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BEFORE THE |
PUBLIC SERVICE COMMISSION OF MISSOURI

Joint Application of American Transmission
Company of illinois LL.C and, For Authority to
Construct and Operate a New 345 kV
Transmission Line from Ottumwa to Adair to
Palymra, Missouri ' '

Docket No: EA-2015-0146

REBUTTAL TESTIMONY OF WILLIAM E. POWERS, P.E. ON BEHALF

OF
NEIGHBORS UNITED

Introduction

Mr. Powers, please state your name, position and business address.

William E. Powers, P.E., principal of Powers Engineering, 4452 Park Blvd., Suite 209,
San Diego, California, 92116.

On whose behalf are you testifying in this case?

I am testifying on behalf of the Neighbors United of Kirksville, Missouri.

Mu. Powers, please summarize your educational background and recent work

experience.

I am a consulting energy and environmental engineer with over 30 years of experience in

the fields of power plant operations and environmental engineering. I have permitted
numerous peaking gas turbine, microturbine, and engine cogeneration plants, and am
involved in siting of distributed solar PV projects. I began my career converting Navy
and Marine Corps shore installation power plants from oil-firing to domestic waste,
including woodwaste, municipal solid waste, and coal, in response to concerns over the

availability of imported oil following the Arab oil embargo. I wrote “San Diego Smart
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Energy 2020 (2007) and “(San Francisco) Bay Area Smart Energy 2020” (2012). Both
of these strategic energy plans prioritize energy efficiency, local solar power, and
combined heat and power systems as a more cost-effective and efficient pathway to large
reductions in greenhouse gas emissions from power generation compared to .conventi(‘)nal
utility procurement strategies. I have written articles on the strétegic cost and reliability
advantages of local solar over large-scale, remote, transmission-dependent renewable
resourcés. I ha\}e a B.S. in mechanical engineering from.Duké Univéfsity, an M-.P.H. in
environmental sciences from the UNC - Chapel Hill, and am a registered professional
engineer in California. My complete resuﬁe is prov.ided as Exhibit PE-02.

What is the purpose of your testimony?

The purpose of my testimony is to evaluate: 1) of the electricity demand of Ameren
Missouri (MO) customers in Northeast MO, 2) the likelihood of wind projects moving
forward in the Adair Wind Zone over the next decade, 3) solutions other than the
proposed ATXI 345 kV transmission line to the modeled Category C North American
Electric Reliability Corporation (NERC) violation on the existing 161 kV lines serving
the project area, 3) the feasibility and cost of reconductoring with high capacity
composite conductors the 161 kV line segment that would experience an overload if 450

to 500 MW of wind power was constructed in the Adair Wind Zone, and 4) the feasibility

- and cost-effectiveness of substituting local solar for wind power to allow Ameren MO

. to meet its 2021 Renewable Portfolio Standard (RPS) obligation without building the

proposed ATXI 345 kV transmission line. My rebuttal testimony primatily responds to
the testimony of David Kramer and to a lesser extent to the testimony of Todd Schatzki,

PhD.
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II.

Summary and Coenclusions
What documents have you reviewed as part of your investigation?

The principal documents I have reviewed include: MTEP11 Report and MTEP14
Triennial Review, 2012 MVP Report, 2010 MISO Regional Generation Outlet Study,
2011 and 2014 Ameren MO Integrated Resource Plans (IRP), 2010 MISO Regional
Generation Outlet Study, U.S. Department of Energy (DOE) evaluation of current and
near-term solar costs, DOE evaluation of near-term wind power additions, and the May
29, 2015 opening testimony of ATXI witnesses Dennis D. Kramer and Todd Schatzki,
Ph.D.

Please summarize your findings and conclusions,
There are few Ameren MO customers in the Northeast Missouri project area, [ess than

13,000, about 1 percent of the 1.2 million Ameren MO customer base.

There is no peak load growth forecast by Ameren MO for its service territory over the
2015-2034 period.

The NERC Category C contingency that AXTI asserts will be mitigated with the
proposed $224 million project can be mitigated with planned and controlled load
shedding at no cost to Ameren MO customers.

ATXI’s claim that the Category C event will occur too fast to permit controtled load
shedding is unsupported by any evidence. The amount of load drop that ATXI assumed
for the event is about five times higher than the peak load projected (by Powers
Engineering) for the affected substation.

Several alternatives to mitigate the contingency that would not require a new 345 kV line,
such as voltage regulation, demand response, and the addition of focal solar generation,

were not studied by ATXL
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The modeled overloading of the Adair-Novelty 161 kV line when 450 MW of wind
power is assumed at the Adair Substation may be an error due o use of a line capacity
assumption that is too low. In any case, the overload condition could be mitigated by
reconductoring the Adair-Novelty 161 kV line, a length of 30 miles, with composite
conductor to double the capacity of the line.

TradeWinds Energy, Inc., a major regional wind power developer, terminated a proposed
300 MW wind project in the Adair Wind Zone in 2012, the Shuteye Creek project, after
eight years of development effort, citing no interest on the part of utilities in the area in
pursuing wind power projects as the principal reason for terminating the project.
TradeWinds Energy, per MISO standard interconnection queue cost responsibility
requirements, would have paid for all transmission upgrades necessary in the project area
to make the wind power fully deliverable. The projected cost of the necessary .
transmission upgrades would be on the order of a maximum of 1 to 1. 5 percent of the
estimated wind project capital cost.

ATXI ignores the current economic competitiveness of solar power with wind power, and
the better match of solar output with summer peak demand, it its economic analysis of the
benefits of the proposed ATXI 345 kV line.

There are viable and cost-effective alternatives to constructing the proposed ATXI 345
kV line that achieve the project objectives described in the ATXI CPCN application

while avoiding the environmental impacts that may be caused by the project.

Legal Framework for the Proposed ATXI 345 kV Transmission Line

What are the justifications that ATXI identifies for the proposed 345 kV

transmission line?
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The ATXI Certificate of Public Convenience and Necessity (CPCN) application provides
the following justifications for the proposed project:*
“There is a need for the transmission capacity to be provided by the Mark Twain

Project, and the Project is in the public interest in that it will provide for the integration

. of wind energy in Missouri to increase the amount of electricity available from renewable

resources, including wind energy that would be transported to aid Missouri public
utilities in complying with Missouri's Renewable Energy Standard, section 393.1020,
RSMo., et seq. The Project is also part of improvements to the regional transmission
system under MISO’s functional control and will improve the overall reliability of the
regional transmission system and reduce transmission system congestion. The Project
will provide the additional benefit of providing a remedy to several reliability issues
which can result in unacceptable low voltage conditions in the Kirksville area.”
What is the basis for the assumption by ATXI that Ameren MO will contract for
400 MW to 500 MW of wind power in the Adair Wind Zone in Northeast
Missouri?

The Ameren MO 2014 Integrated Resources Plan (IRP). The 2014 IRP states that
Ameren MO will contract for 400 MW of new wind power and 45 MW of new solar
power, along with hydropower and biomass resources, by 2021 to meet its 15 percent
renewable portfolio standard (RPS) obligation in 2021 .

What are the requirements of the Missouri RPS law?

The RPS applies only to the state’s investor-owned utilities and does not place any

requirements on municipal utilities or electric cooperatives. The RPS standard is 15

! ATXI Application for Certificate of Public Convenience and Necessity for 345,000-volt Electric Transmission
Line, Application EA-2015-0146, p. 5.

* Exhibit PE-03, Ameren MO 2014 IRP webpage summary:
hitps:/Avww.ameren.com/missouri/environment/renewables/ameren-missouri-irp -

5
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percent by 2021 for electric uvtilities based on annual electricity sales. The RPS contains a
solar electricity carve-out equal to 2 percent of the RPS requirement. Utilities with
renewable energy obligations under the standard are required to offer a solar rebate
program. Self-generated solar power is RPS-eligible. Utilities own the solar renewable
energy certificates (SRECs) of any system that receives a rebate for a period of 10 years.
In-state renewable energy generation receives a multiplier of 1.25 compared to out-of-

state generation (i.e., in-state generation is worth 25 percent more for compliance

- purposes).®

Can out-of-state RECs be used to comply with the RPS standard?

Yes. Compliance with the objective can be achieved through the procurement of
renewable energy or renewable energy credits (RECs). Solar RECs, known as “SRECs,”
may be used to comply with the solar standard, or with the portion of the standard not
specifically devoted to solar resources.

Is the price of RECs from existing renewable generation sources consistently lower
than the cost of contracts for new renewable generation, even in-state generation
worth 25 percent more for RPS compliance purposes?

Yes. The average 2014-2015 cost of RECs in the Western U.S. was $16.55 per
megawatt-hour ($/MWh).*

What is a typical price range and the price trend for wind power, according to the
Department of Energy?

The typical current price range of wind power is $50/MWh to $60/MWh, or $0.05 per
kilowatt-hour (kWh) to $0.06/kWh, as shown in Figure 1. The price of wind power at the

end of 2012 was almost unchanged from the price of wind power in 2000.

? Missouri Revised Statutes, Section 393.1030.1, August 28, 2014.
* Exhibit PE-04, 2014-2015 DOE survey of REC prices in Western U.S.

6
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Under MISO interconnection requirements the project developer is responsible for
the interconnection costs to make the project fully deliverable, correct?

That is correct.'®

There would be no cost to the Ameren MO ratepayers, correct?

That is correct.

The cost of the proposed ATXI 345 kV transmission line is $224 million, correct?
Yes.!”

Ameren MO customers will pay 8 percent of this $224 million, or approximately $18
million, whether or not any wind‘ power is ever built in the Adair Wind Zone,

correct?

Yes, '8

Was the Shuteye Creek wind preject built?

No.

Why not?

Lack of interest on the part of any Missouri utility to contract for the wind power. The
CEO of TradeWind Energy, Inc. stated at the time the project was terminated in April
2012 that, “TradeWind has invested millions of dollars to lease and develop the Shuteye
project area, including funding transmission interconnection studies, collecting wind
data, conducting environmental studies, and developing engineering plans. Unfortunately

it has become increasingly evident that the wind energy market in Missouri will simply

'S Exhibit PE-10, p. 4.
7 ATXI J. Jontry opening testimony, May 29, 2015, p. 11, lines 10-11. :
¥ ATXI M. Borkowski opening testimony, May 29, 2015, p. 6, lines 5-10. 0.08 x $224 million= $17.92 miltion.

12
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not develop in the foreseeable future given the lack of interest in wind energy in the
state,”"

Is it true that Ameren MO opted not to pursue a 300 MW wind project in the Adair
Wind Zone, despite the fact that the project output would be fully deliverable via

the existing 161 kV transmission system at no cost to Ameren MO customers?

Yes.

The Existing Ameren MO and AECI 161 kV Transmission Lines Are
Sufficient to Address Reliability Justifications for ATXI 345 kV Line

What are the two reliability justifications offered by ATXI to construct the
proposed 348 KV line?

The two reliability contingency conditions that ATXI states the proposed 345 kV
transmission line would resolve are: 1) on-peak low voltage Category C NERC
contingency at the Adair Substation if the two Ameren MO 161 kV lines go out-of-
service at the same time with a 300 MV [oad on the substation, and 2) shoulder peak
capacity violations if 450 MW of wind power is dispatched into the 161 k'V transmission
system at the Adair Substation.”

Where is the proposed ATXI 345 kV project located?

A map showing the regional location of the proposed transmission project, as well as
regional wind resources and nearby MVP transmission projects, is provided in Figure
5. The proposed ATXI 345 kV project under consideration by the Missouri PSC

consists of the Missouri portion of MVP Project 7, and MVP Project 8. The Adair Wind

12 Bxhibit PE-11, KTVO.com, Fconomic hopes blow away as wind farm falis through, April 5, 2012,
 For the purposes of this testimony, “MVA” and “MV” are assumed to be equivalent.
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Novelty-to-Adair 161 kV lines. Each of these AECI lines is approximately 30 miles in
length, with a total Palmyra-to-Novelty-to-Adair line length of approximately 60 miles.
What are the rated capacities of these three 161 kV lines?

Thomas Hill-to-Adair, 315 MW, Adair-to-Appaloose, 223 MW, Palmyra-to-Novelty-to-
Adair, 285 MW *

Are the Ameren MO and AECI 161 kV transmission systems fully compatible?
Yes.

Does AECI have the right to send 50 MW of power to the Adair Substation and
over the Ameren MO 161 kV line to Appaloose and the I'TC Midland 161 kV line in
Towa at any time?

Yes.”

Can AECI send more than 50 MW of power over the Ameren MO 161 kV line with
Ameren MO authorization?

Yes.*

Are Ameren MO and AECT obligated by their interchange agreement to assist to
the extent possible in an emergency condition to protect the stability of their
respective systems?

Yes. The interchange agreement states “in case of an emergency or other unusual
operating condiﬁqn, the Party supplying the Delivery Point Service, as hereinafiter

described, may attempt to deliver power and energy in excess of the contractual amount

¥ Exhibit PE-13, ATXI DR response NU-A, October 10, 2015, Nofe that “MW” and “MVA” are used
interchangeably in this rebuttal testimony.
= Exhibit PE-14, Ameren MO — AECI interconnection agreement, p. 6.
9 .
Ibid, p. 25.
¥ Ibid, p. 25.

16
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if it, in its sole judgment, has additional transmission capacity available at that
fime.™!
What does this mean in common language?

This means that, for example, if Ameren MO were to lose both of its 161 kV line
connections to the Adair Substation at the same time for any reason while serving a 50
MW on-peak load in the Kirksville area, AECI would immediately serve that 50 MW
load if it had sufficient available capacity on its Palmyra-to-Adair 161 kV line.

What percentage of AECI peak system load does S0 MW represent?

About 1 percent. The historic AECI summer system peak load was 4,400 MW in 201 1%
The historic winter peak load was 4,600 MW in 2014.* Both summer and winter peak
loads were less than 4,000 MW in 2013.%* AECI projects the summer and winter peaks
will be at about 4,600 MW in 2020.*

Is the AECI system be able fo adjust to an instantaneous load increase equal to 1
percent of system load without compromising the reliability of the AECI
transmission system, assuming a 64 MW load is suddenly placed on the AECI
system at the Adair Substation?

