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g/hp-hr......coconiinen grams per horsepower hour
hr/day.....ccocvoinenennn hours per day
hr/yr e hours per year
AP e horsepower
Ib/hr o pounds per hour
Ib/MMBHtu..........ccc.u..... pounds per million British thermal units
Ib/1000 gal..................... pounds per 1,000 gallons
KW e, kilowatts
MMBtu/hr..........coo.e...... million British thermal units per hour
J\Y 01Y E163 74 ) million standard cubic feet per hour
02011 parts per million by volume
IPY ceeviiiiiiiiiiiiiiiii tons per year

Pollutants
CO o Carbon Monoxide
HAP ..o Hazardous Air Pollutant
(O Oxides of Nitrogen
SOz v, Sulfur Dioxide
PM-2.5 i Particulate Matter with an aerodynamic diameter not exceeding 2.5 microns
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1. INTRODUCTION

The North Pole Power Plant (North Pole) is an electric generating facility that combusts distillate
fuel in combustion turbines to provide power to the Golden Valley Electric Association (GVEA)
grid. The power plant contains two fuel oil-fired simple cycle gas combustion turbines, two fuel
oil-fired combined cycle gas combustion turbines, one fuel oil-fired emergency generator, and
two propane fired boilers.

In a letter dated April 24, 2015, the Alaska Department of Environmental Conservation
(Department) requested the stationary sources expected to be major stationary sources in the
particulate matter with an aerodynamic diameter less than or equal to a nominal 2.5 micrometers
(PM-2.5) serious nonattainment area perform a voluntary Best Available Control Technology
(BACT) review in support of the state agency’s required SIP submittal once the nonattainment
area is re-classified as a Serious PM-2.5 nonattainment area. The designation of the area as
“Serious” with regard to nonattainment of the 2006 24-hour PM-2.5 ambient air quality
standards was published in Federal Register Vol. 82, No. 89, May 10, 2017, pages 21703-21706,
with an effective date of June 9, 2017. !

This report addresses the significant emission units (EUs) listed in the North Pole Power Plant’s
operating permit AQO110TVPO03. This report provides the Department’s review of the BACT
analysis for oxides of nitrogen (NOx) and sulfur dioxide (SO;) emissions, which are precursor
pollutants that can form PM-2.5 in the atmosphere post combustion.

The following sections review GVEA’s BACT analysis provided for the North Pole Power Plant
for technical accuracy and adherence to accepted engineering cost estimation practices.

2. BACT EVALUATION

A BACT analysis is an evaluation of all available control options for equipment emitting the
triggered pollutants and a process for selecting the best option based on feasibility, economics,
energy, and other impacts. 40 CFR 52.21(b)(12) defines BACT as a site-specific determination
on a case-by-case basis. The Department’s goal is to: identify BACT for the permanent emission
units (EUs) at the GVEA North Pole Power Plant that emit NOx, PM-2.5, and SO,, establish
emission limits which represent BACT, and assess the level of monitoring, recordkeeping, and
reporting (MR&R) necessary to ensure GVEA applies BACT for the EUs. The Department
based the BACT review on the five-step top-down approach set forth in Federal Register Volume
61, Number 142, July 23, 1996 (Environmental Protection Agency). Table A presents the EUs
subject to BACT review.

! Federal Register, Vol. 82, No. 89, Wednesday May 10, 2017
(https://dec.alaska.gov/air/anpms/comm/docs/2017-09391-CFR.pdf )
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Table A: Emission Units Subject to BACT Review

EU | EU Name Description of EU Rating/Size InStSL:::'on
1 GT1 GE Frame 7, Series 7001, Fuel Oil-Fired Model BR 672 MMBtu/hr 1976
Regenerative Simple Cycle Gas Turbine (60.5 MW)
) GT#2 GE Frame 7, Series 7001, Fuel Oil-Fired Model BR 672 MMBtu/hr 1977
Regenerative Simple Cycle Gas Turbine (60.5 MW)
455 MMBtu/hr

GE LM6000PC Combined Cycle Gas Turbine, Fuel (Higher Heating Value)
5 GT#3 0-GT (naphtha/LSR fuel) Fired (with water injection 2005
for NOx control and CO oxidation catalyst) 43 MW

(nominal)
i . 455 MMBtu/hr
GE LM6000PC Combined Cycle Gas Turbine, Fuel (Higher Heating Value)
6 GT#4 0-GT (naphtha/LSR fuel) Fired (with water injection Est. 2015
for NOx control and CO oxidation catalyst) (43 MWI)

nomina

7 | Emergency IC Engine, Fuel-Oil Fired 400 kW 2005
Generator

11 Pro;gt;lﬁ—elilred Bryan Steam RV500 Heater, Gas Fuel-Fired 5.0 MMBtu/hr 2005
12 Propane-Fired Bryan Steam RV500 Heater, Gas Fuel-Fired 5.0 MMBtu/hr 2005

Boiler

GVEA did not include BACT analyses for EUs 3 and 4. These emission units are fuel storage
tanks and do not have NOx, PM-2.5, or SO, emissions.

Five-Step BACT Determinations
The following sections explain the steps used to determine BACT for NOx, PM-2.5, and SO; for
the applicable equipment.

Step 1 Identify All Potentially Available Control Technologies

The Department identifies all available control technologies for the EUs and the pollutant under
consideration. This includes technologies used throughout the world or emission reductions
through the application of available control techniques, changes in process design, and/or
operational limitations. To assist in identifying available controls, the Department reviews
available controls listed on the Reasonably Available Control Technology (RACT), BACT, and
Lowest Achievable Emission Rate (LAER) Clearinghouse (RBLC). The RBLC is an EPA
database where permitting agencies nationwide post imposed BACT for PSD sources. It is
usually the first stop for BACT research. In addition to the RBLC search, the Department used
several search engines to look for emerging and tried technologies used to control NOx, PM-2.5,
and SO» emissions from equipment similar to those listed in Table A.

Step 2 Eliminate Technically Infeasible Control Technologies
The Department evaluates the technical feasibility of each control option based on source
specific factors in relation to each EU subject to BACT. Based on sound documentation and
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demonstration, the Department eliminates control technologies deemed technically infeasible due
to physical, chemical, and engineering difficulties.

Step 3 Rank the Remaining Control Technologies by Control Effectiveness
The Department ranks the remaining control technologies in order of control effectiveness with
the most effective at the top.

Step 4 Evaluate the Most Effective Controls and Document the Results as Necessary

The Department reviews the detailed information in the BACT analysis about the control
efficiency, emission rate, emission reduction, cost, environmental, and energy impacts for each
option to decide the final level of control. The analysis must present an objective evaluation of
both the beneficial and adverse energy, environmental, and economic impacts. A proposal to use
the most effective option does not need to provide the detailed information for the less effective
options. If cost is not an issue, a cost analysis is not required. Cost effectiveness for a control
option is defined as the total net annualized cost of control divided by the tons of pollutant
removed per year. Annualized cost includes annualized equipment purchase, erection, electrical,
piping, insulation, painting, site preparation, buildings, supervision, transportation, operation,
maintenance, replacement parts, overhead, raw materials, utilities, engineering, start-up costs,
financing costs, and other contingencies related to the control option. Sections 3, 4, and 5 present
the Department’s BACT Determinations for NOx, PM-2.5, and SOx.

Step5 Select BACT

The Department selects the most effective control option not eliminated in Step 4 as BACT for
the pollutant and EU under review. The Department lists the final BACT requirements
determined for each EU in this step. A project may achieve emission reductions through the
application of available technologies, changes in process design, and/or operational limitations.
The Department reviewed GVEA’s BACT analysis and made BACT determinations for NOx,
PM-2.5, and SO; for the North Pole Power Plant. These BACT determinations are based on the
information submitted by GVEA in their analysis, information from vendors, suppliers, sub-
contractors, RBLC, and an exhaustive internet search.

3. BACT DETERMINATION FOR NOx

The NOx controls proposed in this section are not planned to be implemented. The optional
precursor demonstration (as allowed under 40 C.F.R. 51.1006) for the precursor gas NOx for
point sources illustrates that NOx controls are not needed. DEC is planning to submit with the
Serious SIP a final precursor demonstration as justification not to require NOx controls. Please
see the precursor demonstration for NOx posted at
http://dec.alaska.gov/air/anpms/communities/fbks-pm2-5-serious-sip-development. The PM2.5
NAAQS Final SIP Requirements Rule states if the state determines through a precursor
demonstration that controls for a precursor gas are not needed for attaining the standard, then
the controls identified as BACT/BACM or Most Stringent Measure for the precursor gas are
not required to be implemented.? Final approval of the precursor demonstration is at the time
of the Serious SIP approval.

