cannot say that conclusively based on the information I have seen.  Additionally, the feed-water 

heaters currently located in the neck of the condenser would have to be put somewhere else.  

These heaters are 5-6 foot diameter cylindrical heaters on the order of 45-55 feet long each.  Six 

would take up 170-330 feet.   
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As stated previously, plant and/or equipment design changes associated with eliminating 

the steam surface condenser will require significant changes to the existing standard plant design 

which will require substantial costs and redesign efforts. 

Q34: Mr. Powers contends that you admitted in your Initial Report that a dry 

cooling system would entail a simpler design (Powers Declaration ¶ 17).  Did you make that 

admission? 

A34: No.  I was speaking specifically of the thermodynamic process involving an air-

cooled system as being simpler than a wet-cooled system due to its lack of an intermediate heat 

transfer step.  I never suggested that mechanical operation of an air-cooled condenser with an 

AP1000 Nuclear Plant would be simpler than unit operation with a wet tower system.  In fact, I 

detailed multiple operational complexities that would ensue from using dry cooling, as I testify 

herein.  I reiterate from the quote I read before:  

Both direct and indirect dry cooling systems…are larger and mechanically 
more complex than corresponding wet cooling systems...[D]ry and hybrid 
cooling systems will have more fans, meaning more electrical motors, 
gearboxes and drive shafts.  As such, labor requirements for a large ACC can 
be substantial.13   

While the thermodynamic process may be simpler for an ACC system, it would be 

erroneous to conclude that it would enable a simpler cooling system.  Mr. Powers again suggests 

interchangeability of wet/dry systems with almost total disregard for basic power plant thermal 

cycle fundamentals and turbine technology. 

Even if operation with an ACC were simpler, in a power plant as in real life, there are 

often times when simpler is not better.   

                                                 
13 See Micheletti and Burns, at p. 5. 
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Q35: Mr. Powers claims that the cooling system does not form part of the standard 

design, but serves only as a point of departure (Powers Declaration ¶¶ 10, 12).  Why does 

replacing the closed-cycle wet cooling system, in fact, alter the standard design? 

A35: I testified earlier that using dry cooling would require a different turbine and even 

Mr. Powers admits that the steam turbine does form part of the standard design.  Mr. Powers, in 

fact, says explicitly that “the standard design accommodates any cooling system, wet or dry, as 

long as the cooling system maintains the steam turbine backpressure within the design limitations 

of the steam turbine established by Westinghouse Nuclear in its standard AP1000 design” 

(Powers Declaration ¶ 12 (emphasis added)).   

Mr. Powers’ Declaration contradicts the AP1000 DCD, since the AP1000’s standard 

design as specified in DCD Rev. 17 currently employs a specific turbine with specific physical 

characteristics, a specific orientation, and a specific support structure that is integral to that of the 

entire turbine building.  Yet, as we previously discussed here, he suggested use of an ACC with a 

design backpressure of 8.0” HgA for the new Vogtle units.  

Q36: Mr. Powers says that every plant requires modifications from the standard 

design to suit differences at each site and that he considers dry cooling one such typical 

modification.  Is this a “typical” modification?  (Powers Declaration ¶¶  9, 11) 

A36: No.  As I have discussed at great length and as detailed in my Revised Report, the 

modifications to the standard design would not stop there (See Revised Report, pp. 16-17, 20-

22).  Changing the cooling system on an AP1000 Nuclear Plant as specified in DCD Rev. 17 

would result in 1) mandating a change in the steam turbine to a design that does not exist or 2) 

spending exorbitant money both in up front costs and in higher maintenance costs over the life of 

the plant and potentially changing the entire plant layout only to suffer lower unit output the 
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majority of the year, higher consumptive power demands the entire year, at a minimum, less unit 

reliability and, at worst, outright shutdowns during times of critical power demand.  I would not 

consider either set of circumstances “typical.”  

Q37: Are true, accurate and correct copies of each of the exhibits heretofore 

referenced in your testimony attached to this pre-filed written testimony, and do they 

accurately portray the facts they purport to portray? 

A37:  Yes.   

Q38: Are Exhibits SNC000033, SNC000034, SNC000035, SNC000036, and 

SNC000039 scholarly or learned journals, articles or treatises commonly relied upon in 

your profession? 

A38:  Yes.  

Q39: Does this conclude your testimony? 

A39: Yes. 