Yes. AECI must maintain voltage within a range, meaning some level of supply and
demand imbalance is permissible, and also maintain a certain amount of spinning

reserve, meaning generation sources that are online and immediately available to supply

power, to assure the AECI grid can adjust to out-of-balance conditions between supply

3 :
Ibid, p. 4.
2 Exhibit PE-15, AECI overview PowerPoint to Missouri PSC, January 2014, p. 6.

* ibid, p. 6.
* Ibid, p. 6.
% bid, p. 6.
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and demand while staying within its post-contingency voltage deviation limits and
voltage response requirements.

Q. What load dees ATXI assume must be dropped at the Adair Substation in the event
of less of both Ameren MO 161 kV transmission lines interconnecting at the Adair
Substation, described as a NERC Category C contingency by ATXI?

A. 300 MVA (300 MW).®

Q. Is the magnitude of this assumed load drop credible in light of the number of
Ameren MO customers being served by the Adair Substation?

A. No. 300 MW is nearly five times higher than the actual Ameren MO peak load on the
Adair Substation of 64 MW estimated by Powers Engineering.

Q. The burden of proof in a CPCN proceeding rests with the applicant, correct?
Yes.

Q. Has ATXI provided any evidence to explain the source of the 300 MW of load it
assumes will be dropped at the Adair Substation during the Category C
contingency event?

A No.

Q. Therefore, has ATXI met its burden of proof regarding the reasonableness of the
modeled Category C contingency?

A ‘No.

What is the mission of the NERC? -
NERC is a regulatory authority whose mission is to assure the reliability of the bulk

power system in North America. NERC develops and enforces reliability standards.

* MW and MVA are used interchangeably in this testimony.

18
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shedding to address a more serious, and presumptively under NERC requirements a far
less likely, Category C contingency.

Has ATXI provided any evidence or testimony that the simultaneous loss of its two
161 kV lines interconnected at the Adair Substation have ever been lost
simultaneously under peak load conditions?

No. ATXI is not asserting that the project will resolve a real deficiency in the reliability
of the existing 161 kV system, only that a low probability hypothetical contingency
event, one that has apparently never occurred in decades of successful operation of the
existing 161 kV system, would be resolved without loss of load if the proposed ATXI
345 kV line is built.

But don’t NERC requirements allow controlled load shedding in the Kirksville area
to address this low probability Category C event, instead of building new
transmission, or new generation, to mitigate the impacts of the event?

Yes. ATXI acknowledges this, stating: “The NERC Reliability Standard does allow
planned and controlled load shedding for a NERC Category C event.”

If that is the case, given controlled load shedding — an operational tool that has
apparently not been needed for this specific contingency over many decades and
may never be needed — is a no-cost solution to this Category C event, why is ATXI
proposing a $224 million transmission solution?

ATXI implies that the Category C event in question, without explicitly defining it as
such, is the simultaneous loss of its two 161 kV lines interconnected to the Adair
Substation. ATXIT states by way of explanation that “the loss of two 161 kV lines in

northeastern Missouri results in a significant and very rapid low voltage condition

20
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that does not provide adequate time to implement a controlled load shedding
response.”’

Isn’t the very rapid low voltage condition also an artifact of ATXI assuming a load
on the Adair Substation at the moment of the loss of the two 161 kV lines that is
about five times higher, at 300 MW, than the projected actual peak load of the
Ameren MO customer being supplied by the substation of about 64 MW?

Yes.

Also, haven’t multiple Western utilities successfully petitioned NERC (via the
Western Electricity Coordinating Council - WECC) to reclassify the simultaneous

loss of two transmission lines that are not on the same transmission pole or

. immediately adjacent to each other in the same right-of-way as an extreme low

probability Category D contingency that dees not require a mitigation plan?

Yes. Seven high voltage transmission line corridors with two or more transmisston

lines in paraliel in the same corridor in the Western U.S. were reclassified between 2002
and 2012 from generic CategOIy:C contingencices to specific Category D contingencies
on the basis of the low probability of the likelihood of simultaneous outages between
2002 and 2012.%

Are the Ameren MO Thomas Hill-to-Adair 5nd Adair-t.o-Appéloose 161 ki’ lines on
the same pole or in the same rigllt-0f~way? -

No. One line runs south from the Adair Substation, the other runs north from the Adair
Substation. |

Therefore, wouldn’t the simultaneous loss of both of these 161 kV lines at .pea.k

demand, at least in the WECC jurisdiction where a formal reclassification

3 Exhibit PE-17, WECC, PURC White Paper, February 2013. Attachment 2, p. 12.
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procedure has been in place for years, qualify for reclassification from Category C
to Category D?
Yes. This would be an extreme low probability event. The two Ameren MO 161 kV lines

interconnected at the Adair Substation are physically isolated from each other, do not

-share a common corridor, and in the opinion of Powers Engineering are less likely as a

result to experience a simultaneous outage than the Western transmission lines that were
re-categorized from Category C to Category D contingencies.

Is it reasonable and prudent for the MO PSC to approve a CPCN for a $224 million
transmission line, of which $18 million will be paid by Ameren MO ratepayers, to
address a contingency that, in the unlikely event that it actually eccurs, could
inconvenience 10,308 customers, about 1 percent of Ameren MOQ’s customer base,
for minutes or hours?

No.

The Shoulder Peak Overload Condition Modeled by MISO with 450 MW
of Wind Power at Adair Substation Can Be Mitigated Without
Constructing the Proposed 345 kV Line :

What did MISO assume in its modeling whe_n it asserted wind bower interconnected
af the Adair Substation would overload the exis_ting 161 kV lines in Northeast |
Mis.souri? | | |

MISO assumed that wind generation connected at the A(iair Substation, with 450 MW
dispatched in off- peak condltlons would overload the 161 kV lme from Adair to Novelty_’
in the base case, and durmg other contingencies overloads the 161 kV lines to the north |

and south, as well as some nearby transformers.

22
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Why does MISO assume that the overload occurs when the lines have, but for the
assumed inflow of wind power, moderate or light off-peak loads?

Because wind power output is predominantly an evening and night-time resource that is a
poor match for afternoon on-peak electricity demand periods. The capacity factor of
Missouri wind power that MISO estimates for summer on-peak periods is only 6
per(:ent.40

Is 450 MW or 500 MW of wind power development likely in the Adair Wind Zone?
No. As previously explained a major regional wind energy developer, TradeWind
Energy, spent eight years attempting to construct a 300 MW wind project in the Adair
Wind Zone. Neither Ameren MO nor any other utility showed interest in contracting for
the 300 MW of wind power proposed by TradeWind Energy. The fact that Ameren MO
can meets its RPS requirements with inexpensive RECs makes it unlikely that

Ameren MO will contract for a more costly power purchase agreement for new wind
power in the Adair Wind Zone.

Assuming for sake of argument that S00 MW wind project would be developed in
the Adair Wind Zone, isn’t the wind energy developer responsible under MISQO
interconnection requirements for paying for all transmission system upgrade costs
necessary to make the wind power from the proposed project fully deliverable?
Yes. M

So Ameren MO customers would not pay any charge for the wind developer to
interconnect to the existing Ameren MO transmission system?

That is correct.

“© Exhibit PE-18, MISO, Regional Generator Outlet Study, November 19, 2010, Appendix 1, Figure A1.3-3, p.13.
1 Exhibit PE-10, p. 5.
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Q. Didn’t MISO state that 450 MW of connected wind power would overload the 161
KV line from Adair te Novelty in the base case?

A, Yes. MISO assumes that the Adair-to-Novelty line has a rating of 167 MW and
experiences a load that is 154.6 percent of maximum loading.*? Therefore the loading on
the line imposed by 450 MW of wind power at the Adair Substation, if the line was
capable of transporting it, would be 167 MW x 1.546 =258 MW.

Q. But didn’t ATXI confirm in a data response that the rated capacity of the Adair-
Novelty-Palmyra 161 kV line is 285 MVA, or approximately 285 MW, which is
greater than the projected 258 MW load?

A. Yes. No information has been provided by ATXI to explain why ATXI identifies the
carrying capacity of the Adair-Novelty-Palmyra line as 285 MVA and MISO -
assumes the Adair-Novelty segment is capable of carrying only 167 MW.

Q. If MISO had assumed that the Adair-Novelty line could carry at or near 285 MW,
would MISO have identified an overload condition on the line with 450 MW of wind
power being dispatched at the Adair Substation?

A, No.

Q. What is one transmission upgrade that TradeWind Energy, or any other wind
developer, could have proposed to make 450 MW of wind power flowing into the
Adair Substation fully deliverable over the Adair-to-Novelty 161 kV line?

A Standard “aluminum conductor steel reinforced” (ACSR) conductors are used on the two
Ameren MO 161 kV lines interconnecting with the Adair Substation. ™ Powers
Engineering assumes the AECI Adair-Novelty-Palmyra 161 kV transmission line is

also ACSR of comparable conductor size to the Ameren MO Thomas Hill-to-Adair 161

“* Exhibit PE-19, MISO, Candidate MVP Reliability Analysis, Appendix CMVP TSTF, July 28, 2011.
“ Exhibit PE-13, ATXI DR response NU-A3, October 10, 2015,
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kV line, due to the similar capacities of these lines as reported by ATXL** The original
ACSR conductor can be replaced with “aluminum conductor composite core’” (ACCC)
or “aluminum conductor composite reinforced” (ACCR) conductor to approximately
double the capacity of a transmission line.* Reconductoring the AECI Adair-to- -
Novelty 161 kV line segment with ACCC or ACCR conductor would increase the
capacity of the line from 285 MW.to approximately 570 MW %

Has reconductoring of ACSR 161 KV lines to ACCC conductor taken place in the
region?

Yes. See examples of where ACSR conductor has been replaced with ACCC conductor
on 161 kV lines in the region in Table 1.

Table 1. Examples of 161 kV Lines that Have Been Reconductored with ACCC

Conductor’’
Client Project Location Voll(t\afge, Conductor | Year
AEP Chambgr Springs Rogers, AR 161 Drake 2006
Substation ‘
AEP Chamber Springs - Rogers, AR 161 Drake 2006
Tonitown ‘
KAMO Springfield - Brookline | Springfield, MO 161 Cardinal 2007
Flour Alliance | Santeetlah Bus .. .
- Tapoco APGI | Upgrade Robbinville, NC 161 Bittern 2009
A Ano - Russeliville NP S
Entergy North Rebuild Russellville, AR 161 Cardinal 2009
Dardanelle Dam - '
Entergy Russellvilie South Russellville, AR 161 Munich 2011
161kV ’ I
Ano - Russellville . A
Entergy North Rebuild Russellville, AR 161 Cardinal 2012

* Tbid. Thomas Hill-to-Adair line segment conductor is 954 kemil ACSR 45/7 Rail.
“ Exhibit PE-20, CTC Global, ACCC conductor capacity and cost.
“¢ Exhibit PE-13, ATXI DR response NU-A1, October 10, 2015,

7 Exhibit PE-20,
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Q.

What is the distance from the Adair Substation to the Novelty Substation?

About 30 miles.

What would be the equipment cost of 30 miles of three-phase 161 kV ACCC
conductor?

About $4 million.*®

If it is assumed that the installed cost of the reconductoring project is double the $5
million ACCC conductor equipment cost, such that the total cost of the Adair-to-
Novelty ACCC reconductoring project would be on the order of $10 million, what
percentage is this $10 million of the total cost of the 500 MW wind project it would

support?

'The mean wind power capital cost identified in the MTEP 14 Triennial Report Update is

$2.4 million per MW. Therefore, the cﬂépita‘f coét of a 500 MW project would be: $2.4
million/MW x 500 MW = $1.2 billion, | |

Seo the approximate $10 million cost to ilpgrade the existing 161 kV line that would.
otherwisé experience an overload would.be about 1 peircent .of‘ the overall $1.2 -
billion cost of the S00 MW wind project?

Yes.

Is it your opinion that a transmiésion system upgrade cost that is aboilt 1 percent of
the overall wind project capital cost would have little or no impact on the

ﬁnancial viability of the wind projéct? | |

Yes.

Who weuld pay this transmission upgrade cost?

The wind project developer.

* Exhibit PE-20. $1.5 million for 12 miles of 3-phase 161 kV line (38 miles + 3 corductors per mile = ~12 miles).
Therefore, cost of 30 miles of 3-phase 161 kV ACCC conductor = 30 miles/12 miles x $1.5 million = $3.75 million.
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VII. Ameren MO has Multiple Options at its Disposal to Address a Category

C Contingency at the Adair Substation Without Building the ATXI
345 kV Line

Did the interconnection study for 300 MW of wind power at the Adair Substation
determine there was no need for reactive power (voltage regulation) at the Adair
Substation to accommodate 300 MW of wind power?

That is correct.*”

So the entirety of the need for voltage reg;llation at the Adair Substation would be
in response to the Category C event modeled by MISO that results in a.low

voltage condition at the substation when 300 MW of load is abruptly dropped?

Yes.

What are options are available other than a new 345 kV transmission line to address
a Category C contingency along the Thomas Hill-Adair-Appaloose 161 kV
transmission pathway?

Options, in addition to pianned and controlled load shedding as permitted by NERC,
include the addition of voltage regulation hardware at the Adaif Substation,

demand response to rapidly shed load as needed at times of peak demand on the Adair
Substation, the addition of local generation - conventional or sofar, aﬁd energy |
efficiency measures to reduce demand overall,

What are the benefits of adding voltage regulation hardware at the Adair
Substation?

Voltage regulation equipment installed at the Adair Substation would allow Ameren MO
to “buy time” in an emergency contingency situation like the Category C contingency

modeling by MISQ, so the utility could initiate planned and controtled reduction of

* Exhibit PE-21, 2006 Interconnection Feasibility Study, 300 MW Shuteye Creck, p. 3.
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load (load shedding), such as air conditioning foad, in response to the contingency
situation. The voltage regulation equipmént could also provide time for AECI to adjust
its system, through the Palmyra-Novelty-Adair 161 kV line, to meet the demand at the
Adair Substation without shedding load.