2 https://www.gpo.gov/fdsys/pkg/FR-2016-08-24/pdf/2016-18768.pdf
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The North Pole Power Plant has two existing 672 MMBtu/hr GE Frame 7, Series 7001 turbines
that burn fuel oil, two 455 MMBtu/hr GE LM6000PC gas turbines, one emergency diesel-fired
internal combustion engine, and two Bryan Steam RV500 propane heaters subject to BACT. The
Department reviewed the control technologies GVEA identified in their analysis and determined
NOx BACT for the EUs listed in Table A. The Department based its NOx assessment on BACT
determinations found in the RBLC, internet research, and BACT analyses submitted to the
Department by Golden Valley Electric Association (GVEA) for the North Pole Power Plant and
Zehnder Facility, Aurora Energy, LLC (Aurora) for the Chena Power Plant, U.S. Army Corps of
Engineers (US Army) for Fort Wainwright, and the University of Alaska Fairbanks (UAF) for
the Fairbanks Campus Power Plant.

3.1 NOx BACT for the Fuel Oil-Fired Simple Cycle Gas Turbines (EUs 1 and 2)

Possible NOx emission control technologies for the fuel oil-fired simple cycle turbine were

obtained from the RBLC. The RBLC was searched for all determinations in the last 10 years
under the process code 15.110 for Liquid Fuel-Fired Simple Cycle Gas Turbines (rated at 25
MW or more). The search results for simple cycle gas turbines are summarized in Table 3-1.

Table 3-1. RBLC Summary of NOx Controls for Fuel Oil-Fired Simple Cycle Gas Turbines

Control Technology Number of Determinations Emission Limits (ppmv)
Selective Catalytic Reduction 2 7
Low NOx Burners 12 5-15
Good Combustion Practices 3 15
RBLC Review

A review of similar units in the RBLC indicates selective catalytic reduction, low NOx burners,
and good combustion practices are the principle NOx control technologies installed on fuel oil-
fired simple cycle gas turbines. The lowest NOx emission rate listed in the RLBC is 5 parts per
million by volume (ppmv).

Step 1 - Identification of NOx Technology for the Simple Cycle Gas Turbines
From Research, the Department identified the following technologies as available for control of
NOx emissions from fuel oil-fired simple cycle turbines rated at 25 MW or more:

(a) Selective Catalytic Reduction (SCR)
SCR is a post-combustion gas treatment technique for reducing nitric oxide (NO) and
nitrogen dioxide (NO>) in the turbine exhaust stream to molecular nitrogen (N7), water,
and oxygen (O). In the SCR process, aqueous or anhydrous ammonia (NH3) is injected
into the flue gas upstream of a catalyst bed. The catalyst lowers the activation energy of
the NOx decomposition reaction. NOx and NH3 combine at the catalyst surface forming
an ammonium salt intermediate, which subsequently decomposes to produce elemental
N> and water. Depending on the overall NH3-to-NOx ratio, removal efficiencies are
generally 80 to 90 percent. Challenges associated with using SCR on fuel oil-fired simple
cycle gas turbines include a narrow window of acceptable inlet and exhaust temperatures
(500°F to 800°F), emission of NH3 into the atmosphere (NH3 slip) caused by non-
stoichiometric reduction reaction, and disposal of depleted catalysts. The Department
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considers SCR a technically feasible control technology for the fuel oil-fired simple cycle
gas turbines.

(b) Water Injection
Water/steam injection involves the introduction of water or steam into the combustion
zone. The injected fluid provides a heat sink which absorbs some of the heat of reaction,
causing a lower flame temperature. The lower flame temperature results in lower thermal
NOx formation. Both steam and water injections are capable of obtaining the same level
of control. The process requires approximately 0.8 to 1.0 pound of water or steam per
pound of fuel burned. The main technical consideration is the required purity of the water
or steam, which is required to protect the equipment from dissolved solids. Obtaining
water or steam of sufficient purity requires the installation of rigorous water treatment
and deionization systems. Water/steam injection is a proven technology for NOx
emissions reduction from turbines. However, the arctic environment presents significant
challenges to water/steam injection due to cost of water treatment, freezing potential due
to extreme cold ambient temperatures, and increased maintenance problems due to
accelerated wear in the hot sections of the turbines. Moreover, the vendor of the turbines
does not recommend using water/steam injection to control NOx emissions from the
turbines because of the extra maintenance problems. The Department considers
water/steam injection a technically feasible control technology for the fuel-oil simple
cycle gas turbines.

(c) Dry Low NOx (DLN)
Two-stage lean/lean combustors are essentially fuel-staged, premixed combustors in
which each stage burns lean. The two-stage lean/lean combustor allows the turbine to
operate with an extremely lean mixture while ensuring a stable flame. A small
stoichiometric pilot flame ignites the premixed gas and provides flame stability. The NOx
emissions associated with the high temperature pilot flame are insignificant. Low NOx
emission levels are achieved by this combustor design through cooler flame temperatures
associated with lean combustion and avoidance of localized "hot spots" by premixing the
fuel and air. DLN is designed for natural gas-fired or dual-fuel fired units and is not
effective in controlling NOx emissions from fuel oil-fired units. The Department does not
consider DLN a technically feasible control technology for the fuel oil-fired simple cycle
gas turbines.

(d) Limited Operation

Limiting the operation of emission units reduces the potential to emit for those units. EU
1 currently operates under a combined owner requested limit (ORL) with EUs 5 and 6 to
restrict the combined NOx emissions from these three units to no more than 1,600 tons
per 12 month rolling period. EU 2 also operated under an ORL to restrict operation to no
more than 7,992 hours per 12 month rolling period. The Department considers limited
operation a technically feasible control technology for the fuel oil-fired simple cycle gas
turbines.
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(e) Good Combustion Practices (GCPs)
GCPs typically include the following elements:

1. Sufficient residence time to complete combustion;

2 Providing and maintaining proper air/fuel ratio;

3.  High temperatures and low oxygen levels in the primary combustion zone;

4. High enough overall excess oxygen levels to complete combustion and maximize
thermal efficiency.

Combustion efficiency is dependent on the gas residence time, the combustion
temperature, and the amount of mixing in the combustion zone. GCPs are accomplished
primarily through combustion chamber design as it relates to residence time, combustion
temperature, air-to-fuel mixing, and excess oxygen levels. The Department considers
GCPs a technically feasible control technology for the fuel oil-fired simple cycle gas
turbines.

Step 2 - Eliminate Technically Infeasible NOx Control Technologies for Gas Turbines

As explained in Step 1 of Section 3.1, the Department does not consider dry low NOx as
technically feasible technology to control NOx emissions from the fuel oil-fired simple cycle gas
turbines.

Step 3 - Rank the Remaining NOx Control Technologies for the Simple Cycle Gas Turbines
The following control technologies have been identified and ranked for control of NOx
emissions from the fuel oil-fired simple cycle turbines:

(a+b) Selective Catalytic Reduction & Water Injection (95% Control)

(a) Selective Catalytic Reduction (90% Control)

(b) Water Injection (70% Control)

(2) Good Combustion Practices (Less than 40% Control)
(d) Limited Operation (0% Control)

Control technologies already in practice at the stationary source or included in the design of the
EU are considered 0% control for the purpose of the SIP BACT for existing stationary sources.

Step 4 - Evaluate the Most Effective Controls
GVEA BACT Proposal

GVEA provided an economic analysis of the control technologies available for the fuel oil-fired
simple cycle turbines to demonstrate that the use of water injection with SCR, SCR, or water
injection in conjunction with limited operation is not economically feasible on these units. A
summary of the analysis for EU 1 is shown in Table 3-2, and the summary of the analysis for
EU 2 is shown in Table 3-3:
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Table 3-2. GVEA Economic Analysis for Technically Feasible NOx Controls (EU 1)

Potential to | Emission | Total Capital | Total Annualized Cost
Control Alternative Emit Reduction | Investment Costs Effectiveness
(tpy) (tpy) ®) ($/year) ($/ton)
SCR and Water Injection 1,600 1,440 $31,262,640 $9,214,910 $6,872
SCR 1,600 1,630 $26,213,360 $5,569,212 $4,597
Water Injection 1,600 1,168 $4,600,000 $3,610,916 $4,009
Capital Recovery Factor = 0.1424 (7% interest rate for a 10 year equipment life)

Table 3-3. GVEA Economic Analysis for Technically Feasible NOx Controls (EU 2)

Potential to | Emission | Total Capital | Total Annualized Cost
Control Alternative Emit Reduction | Investment Costs Effectiveness
(tpy) (tpy) ©®) ($lyear) ($/ton)
SCR and Water Injection 2,363 2,127 $31,262,640 $3,249,764 $4,221
SCR 2,363 2,009 $26,213,360 $825,940 $2,791
Water Injection 2,363 1,725 $4,600,000 $2,503,774 $1,952
Capital Recovery Factor = 0.1424 (7% interest rate for a 10 year equipment life)

GVEA contends that the economic analysis indicates the level of NOx reduction does not justify
the use of SCR, water injection, or SCR and water injection for the fuel oil-fired simple cycle gas
turbines based on the excessive cost per ton of NOx removed per year.

GVEA proposes the following as BACT for NOx emissions from the fuel oil-fired simple cycle gas
turbines:

(a) NOx emissions from the operation of the fuel oil-fired simple cycle gas turbines will be
controlled with good combustion practices; and

(b) NOx emissions from the fuel oil-fired simple cycle gas turbines will not exceed 0.88
Ib/MMBtu over a 4-hour averaging period.

Department Evaluation of BACT for NOx Emissions from the Simple Cycle Gas Turbines
The Department revised the emissions tables to reflect the limited operation as the baseline for
emissions reduction for the control devices. Additionally, the Department revised the NOx
removal efficiency to 95%, 90%, and 70% for SCR with water injection, SCR, and water
injection respectively, the interest rate was revised to 5.5% (current bank prime interest rate), the
equipment life was revised to 20 years. The PTE for EU 2 was revised based on the most recent
source test data which showed a NOx emission rate of 1.39 Ib/MMBtu, as opposed to the AP-42
emission factor of 0.88 Ib/MMBtu. A summary of the analyses is shown below:
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Table 3-4. Department Economic Analysis for Technically Feasible NOx Controls (EU 1)

Potential to Emission | Total Capital | Total Annualized Cost
Control Alternative Emit Reduction Investment Costs Effectiveness
(tpy) (tpy) (%) ($/year) ($/ton)
SCR and Water Injection 1,600 1,520 $31,262,640 $7,388,635 $4,861
SCR 1,600 1,440 $26,213,360 $4,050,059 $2,813
Water Injection 1,600 1,120 $4,600,000 $3,340,904 $2,983

Capital Recovery Factor = 0.0944 (7% interest rate for a 20 year equipment life)

Table 3-5. Department Economic Analysis for Technically Feasible NOx Controls (EU 2)

Potential to | Emission | Total Capital | Total Annualized Cost
Control Alternative Emit Reduction Investment Costs Effectiveness
(tpy) (tpy) (%) ($/year) ($/ton)
SCR and Water 3,733 3,546 | $31,262,640 $7,150,274 $2,016
Injection
SCR 3,733 3,360 $26,213,360 $4,140,269 $1,232
Water Injection 3,733 2,613 $4,600,000 $3,097,881 $1,186

Capital Recovery Factor = 0.0944 (7% interest rate for a 20 year equipment life)

The Department’s economic analysis indicates the level of NOx reduction justifies the use of
SCR and water injection as BACT for the fuel oil-fired simple cycle gas combustion turbines

located in the Serious PM-2.5 nonattainment area.

Step 5 - Selection of NOx BACT for the Simple Cycle Gas Turbines

The Department’s finding is that BACT for NOx emissions from the simple cycle gas-fired
combustion turbines is as follows:

(a) NOx emissions from EUs 1 and 2 shall be controlled by operating and maintaining
selective catalytic reduction and water injection at all times the units are in operation;

(b) NOx emissions from EU 1 shall not exceed 0.044 Ib/MMBtu averaged over a 3-hour

period,

(c) NOx emissions from EU 2 shall not exceed 0.070 Ib/MMBtu averaged over a 3-hour

period; and

(d) Maintain good combustion practices by following the manufacturer’s operating and
maintenance procedures at all times of operation.

Table 3-6 lists the proposed NOx BACT determination for this facility along with those for other
fuel oil-fired simple cycle gas turbines located in the Serious PM-2.5 nonattainment area.
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Table 3-6. Comparison of NOx BACT for Simple-Cycle Gas Turbines at Nearby Power Plants

Facility Process Description Capacity Limitation Control Method
2 Simple Cycle Combustion 0.044—0.070 |Selective Catalytic Reduction
North Pole Gas Turbines 1,344 MMBtu/hr Ib/MMBiu Water Injection
2 Simple Cycle Combustion Selective Catalytic Reduction
Zehnder . 536 MMBtu/hr | 0.044 Ib/MMBtu o
Gas Turbines Water Injection

3.2 NOx BACT for the Fuel Oil-Fired Combined Cycle Gas Turbines (EUs 5 and 6)

Possible NOx emission control technologies for fuel oil-fired combined cycle gas turbines were
obtained from the RBLC. The RBLC was searched for all determinations in the last 10 years
under the process code 15.290, Combined Cycle Liquid Fuel-Fired Gas Turbines (rated at 25
MW or more). The search results for combined cycle gas turbines are summarized in Table 3-7.

Table 3-7. RBLC Summary of NOx Controls for Combined Cycle Gas Turbines

Control Technology Number of Determinations Emission Limits
Selective Catalytic Reduction 8 2-5 ppmv
Low NOx Burner 8 0.023 -0.14  (g/hp-hr)
Good Combustion Practices 1 0.01 (g/hp-hr)
No Control Specified 2 0.070-0.12  (g/hp-hr)

RBLC Review

A review of similar units in the RBLC indicates selective catalytic reduction, low-NOx burners,
and good combustion practices are the principle NOx control technologies installed on fuel oil-
fired combined cycle gas turbines. The lowest NOx emission rate listed in the RBLC is 0.01
g/hp-hr:

Step 1 - Identification of NOx Control Technology for the Combined Cycle Gas Turbines
From research, the Department identified the following technologies as available for control of
NOx emissions from fuel oil-fired combined cycle gas turbines rated at 25 MW or more:

(a) Selective Catalytic Reduction
The theory of SCR was discussed in detail in the NOx BACT for the fuel oil-fired simple
cycle turbines and will not be repeated here. The Department considers SCR a technically
feasible control technology for the fuel oil-fired combined cycle gas turbines.

(b) Water Injection
The theory of water injection was discussed in detail in the NOx BACT for the fuel oil-
fired simple cycle turbines and will not be repeated here. EU 5 currently operates with
water injection for NOx emissions controls and EU 6 will also utilize water injection for
NOx control when it is installed. The Department considers water injection a feasible
control technology for the fuel oil-fired combined cycle gas turbines.
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(c) Dry Low NOx
The theory of DLN was discussed in detail in the NOx BACT for the fuel oil-fired simple
cycle turbines and will not be repeated here. DLN is designed for natural gas-fired or
dual-fuel fired units and is not effective in controlling NOx emissions from fuel oil-fired
units. The Department does not consider DLN to be a technically feasible control
technology for the fuel oil-fired combined cycle gas turbines.

(d) Limited Operation
Limiting the operation of emission units reduces the potential to emit for those units. EUs
5 and 6 currently operate under a combined ORL with EU 1 to restrict the combined NOx
emissions from these three units to no more than 1,600 tons per 12 month rolling period.
The Department considers limited operation a technically feasible control technology for
the fuel oil-fired combined cycle gas turbines.

(f) Good Combustion Practices
The theory of GCPs was discussed in detail in the NOx BACT for the fuel oil-fired
simple cycle turbines and will not be repeated here. Proper management of the
combustion process will result in a reduction of NOx emissions. The Department
considers GCPs a technically feasible control technology for the fuel oil-fired combined
cycle gas turbines.

Step 2 - Eliminate Technically Infeasible NOx Controls for Combined Cycle Gas Turbines
As explained in Step 1 of Section 3.1, the Department does not consider DLN a technically
feasible technology to control NOx emissions from fuel oil-fired combined cycle gas turbines.

Step 3 - Rank the Remaining NOx Control Technologies for Combined Cycle Gas Turbines
The following control technologies have been identified and ranked for control of NOx from the
fuel oil-fired combined cycle gas turbines:

(a) Selective Catalytic Reduction (90% Control)

(2) Good Combustion Practices (Less than 40% Control)
(b) Water Injection (0% Control)

(d) Limited Operation (0% Control)

Control technologies already in practice at the stationary source or included in the design of the
EU are considered 0% control for the purpose of the SIP BACT for existing stationary sources.

Step 4 - Evaluate the Most Effective Controls
GVEA BACT Proposal

GVEA provided an economic analysis of the installation of SCR on the combined cycle gas
turbines to demonstrate that the use of SCR in conjunction with water injection and limited
operation is not economically feasible on these units. A summary of the analysis is shown below:
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Table 3-8. GVEA Economic Analysis for Technically Feasible NOx Controls

. . Emission Total Capital Total Annual Cost
Alct:grnr;[;'?ilve POtent('f : t)o Emit Reduction Investment Costs Effectiveness
Py (tpy) $ ($/year) ($/ton)
SCR 478.8 (per unit) 303 (per unit) $8,860,032 $2,204,632 $7,278
Capital Recovery Factor = 0.1424 (7% interest rate for a 10 year equipment life)

GVEA contends that the economic analysis indicates the level of NOx reduction does not justify
the use of SCR for the fuel oil-fired combined cycle gas turbines based on the excessive cost per
ton of NOx removed per year.

GVEA proposes the following as BACT for the fuel oil-fired combined cycle gas turbines:

(a) NOx emissions from the fuel oil-fired combined cycle gas turbines shall be controlled
with water injection;

(b) NOx emissions from the fuel oil-fired combined cycle gas turbines shall not exceed 0.24
Ib/MMBtu? per 4-hour averaging period; and

(c) Maintain good combustion practices by following the manufacturer’s operating and
maintenance procedures at all times of operation.