What are som.e. examples of voltage regulation equipment that can address low
voltage conditions?

A series capacitor or a static VAR compensator can address the abrupt low voltage
Category C contingency described by ATXTL*

How much voltage t'eglllatiﬁll, also known as reactive power, should be available to
ad&?‘ess .the low voltage event? |

Assuming a load on the substation of approximately 64 MW at the time of the Category
C contingency, the maximum summer peak demand load on the Adair Substation
estimated by Powers Engineering, and a 1:1 ratio of 1.'ea1 power in MVA to reactive
power in MVAR (MVA Reactive), assume 64 MVAR of reactive power is located at
the Adair Substation to address the contingency.

What are the costs of adding voltage regulation hardware at the Adair Substation?
The capital cost of a 64 MVAR series capacitor would be in the range of $2 million. The
cost of a 64 MVAR static VAR compensator would be about $5.5 million.

Which piece of voltage regulation equipment could address the abrupt low voltage
condition in near re-al—time?

The static VAR compensator. The series capacitor would require a switching action,

* Exhibit PE-22, B&V, Capital Costs for Transmission and Substations, October 2012, p. 3-3 & p. 3-4."
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How does the cost of adding a 64 MVAR static VAR compensator to the Adair
Substation to address the Category C contingency compare to the cost to Ameren
MO ratepayers of constructing the proposed ATXI 345 kV transmission line?

At a cost of $5.5 million, the static VAR compensator would be less than one-third the
$18 million cost to Ameren MO ratepayers to pay for Ameren MO’s share of the
proposed ATXI 345 kV transmission line.

What are the beneﬁfé addmg demand responsemeasures m the K_i_fksville area to
reduce peak load on the Adair Substation.

About 75 percent of Ameren MO residential summer peak load is air conditioning load.
About 85 percent of Ameren MO summer peak load is residential and commercial load,
with residential about 50 percent of total peak load and commercial about 35 percent of
peak load. See Flgmes 7 and 8 It is reasonable to assume that combined residential

and commercial coolmg load is at least 50 percent of the Ameren MO summer peak
load based on this data Automatlc central a1r eondmoner cyclmg devnces are used

by many utilities around the country to reduce peak summer loads mcludmg in states
that border Northeast Missouri. See Table 2. Assummg most or ali of the 10,308
Ameren MO customers served by the Adair Substation were equipped with automatic air
conditioner cycling devices that could be accessed in emergency conditions to drop air

conditioning load, the load on the Adair Substation could be reduced in emergency

contingency conditions by about half almost instantly.

/i

/I

i
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Ohio — First Easy Cool Rewards Program — you can help ease | professionally-installed
Energy Ohio | peak demand for electricity on the hottest summer | Honeywell

Edison

days. programmable thermostat
(a $250 value)

A

Wasn’t Ameren MO going to implement a demand response program in 2016?
Yes. In its 2011 IRP, Ameren MO proposed to initiate a demand response program in
2016 that would reduce peak load on Ameren MO’s system by 100 MW by 2021.¢

Is Ameren MO in.the process of launching the demand response program?

No. In the 2014 IRP, Ameren MO stated that the demand response program would not
meet its cost-benefit requirements in the 2016-2018 time period and has delayed
implementation of its demand response program.

What is the cost of the automatic central air conditioner cycling controllers?

About $250 per controller.*

Assuming all 10,308 Ameren MO customers served by the Adair Substation were
equipped with.automatic central air conditioners at $250 each (per Table 2) to
reduce Adair Substation load by about 50 percent during peak summer conditions,
what would be the cost of this demand response program?

The cost would be $25_O per controller x 10,308 controllers = $2,577,000, or about $2.6
million.

So the cost to reduce the peak load on the Adair Substation by half would be on the
order of one-seventh the Ameren MO $18 million share of the proposed ATXI 345
KV line?

Yes.”

* Exhibit PE-23, Amercn MO 2011 IRP, Chapter 7 DSM, p. 6, p. 54 (Figuze 7.14).
* Exhibit PE-24, p. 1.

%6 See Table 2 of rebuttal testimony.

$7$2 6 million + $18 million = 0.144 (~1/7).
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What are the benefits of adding local renewable generation in the Kirksville area to
reduce peak load on the Adair Substation?

The primary benefit, from an emergency contingency standpoint, is lowering power
imports over the transmission lines connected to the Adair Substation during times

of peak load.

What type of generation would be inherently online at the summer peak, requiring
no action by Ameren MO to provide power to address a contingency condition?
Solar power connected directly at the Adair Substation or located on rooftops and parking
lots in the Kirksville area on distribution circuits connected to the Adair Substation.
Would this solar power have the added benefit of contributing to Ameren MO
achieving its 15 percent RPS target?

Yes.

Could the 30 MW of uncommitted solar generation that Ameren MO is planning to
add to meet its 45 MW solar target by 2021 be located at or near the Adair
Substation? |

Yes.

Would the location of 30 MW of solar at the Adair Substation imposed any
additional costs on Ameren MO customers?

No. This 30 MW of solar capacity is already a component of Anieren MO’s RPS
compliance strategy.

Can a focused effort to locate customer-owned solar on homes, businesses, and
farms in the Kirksville area contribute to reducing load on the Adair Substation at

sunmmer peak conditions?
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A. Yes. There would be no additional cost to Ameren MO ratepayers, as customer-owned
generatton is a net-metering program open to all Ameren MO customers.

Q. What are the benefits of focused deployment of energy efficiency measures by
Ameren MO on residences and business served by the Adair Substation?

A. The}brim.é-rf gnd reliability .beneﬁt is feciucé:d load on the; Adair Substation and of
contingency events that could lead to loss of load. Another benefit is lowered greenhouse
gas emissions assoéiated with electricity use by Ameren MO customers in tile |
Kirkville area. o

Q. What is the budget and energy saving targets of the Ameren.MO energy efficiency
proéram? |

A. Amereﬁ MO plans to spend $148 million from 2016-2018 to achieve 426 GWh of energy
savings and 114 MW of peak demand savings.”®

Q. Is the 2016-2018 Ameren MO energy efficiency program sufficient to allow focused
energy efficiency investments in tﬁe Kirksvi!lé area to reduce summer peak d_eman(i’
loading on the Adai.r Substation?

A. Yes. These funds will be gollected by Ameren MO from its ratepayers and directed at
energy efficiency projects in its service territory. The number of Ameren MO customers
in the project area is about 1. pefcent of Ameren MO customers. Assuming propoftionate
distribution of Ameren MO energy efficiency spending,:ai)out 1 percent of the targeted
114 MW of peak load savings, or 1.1 MW, would occur in the Kirksville area.
Increasing the targeted peak demand savings in the Kirksville area substantially, to 5 to |
10 MW; would signiﬁcéntly reduce the potential for grid reliability issues at the Adair

‘Substation. It would also be a significant factor in reinforcing local grid reliability and

% Exhibit PE-24, p. 1.
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avoiding Ameren MO’s $18 million share of the cost of the proposed ATXI 345 kV

transmission line.

VIII. The Economic Benefit of Wind Power Over Solar Power Presumed by
MISO and ATXI Is Obsolete, Invalldatmg the MVP Cost-Beneﬁ

Analysis

Q. Do‘es MISO presutne that the overwhelming majority of renewable energy |
developed irl MISO territoryrwill be wind.power" .

A. Yes. MISO has assumed as an article of faith that the overwhe]mmg majonty of RPS
targets in MISO and PJM wrll be met wrth remote wind power MISO detennmed in its
2010 “Regional Generation Qutlet Study” that wind power will provide approximately 90
percent on average of the renewable oower used to meet RPS targets for states in MISO
and PIM.” |
Does MISO consider any other possnblllty in the MTEP11 or MTEP14 reports"

AA. No. The most recent report, the MTEP14 Trrenmal Review Report, does not con31der that
other forms of renewable energy, specifically solar energy, could displaee wind power as
a more co's.t~efﬁcient alternative to wind power to meet RPS requirements.

Q. What are the prospects for the development of wind pr ogects in the Adair Wind
Zone that would tie in directly to the ATXI 345 kV transmrsswn line?

A. Poor. Nﬁssouri utilities have shown no interest in developing wind projects in the Adair
Wind Zone. | |
What are the grovrtll‘r prospects for the U.S.. wind industry beyond 20167 o
Not good. The Augost 2015 DOE projection for wind power growth is shown in Figure 9.

DOE projects a major decline in wind power growth in the U.S. after 2016. One of the

* Exhibit PE-18, p. Table 2.2-1, p. 17.
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What is the typical current wind power cost-of-production?

In the range of $50/MWh to $60/MWh.*

Isn’t a large paft of the value proposition of MTEP based on the value of reducing
wind power curtailments by expanding west-east 345 kV transmission capacity?
Yes. The MTEP14 Triennial Review states: “The MTEP14 MVP Review reconfirms the
MVP Portfolio’s ability to deliver wind generation, in a cost-effective manner, in support
of MISO States renewable energy mandates

Does ATXI compare the economlc benefits of solar power to wind power in its
aéplieatlon? S

No. The Ameren MO 2014 IRP assumes that Ameren MO will develop 400 MW of wind

power and 45 MW of solar power by 2021 to meet the 15 percent RPS requirement. This

is the same ratio of wind power to other renewables, 90/10, assumed by MISO in 2010 as

the renewable energy justification for the MVP projects.”’

What is the current cost of solar pewer?

DOE identifies the 2016 best-in-class to mid-range capital cost for utility-scale solar 5
MW and larger of $1,300/kW, to $1,625/kWy..%® The adjusted solar capital cost, based
on alternating current (ac) output and assuming a dc-to-ac conversion efficiency of 90
percent, % would be $1,444/kW, to 1,806/kW,.. This is a mean capital cost of about

$1,600/kW,, two-thirds the capital cost of wind power that is assumed by MISO.

 Exhibit PE-27, U.S. Energy Information Administration, Assumptions fo the Annual Energy Outlook 20135,
September 2015, p. 192,

& Exhibit PE-04, p. 2.

% MISO, MTEP14 Triennial Review, p. 3.
& Exlublt PE-18, p. Table 2.3-2, p. 19.
% Exhibit PE- 28, NREL, Photovoltaic System Pricing Trends Historical, Recent, and Near-Term Projections 2014
Ednmn September 22, 2014, p. 22. g
% Exhibit PE-29, DNV KEMA Energy & Sustainability, Austin Energy Review of Strategic Plan for Local Solar in

Austin, prepared for Austin Energy, November 22, 2013, p. 8, p. 10, and p. 16. For utility-scale solar, the de-to-ac

conversion is assumed to be 90 percent. For rooftop systems, the dc-to-ac conversion is assumed to be 85 percent.
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power, in the form of firm solar capacity available at summer peak demand when power
prices are highest, compared to wind power. Solar arrays can also be economically
connectea ét the distribution level of the transmisSion and: distribution system, which
reduces load and congestion on the transmission system. o
Does the S.OIMWh production cost that the MTEP14 Triennial Review .Report
aﬁributes to wind power (p. 5) apply equally to solar power?

Yes.

Doces the fuel savings benefit the MTEP14 Triennial Review Report attributes to
wind power (p. §), as a result of its lower production cost relative to natural gas-
fired generation, apply equally to solar power?

Yes.

What is the price decline trend for solar power?

The price decline trend is steep. An example is provided in Figure 10 of the solar price
decline trend of a California public utility over the last three years. These are mid-sized
utility-scale projects. The most recent project in Figure 10, sPower 2015, is 50 MW.”
The City of Lancaster (California) signed a 20-year fixed power purchase agreement
for a single 10 MW solar array on the outskirts of the city at a fixed price of
$54.99/MWh.”

i

/)

1/

/i

2 Exhibit PE-31, City of Riverside PPA, 50 MW Antelope Valley Solar, $53.75/MWh.

3 Exhibit PFE-32, Lancaster Clean Energy PPA, 10 MW, $54.99/MWh.
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A,

Does Missouri also have a net-metered rooftop solar program?

Yes. The 2008 Proposition C Missouri Solar Rebate established incentive funding for net
metered solar rooftop installations. Total program funding is $91.9 million, with
installation in the 2014 to 2016 timeframe.® The incentive funding is fully subscribed,
The initial funding level was $2 per watt. The final funding level was $1 per watt.
Ultimately somewhere between 46 and 92 MW of net-metered rooftop solar will be
installed in part due to this incentive program. At the lower incentive rate of $1 per
watt, | MW of rooftop solar capacity is installed per each $1million of incentive -
funding.

What will the average annual customer-installed solar installation rate be over the
2014-2016 tlme perlod"‘

About 20 MW per year assummg tho .aver.age 1ocentlvo oayment for program
parﬁcnpantsns $1 SOperwatt R G o
Assummg Ameren MO contmoBS to average aoout 20 MW per year of oustomer

mstalled solar over the 2017-2021 hmeframe, how much addltlonal solar wﬂl he

1nstalled"

About 100 MW s
Has Ameren MO accounted for an additional 100 MW of customer generated solar
power in its RPS calculations?

No.

Coutd an additional 100 MW of solar by 2021 disbloce a comparable amount of
wind power in Ameren MO’s RPS portfolio?

Yes.

 Ameren MO webpage: htips://svww.ameren.com/missouri/solarfcustomerownedgeneration
* $91.9 million + $1.5 million per MW =61 MW (or about 20 MW per year over three years).
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IX.

There Are Viable and Cost-Effective Alternatives that Would Eliminate
the Environmental Impacts of the Proposed ATXI 345 kV Line

ATXI must assess potential impacts and develop mitigation strategies to address
numerous environmental concerns along the pathway of the proposed 345 kV
transmission line, including: the endangered Indiana bat and proposed endangered
northern long-eared bat, raptor nesting areas, fragmentation of woodland habitat,
degradation of spawning streams, and degradation of conservation easements.”
How would the use of the alternatives described in your rebuttal testimony compare
to the propoesed 345 kV transmission line regarding such impacts?
Reconductoring the Adair-to-Novelty 161 kV line with composite conductor, adding
voltage regulation at the Adair Substation, installing automatic demand response on
central air conditioner systems used by Ameren MO customers served by the Adair
Substation, and selectively focusing energy efficiency measures on Ameren MO
customers served by the Adair Substation would have no environmental impacts. Solar
on rooftops and parking lots in the Kirksville area would have no significant air, water, or
land impacts. The environmental advantages of rooftop solar relative to remote utility-
scale renewable energy, and associated transmission lines, were recognized by the
California Public Utilitics Commission at the time of its approval of a 500 MW urban
warehouse rooftop PV project:*®

Added Commissioner John A. Bohn, author of the decision, “This

deciston is a major step forward in diversifying the mix of renewable

resources in California and spurring the development of a new market

¥ Exhibit PE-38, documents describing environmental issues associated with transmission line pathway.
% Exhibit PE-39, CPUC Press Release — Docket A.08-03-015, CPUC Approves Edison Solar Roof Program, June

18, 2009,
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niche for large scale rooftop solar applications. Unlike other
generation resources, these projects can get built quickly and without
the need for expensive new transmission lines. And since they are
built on existing structures, these projects are extremely benign from
an environmental standpoint, with neither land use, water, or air
emission impacts. By authorizing both utility-owned and private
development of these projects we hope to get the best from both types
of ownership structures, promoting competition as well as fostering

the rapid development of this nascent market.”

X. Conclusion

Q. Does this conclude your rebuttal testimony?

Yes.

44




BILL POWERS, P.E.

PROFESSIONAL HISTORY
Powers Engineering, San Diego, CA 1994~
ENSR Consulting and Engineering, Camarillo, CA 1989-93
Naval Energy and Environmental Support Activity, Port Hueneme, CA  1982-87
U.S. Environmental Protection Agency, Research Triangle Park, NC 1980-81

EDUCATION
Master of Public Health — Environmental Sciences, University of North Carolina
Bachelor of Science ~ Mechanical Engineering, Duke University

PROFESSIONAL AFFILIATIONS
Registered Professional Mechanical Engineer, California (Certificate M245 18)
American Society of Mechanical Engineers :
Air & Waste Management Association

TECHNICAL SPECIALTIES
Thirty years of experience in:

Power plant air emission control system and cooling system assessments -
Petroleum refinery air engineering and testing

Combustion equipment permitting, testing and monitoring

Air pollution control equipment retrofit design/performance testing

Distributed solar photovoltaics (PV) siting and regional rencwable energy planning
Latin America environmental project experience .

POWER PLANT EMISSION CONTROL AND COOLING SYSTEM CONVERSION ASSESSMENTS
LMS100 Gas Turbine Power Plant Air Emissions Control Assessment. Lead engineer to assess Best,
Available Control Technology (BACT) for four proposed LMS 100 gas turbines to be owned and operated by
El Paso Electric Company. El Paso Electric proposed NOx and CO emission rates of 2.5 ppm and 6.0 ppm
respectively, use of wet cooling tower(s) for intercooler heat rejection, and up to 5,000 hours per year of
operation. I identified BACT as equwalcnt to combined cycle plant levels, 2.0 ppm NOy and 2.0 ppm CO, due
to high operating hour limit., and air cooling with mist augmentation at high ambient temperatures as BACT for
PM. The TCEQ Office of Pubhc Interest Council agreed that BACT for the LMS100s should be 2.0 ppm NO,
and 2.0 ppm CO, and that air cooling with mist augmentation should be BACT for PM.

Biomass Plant NO, and CO Air Em:ss:ens Control Evaluation, Lead engineer for evaluation of avaliable
nitrogen oxide (NO,) and carbon monoxide (CO) controls for a 45 MW Aspen Power biomass plant in Texas
where proponent had identified selective non-catalytic reduction (SNCR) for NO and good combustion
practices for CO as BACT. Identified the use of tail-end SCR for NO, control at several operational U.S. . ..
biomass plants, and oxidation catalyst in use at two of these plants for CO and VOC control, as BACT for the
proposed bromass plant. Administrative law judge concurred in decision that SCR and oxidation catalyst i is
BACT. Developer added SCR and oxidation catalyst to project in subsequent settlement agreement.

Biomass Plant Air Emissions Control Consulting, Lead expert on biomass air cmissions control systems for
landowners that will be impacted by a proposed 50 MW biomass to be built by the local East Texas power
cooperative. Public utility agreed to meet current BACT for biomass plants in Texas, SCR for NOx and
oxidation catalyst for CO, in settlement agreement with local fandowners.

PE-02
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Combined-Cycle Power Plant Startup and Shutdown Emissions. Lead engincer for analysis of air permit
startup and shutdown emissions minimization for combined-cycle power plant proposed for the San Francisco
Bay Area. Original equipment was specified for baseload operation prior to suspension of project in carly

2000s. Operational profile described in revised air permit was load following with potential for daily start/stop.
Recommended that either fast start turbine technology be employed to minimize start/stop emissions or that
“demonstrated in practice operational and control software modifications be cmploycd to minimize
starfup/shutdown emissions.

IGCC as BACT for Air Emissions from Proposed 960 MW Coal Plant. Presented testimony on IGCC as
BACT for air emissions reduction from 960 MW coal plant. Applicant received air permit for a pulverized coal
plant to be equipped with a baghouse, wet scrubber, and wet ESP for air emissions control. Use of IGCC
technology at the emission rates permitted for two recently proposed U.S. IGCC projects, and demonstrated in
practice at a Japanese IGCC plant firing Chinese bituminous coal, would substantially reduce potential
emissions of NOy, SO,, and PM. The estimated control cost-effectiveness of substltutmg IGCC for pulvenzcd
coal technology in this case was approximately $3 000/ton.

Analysis of Propoesed Air Emission Limits for 600 MW Pulverized Ceal Plant. Project engineer tasked with
evaluating sufficiency of air cmissions limits and control technologies for proposed 600 MW coal plant
Arkansas. Determined that the applicant had: 1) not properly identified SO,, sulfuric acid mist, and PM BACT
control levels for the plant, and 2) improperly utilized an incremental cost effectiveness analysis to justify air
emission control levels that did not represent BACT.

Eight Pulverized Coal Fired 900 MW Boilers — IGCC Alternative with Air Cooling, Provided testimony
on integrated gasification combined cycle (IGCC) as a fully commercial coal-buming altemative to the
pulverized coal (PC) technology proposed by TXU for eight 900 MW boilers in East Texas, and East Texas as
an ideal location for CO2 sequestration due to presence of mature oilfield CO2 enhanced oil recovery
opportunitics and a deep saline aquifer underlying the entire region. Also presented testimony on the major
increase in regional consumptive water use that would be caused by the evaporative cooling towers proposed
for use in the PC plants, and that consumptive water use could be lowered by using IGCC with evaporative
cooling towers or by using air-cooled condensers with PC or IGCC technology. TXU uItlmathy dropped plans
to build the eight PC plants as a condition of a corporate buy-out.

Utility Boilers — Conversion of Existing Once-Through Cooled Boilers to Wet Towers, Parallel Wet-Dry
Cooling, or Dry Cooling. Provided expert testimony and preliminary design for the conversion of four natural
gas and/or coal-fired utility boilers (Unit 4, 235 MW; Unit 3, 135 MW,; Unit 2, 65 MW and Unit 1,65 MW)
from once-through river water cooling to wet cooling towers, parallel wet-dry cooling, and dry coohng Ma_;or
design constraints were available land for location of retrofit cooling systems and need to maintain maximum
steam turbine backpressure at or below 5.5 inches mercury to match performance capabilities of existing
equipment. Approach temperatures of 12 °F and 13 °F were used for the wet towers.  SPX Cooling
Technologies F-488 plume-abated wet cells with six feet of packing were used to achieve approach
temperatures of 12 °F and 13 °F. Annual energy penalty of wet tower retrofit designs is approximately 1
percent. Parallel wet-dry or dry cooling was determined to be technically feasible for Unit 3 based on
straightforward access to the Unit 3 surface condenser and available land adjacent to the boiler.

Utility Boiler ~ Assessment of Air Cooling and Integrated Gasification/Combined Cycle for Proposed 500
MW Coal-Fired Plant. Provided expert testimony on the performance of air-cooling and IGCC relative to the
conventional closed-cycle wet cooled, supercritical pulverized coal boiler proposed by the applicant. Steam
Pro™ ¢oal-fired power plant design software was used to model the proposed plant and evaluate the impacts on
performance of air cooling and plume-abated wet cooling. Results indicated that a conservatively designed air-
cooled condenser could maintain rated power output at the design ambient temperature of 90 °F, The IGCC
comparative analysis indicated that unit reliability comparable to a conventional pulverized coal unit could be
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achieved by including a spare gasificr in the IGCC design, and that the slightly higher capital cost of IGCC was
offset by greater thermal efficiency and reduced water demand and air emissions.

Utility Boiler — Assessment of Closed-Cycle Cooling Retrofit Cost for 1,200 MW QOil-Fired Plant.
Prepared an assessment of the cost and feasibility of a closed-cycle wet tower retrofit for the 1,200 MW
Roseton Generating Station, Determined that the cost to retrofit the Roseton plant with plume-abated closed-
cycle wet cooling was well established based on cooling tower retrofit studies performed by the original owner
(Central Hudson Gas & Electric Corp.) and subsequent regulatory agency critique of the cost estimate.

Also determined that elimination of redundant and/or excessive budgetary line items in owners cost estimate
brings the closed-cycle retrofit in line with expected costs for comparable new or retrofit plume-abated cooling

tower applications.

Nuclear Power Plant - Assessment of Clesed-Cycle Cooling Retrofit Cost for 2,000 MW Plant. Prepared
an assessment of the cost and feasibility of a closed-cycle wet tower retrofit for the 2,000 MW Indian Point
Generating Station. Detenmined that the most appropriate arrangement for the hilly site would be an inline
plume-abated wet tower instead of the round tower configuration analyzed by the owner. Use of the inline
configuration would allow placement of the towers at numerous sites on the property with little or need for
blasting of bedrock, greatly reducing the cost of the retrofit. Also proposed an altemative circulating cooling
water piping configuration to avoid the extensive downtime projected by the owner for modifications to the
existing discharge channel.

Kentucky Coal-Fired Power Plant — Pulverized Coal vs IGCC. Expert witness in Sierra Club lawsuit
against Peabody Coal Company’s plan to construct a 1,500 MW pulverized-coal fired power plant in Kentucky.
Presented case that Integrated Gasification Combined Cycle (IGCC) is a superior method for producing power
from coal, from environmental and encrgy efficiency perspective, than the proposed pulverized-coal plant.
Presented evidence that IGCC is technically feasible and cost competitive with pulverized coal.

Power Plant Dry Cooling Symposium —~ Chair and Organizer. Chair and organizer of the first sympostum
held in the U.S. (May 2002) that focused exclusively on dry cooling technology for power plants. Sessions
included basic principles of wet and dry cooling systems, performance capabilitics of dry cooling systems, case
studies of specific installations, and reasons why dry cooling is the predominant form of cooling specified in
certain regions of North America (Massachusetts, Nevada, northern Mexico).

Utility Boiler — Best Available NO, Control System for 525 MW Coal-Fired Circulating Fluidized Bed
Boiler Plant. Expert witness in dispute over whether 50 percent NOy control using selective non-catalytic
reduction (SNCR) constituted BACT for a proposed 525 MW circulating fluidized bed (CFB) boiler plant. - -
Presented testimony that SNCR was capable of continuous NOy reduction of greater than 70 percent on a CFB
unit and that tail-end selective catalytic reduction (SCR) was technically feasible and could achieve greater than
90 percent NQ, reduction. :

Utility Boilers — Evaluation of Correlation Between Opacity and PM;, Emissions at Coeal-Fired Plant.
Provided expert testimony on whether correlation existed between mass PM,, emissions and opacity during
opacity excursions at large coal-fired boiler in Georgia. EPA and EPRI technical studies were reviewed to
assess the correlation of opacity and mass emissions during opacity levels below and above 20 percent. A’
strong correlation between opacity and mass emissions was apparent at a sister plant at opacities less than 20
percent. The correlation suggests that the opacity monitor correlatton underestimates mass emissions at
opacitics greater than 20 percent, but may continue to exhibit a good COrrelanon for the component of mass
entissions in the PM,, size range.
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Utility Boilers ~ Retrofit of SCR and FGD to Existing Coal-Fired Units.

Expert witness in successful effort to compel an existing coal-fired power plant located in Massachusetts to
meet an accelerated NO; and SO, emission control system retrofit schedule. Plant owner argued the installation
of advanced NO, and SO, control systems would generate > 1 ton/year of ancillary emissions, such as sulfuric
acid mist, and that under Massachusetts Dept. of Environmental Protection regulation ancillary emissions > 1
ton/year would requirc a BACT evaluation and a two-year extension to retrofit schedule. Successfully
demonstrated that no ancillary emissions would be generated if the retrofit NO, and SO, control systems were
properly sized and optimized. Plant owner committed to accelerated compliance schedule in settlement
agreement,

Utility Boilers — Retrofit of SCR to Existing Natural Gas-Fired Units.

Lead engincer in successful representation of interests of California coastal city to prevent weakening of an
existing countywide utility boiler NO, rule. Weakening of NO; rule would have allowed a merchant utility
boiler plant located in the city to operate without installing selective catalytic reduction (SCR) NO, control
systems. This project required numerous appearances before the county air pollutton control heanng board to
successfully defend the existing utility botler NO, rule,

PETROLEUM REFINERY AIR ENGINEERING/TESTING EXPERIENCE
BP Whiting Refinery Expansion Air Permit. Served as lead engineer on review of netting analysis that
resulted in the BP Whiting Refinery Expansion receiving a minor source air permit from the Indiana
Department of Environmental Management. Determined that BP Whiting omitted several major sources of
emissions, underestimated others, and incorrectly calculated contemporaneous increases and decreases in air
emissions. These sources included refinery heaters, flares, coking units, sulfur recovery, and fugitive
emissions. These errors and omissions were sufficient in number and magnitude to exceed NSR significance
thresholds.