Department Evaluation of BACT for NOx Emissions from the Combined Cycle Gas Turbines
The Department revised the cost analysis provided by GVEA for the installation of SCR in
conjunction with the existing water injection to reflect limited operation and water injection as

the baseline for emissions reduction for the control devices. Additionally, the Department revised
the NOx removal efficiency to 90% for SCR combined with the existing Water Injection, an
interest rate of 5.5% (current bank prime interest rate), and the equipment life was revised to 20
years. A summary of the analysis is shown below:

Table 3-9. Department Economic Analysis for Technically Feasible NOx Controls

. . Emission Total Capital Total Annual Cost
Aﬁ:p:;glve POtent('fg ;)0 Emit Reduction Investment Costs Effectiveness
(tpy) $ ($/year) ($/ton)
SCR 478.8 (per unit) 430 (per unit) $8,860,032 $1,697,020 $3,942
Capital Recovery Factor = 0.094 (7% interest rate for a 20 year equipment life)

The Department’s economic analysis indicates that the level of NOx reduction justifies the
installation of SCR for the combined cycle gas combustion turbines located in the Serious PM-
2.5 nonattainment area.

Step 5 - Selection of NOx BACT for the Combined Cycle Gas Turbines

The Department’s finding is that the BACT for NOx emissions from the fuel oil-fired combined
cycle gas turbines is as follows:

3 AP-42 Table 3.1-1 for water-steam injection from a distillate oil fired turbine.
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(a) NOx emissions from EUs 5 and 6 shall be controlled by operating and maintaining
selective catalytic reduction in conjunction with water injection at all times the units are
in operation;

(b) NOx emissions from EUs 5 and 6 shall not exceed 0.024 1b/MMBtu over a 3-hour
averaging period; and

(c) Maintain good combustion practices by following the manufacturer’s operating and
maintenance procedures at all times of operation.

3.3 NOx BACT for the Large Diesel-Fired Engine (EU 7)

Possible NOx emission control technologies for large engines were obtained from the RBLC.
The RBLC was searched for all determinations in the last 10 years under the process codes
17.100 to 17.190, Large Internal Combustion Engines (>500 hp). The search results for large
diesel-fired engines are summarized in Table 3-11.

Table 3-11. RBLC Summary of NOx Controls for Large Diesel-Fired Engines

Control Technology Number of Determinations Emission Limits (g/hp-hr)
Selective Catalytic Reduction 3 0.5-0.7
Other Add-On Control 1 1.0
Federal Emission Standards 13 3.0-6.9
Good Combustion Practices 31 3.0-13.5
No Control Specified 60 2.8-14.1
RBLC Review

A review of similar units in the RBLC indicates selective catalytic reduction, good combustion
practices, and compliance with federal emission standards are the principle NOx control
technologies installed on large diesel-fired engines. The lowest NOx emission rate listed in the
RBLC is 0.5 g/hp-hr.

Step 1 - Identification of NOx Control Technology for the Large Diesel-Fired Engine
From research, the Department identified the following technologies as available for control of
NOx from large diesel-fired engines rated at 500 horsepower or greater:

(a) Selective Catalytic Reduction
The theory of SCR was discussed in detail in the NOx BACT for the fuel oil-fired simple
cycle turbines and will not be repeated here. The Department considers SCR a technically
feasible control technology for the large diesel-fired engine.

(b) Turbocharger and Aftercooler
Turbocharger technology involves the process of compressing intake air in a turbocharger
upstream of the air/fuel injection. This process boosts the power output of the engine. The
air compression increases the temperature of the intake air so an aftercooler is used to
reduce the intake air temperature. Reducing the intake air temperature helps lower the
peak flame temperature which reduces NOx formation in the combustion chamber. EU
ID 7 is currently operating with a turbocharger and aftercooler. The Department
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considers turbocharger and aftercooler a technically feasible control technology for the
large diesel-fired engine.

(c) Fuel Injection Timing Retard (FITR)

FITR reduces NOx emissions by the delay of the fuel injection in the engine from the
time the compression chamber is at minimum volume to a time the compression chamber
is expanding. Timing adjustments are relatively straightforward. The larger volume in the
compression chamber produces a lower peak flame temperature. With the use of FITR
the engine becomes less fuel efficient, particular matter emissions increase, and there is a
limit with respect to the degree the timing may be retarded because an excessive timing
delay can cause the engine to misfire. The timing retard is generally limited to no more
than three degrees. Diesel engines may also produce more black smoke due to a decrease
in exhaust temperature and incomplete combustion. FITR can achieve up to 50 percent
NOx reduction. Due to the increase in particulate matter emissions resulting from FITR,
this technology will not be carried forward.

(d) Ignition Timing Retard (ITR)

ITR lowers NOx emissions by moving the ignition event to later in the power stroke,
after the piston has begun to move downward. Because the combustion chamber volume
is not at a minimum, the peak flame temperature is not as high, which lowers combustion
temperature and produces less thermal NOx. Use of ITR can cause an increase in fuel
usage, an increase in particulate matter emissions, and engine misfiring. ITR can achieve
between 20 to 30 percent NOx reduction. Due to the increase in particulate matter
emissions resulting from ITR, this technology will not be carried forward.

(e) Federal Emission Standards

®

RBLC NOx determinations for federal emission standards require the engines meet the
requirements of 40 C.F.R. 60 NSPS Subpart IIII, 40 C.F.R 63 Subpart ZZZZ, non-road
engines (NREs), or EPA tier certifications. NSPS Subpart IIII applies to stationary
compression ignition internal combustion engines that are manufactured or reconstructed
after July 11, 2005. EU 7 was manufactured prior to July 11, 2005 and has not been
reconstructed since. Therefore, EU 7 is not subject to NSPS Subpart IIII. EU 7 is
considered a commercial emergency engine and is therefore exempt from NESHAP
Subpart ZZZ7. For these reasons federal emission standards will not be carried forward
as a control technology.

Limited Operation

EU 7 currently operates under an annual hour limit of no more than 52 hours per 12
month rolling period. The Department considers limited operation a technically feasible
emissions control method.

(g) Good Combustion Practices

The theory of GCPs was discussed in detail in the NOx BACT for the fuel oil-fired
simple cycle turbines and will not be repeated here. Proper management of the
combustion process will result in a reduction of NOx emissions. The Department
considers GCPs a technically feasible control technology for the large diesel-fired engine.
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Step 2 - Eliminate Technically Infeasible NOx Control Technologies for the Large Engine
As explained in Step 1 of Section 3.3, the Department does not consider fuel injection timing
retard, ignition timing retard, and federal emission standards as technically feasible technologies
to control NOx emissions from the large diesel-fired engine.

Step 3 - Rank the Remaining NOx Control Technologies for the Large Diesel-Fired Engine
The following control technologies have been identified and ranked for the control of NOx

emissions from the large diesel-fired engine.

(a) Selective Catalytic Reduction (90% Control)

(g) Good Combustion Practices (Less than 40% Control)
(b) Turbocharger and Aftercooler (0% Control)
(f) Limited Operation (0% Control)

Control technologies already in practice at the stationary source or included in the design of the
EU are considered 0% control for the purpose of the SIP BACT for existing stationary sources.

Step 4 - Evaluate the Most Effective Controls

GVEA BACT Proposal

GVEA provided an economic analysis for the installation of SCR on the large diesel-fired
engine. A summary of the analysis is shown below:

Table 3-12. GVEA Economic Analysis for Technically Feasible NOx Controls

. . Total
. . Emission Total Capital . Cost
AIContro_I PEEEITEY. 5 [T Reduction Investmgnt AU Effectiveness
ternative (tpy) (toy) ) Costs ($/ton)
($/year)
SCR 0.50 0.45 $100,000 $14,238 $31,639
Capital Recovery Factor = 0.1424 (7% interest rate for a 10 year equipment life)

GVEA contends that the economic analysis indicates the level of NOx reduction does not justify
installing SCR on the large diesel-fired engine based on the excessive cost per ton of NOx
removed per year.

GVEA proposed the following as BACT for NOx emissions from the large diesel-fired engine:

(a) NOx emissions from the operation of the large diesel-fired engine shall be controlled by
limiting operation to no more than 52 hours per 12 month rolling period;

(b) NOx emissions from the operation of the large diesel-fired engine shall be controlled by
operating a turbocharger and aftercooler; and

(c) NOx emissions from the diesel-fired engine shall not exceed 0.031 Ib/hp-hr over a 4-
hour averaging period.

Department Evaluation of BACT for NOx Emissions from the Large Diesel-Fired Engine
The Department reviewed GVEA’s proposal for the large diesel-fired engine and finds that SCR
is an economically infeasible control technology. The Department does not agree with some of
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the assumptions provided in GVEA’s cost analysis that cause an overestimation of the cost
effectiveness. However, since EU 7 is limited to 52 hours per year, the Department finds it
unnecessary to revise the cost analysis as a decrease in 0.45 tpy of NOx from EU 7 will not be
cost effective for installing SCR.

Step 5 - Selection of NOx BACT for the Large Diesel-Fired Engine
The Department’s finding is that the BACT for NOx emissions from the large diesel-fired engine
is as follows:

(a) NOx emissions from EU 7 shall be controlled by limiting its operation to no more than 52
hours per 12 month rolling period;

(b) NOx emissions from EU 7 shall be controlled by operating a turbocharger and aftercooler
at all times the unit is operating;

(c) NOx emissions from EU 7 shall not exceed 10.9 g/hp-hr* over a 3-hour averaging period;
and

(d) Maintain good combustion practices by following the manufacturer’s operating and
maintenance procedures at all times of operation; and

Table 3-13 lists the proposed NOx BACT determination for this facility along those for other
diesel-fired engines rated at more than 500 hp located in the Serious PM-2.5 nonattainment area.