Hyperion Refinery Air Permit. Served as lead engineer on review of BACT determinations in the  PSD air
permit for the proposed Hyperion Refinery in South Dakota.. BACT review included controls for refinery
heaters, cooling systems, fugitive emissions, and greenhouse gases. BACT was identified as SCR for all
refinery heaters, use of enclosed ground flare for periodic flare gas emissions from gasification process, and
use of leakless fuigitive emission components.

Big West Refinery Expansion EIS. Lead enginger on comparative cost analysis of proposed wet cooling
tower and fin-fan air cooler for process cooling water for the proposed clean fuels expansion project at the
Big West Refinery in Bakersfield, California. Selection of the fin-fin air-cooler would eliminate all '
consumptive water use and wastewater disposal associated with the cooling tower. Air emissions of VOC
and PM;, would be reduced with the fin-fan air-cooler even though power demand of the air-cooler is
incrementally higher than that of the cooling tower. Fin-fan air-coolers with approach temperatures of 10 °F
and 20 °F were evaluated. The annualized cost of the fin-fin air-cooler with a 20 °F approach temperature is
essentially the same as that of the cooling tower when the cost of all ancillary cooling tower systems are
considered.

Criteria and Air Toxic Pollutant Emissions Inventory for Proposed Refinery Modifications. Project
manager and technical lead for development of bascline and future refinery air emissions inventories for
process modifications required to produce oxygenated gasoline and desulforized diesel fuel at a California .
refinery. State of the art criteria and air toxic pollutant emissions inventories for refinery point, fugitive and
mobile sources were developed. Point source emissions estimates were generated using onsite criteria pollutant
test data, onsite air toxics test data, and the latest air toxics emission factors from the statewide refinery air
toxics inventory database. The fugitive volatile organic compound (VOC) emissions inventorics were
developed using the refinery's most recent inspection and maintenance (I&M) monitoring program test data to
develop site-specific component VOC emission rates. These VOC emission rates were combined with speciated
air toxics test results for the principal refinery process streams to produce fugitive VOC air toxics emtission
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rates. The environmental impact report (EIR) that utilized this emission inventory data was the first refinery
"Clean Fuels"” EIR approved in California.

Development of Air Emission Standards for Petroleum Refinery Equipment - Peru. Served as principal
technical consultant to the Peruvian Ministry of Energy in Mines (MEM) for the development of air emission
standards for Peruvian petroleum refineries. The sources included in the scope of this project included: 1) SO,
and NO, refinery heaters and boilers, 2) desulfurization of crude oil, particulate and SO, controls for fluid
catalytic cracking units (FCCU), 3) VOC and CO emissions from flares, 4) vapor recovery systems for marine
unloading, truck loading, and crude oil/refined products storage tanks, and 5) VOC emissions from process
fugitive sources such as pressure relief valves, pumps, compressors and flanges. Proposed emission limits were
developed for new and existing refineries based on a thorough evaluation of the available air emission control
technologies for the affected refinery sources. Leading vendors of refinery control technology, such as John
Zink and Exxon Research, provided estimates of retrofit costs for the largest Peruvian refinery, La Pampilla,
located in Lima. Meectings were held in Lima with refinery operators and MEM staff to discuss the proposed
emission limits and incorporate mutually agreed upon revisions to the proposed limits for existing Peruvian

refineries,

Air Toxic Pollutant Emissions Inventory for Existing Refinery. Project manager and technical lead for air
toxic pollutant emissions inventory at major California refinery. Emission factors were developed for refinery
heaters, boilers, flares, sulfur recovery units, coker deheading, IC engines, storage tanks, process fugitives, and
catalyst regeneration units. Onsite source test results were utilized to characterize emissions from refinery
combustion devices. Where representative source test results were not available, AP-42 VOC emission factors
were combined with available VOC air toxics speciation profiles to estimate VOC air toxic emission rates. A
risk assessment based on this emissions inventory indicated a relatively low health risk associated with refinery
operations, Benzene, [,3-butadiene and PAHSs were the principal health risk related pollutants emitted.

Air Toxics Testing of Refinery Combustion Sources. Project manager for comprehensive air toxics testing
program at a major Catifornia refinery. Metals, CrtS, PAHs, H,$ and speciated VOC emissions were measured
from refinery combustion sources. High temperature Cr*o stack testing using the EPA Cr*0 test method was
performed for the first time in Califomia during this test program. chrcsentatlves from the California Alr
Resources Board source test team performed simultaneous testing using ARB Method 425 (Cr*6) to compare
the results of EPA and ARB Cr*6 test methodologies. The ARB approved the test results generated using the
high temperature EPA Cr*6 test method. , _

Air Toxics Testing of Refinery Fugitive Seurces. Project manager for test program to characterize air toxic
fugitive VOC emissions from fifteen distinct process vnits at major California refinery. Gas, light fiquid, and
heavy liquid process streams were sampled. BTXE, 1,3-butadiene and propylene concentrations were
quantified in gas samples, while BTXE, cresol and phenol concentrations were measured in liquid samples.
Test results were combined with AP-42 fugitive VOC emission factors for valves, ﬁttmgs COMPressors, pumps
and PRVs to calculate fugitive air toxics VOC emission rates.

COMBUSTION EQUIPMENT PERMITTING, TESTING AND MONITORING
EPRI Gas Turbine Power Plant Permitting Documents — Co-Author.
Co-authored two Electric Power Resecarch Institute (EPRI) gas turbine power plant siting documents,
Responsibilities included chapter on state-of-the-art air emission control systems for simple-cycle and
combined-cycle gas turbines, and authorship of sections on dry cooling and zero liquid discharge systems o

Air Permits for 50 MW Peaker Gas Turbines — Six Sites Throughout California,

Responsible for preparing all aspects of air permit applications for five 50 MW FT-8 simple-cycle turbine
installations at sites around California in response to emergency request by California state government for
additional peaking power. Units were designed to mect 2.0 ppm NOxusing standard temperature '
SCR and innovative dilution air system to maintain exhaust gas temperature within acceptable SCR range.
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Oxidation catalyst is also used to maintain CO below 6.0 ppm,

Kauai 27 MW Cogeneration Plant — Air Emission Control System Analysis. Project manager to evaluate
technical feasibility of SCR for 27 MW naphtha-fired turbine with once-through heat recovery steam generator.,
Permit action was stalled due to questions of SCR feasibility. Extensive analysis of the performance of existing
oil-fired turbines equipped with SCR, and bench-scale tests of SCR applied to naphtha-fired turbines, indicated
that SCR would perfonm adequately. Urea was selected as the SCR reagent given the wide availability of urea
on the island. Unit is first known application of urea-injected SCR on a naphtha-fired turbme

Microturbines — Ronald Reagan Library, Ventura County, California.

Project manager and lead enginecr or preparation of air permit applications for microturbines and standby
boilers. The microturbines drive the heating and cooling system for the library. The microturbines are certified
by the manufacturer to meet the 9 ppm NO, emission limit for this equipment, Low-NO bumers arc BACT for
the standb3r boilers.

Hospital Cogeneratlon Microturbines —~ South Coast Air Quality Managemént District.

Project manager and lead engineer for preparation of air permit application for three microturbines at hospital
cogencration plant installation. The draft Authority To Construct (ATC) for this project was obtained two
weeks after submittal of the ATC application. 30-day public notification was réquired due to the proximity of
the facility to nearby schools. The final ATC was issued two months aﬂer the application was submitted,
including the 30-day public nottﬁcatton period.

Gas Turbine Cogeneration — South Coast Air Quality Management District. Pro;ect manager and lead
enginecr for preparation of air permit application for two 5.5 MW gas turbines in cogencration conﬁguratlon
for county govemment center, The turbines will be equipped with s¢lective catalytic reduction (SCR) and
oxidation catalyst to comply with SCAQMD BACT requirements. Aqueous urea will be used as the SCR
reagent to avoid trigger hazardous material storage requirements. A separate permit wﬂI be obtamed for the
NO, and CO continuous emissions monitoring systems. The ATCs is pending.

Industrial Boilers — NO, BACT Evaluation for San Diego County Boilers.

Project manager and lead engincer for preparation of Best Available Control Technology (BACT) evaluation
for three industrial boilers to be located in San Diego County. The BACT included the review of low NO,
burners, FGR, SCR, and low temperature oxidation (LTO). State-of-the-art ultra low NO, burners with a 9
ppm emissions guarantec were sclected as NO, BACT for these units.

Peaker Gas Turbines - Evaluation of NO; Control Options for Installations in San Diego County. _
Lead engineer for evaluation of NO, control options available for 1970s vintage simple-cycle gas turbmes
proposed for peaker sites in San Diego County. Dry low-NO, (DLN) combustors, catalytic combustors, 1ugh-
temperature SCR, and NO, absorption/conversion (SCONO,) were evaluated for each candidate turblne _
make/model. High-temperature SCR was selected as the NOx control option to meet a 5 ppm NOy emission
requirement.

Hospital Cogeneration Plant Gas Turbines — San Joaquin Valley Unified Air Pollution Control District.
Project manager and lead engineer for preparation of air permit application and Best Available Control
Technology (BACT) evaluation for hospital cogeneration plant instatlation. The BACT included the review of
DLN combustors, catalytic combustors, high-temperature SCR and SCONO,. DLN combustion followed by
high temperature SCR was selected as the NO, control system for this instatlation. The high temperature SCR
is located upstream of the heat recovery steam generator (HRSG) to allow the diversion of exhaust gas around
the HRSG without compromising the effectiveness of the NQ, control system., :

1,000 MW Coastal Combined-Cycle Power Plant — Feasibility of Dry Coolmg
Expert \'.fltness in on-going effort to require use of dry cooling on proposed 1,000 MW combmed-cycle ,
“repower’’ project at site of an existing 1,000 MW utility boiler plant, PI‘Q]GCt proponent argued that site was
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two small for properly sized air-cooled condenser (ACC) and that use of ACC would cause [2-month
construction delay. Demonstrated that ACC could easily be located on the site by splitting total of up to 80
cells between two available locations at the site. Also demonstrated that an ACC optimized for low height and
low noise would minimize or eliminate proponent claims of negative visual and noise impacts,

Industrial Cogeneration Plant Gas Turbines — Upgrade of Turbine Power OQutput.

Project manager and lead engincer for preparation of Best Available Control Technology (BACT) evaluation
for proposed gas turbine upgrade. The BACT included the review of DEN combustors, catalytic combustors,
high-, standard-, and low-temperature SCR, and SCONO,. Successfully negotiated air permit that allowed
facility to initially install DLN combustors and operate under a NO, plantwide “cap.” Within two major
turbine overhauls, or approximately eight years, the NOx emissions per turbine must be at or below the
equivalent of 5 ppm. The 5 ppm NO; target will be achieved through technological m-combustor NO; contro!
such as catalytic combustion, or SCR or SCR equivalent end-of-pipe NO control technologies if catalytic
combustion is not available,

Gas Turbines — Modification of RATA Procedures for Time-Share CEM. -

Project manager and lead engineer for the development of alternate CO continuous emission monitor (CEM)
Relative Accuracy Test Audit (RATA) procedures for time-share CEM system serving three 7.9 MW turbines
focated in San Diego. Close interaction with San Diego APCD and EPA Region 9 engingers was required to
reccive approval for the alternate CO RATA standard. The time-share CEM passed the subsequent annual
RATA without problems as a resuit of changes to some of the CEM hardware and the more flexible CO RATA

standard.

Gas Turbines — Evaluation of NO, Control Technology Performance. Lead engineer for performance
review of dry low-NO, combustors, catalytic combustors, high-, standard-, and low-temperature selective
catalytic reduction (SCR), and NOy absorption/conversion (SCONO,). Major turbine manufacturers and major
manufacturers of end-of-pipe NO, control systems for gas turbines were contacted to determine current cost
and performance of NO, control systems. A comparison of 1993 to 1999 “$/kwh” and “$/ton” cost of these
control systems was developed in the evahlation. : .

Gas Turbines — Evaluation of Proposed NO; Control System to Achleve 3 ppm Limit.

Lead engineer for evaluation for proposed combined cycle gas turbine NO, and CO control systems. Pro;ect
was in litigation over contract terms, and there was concern that the GE Frame 7FA turbine could not meet the
3 ppm NO, permit limit using a conventional combustor with water injection followed by SCR. Operations
personnel at GE Frame 7FA installatins around the country were interviewed, along with principal SCR -
vendors, to corroborate that the installation could continuously meet the 3 ppm NO, limit. x

Gas Turbines — Title V ""Presumptively Approvable" Compliance Assurance Monitoring Protocol.
Project manager and lead engineer for the development of a "presumptively approval” NO, parametric
emissions monitoring system (PEMS) protocol for industrial gas turbines. "Presumptively approvable” means
that any gas turbine operator selecting this monitoring protocol can presume it is acceptable to the U.S. EPA,
Close interaction with the gas turbine manufacturer's design engineering staff and the U.S. EPA Emissions
Measurement Branch (Research Triangle Park, NC) was required to determine modifications necessary to the
current PEMS to upgrade it to "presumptively approvable” status.

Envirenmental Due Diligence Review of Gas Turbine Sites — Mexico. Task leader to prepare regulatory
compliance due diligence review of Mexican requirements for gas turbine power plants. Project involves
cleven potential sites across Mexico, three of which are under construction, Scope involves identification of all
environmental, energy sales, land use, and transportation corridor requirements for power projects in Mexico.
Coordinator of Mexican environmental subcontractors gathering on-site information for each site, and
translator of Spanish supporting documentation to English.
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Development of Air Emission Standards for Gas Turbines - Peru. Served as principal technical consultant
to the Peruvian Ministry of Energy in Mines (MEM) for the development of air emission standards for Peruvian
gas turbine power plants. All major gas turbine power plants in Peru-are currently using water injection to
increase turbine power output, Recommended that 42 ppm on natural gas and 65 ppm on diesel (corrected to
15% 0;) be established as the NO limit for existing gas turbine power plants. These limits reflect NOy levels
readily achievable usmg water mjectton at high load. Also recommended that new gas turbine sources be
subject to a BACT review requirement,

Gas Turbines — Title V Permit Templates. Lead engincer for the development of standardized permit
templates for approximately 100 gas turbines operated by the oil and gas industry in the San Joaquin Valley.
Emissions limits and monitoring requirements were defined for units ranging from GE Frame 7 to Solar Saturn
turbines. Stand-alone templates were developed based on turbine size and NO; control equipment. NO, =
utilized in the target turbine population ranged from water injection alone to water injection combmed w1th
SCR.

Gas Turbines — Evaluation of NO,, SO, and PM Emission Profiles. Performed a comparative evaluation of
the NOy, SO, and particulate (PM) emission profiles of principal utility-scale gas turbines for an independent
power producer evaluating project opportunities in Latin America. All gas turbine models in the 40 MW to 240
MW range manufactured by General Electric, Westmghouse Siemens and ABB were mcluded in the ‘
evaluatlon

Stationary Internal Combustion Engine (ICE) RACT/BARCT Evaluation. Lead engineer for evaluation of
retrofit NO, control options available for the oil and gas production industry gas-fired ICE population in the
San Joaquin Valley affected by proposed RACT and BARCT emission limits. Evaluation centered on lean-
burn compressor engines under 500 bhp, and rich-burn constant and cyclically loaded (rod pump) engines -
under 200 bhp. The results of the evaluation indicated that rich burn cyclically-loaded rod pump engines’
comprised 50 percent of the affected ICE population, though these ICEs accounted for only 5 percent of the
uncontrolled gas-fired stationary ICE NO, emissions. Recommended retrofit NO, control strategies included:
air/fuel ratio adjustment for rod pump ICEs, Non-selective catalytic reduction (NSCR) for rich-burn, constant
load ICEs, and "low emission" combustion modifications for lean burn ICEs.

Development of Air Emission Standards for Stationary ICEs - Peru. Served as principal technical
consultant to the Peruvian Ministry of Energy in Mines (MEM) for the development of air emission standards
for Peruvian stationary ICE power plants. Draft 1997 World Bank NO, and particulate emission limits for
stationary ICE power plants served as the basis for proposed MEM cmission limits. A detailed review of ICE
emissions data provided in PAMASs submitted to the MEM was performed to determine the level of effort that
would be required by Peruvian industry to meet the proposed NOy and particulate emission limits. The draft
1997 WB emission limits were revised to reflect reasonably achievable NO, and particulate emission limits for
ICEs currently in operation in Peru.

Air Toxics Testing of Natural Gas-Fired ICEs. Project manager for test plan/test program to measure
volatile and semi-volatile organic air toxics compounds from fourteen gas-fired ICEs used in a variety of oil
and gas production applications. Test data was utilized by oil and gas production facility owners throughout
Califomia to develop accurate ICE air toxics emission inventories.

AIR ENGINEERING/AIR TESTING PROJECT EXPERIENCE — GENERAL
Reverse Air Fabric Filter Retrofit Evaluation — Coal-Fired Boiler, Lead engineer for upgrade of reverse air
fabric filters serving coal-fired industrial boilers. Fluorescent dye injected to pinpoint broken bags and damper
leaks. Corrosion of pneumatic actuators serving reverse air valves and inadequate :nsulahon Idennﬁed as
principal causes of degraded pcrfonnance
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Air Toxics Emissions Inventory Plan, Lead engineer for the development of generic air toxics emission
estimating techniques (EETs) for oil and gas production equipment. This project was performed for the
Western States Petrolenm Association in response to the requirements of the California Air Toxics "Hot Spots”
Act, EETs were developed for all point and fugitive oil and gas production sources of air toxics, and the
specific air toxics associated with each source were identified. A pooled source emisston test methodology was
also developed to moderate the cost of source testing required by the Act.

Fugitive NMHC Emissions from TEOR Production Field. Project manager for the quantification of fugitive
Nonmethane hydrocarbon (NMHC) emissions from a thermally enhanced oil recovery (TEOR) oil production
field in Kem County, CA. This program included direct measurement of NMHC concentrations in storage tank
vapor headspace and the modification of available NMHC emission factors for NMHC-emitting devices in
TEOR produced gas service, such as wellheads, vapor trunklines, heat exchangers, and compressors.
Modification of the existing NMHC emission factors was necessary due to the high concentration of CO; and
water vapor in TEOR produced gases.

Fugitive Air Emissions Testing of Oil and Gas Production Fields. Project manager for test plan/test program
to determine VOC and air toxics emissions from oil storage tanks, wastewater storage tanks and produced gas
lings. Test results were utilized to deveiop comprehensive air toxics emissions inventories for oil and gas -
production companies participating in the test program.

Oil and Gas Productien Field — Air Emissions Inventory and Air Modeling. Project manager for oil and
gas production ficld risk assessment. Project included review and revision of the existing air toxics emission
inventory, air dispersion modeling, and calculation of the acute health risk, chronic non-carcinogenic risk and
carcinogenic risk of facility operations. Results indicated that fugitive H,S emissions from facility operations
posed a potential health risk at the facility fenceline.

TITLE V PERMIT APPLICATION/MONITORING PLAN EXPERIENCE
Title V Permit Application — San Diego County Industrial Facility. Project engincer tasked with preparing
streamlined Title V operating permit for U.S. Navy facilities in San Diego. Principal emission units included
chrome plating, lead furnaces, IC engines, solvent usage, aerospace coating and marine coating operations. For
cach device category in use at the facility, federal MACT requirements were integrated with District
requirements in user friendly tables that summarized permit conditions and compliance status.

Title V Permit Application Device Templates - Qil and Gas Production Industry. Project manager and
lead engineer to prepare Title V permit application “templates™ for the Westemn States Petroleum Association
(WSPA). The template approach was chosen by WSPA to minimize the administrative burden associated with
listing permit conditions for a large number of similar devices located at the same oil and gas production
facility. Templates are being developed for device types common to oil and gas production operations. Device
types include: botlers, steamn generators, process heaters, gas turbines, IC engines, fixed-roof storage tanks,
fugitive components, flares, and cooling towers. These templates will serve as the core of Title V permit
applications prepared for oil and gas production operations in California.

Title V Permit Application - Aluminum Rolling Mill. Project manager and lead enginecr for Title V permit
application prepared for largest aluminum rolling mill in the western U.S. Responsiblc for the overall direction
of the permit application prOject development ofa momtormg plan for significant emission units, and
development of a hazardous air pollutant (HAP) emissions inventory. The project involved extensive onsite
data gathering, frequent interaction with the plant's technical and operating staff, and coordination with legal
counsel and subcontractors. The permit application was completed on ttme and in budget.

Title V Model Permit - OQil and Gas Production Industry. Project manager and lead engineer for the -
comparative analysis of regional and federal requirements affecting oil and gas production industry sources
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located in the San Joaquin Valley. Sources included gas turbines, IC engines, steam generators, storage tanks,
and process fugitives. From this analysis, a model applicable requirements table was developed for a sample
device type (storage tanks) that covered the entire population of storage tanks operated by the industry. The
U.S. EPA has tentatively approved this model permit approach, and work is ongoing to develop comprehensive
applicable requirements tables for each major category of sources operated by the oil and gas industry in the
San Joaquin Valley.

Title V Enhanced Monitoring Evaluation of Qil and Gas Production Sources. Lead engineer to identify
differences in proposed EPA Title V enhanced monitoring protocols and the current monitoring requirements
for o1l and gas production sources in the San Joaquin Valley. The device types evaluated included: steam
generators, stationary ICEs, gas turbines, fugitives, fixed roof storage tanks, and thermally enhanced oil
recovery (TEOR) well vents. Principal areas of difference included: more stringent Title V O&M requirements
for parameter monitors (such as temperature, fuel flow, and O,), and more extensive Title V recordkeeping
requirements.

RACT/BARCT/BACT EVALUATIONS
BACT Evaluation of Wool Fiberglass Insulation Production Line, Project manager and lead engineer for
BACT evaluation of a wool fiberglass insulation production facility. The BACT evaluation was performed as a
component of a PSD permit application. The BACT evaluation included a detailed analysis of the available
control options for forming, curing and cooling sections of the production line. Binder formulations, wet
clectrostatic precipitators, wet scrubbers, and thermal oxidizers were evaluated as potential PM,o and VOC
control options. Low NO, burner options and combustion control modifications were examined as potential
NO control techniques for the curing oven burners. Recommendations included use of a proprietary binder
formulation to achieve PM,;¢ and VOC BACT, and use of low-NO, burners in the curing ovens to achleve NO,
BACT. The PSD application is currently undergoing review by EPA Region 9.

RACT/BARCT Reverse Jet Scrubber/Fiberbed Mist Eliminator Retrofit Evaluation. Project manager and
lead engineer on project to address the inability of existing wet electrostatic precipitators (ESPs) and atomized
mist scrubbers to adequately remove low concentration submicron particulate from high volume recovery boiler
exhaust gas at the Alaska Pulp Corporation mill in Sitka, AK. The project involved thorough on-site
inspections of existing control equipment, detailed review of maintenance and performance records, and a
detailed ¢valuation of potential replacement technologies. These technologies included a wide variety of
scrubbing technologics where manufacturers claimed high removal efficiencies on sibmicron particulate in
high humidity exhaust gas. Packed tower scrubbers, venturi scrubbers, reverse jet scrubbers, fiberbed mist
eliminators and wet ESPs were evaluated. Final recommendations included replacement of atomized mist
scrubber with reverse jet scrubber and upgrading of the existing wet ESPs. The paper describing this project
was published in the May 1992 TAPPI Journal.

Aluminum Smelter RACT Evaluation - Prebake. Project manager and technical lead for CO and PM,¢
RACT evaluation for prebake facility. Retrofit control options for CO emissions from the anode bake furnace,
potline dry scrubbers and the potroom roof vents were evaluated. PM,o emissions from the coke kiln, potline
dry scrubbers, potroom roof vents, and miscellaneous potroom fugitive sources were addressed. Four CO
control technologies were identified as technologically feasible for potline CO emissions: potline current
eﬁf’nciency improvement through the addition of underhung busswork and antomated puncher/feeders, catalytic
incineration, recuperative incineration and regenerative incineration. Current efficiency improvement was
identified as probable CO RACT if onsite test program demonstrated the effectiveness of this approach. Five
PM;, control technologies were identified as technologically feasible: increased potline hooding efficiency
through redesign of shields, the addition of a dense-phase conveying system, increased potline air evacuation
rate, wet scrubbing of roof vent emissions, and fabric filter control of roof vent emissions. The cost of these
potential PM,;o RACT controls exceeded regulatory guidelines for cost effectiveness, though testing of modified
shield configurations and dense-phase conveying is being conducted under a separate regulatory complnance
order.
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RACT/BACT Testing/Evaluation of PM,, Mist Elintinators on Five-Stand Cold Mill. Project manager and
lead engineer for fiberbed mist eliminator and mesh pad mist eliminator comparative pilot test program on
mixed phase acrosol (PM;o)/gaseous hydrocarbon emissions from aluminum high speed cold rolling mill.
Utilized modified EPA Method 5 sampling train with portion of sample gas diverted (afier particulate filter) to
Ratfisch 55 VOC analyzer. This was done to permit simultaneous quantification of acrosol and gaseous
hydrocarbon emissions in the exhaust gas. The mesh pad mist eliminator demonstrated good control of PM,,
emissions, though test results indicated that the majority of captured PM,, evaporated in the mesh pad and was

emitted as VOC

Alumingm Remelt Furnace/Rolling Mill RACT Evaluations. Lead engineer for comprehensive CO and
PM,o RACT evaluation for the largest aluminum sheet and plate rolling mill in western U.S. Significant
sources of CO emissions from the facility included the remelt furnaces and the coater line. The potential CO
RACT options for the remelt furnaces included: enhanced maintenance practices, preheating combustion air,’
instatlation of fully automated combustion controls, arid energy efficicncy modifications. The coater ling was
equipped with an afterburner for VOC and CO destruction prior to the initiation of the RACT study. It was
determined that the afterbumer meets or exceeds RACT requirements for the coater line. Significant sources of
PM;, emissions included the remelt furnaces and the 80-inch hot rollmg mill. Chierine fluxing in the melting
and holdmg fumaces was identified as the principal source of PMj, emissions from the remelt furnaces. The
facility is in the process of minimizing/eliminating fluxing in the melting furnaces, and exhaust gases generated
in holding fumaces during fluxing will be ducted to a baghouse for PM,, control. These modifications are
being performed under a separate compliance order, and were determined to exceed RACT requirements, A
water-based emulsion coolant and inertial separators are currently in use on the 80-inch hot mill for PMw
control. Current practices were determined to meet/exceed PM,;o RACT for the hot mill. Tray tower
absorption/recovery systems were also evaluated to control PM,, emissions from the hot mill, though it was
determined that the technical/cost feasibility of using this approach on an emulsion-based coolant had not yet
been adequately demonstrated.

BARCT Low NO; Burner Conversion — Industrial Beilers. Lead enginecr for evaluation of low NO, bumer
options for natural gas-fired industrial boilers. Also evaluated methano! and propane as stand-by fuels to
replace existing diesel stand-by fuel system. Evaluated replacement of steam boilers with gas turbine co-
generation system.

BACT Packed Tower Scrubber/Mist Eliminator Performance Evaluations. Project manager and lead
engineer for Navy-wide plating shop air pollution control technology evaluation and emissions testing program,
Mist eliminators and packed tower scrubbers controlling metal plating processes, which included hard chrome,
nickel, coppet, cadmium and precious metals plating, were extensively tested at three Navy plating shops.
Chemical cleaning and stripping tanks, including hydrochloric acid, sulfuric acid, chromic acid and caustic,

" were also tested. The final product of this program was a military design specification for plating and chemical
cleaning shop air pollution control systems. The hydrochlonc acid mist samphng procedure developed durmg
this program received a protected patent.