Table 3-13. Comparison of NOx BACT Limits for Large Engines at Nearby Power Plants

Facility Process Description Capacit Limitation Control Method
Limited Operation

Fort Wainwright |8 Large Diesel-Fired Engines|> 500 hp| 3.0 —10.9 g/hp-hr Good Combustion Practices

Federal Emission Standards
Selective Catalytic Reduction

. . . 13.266 Turbocharger and Aftercooler
UAF Large Diesel-Fired Engine ; 1.3 g/hp-hr . .
hp Good Combustion Practices
Limited Operation
Turbocharger and Aftercooler
GVEA North Pole| Large Diesel-Fired Engine | 600 hp 10.9 g/hp-hr |  Good Combustion Practices
Limited Operation
Turbocharger and Aftercooler
GVEA . . . 11,000 . .
Zehnder 2 Large Diesel-Fired Engines| hp (cach) 10.9 g/hp-hr Good Combustion Practices

Limited Operation

3.4 NOx BACT for the Propane-Fired Boilers (EUs 11 and 12)

Possible NOx emission control technologies for propane-fired boilers were obtained from the
RBLC. The RBLC was searched for all determinations in the last 10 years under the process

4 Table 3.4-1 of US EPA’s AP-42 Emission Factors. https:/www3.epa.gov/ttn/chief/ap42/ch03/final/c03s04.pdf
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code 13.310, Gas-Fired Boilers (<100 MMBtu/hr). The search results for gas-fired boilers are

summarized in Table 3-14.

Table 3-14. RBLC Summary of NOx Control for Gas-Fired Boilers

Control Technology Number of Determinations Emission Limits (Ib/MMBtu)
Good Combustion Practices 19 0.011 —0.05
Low NOx Burners 41 0.01 - 0.07
Selective Catalytic Reduction 4 0.006 — 0.06
Selective Non-Catalytic Reduction 1 0.14
No Control Specified 9 0.006 — 0.036

RBLC Review
A review of similar units in the RBLC indicates good combustion practices, low NOx burners,
selective catalytic reduction, and selective non-catalytic reduction are the principle NOx control

technologies installed on gas-fired boilers. The lowest emission rate listed in the RBLC is 0.006
1b/MMBtu.

Step 1 - Identification of NOx Control Technology for the Propane-Fired Boilers
From research, the Department identified the following technologies as available for control of
NOx emissions from the propane-fired boilers:

(a) Low NOx Burners
Using LNBs can reduce formation of NOx through careful control of the fuel-air mixture
during combustion. Control techniques used in LNBs includes staged air, and staged fuel,
as well as other methods that effectively lower the flame temperature. Experience
suggests that significant reduction in NOx emissions can be realized using LNBs. The
U.S. EPA reports that LNBs have achieved reduction up to 80%. The Department
considers LNBs a technically feasible control technology for the propane-fired boilers.

(b) Ultra-Low NOx Burners
Ultra-low NOx burners operate on the same principle as LNB described above, but have
advanced designs for achieving higher NOx destruction efficiencies. Designs that
promote superior NOx destruction efficiencies often have a higher investment cost than
typical LNBs. For smaller EUs manufacturers do not offer ultra-low NOx burners
because of incremental emissions reduction is not cost effective as compared to standard
LNBs. Ultra-low NOx burners are not available for EUs 11 and 12. The Department does
not consider the use of ultra-low NOx burners a technically feasible control technology
for the propane-fired boilers.

(c) Selective Catalytic Reduction
The theory of SCR was discussed in detail in the NOx BACT for the fuel oil-fired simple
cycle turbines and will not be repeated here. The RLBC indicated that no applications of
SCR have been demonstrated in practice for gas-fired boilers rated at less than 25
MMBtu/hr. EUs 11 and 12 are each rated at 5 MMBtu/hr. The Department does not
consider SCR to be a technically feasible control technology for the propane-fired
boilers.
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(d) Flue Gas Recirculation

Flue gas recirculation (FGR) involves recycling a portion of the combustion gases from
the stack to the boiler combustion air intake. The combustion products are low in oxygen,
and when mixed with the combustion air, lower the overall excess oxygen concentration.
This process acts as a heat sink to lower the peak flame temperature as well as the
residence time at peak flame temperature. These effects work together to limit thermal
NOx formation. The typical NOx removal efficiency using FGR is 20-25%. The
Department considers FGR to be a technically feasible control technology for the
propane-fired boilers.

(e) Fuel Type

®

The RBLC identified the use of natural gas or propane as fuel to reduce NOx emissions,
or the use of gas meeting public utility specifications. Natural gas services are not
available in Fairbanks or North Pole, but propane is available and is currently fired in
EUs 11 and 12. The Department considers fuel type to be a technically feasible control
technology for the propane-fired boilers.

Scrubber

The RBLC identified one instance of a scrubber being used for NOx emission control on
a galvanizing line furnace rated at 98.7 MMBtu/hr. Galvanizing line furnaces operate at
very high temperatures, more than 1,000 °F, to promote chemical reactions for the
galvanizing process. EUs 11 and 12 are much smaller units, rated at 5 MMBtu/hr, and are
used for comfort heating, with a working temperature of approximately 250 °F. NOx
formation is known to increase with higher operating temperatures. Given the disparity in
size, purpose, and operating temperature between these units, the Department does not
consider a scrubber a technically feasible control technology for the propane-fired
boilers.

(g) Limited Operation

Limiting the operation of emission units reduces the potential to emit for those units. EUs
11 and 12 are the only sources of heat for the North Pole Power Plant. Therefore, it is not
appropriate to limit the operation of these units. The Department does not consider
limited operation a technically feasible control technology for the propane-fired boilers.

(h) Good Combustion Practices

The theory of GCPs was discussed in detail in the NOx BACT for the fuel oil-fired
turbines and will not be repeated here. Proper management of the combustion process
will result in a reduction of NOx emissions. The Department considers GCPs a
technically feasible control technology for the propane-fired boilers.

Step 2 - Eliminate Technically Infeasible NOx Technologies for the Propane-Fired Boilers

As explained in Step 1 of Section 3.5, the Department does not consider Ultra-low NOx burners,
selective catalytic reduction, scrubbers, and limited operation as technically feasible technology
to control NOx emissions from the propane-fired boilers.
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Step 3 - Rank the Remaining NOx Control Technologies for the Propane-Fired Boilers
The following control technologies have been identified and ranked by efficiency for the control
of NOx emissions from the propane-fired boilers.

(a) Low NOx Burners (80% Control)

(d) Flue Gas Recirculation (20% - 25% Control)

(f) Good Combustion Practices  (Less than 40% Control)
(b) Fuel Type (0% Control)

Control technologies already in practice at the stationary source or included in the design of the
EU are considered 0% control for the purpose of the SIP BACT for existing stationary sources.

Step 4 - Evaluate the Most Effective Controls
GVEA BACT Proposal

GVEA provided an economic analysis of the installation of Low NOx Burners on the startup
heater. A summary of the analysis is shown in Table 3-15:

Table 3-15. GVEA Economic Analysis for Technically Feasible NOx Controls

Potential to | Emission | Total Capital | Total Annualized Cost
Control Alternative Emit Reduction Investment Costs Effectiveness
(tpy) (tpy) (%) ($/year) ($/ton)
Low NOx Burner 3.1 2.4 $38,650 $5,503 $2,276
Capital Recovery Factor = 0.1424 (7% interest rate for a 10 year equipment life)

GVEA contends that the economic analysis indicates the level of NOx reduction does not justify
the use of LNB or FGR for the propane-fired boilers based on the excessive cost per ton of NOx
removed per year.

GVEA proposed the following as BACT for the propane-fired boilers:
(a) Burn only propane as fuel in EUs 11 and 12;

(b) NOx emissions from the operation of the propane-fired boilers shall be controlled with
good combustion practices;

(c) NOx emissions from the propane-fired boilers shall not exceed 13 Ib/kgal over a 4-hour
averaging period; and

(d) Compliance with the emission limit will be demonstrated with records of maintenance
following original equipment manufacturer recommendations for operation and
maintenance and periodic measurements of O; balance.

Department Evaluation of BACT for NOx Emissions from the Propane-Fired Boilers

The Department revised the emissions tables to reflect an 80% control efficiency. Additionally,
the interest rate was revised to 5.5% (current bank prime interest rate), and the equipment life
was revised to 20 years. A summary of the analysis is shown in Table 3-16:
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Table 3-16. Department Economic Analysis for Technically Feasible NOx Controls

Potential to | Emission | Total Capital | Total Annualized Cost
Control Alternative Emit Reduction Investment Costs Effectiveness
(tpy) (tpy) (%) ($/year) ($/ton)
Low NOx Burner 3.1 2.5 $38,650 $3,234 $1,304

Capital Recovery Factor = 0.0944 (7% interest rate for a 20 year equipment life)

The Department’s economic analysis indicates the level of NOx reduction justifies the
installation of low NOx burners on the propane-fired boilers located in the Serious PM-2.5
nonattainment area.