BACT Packed Tower Scrubber/UV Oxidation System Pilot Test Program. Technical advisor for pilot test
program of packed tower scrubber/ultraviolet (UV) light VOC oxidation system controlling VOC emissions
from microchip manufacturing facility in Los Angeles. The testing was sponsored in part by the SCAQMD's
Innovative Technology Demonstration Program, to demonstrate this innovative control technology as BACT
for microchip manufacturing operations, The target compounds were acetone, methylethylketone (MEK) and
1,1, 1-trichloroethane, and compound concentrations ranged from 10-100 ppmv. The single stage packed tower
scrubber consistently achieved greater than 90% removal efficiency on the targét compounds. The residence
time required in the UV oxidation system for effective oxidation of the target compounds proved si gmﬁcantly
longer than the residence time predicted by the manufacturer.
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BACT Pilot Testing of Venturi Scrubber on Gas/fAerosol VOC Emission Source. Technical advisor for
project to evaluate venturi scrubber as BACT for mixed phase aerosol/gascous hydrocarbon cmissions from
deep fat fryer. Venturi scrubber demonstrated high removal efficiency on acrosol, low efficiency on VOC
emissions. A number of VOC tests indicated negative removal efficiency. This anomaly was traced to a high
hydrocarbon concentration in the scrubber water. ‘The pilot unit had been shipped directly to the Jobsﬂe from
another test location by the manufacturer without any cleaning or inspection of the pilot unit.

Pulp Mill Recovery Boiler BACT Evaluation. Lead engineer for BACT analysis for control of §O,, NO,,
CO, TNMHC, TRS and particulate emissions from the proposed addition of a new recovery furnace at a kraft
pulp mill in Washington. A "top down" approach was used to evaluate potential control tcchnolognes foreach
of the pollutants considered in the evaluation.

Air Pollution Control Equipment Design Specification Development. Lead engincer for the developmcnt of
detailed Navy design specifications for wet scrubbers and mist eliminators. Design specifications were based on
field performance evaluations conducted at the Long Beach Naval Shipyard, Norfolk Naval Sh:pyard and
Jacksonville Naval Air Station. This work was performed for the U.S. Navy to provide generic design
specifications to assist naval facahty engincering divisions with air pollution control equipment selection. Also
served as project engineer for the development of Navy design specifications for ESPs and fabric ﬁlters

CONTINUOUS EMISSION MONITOR (CEM) PROJECT EXPERIENCE _
Process Heater CO and NO, CEM Relative A ccuracy Testing, Project manager and lead engmeer for
process heater CO and NO, analyzer relative accuracy test program at petrochemical manufacturing facility.
Objective of test program was to demonstrate that performance of onsite CO and NO, CEMs was in compliance
with U.S. EPA "Boiler and Industrial Furnace” hazardous waste co-firing regulations. A TECO Model 48 CO
analyzer and a TECO Model 10 NO, analyzer were utilized during the test program to provide 1 ppm
measurement accuracy, and all test data was recorded by an automated data acquisition system, One of the two
process heater CEM systems tested failed the initial test duc to leaks in the gas conditioning system.
Troubleshooting was performed using O, analyzers, and the leaking component was identified and replaced.
This CEM system met all CEM relative accuracy requirements during the subsequent retest. . -

Performance Audit of NO, and SO, CEM:s at Coal-Fired Power Plant. Lead engineer on system audit and
challenge gas performance audit of NO, and SO, CEM:s at a coal-fired power plant in southern Nevada.
Dynamic and instrument calibration checks were performed on the CEMs. A detailed visual inspection of the
CEM system, from the gas sampling probes at the stack to the CEM sample gas outlet tubing in the CEM
trailer, was also conducted. The CEMs passed the dynamic and instrument calibration requirements spemﬁed
in EPA's Performance Specification Test - 2 (NO, and $0.) altemattve relative accuracy requirements. '

LATIN AMERICA ENVIRONMENTAL PROJECT EXPERIENCE
Preliminary Design of Ambient Air Quality Monitori ing Network ~— Lima, Peru. Pro_lect leader for project
to prepare specifications for a fourteen station ambient air quatity monitoring network for the municipality of
Lima, Peru. Network includes four complete gascous pollutant, particulate, and meteorological parameter
monitoring stations, as well as eight PMw and TSP monitoring stations.

Evaluation of Proposed Ambient Air Quahty Network Modermzatmn Project — Venezuela, Analyzed a
plan to modemize and expand the ambient air monitoring network in Venezuela. Project was performed for the
U.S. Trade and Development Agency. Direct interaction with policy makers at the Ministerio del Ambiente y
de los Recursos Naturales Renovables (MARNR) in Caracas was a major component of this project.

Evaluation of U.S.-Mexico Border Region Copper Smelter Compliance with Treaty Obligations — -
Mexico. Project manager and lead engineer to evaluate compliance of U.S. and Mexican border region copper
smelters with the SO, monitoring, recordkeeping and reporting requirements in Annex IV [Copper Smelters] of
the La Paz Environmental Treaty. Identificd potential problems with current ambient and stack monitoring
practices that could result in underestimating the impact of SO, emissions from some of these copper smelters.
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Identified additional source types, including hazardous waste incinerators and power plants, that should be
considered for inclusion in the La Paz Treaty process.

Development of Air Emission Limits for [CE Cogeneration Plangt - Panam4. Lead engineer assisting U.S.
cogeneration plant developer to permit an ICE cogeneration plant at a hotel/casino complex in Panama.
Recommended the vse of modified draft World Bank NO, and PM limits for ICE power plants. The
modification consisted of adding a thermal efficiency factor adjustment to the draft World Bank NO, and PM
limits. These proposed ICE emission limits are currently being reviewed by Panamanian environmental
authorities.

Mercury Emissions Inventory for Stationary Sources in Northern Mexico. Project manager and lead
engineer to estimate mercury emissions from stationary sources in Northern Mexico. Major potential sources
of mercury emissions include solid- and liquid-fueled power plants, cement kilns co-firing hazardous waste,
and non-ferrous metal smelters. Emission estimates were provided for approximately cighty of these sources
located in Northern Mexico. Coordinated efforts of two Mexican subcontractors, located in Mexico City and
Hermosillo, to obtain process thfoughput data for each source included in the inventory.

Translation of U.S. EPA Scrap Tire Combustion Emissions Estimation Document — Mexico. Evaluated
the Translated a U.S. EPA scrap tire combustion emissions estimation document from English to Spanish for
use by Latin American environmental professionals.

Environmental Audit of Aluminuom Production Facilities — Venrezuela. Evaluated the capabilities of
existing air, wastewater and solid/hazardous waste control systems used by the aluminum industry in eastern
Venezuela. This industry will be privatized in the near future. Estimated the cost to bring these control
systems into compliance with air, wastewater and solid/hazardous waste standards recently promulgated in
Venezuela. Also served as technical translator for team of U.S. environmental engineers involved in the due
diligence assessment.

Assessment of Environmental Improvement Projects — Chile and Peru. Evaluated potential air, water, soil
remediation and waste recycling projects in Lima, Peru and Santiago, Chile for feasibility study funding by the
U.S. Trade and Development Agency. Project required onsite interaction with in-country decisionmakers (in
Spanish). Projects recommended for feasibility study funding included: 1) an air quality technical support
project for the Santiago, Chile region, and 2) soil remediation/metals recovery projects at two copper
mine/smelter sites in Peru.

Air Pollution Control Training Course — Mexico. Conducted two-day Spanish language air quality training
course for environmental managers of assembly plants in Mexicali, Mexico. Spanish-language course manual
prepared by Powers Engineering. Practical laboratory included training in use of combustion gas analyzer,
flame ionization detector (FID), photoionization detector (PID), and occupational sampling.

Stationary Source Emissions Inventory — Mexico. Developed a comprehensive air emissions inventory for
stationary sources in Nogales, Sonora. This project requires frequent interaction with Mexican state and federal
environmental authorities. The principal Powers Engincering subcontractor on this project is a Mexican firm
located in Hermosillo, Sonora.

VOC Measurement Program — Mexico. Performed a comprehensive volatile organic compound (VOC)
measurements program at a health products fabrication plant in Mexicali, Mexico. An FID and PID were used
to quantify VOCs from five processes at the facility. Occupational eXpOSUICS were also measured. Worker
exposure levels were above allowable levels at several points in the main assembly area.
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RACT/BACT Testing/Evaluation of PMy, Mist Eliminators on Five-Stand Cold Mill. Project manager and
lead engineer for fiberbed mist climinator and mesh pad mist climinator comparative pilot test program on
mixed phase aerosol (PM,0)/gaseous hydrocarbon emissions from aluminum high speed cold rolling mill.
Utilized modified EPA Method 5 sampling train with portion of sample gas diverted (after particulate filter) to
Ratfisch 55 VOC analyzer. This was done to permit simultaneous quantification of aerosol and gaseous
hydrocarbon emissions in the exhaust gas. The mesh pad mist eliminator demonstrated good control of PM;,
emissions, though test results indicated that the majority of captured PM, evapomted in the mesh pad and was
emitted as VOC.

Aluminum Remelt Furnace/Rolling Mill RACT Evaluations. Lead engineer for comprehensive CO and
PM,o RACT evaluation for the largest aluminum sheet and plate rolling mill in western U.S. Significant
sources of CO emissions from the facility included the remelt furnaces and the coater line. The potential CO
RACT options for the remelt fumaces included: enhanced maintenance practices, preheating combustion air,
instatlation of fully automated combustion controls, and energy efficiency modifications. The coater line was
equipped with an afterburner for VOC and CO destructlon prior to the initiation of the RACT study. It was
determined that the afterbumer meets or exceeds RACT requirements for the coater line. Significant sources of
PM,, emissions included the remelt furnaces and the 80-inch hot roIlmg mill, Chlorine fluxing in the melting
and holding furnaces was identified as the principal source of PM,, emissions from the remelt furnaces, The
facﬂlty is in the process of minimizing/eliminating fluxing in the melting furnaces, and exhaust gases generated
in holding fumaces during fluxing will be ducted to a baghouse for PM;, control. These modifications are
being performed under a separate compliance order, and were determined to exceed RACT requirements. A
water-based - emulsion coolant and inertial separators are currently in use on the 80-inch hot mill for PMo
control. Current practices were determined to meet/exceed PM;o RACT for the hot mill. Tray tower
absorption/recovery systems were also evaluated to control PM,, emissions from the hot mill, though it was
determined that the technical/cost feasibility of using this approach on an emulsion-based coolant had not yet
been adequately demonstrated.

BARCT Low NO, Burner Conversion — Industrial Boilers. Lead engineer for evaluation of low NO, burmer
options for natural gas-fired industrial boilers. Also evaluated methanol and propane as stand-by fuels to
replace existing diesel stand-by fuel system. Evaluated replacement of steam boilers with gas turbine co-
generation system,

BACT Packed Tower Scrubber/Mist Eliminater Performance Evaluations. Project manager and lead
engineer for Navy-wide plating shop air pollution control technology evaluation and emissions testing program.
Mist eliminators and packed tower scrubbers controlling metal plating processes, which included hard chrome,
nickel, copper, cadmium and precious metals plating, were extensively tested at three Navy plating shops.
Chemical cleaning and stripping tanks, including hydrochloric acid, sulfuric acid, chromic acid and caustic,
were also tested. The final product of this program was a military design specification for plating and chemical
cleaning shop air pollution control systems. The hydrochlonc acid mist samplmg procedure developed durmg
this program received a protected patent.

BACT Packed Tower Scrubber/UV Oxidation System Pilot Test Program. Technical advisor for pilot test
program of packed tower scrubber/ultraviolet (UV) light VOC oxidation system controlling VOC emissions
from microchip manufacturing facility in Los Angeles. The testing was sponsored in part by the SCAQMD's
Innovative Technology Demonstration Program, to demonstrate this innovative control technology as BACT
for microchip manufacturing operations. The target compounds were acetone, methylethylketone (MEK) and
1,1, 1-trichlorocthane, and compound concentrations ranged from [0-100 ppmv. The single stage packed tower
scrubber consistently achieved greater than 90% removal efficiency on the targét compounds. The residence’
time required in the UV oxidation system for effective oxidation of the target compounds proved mgmﬂcantly
longer than the residence time predicted by the manufacturer.
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BACT Pilot Testing of Venturi Scrubber on Gas/Aerosol VOC Emission Source. Technical advisor for
project to evaluate venturi scrubber as BACT for mixed phase aerosol/gaseous hydrocarbon emissions from
deep fat fryer. Venturi scrubber demonstrated high removal efficiency on aerosol, low efficiency on VOC
emissions. A number of VOC tests indicated negative removal efficiency. This anomaly was traced to a high
hydrocarbon concentration in the scrubber water. The pilot unit had been shipped directly to the Jobsue from
another test location by the manufacturer without any cleaning or inspection of the pilot unit. :

Pulp Mill Recovery Boiler BACT Evaluation. Lead engineer for BACT analysis for control of SG;, NO,,
CO, TNMHC, TRS and particulate emissions from the proposed addition of a new recovery fumace at a kraft
pulp mill in Washington. A "top down" approach was used to evaluate potential control technologles for each
of the pollutants considered in the evaluation.

Air Pollution Control Equipment Design Specnﬁcatlon Development Lead engineer for the development of
detailed Navy design specifications for wet scrubbers and mist eliminators. Design specifications were based on
field performance evaluations conducted at the Long Beach Naval Shipyard, Norfolk Naval Shlpyard and
Jacksonville Naval Air Station. This work was performed for the U.S. Navy to prov:dc generic design
specifications to assist naval faelhty engineering divisions with air pollution control equipment selection, Also
served as project engineer for the development of Navy design specifications for ESPs and fabric ﬁlters

CONTINUOQUS EMISSION MONITOR (CEM) PROJECT EXPERIENCE
Process Heater CO and NO, CEM Relative Accuracy Testing. Project manager and lead engineer for
process heater CO and NO, analyzer relative accuracy test program at petrochemical manufacturmg facﬂlty
Objective of test program was to demonstrate that performance of onsite CO and NO, CEMs was in compliance
with U.S. EPA "Boiler and Industrial Furnace" hazardous waste co-firing regulations. A TECO Model 48 CO
analyzer and a TECO Mode!l 10 NO, analyzer were utilized durmg the test program to provide +1 ppm
measurement accuracy, and all test data was recorded by an automated data acquisition system, One of the two
process heater CEM systems tested failed the initial test due to leaks in the gas conditioning system.
Troubleshooting was performed using O, analyzers, and the leaking component was identified and replaced.
This CEM system met all CEM relative accuracy requirements during the subsequent retest. :

Performance Audit of NO, and SO, CEMs at Coal-Fired Power Plant. Lecad engineer on system audit and
challenge gas performance audit of NO, and SO, CEMs at a coal-fired power plant in southem Nevada.
Dynamic and instrument calibration checks were performed on the CEMs. A detailed visual inspection of the
CEM system, from the gas sampling probes at the stack to the CEM sample gas outlet tubing in the CEM
trailer, was also conducted. The CEMs passed the dynamic and instrument calibration requirements specnﬁed

in EPA's Performance Spcmﬁcatlon Test - 2 (NO, and SO,) alternative relative accuracy reqmrements

LATIN AMERICA ENVIRONMENTAL PROJECT EXPERIENCE
Preliminary Design of Ambient Air Quality Momtormg Network — Lima, Peru. Prolect leader for project
to prepare specifications for a fourteen station ambient air quality monitoring network for the municipahity of
Lima, Peru. Network includes four complete gaseous pollutant, particulate, and meteorological parameter
monitoring stations, as well as eight PM,O and TSP momtormg stations.

Evaluation of Proposed Ambient Air Quahty Netwmk Modermzatmn Project — Venezuela, Analyzed a
plan to modernize and expand the ambient air monitoring network in Venezuela, Project was perfonmed for the
U.S. Trade and Development Agency. Direct interaction with policy makers at the Ministerio del Ambiente y
de los Recursos Naturales Renovables (MARNR) in Caracas was a major component of this project.

Evaluation of U.S.-Mexico Border Region Copper Smelter Compliance with Treaty Obligations — . .
Mexico. Project manager and lead engineer to evaluate compliance of U.S. and Mexican border region copper
smelters with the SO, monitoring, recordkeeping and reporting requirements in Annex IV [Copper Smelters] of
the La Paz Environmental Treaty. Identified potential problems with current ambient and stack monitoring
practices that could result in underestimating the impact of SO, emissions from some of these copper smelters.
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Bill Powers, “San Diego Smart Energy 2020 — The 21* Century Alternative,” San Dicgo, October 2007.

Bill Powers, “Energy, the Environment, and the California — Baja California Border Region,” Electricity
Journal, Vol. 18, Issuc 6, July 2005, pp. 77-84.

W.E. Powers, "Peak and Annual Average Energy Iifficiency Penalty of Optimized Air-Cooled Condenser on
515 MW Fossil Fuel-Fired Utility Boiler," presented at California Energy Commission/Electric Power
Research Institute Advanced Cooling Technologies Symposium, Sacramento, Califomnia, June 2005,

W.E. Powers, R. Wydmum, P. Morris, "Design and Performance of Optimized Air-Cooled Condenser at
Crockett Cogeneration Plant,"” presented at EPA Symposivin on Technologies for Protecting Aquatic
Organisms from Cooling Water Intake Structures, Washington, DC, May 2003.

P. Pai, D. Niemi, W.E. Powers, “A North American Anthropogenic Inventory of Mercury Emissions,”
presented at Air & Waste Management Association Annual Conference in Salt Lake City, UT, June 2000.

P.J. Blau and W.E. Powers, “"Control of Hazardous Air Emissions from Secondary Aluminum Casting Furnace
Operations Through a Combination of. Upstream Pollution Prevention Measures, Process Modifications and
End-of-Pipe Confrols," presented at 1997 AWMA/EPA Emerging Solutions to VOC & Air Toxics Control
Conference, San Diego, CA, February 1997,

W.E. Powers, ct. al., "Hazardous Air Pollutant Emission Invenfory for Stationary Sources in Nogales, Sonora,
Mexico ," presented at 1995 AWMA/EPA Emissions Inventory Specialty Conference, RTP, NC, October 1995.

W.E. Powers, "Develop of a Parametric Emissions Monitoring System fo Predict NO, Emissions from
Industrial Gas Turbines,” presented at 1995 AWMA Golden West Chapter Air Pollution Control Specialty
Conference, Ventura, California, March 1995,

W. E. Powers, ct. al., "Refrofit Control Options for Particulate Emissions from Magnesium Sulfite Recovery
Boilers,"” presented at 1992 TAPPI Envr. Conference, April 1992. Published in TAPPI Journal, July 1992.

S. 8. Parmar, M. Short, W. E. Powers, "Defermination of Total Gaseous Hydrocarbon Emissions from an
Aluminum Rolling Mill Using Methods 25, 254, and an Oxidation Technique, " presented at U.S. EPA
Measurement of Toxic and Related Air Pollutants Conference, May 1992,

N. Mecks, W. E. Powers, “dir Toxics Emissions from Gas-Fired Internal Combustion Engines,” presented at
AIChE Summer Meeting, August 1990.

W. E. Powers, "dir Pollution Control of Plating Shop Processes," presented at 7th AES/EPA Conference on
Pollution Control in the Electroplating Industry, January 1986. Published in Plating and Surface Finishing
magazine, July 1986.

H. M. Davenport, W. E. Powers, "Affect of Low Cost Modifications on the Performance of an Undersized
Electrostatic Precipitator,” presented at 79th Air Pollution Control Association Conference, June 1986.

AWARDS
Engineer of the Year, 1991 — ENSR Consulting and Engincering, Camarillo
Engineer of the Year, 1986 — Naval Energy and Environmental Support Activity, Port Hueneme
Productivity Excellence Award, 1985 - U, S. Department of Defense

PATENTS
Sedimentation Chamber for Sizing Acid Mist, Navy Case Number 70094
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Advice 4713-E -3- October 1, 2015

Protests

Anyone wishing to protest this filing may do so by letter sent via U.8. maii, facsimile or
E-mail, no later than October 21, which is 20 days after the date of this filing. Protests
must be submitted to:

CPUC Energy Division

ED Tariff Unit

505 Van Ness Avenue, 4" Floor
San Francisco, California 94102

Facsimile: (415) 703-2200
E-mail: EDTariffUnit@cpuc.ca.gov

Copies of protests also should be mailed to the attention of the Director, Energy
Division, Room 4004, at the address shown above.

The protest shall also be sent to PG&E either via E-mail or U.S. mail (and by facsimile,
if possible) at the address shown below on the same date it is mailed or delivered to the
Commission:

Erik Jacobson

Director, Regulatory Relations

cfo Megan Lawson

Pacific Gas and Electric Company
77 Beale Street, Mail Code B10C
P.0. Box 770000

San Francisco, California 94177

Facsimile: (415) 973-7226
E-mail: PGETariffs@pge.com

Any person (including individuals, groups, or organizations) may protest or respond to
an advice letter (General Order 96-B, Section 7.4). The protest shall contain the
following information: specification of the advice letter protested; grounds for the protest;
supporting factual information or legal argument; name, telephone number, postal
address, and (where appropriate) e-mail address of the protestant, and statement that
the protest was sent to the utility no later than the day on which the protest was
submitted to the reviewing Industry Division (General Order 96-B, Section 3.11).

Effective Date

PG&E requests that this Tier 1 advice filing become effective October 1, 2015, which is
the date of filing.
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Advice 4713-E -4- October 1, 2015

Notice

in accordance with General Order 96-B, Section 1V, a copy of this advice letter is being
sent electronically and via U.S. mail to parties shown on the attached list and the parties
on the service lists for R.07-05-025 and A.15-06-001. Address changes to the General
Order 96-B service list should be directed to PG&E at email address
PGETariffs@pge.com. For changes to any other service list, please contact the
Commission's Process Office at (415) 703-2021 or at Process_Office@cpuc.ca.gov.
Send ali electronic approvals to PGETariffs@pge.com. Advice letter filings can also be
accessed electronically at: http://www.pge.com/tariffs/.

S/
Erik Jacobson
Director, Regulatory Relations

Attachments

Public Attachments:

Appendix A: Department of Energy Renewable Data

Appendix B: Renewable Resources Online in 2015 and 2016 (Public)
Appendix C: Confidentiality Declaration and Matrix

Confidential Attachment:
Appendix B: Renewable Resources Online in 2015 and 2016

(003 Service List R.07-05-025
Service List A.15-06-001
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Appendix A

Department of Ene_rgy Renewable Data


































Missouri’s Advantages for
Wind Enerqgy

o

HEQOMH
™

we get business.

=

Currents. It’s how:we describe the flow of air moving aroundius:.and'the flow ofelec
tricity powering our homes and businesses: [n:Missouri, we'reworking to blur the'line
between the two'by making our wind'resources abig part of ourenergy picture.

Locatedion the easterh edge of the U.S. wind corridor, Missouri contributesito the
MidWwest’s significant wind resources: An advancedisupply chain; a highly-ranked trans-
portation network; and'a/business-friendly'environment further the state’s ability to
compete forwind energy projects:

With each new.turbine thats built, withieach new component that rolls off the'line,
Missouriiis puttingiinto'motion'thatwhich is‘alreadyistirring initheain
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Midwest ISO Project G578

1 Executive Summary

1.1 Steady State Analysis

The Steady State Analysis identified one injection related constraint. The
Thomas Hill - Moberly Tap 161 kV line is overloaded for multiple contingencies.
This constraint must be mitigated prior to interconnection; a solution is provided
by AECI at an estimated cost of $10.9M.

1.2 Transient Stability Analysis

The Transient Stability Analysis identified no constraints. However, the current
Low Voltage Ride Through (LVRT) capability of the turbines is insufficient to stay
online during various faults.

1.3 Short Circuit Analysis
The Short Circuit Analysis identified no constraints.

1.4 Local Planning Criteria Analysis
The Ameren Local Planning Criteria identified no constraints.

1.5 Deliverability Analysis

The Deliverability Analysis found the G578 study generator to be 0 (zero) MW
deliverable. This constraint occurs when monitoring Thomas Hill - Moberly Tap
161 kV for the loss of Thomas Hill - McCredie 345 kV. To fix this constraint and
make G578 fully deliverable, a solution is provided by AECI at an estimated cost
of $10.9M.

1.6 Study Assumptions

The results of this study are subject to change depending on the assumptions
made in the study and status or outcome of higher queued generation
interconnection requests which were included in the study. If these assumptions
change, or if higher queued projects drop out of the queue, additional analysis
may be required to determine if there are impacts on the study results.
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Midwest ISO Project G578

2 Introduction

This report contains the System Impact Study (S1S) results for the Midwest ISO
(MISO) Generation Interconnection Project G578 (Queue # 38706-01). Project
G578 proposes the addition of 300 MW of wind generation to connect to the
Adair Substation, in Adair County, Missouri, at 161 kV. The Adair Substation is
owned by Ameren (AMRN) and located within the Associated Electric
Cooperative Inc. (AECI) Control Area. The requested in-service date is October
1, 2007. The generation will be built in the southwest corner of Adair County,
with a ten mile line going east to the Adair Substation, as shown in Figure 2.1 on
the following page.

AMRN owns the 69 kV and 161 kV facilities at the Adair Substation as well as the
161 kV lines from Adair to Appanoose and from Adair to Thomas Hill. AECI
owns the 161 kV line from Adair to Novelty. The 161 kV facilities at Adair and the
lines to Novelty and Thomas Hill are located in the AECI Control Area. The line
to Appanoose is located in the Alliant (ALTW) Control Area, while the 69 kV
facilities at Adair are located in the AMRN Control Area.

The purpose of the study is to evaluate the impacts of the interconnection of the
study generator when operating at 100% of their requested output on the
transmission system. The generator is required to mitigate all injection, stability,
and short circuit constraints for the Energy Resource Interconnection Service
(ERIS). ERIS allows the generator to deliver its output using existing firm or non-
firm capacity of the transmission system on an as-available basis. Additionally,
all constraints identified in the Local Planning Criteria and Deliverability Analyses
need to be mitigated for the Network Resource Interconnection Service (NRIS).

An Ad Hoc Study Group was formed from the representatives of the affected
Transmission Owners and Transmission Providers in the area: AECI, ALTW,
AMRN, and MEC. The group reviewed and approved the models, assumptions,
and results.







I =11

In 2005, TradeWind began deveIopmg the Shuteye Creek Wind Project located in parts of -
Sullivan, Adair, and Putnam counties wn‘h the axpectanon of an emerging Missouri wind -
energy market. At that time we were very optimistic abont the ﬁn‘ure for wind power in
Missouri based on the fact that the northern part of the state in particular has a robust wind
resource that is comparable to surrounding states that are actively and successfully developing
wind energy.

TradeWind has invested millions of dollars to lease and develop the Shuteye project area,
including funding transmission interconnection studies, collecting wind data, conducting
environmental studies, and developing engineering plans. Unfortunately it has become . - -
increasingly evident that the wind energy market in Missouri will simply not develop in the
Joreseeable future given the lack of interest in wind energy in the state. Base on this
TradeWind has made the difficult decision to .signiﬁcrmt{y reduce its presence in the state of
Missouri and to more heavily focus its resources in other states where there is a clear
commitment to development of this great energy resource.

The communities associated with the Shuteye project have been extremely helpful and
supportive along the way over the last 7 years, and for that we are very grateful, Really it is for
them that we are most disappomted as this project would have represented a rare opportunity
JSor significant economic development in the area of clean energy technology for these
commnuinities.

Since 2008, Tradewind Energy has constructed over 800 megawatts of wind energy in
Midwestern statesi?|.enough to power 250,000 homes. These projects have represented
approximately $1.3 billion in capital investment. To these states these projects have brought
econoniic development, jobs, and a component of energy technology diversification and energy
security, conservation of natural resources, and protection against price volatility associated
with burning fossil fuels to generate electricity.

It is our sincere hope that eventually we will see the state of Missouri enjoy the same benefits
that surrounding states are seeing with development of wind energy.

Sincerely,
Rob Freeman, CEO

TradeWind Energy, LLC