Step 5 - Selection of NOx BACT for the Propane-Fired Boilers
The Department’s finding is that the BACT for NOx emissions from the propane-fired boilers is
as follows:

(a) NOx emissions from EUs 11 and 12 shall be controlled by installing low NOx burners in
conjunction with using propane as fuel at all times the units are in operation;

(b) NOx emissions from EUs 11 and 12 shall not exceed 0.030 Ib/MMbtu® averaged over a
3-hour period; and

(c) Compliance with the emission rate limit will be demonstrated with records of
maintenance following original equipment manufacturer recommendations for operation
and maintenance and periodic measurements of O; balance.

Table 3-17 lists the proposed NOx BACT determination for this facility along with those for
other propane-fired boilers rated at less than 100 MMBtu/hr in the Serious PM-2.5 nonattainment
area.

Table 3-17. NOx BACT Limits for the Propane-Fired Boilers

Facility Process Description Capacity Limitation Control Method
Propane as Fuel

Two Small Propane-Fired Boilers|< 100 MMbtu/hr| 0.030 1b/MMBtu Low NOx Burners

Good Combustion Practices

GVEA
North Pole

4. BACT DETERMINATION FOR PM-2.5

The Department based its PM-2.5 assessment on BACT determinations found in the RBLC,
internet research, and BACT analyses submitted to the Department by GVEA for the North Pole
Power Plant and Zehnder Facility, Aurora for the Chena Power Plant, US Army for Fort
Wainwright, and UAF for the Combined Heat and Power Plant.

5> Emission factor derived from AP-42 Table 1.5-1 for propane-fired boilers (13 1b/1,000 gal) converted to
Ib/MMbtu, and then assumes 80% control efficiency by installing low NOx burners.
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4.1 PM-2.5 BACT for the Fuel Oil-Fired Simple Cycle Gas Turbines (EUs 1 and 2)

Possible PM-2.5 emission control technologies for the fuel oil-fired simple cycle gas turbines
were obtained from the RBLC. The RBLC was searched for all determinations in the last 10
years under the process code 15.110 Simple Cycle Gas Turbines (rated at 25 MW or more) The
search results for simple cycle gas turbines are summarized in Table 4-1.

Table 4-1. RBLC Summary of PM-2.5 Control for Simple Cycle Gas Turbines

Control Technology Number of Determinations Emission Limits
Good Combustion Practices 25 0.0038 —0.0076 1b/MMBtu
Clean Fuels 12 5-14 1b/hr
RBLC Review

A review of similar units in the RBLC indicates restrictions on fuel sulfur contents and good
combustion practices are the principle PM control technologies installed on simple cycle gas
turbines. The lowest PM-2.5 emission rate listed in the RBLC is 0.0038 Ib/MMBtu.

Step 1 - Identification of PM-2.5 Control Technology for the Simple Cycle Gas Turbines
From research, the Department identified the following technologies as available for control of
PM-2.5 emissions from fuel oil-fired simple cycle gas turbines:

(a) Low Sulfur Fuel
Low sulfur fuel has been known to reduce particulate matter emissions. PM-2.5 emission
rates for low sulfur fuel are not available and therefore a BACT emissions rate cannot be
set for low sulfur fuel. The Department does not consider low sulfur fuel a technically
feasible control technology for the fuel oil-fired simple cycle gas turbines.

(b) Low Ash Fuel
Residual fuels and crude oil are known to contain ash forming components, while refined
fuels are low ash. Fuels containing ash can cause excessive wear to equipment and foul
combustion components. EUs 1 and 2 are fired exclusively on distillate fuel which is a
form of refined fuel, and potential PM-2.5 emissions are based on emission factors for
distillate fuel. The Department considers low ash fuel a technically feasible control
technology for the fuel oil-fired simple cycle gas turbines.

(c) Limited Operation
Limiting the operation of emission units reduces the potential to emit for those units. Due
to EUs 1 and 2 currently operating under limits, the Department considers limited
operation as a technically feasible control technology for the fuel oil-fired simple cycle
gas turbines.

(d) Good Combustion Practices
The theory of GCPs was discussed in detail in the NOx BACT for the fuel oil-fired
simple cycle turbines and will not be repeated here. Proper management of the
combustion process will result in a reduction of PM. The Department considers GCPs a
technically feasible control technology for the fuel oil-fired simple cycle gas turbines.
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Step 2 - Eliminate Technically Infeasible PM-2.5 Technologies for the Simple Cycle Gas Turbines
As explained in Step 1 of Section 4.1, the Department does not consider low sulfur fuel as a
technically feasible technology to control PM-2.5 emissions from the fuel oil-fired simple cycle

gas turbines.

Step 3 - Rank the Remaining PM-2.5 Control Technologies for the Simple Cycle Gas Turbines
The following control technologies have been identified and ranked by efficiency for the control
of PM-2.5 emissions from the fuel oil-fired simple cycle gas turbines:

(d) Good Combustion Practices  (Less than 40% Control)
(b) Low Ash Fuel (0% Control)
(c¢) Limited Operation (0% Control)

Control technologies already in practice at the stationary source or included in the design of the
EU are considered 0% control for the purpose of the SIP BACT for existing stationary sources.

Step 4 - Evaluate the Most Effective Controls
GVEA BACT Proposal

GVEA proposes the following as BACT for PM-2.5 emissions from the fuel oil-fired simple
cycle gas turbines:

(a) PM-2.5 emissions from EUs 1 and 2 shall not exceed 0.012 Ib/MMBtu over a 4-hour
averaging period; and

(b) Maintain good combustion practices.

Step 5 - Selection of PM-2.5 BACT for the Simple Cycle Gas Turbines
The Department’s finding is that BACT for PM-2.5 emissions from the fuel oil-fired simple
cycle gas turbine is as follows:

(a) PM-2.5 emissions from EUs 1 and 2 shall be controlled by combusting only low ash fuel,

(b) Maintain good combustion practices at all times of operation by following the
manufacturer’s operation and maintenance procedures; and

(c) PM-2.5 emissions from EUs 1 & 2 shall not exceed 0.012 Ib/MMBtu® over a 3-hour
averaging period.

Table 4-2 lists the proposed PM-2.5 BACT determination for this facility along with those for
other fuel oil-fired simple cycle gas turbines located in the Serious PM-2.5 nonattainment area.

Table 4-2. Comparison of PM-2.5 BACT for Simple Cycle Gas Turbines at Nearby Power Plants

Facility Process Description Capacity Limitation Control Method
GVEA - |Two Fuel Oil-Fired Simple 0.012 Ib/MMBtu® . .
North Pole Cycle Gas Turbines 1,344 MMBtw/hr (3-hour averaging period) Good Combustion Practices
GVEA — |Two Fuel Oil-Fired Simple 0.012 Ib/MMBtu® . .
Zehnder Cycle Gas Turbines 536 MMBtw/hr (3-hour averaging period) Good Combustion Practices

6 Table 3.1-2a of US EPA’s AP-42 Emission Factors. https://www3.epa.gov/ttnchiel/ap42/ch03/final/c03s01.pdf
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4.2 PM-2.5 BACT for the Combined Cycle Gas Turbines (EUs 5 and 6)

Possible PM-2.5 emission control technologies for the fuel oil-fired combined cycle gas turbines
were obtained from the RBLC. The RBLC was searched for all determinations in the last 10
years under the process code 15.210, Liquid Fuel-Fired Combined Cycle Combustion Turbines
(rated at 25 MW or more). The search results for combined cycle gas turbines are summarized in
Table 4-3.

Table 4-3. RBLC Summary for PM-2.5 Control for the Combined Cycle Gas Turbines

Control Technology Number of Determinations Emission Limits
Good Combustion Practices 9 4-19.35 Ib/hr
Clean Fuels 12 4.7-60.6 Ib/hr

RBLC Review

A review of similar units in the RBLC indicates good combustion practices and clean fuels are
the principle PM-2.5 control technologies installed on fuel oil-fired combined cycle gas turbines.
The lowest NOx emission rate listed in the RBLC is 4 1b/hr.

Step 1 - Identification of PM-2.5 Control Technology for the Combined Cycle Gas Turbines
From research, the Department identified the following technologies as available for control of
PM-2.5 emissions from fuel oil-fired combined cycle gas turbines rated at 25 MW or more:

(a) Low Sulfur Fuel
Low sulfur fuel has been known to reduce particulate matter emissions. The Department
considers low sulfur fuel a technically feasible control technology for the fuel oil-fired
combined cycle gas turbines.

(b) Limited Operation
Limiting the operation of emission units reduces the potential to emit for those units. EUs
5 and 6 currently operate under a combined ORL with EU 1 to restrict the combined NOx
emissions from these three units to no more than 1,600 tons per 12 month rolling period.
The Department considers limited operation a technically feasible control technology for
the fuel oil-fired combined cycle gas turbines.

(¢) Good Combustion Practices
The theory of GCPs was discussed in detail in the NOx BACT for the fuel oil-fired
simple cycle turbines and will not be repeated here. Proper management of the
combustion process will result in a reduction of particulate matter. The Department
considers GCPs a technically feasible control technology for the fuel oil-fired combined
cycle turbines.

Step 2 - Eliminate Technically Infeasible PM-2.5 Controls for the Combined Cycle Gas Turbines
As explained in Step 1 of Section 4.1, the Department does not consider low sulfur fuel as

technically feasible technology to control PM-2.5 emissions from the fuel oil-fired combined

cycle gas turbines.
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Step 3 - Rank the Remaining PM-2.5 Controls for the Combined Cycle Gas Turbines
The following control technologies have been identified and ranked by efficiency for the control
of PM-2.5 emissions from the combined cycle gas turbines:

(¢) Good Combustion Practices  (Less than 40% Control)
(b) Limited Operation (0% Control)

Control technologies already in practice at the stationary source or included in the design of the
EU are considered 0% control for the purpose of the SIP BACT for existing stationary sources.

Step 4 - Evaluate the Most Effective Controls
GVEA BACT Proposal

GVEA proposes the following as BACT for PM-2.5 emissions from the fuel oil-fired combined
cycle gas turbines:

(a) PM-2.5 emissions shall not exceed 0.012 Ib/MMBtu over a 4-hour averaging period; and

(b) Maintain good combustion practices.

Department Evaluation of BACT for PM-2.5 Emissions from the Combined Cycle Gas Turbines

The Department reviewed GVEA’s proposal and found that in addition to maintaining good
combustion practices, limited operation is also a technically feasible control technology.

Step 5 - Selection of PM-2.5 BACT for the Combined Cycle Gas Turbines
The Department’s finding is that BACT for PM-2.5 emissions from the combined cycle gas
turbines is as follows:

(a) PM-2.5 emissions from EUs 5 and 6 shall be limited by complying with the combined
annual NOx limit listed in Operating Permit AQO110TVPO03 Condition 13;

(b) PM-2.5 emissions from EUs 5 and 6 shall not exceed 0.012 1b/MMBtu® over a 3-hour
averaging period; and

(c) Maintain good combustion practices by following the manufacturer’s operating and
maintenance procedures at all times of operation.

4.3 PM-2.5 BACT for the Large Diesel-Fired Engine (EU 7)

Possible PM-2.5 emission control technologies for the large diesel-fired engine were obtained
from the RBLC. The RBLC was searched for all determinations in the last 10 years under the
process codes 17.110-17.190, Large Internal Combustion Engines (>500 hp). The search results
for large diesel-fired engines are summarized in Table 4-5.

Table 4-5. RBLC Summary of PM-2.5 Control for Large Diesel-Fired Engines

Control Technology Number of Determinations Emission Limits (g/hp-hr)
Federal Emission Standards 12 0.03 - 0.02
Good Combustion Practices 28 0.03-0.24
Limited Operation 11 0.04 - 0.17
Low Sulfur Fuel 14 0.15-0.17
No Control Specified 14 0.02-0.15
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RBLC Review
A review of similar units in the RBLC indicates that good combustion practices, compliance
with the federal emission standards, low ash/sulfur diesel, and limited operation are the principle

PM-2.5 control technologies installed on large diesel-fired engines. The lowest PM-2.5 emission
rate in the RBLC is 0.02 g/hp-hr.

Step 1 - Identification of PM-2.5 Control Technology for the Large Diesel-Fired Engine
From research, the Department identified the following technologies as available for controls of
PM-2.5 emissions from diesel fired engines rated at 500 hp or greater:

(a) Diesel Particulate Filter (DPF)
DPFs are a control technology that is designed to physically filter particulate matter from
the exhaust stream. Several designs exist which require cleaning and replacement of the
filter media after soot has become caked onto the filter media. Regenerative filter designs
are also available that burn the soot on a regular basis to regenerate the filter media. DPF
can reduce PM-2.5 emissions by 85%. The Department considers DPF a technically
feasible control technology for the large diesel-fired engine.

(b) Diesel Oxidation Catalyst (DOC)
DOC can reportedly reduce PM-2.5 emissions by 30% and PM emissions by 50%. A
DOC is a form of “bolt on” technology that uses a chemical process to reduce pollutants
in the diesel exhaust resulting in decreased concentrations. They replace mufflers on
vehicles, and require no modifications. More specifically, this is a honeycomb type
structure that has a large area coated with an active catalyst layer. As CO and other
gaseous hydrocarbon particles travel along the catalyst, they are oxidized thus reducing
pollution. The Department considers DOC a technically feasible control technology for
the large diesel-fired engine.

(c) Positive Crankcase Ventilation
Positive crankcase ventilation is the process of re-introducing the combustion air into the
cylinder chamber for a second chance at combustion after the air has seeped into and
collected in the crankcase during the downward stroke of the piston cycle. This process
allows any unburned fuel to be subject to a second combustion opportunity. Any
combustion products act as a heat sink during the second pass through the piston, which
will lower the temperature of combustion and reduce the thermal NOx formation.
Positive crankcase ventilation is included in the design of EU 7. The Department
considers positive crankcase ventilation a technically feasible control technology for the
large diesel-fired engine.

(d) Low Sulfur Fuel
Low sulfur fuel has been known to reduce particulate matter emissions. The Department
considers low sulfur fuel as a technically feasible control technology for the large diesel-
fired engine.
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(e) Low Ash Diesel

®

Residual fuels and crude oil are known to contain ash forming components, while refined
fuels are low ash. Fuels containing ash can cause excessive wear to equipment and foul
engine components. EU 7 is fired exclusively on distillate fuel which is a form of refined
fuel. The potential PM-2.5 emissions are based on emission factors for distillate fuel. The
Department considers low ash diesel a technically feasible control technology for the
large diesel-fired engine.

Federal Emission Standards

The theory behind the federal emission standards for EU 7 was discussed in detail in the
NOx BACT for the large diesel-fired engine and will not be repeated here. Due to EU 7
not being subject to either 40 C.F.R. 60 Subpart IIII or 40 C.F.R. 63 Subpart ZZZZ the
Department does not consider federal emission standards a technically feasible control
technology for the large diesel-fired engine.

(g) Limited Operation

The theory behind limited operation for EU 7 was discussed in detail in the NOx BACT
for the large diesel-fired engine and will not be repeated here. Due to EU 7 currently
operating under an annual hour limit of no more than 52 hours per 12 month rolling
period, the Department considers limited operation a technically feasible control
technology for the large diesel-fired engine.

(h) Good Combustion Practices

The theory of GCPs was discussed in detail in the NOx BACT for the fuel oil-fired
simple cycle turbines and will not be repeated here. Proper management of the
combustion process will result in a reduction of NOx emissions. The Department
considers GCPs a technically feasible control technology for the large diesel-fired engine.

Step 2 - Eliminate Technically Infeasible PM-2.5 Control Technologies for the Large Engine
PM-2.5 emission rates for low sulfur fuel are not available and therefore a BACT emissions rate
cannot be set for low sulfur fuel. Low sulfur fuel is not a technically feasible control technology.
As explained in Step 1 of Section 4.3, federal emission standards are not technically feasible
control technology for control of PM-2.5 emissions from the large diesel-fired engine.

Step 3 - Rank the Remaining PM-2.5 Control Technologies for the Large Diesel-Fired Engine
The following control technologies have been identified and ranked by efficiency for the control
of PM-2.5 emissions from the large diesel-fired engines:

(a) Diesel Particulate Filters (85% Control)

(g) Good Combustion Practices (Less than 40% Control)
(b) Positive Crankcase Ventilation (0% Control)

(d) Low Ash Diesel (0% Control)

(f) Limited Operation (0% Control)

Control technologies already in practice at the stationary source or included in the design of the
EU are considered 0% control for the purpose of the SIP BACT for existing stationary sources.
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Step 4 - Evaluate the Most Effective Controls
GVEA Proposal

GVEA provided an economic analysis for the installation of diesel particulate filter. A summary
of the analysis for is shown below:

Table 4-6. GVEA Economic Analysis for Technically Feasible PM-2.5 Controls

. . Emission | Total Capital | Total Annual Cost
Control Alternative Potent(lta : t)o Sl Reduction Investment Costs Effectiveness
Py (tpy) (©) ($/year) ($/ton)
Diesel Particulate Filter 0.035 0.03 $30,229 $4,304 $143,008
Capital Recovery Factor = 0.1424 (7% interest rate for a 10 year equipment life)

GVEA contends that the economic analysis indicates that the level of PM-2.5 reduction does not
justify the use of a diesel particulate filter based on the excessive cost per ton of PM-2.5 removed
per year.

GVEA proposes the following as BACT for PM-2.5 emissions from the large diesel-fired engine:

(a) PM-2.5 emissions from EU 7 shall be controlled by operating with positive crankcase
ventilation;

(b) Maintaining good combustion practices;

(c) PM-2.5 emissions from EU 7 shall be controlled by limiting operation to no more than 52
hours per 12 month rolling period; and

(d) PM-2.5 emissions from EU 7 shall not exceed 0.0022 1b/hp-hr” over a 4-hour averaging
period.

Department Evaluation of BACT for PM-2.5 Emissions from the Large Diesel-Fired Engine
The Department reviewed GVEA’s proposal for the large diesel-fired engine and finds that
installing a diesel particulate filter is an economically infeasible control technology. The
Department does not agree with some of the assumptions provided in GVEA’s cost analysis that
cause an overestimation of the cost effectiveness. However, since EU 7 is limited to 52 hours per
year, the Department finds it unnecessary to revise the cost analysis as a decrease in 0.03 tpy of
PM-2.5 from EU 7 will not be cost effective for installing a diesel particulate filter.

Step 5 - Selection of PM-2.5 BACT for the Large Diesel-fired Engine
The Department’s finding is that the BACT for PM-2.5 emissions from the large diesel-fired
engine is as follows:

(a) PM-2.5 emissions from EU 7 shall be controlled by operating with positive crankcase
ventilation;

(b) PM-2.5 emissions from EU 7 shall be controlled by limiting operation to no more than 52
hours per 12 month rolling period;

7 Emissions Inventory Data:
http://dec.alaska.gov/Applications/Air/airtoolsweb/PointSourceEmissionlnventory/XmlInventory?reportingY ear=
2017&organizationKey=10&facilityKey=110&addEmissionUnits=0&addReleasePoints=0
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(c) Maintain good combustion practices by following the manufacturer’s operating and
maintenance procedures at all times of operation; and

(d) PM-2.5 emissions from EU 7 shall not exceed 0.32 g/hp-hr® over a 3-hour averaging
period.

Table 4-7 lists the proposed PM-2.5 BACT determination for the facility along with those for other
diesel-fired engines rated at more than 500 hp located in the Serious PM-2.5 nonattainment area.

Table 4-7. Comparison of PM-2.5 BACT for the Large Engines at Nearby Power Plants

Facility Process Description Capacity Limitation Control Method
Positive Crankcase Ventilation|
UAF Large Diesel-Fired Engine | 13,266 hp 0.32 g/hp-hr Limited Operation

Good Combustion Practices
Limited Operation

Ultra-Low Sulfur Diesel

Federal Emission Standards

Fort Wainwright | 8 Large Diesel-Fired Engines [ > 500 hp | 0.15—10.9 g/hp-hr

Good Combustion Practices
Positive Crankcase Ventilation|

GVEA North Pole| Large Diesel-Fired Engine 600 hp 0.32 g/hp-hr . .
Good Combustion Practices
. ) ) 11,000 hp Limited Operation
GVEA Zehnder | 2 Large Diesel-Fired Engines ’ 0.32 g/hp-hr ) )
(each) Good Combustion Practices

4.5 PM-2.5 BACT for the Propane-Fired Boilers (EUs 11 and 12)

Possible PM-2.5 emission control technologies for the propane-fired boilers were obtained from
the RBLC. The RBLC was searched for all determinations in the last 10 years under the process
code 13.310, Gas-Fired Boilers (<100 MMBtu/hr). The search results for gas-fired boilers are
summarized in Table 4-8.

Table 4-8. RBLC Summary of PM-2.5 Control for Gas-Fired Boilers

Control Technology Number of Determinations Emission Limits (Ib/MMBtu)
Good Combustion Practices 49 0.0019 — 0.0095
Electrostatic Precipitator 3 0.015-0.032
RBLC Review

A review of similar units in the RBLC indicates that good combustion practices and electrostatic
precipitators are the principle PM-2.5 control technology determined for propane-fired boilers.
The lowest PM-2.5 emission rate listed in the RBLC is 0.0019 Ib/MMBtu.

Step 1 - Identification of PM-2.5 Control Technology for the Propane-Fired Boilers
From research, the Department identified the following technologies as available for control of
PM-2.5 emissions from propane-fired boilers:

8 Table 3.4-1 of US EPA’s AP-42 Emission Factors (PM).
https://www3.epa.gov/ttn/chief/ap42/ch03/final/c03s04.pdf.
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(a) Low Sulfur Fuel
The boilers (EUs 11 and 12) are fired using propane, which is an inherently low sulfur
fuel. Condition 11 of AQO110TVPO3 limits the sulfur content of the propane combusted
in the boilers to 120 ppmv. Recent tests indicate that the propane fired in the boilers
contains less than 3 ppm H»S as determined by the length-of-stain methodology. The
Department considers low sulfur fuel a technically feasible control technology for the
propane-fired boilers.

(b) Flue Gas Recirculation
The theory behind FGR was discussed in detail in the NOx BACT for the propane-fired
boilers and will not be repeated here. The Department considers FGR a technically
feasible control technology for the propane-fired boilers.

(c) Baghouse
Baghouses are comprised of an array of filter bags contained in housing. Air passes
through the filter media from the “dirty” to the “clean” side of the bag. These devices
undergo periodic bag cleaning based on the build-up of filtered material on the bag as
measured by pressure drop across the device. The cleaning cycle is set to allow operation
within a range of design pressure drop. Baghouses are characterized by the type of
cleaning cycle - mechanical-shaker, pulse-jet, and reverse-air. Fabric filter systems have
control efficiencies of 95% to 99.9% ° and are generally specified to meet a discharge
concentration of filterable particulate (e.g., 0.01 grains per dry standard cubic feet). The
only entry for a baghouse in the RBLC was for a 30 MMBtu/hr furnace for glass melting
at an insulation manufacturing facility and the unit is subject to the PM emission
standards under 40 C.F.R. 63 Subpart NNN. EUs 11 and 12 are much smaller units at 5
MMBtu/hr, are used for providing space heating, and have a much lower working
temperature. Due to the differences in size, purpose, and operating temperatures, the
Department does not consider a baghouse a technically feasible control technology for
the propane-fired boilers.

(d) Limited Operation
Limiting the operation of emission units reduces the potential to emit for those units. EUs
11 and 12 are the only sources of heat for the North Pole Power Plant. Therefore, it is not
appropriate to limit the operation of these units. The Department does not consider the
use of limited operation a technically feasible control technology for the propane-fired
boilers.

() Good Combustion Practices
The theory of GCPs was discussed in detail in the NOx BACT for the fuel oil-fired
simple cycle gas turbines and will not be repeated here. Proper management of the
combustion process will result in a reduction of PM-2.5 emissions. The Department
considers GCPs a technically feasible control technology for the propane-fired boiler.

° https://www3.epa.gov/ttn/catc/dirl/ff-shaker.pdf
https://www3.epa.gov/ttn/catc/dirl/ff-pulse.pdf
https://www3.epa.gov/ttn/catc/dirl/ff-revar.pdf
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Step 2 - Eliminate Technically Infeasible PM-2.5 technologies for the Propane-Fired Boilers
As explained in Step 1 of Section 4.5, the Department does not consider a baghouse and limited
operation as technically feasible PM-2.5 control technologies. Flue gas recirculation is not
recommended by the vendor as a control technology for EUs 11 and 12, and therefore is not
considered a technically feasible control technology.

Step 3 - Rank the Remaining PM-2.5 Control Technologies for the Propane-Fired Boilers
GVEA has accepted the only technically feasible control technology for EUs 11 and 12.
Therefore, ranking is not required.

Step 4 - Evaluate the Most Effective Controls
GVEA BACT Proposal
GVEA proposes the following as BACT for the propane-fired boilers:
(a) Burn low sulfur fuel in EUs 11 and 12;
(b) PM-2.5 emissions from EUs 11 and 12 shall not exceed 0.7 1b/1000 gal over a 4-hour
averaging period; and

(c) Compliance with the emission limit will be demonstrated with records of maintenance
following original equipment manufacturer recommendations for operation and
maintenance and periodic measurements of O, balance.

Department Evaluation of BACT for PM-2.5 Emissions from the Propane-Fired Boilers
The Department reviewed GVEA’s proposal for EUs 11 and 12 and finds that an emission rate
achievable with good combustion practices is also BACT for the propane-fired boilers.

Step 5 - Selection of PM-2.5 BACT for the Propane-Fired Boilers
The Department’s finding is that BACT for PM-2.5 emissions from the propane-fired boilers is
as follows:

(a) Burn only propane as fuel in EUs 11 and 12;

(b) PM-2.5 emissions from the operation of the propane-fired boilers shall be controlled with
good combustion practices;

(c) PM-2.5 emissions from EUs 11 and 12 shall not exceed 0.008 1b/MMBtu'? over a 3-hour
averaging period; and

(d) Compliance with the emission limit will be demonstrated with records of maintenance
following original equipment manufacturer recommendations for operation and
maintenance and periodic measurements of O; balance.

5. BACT DETERMINATION FOR SO2

The Department based its SO2 assessment on BACT determinations found in the RBLC, internet
research, and BACT analyses submitted to the Department by GVEA for the North Pole Power
Plant and Zehnder Facility, Aurora for the Chena Power Plant, US Army for Fort Wainwright,
and UAF for the Combined Heat and Power Plant.

19 Emission factor derived from AP-42 Table 1.5-1 for propane-fired boilers (0.7 1b/1,000 gal) converted to
Ib/MMbtu.
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5.1 SO2 BACT for the Fuel Oil-Fired Simple Cycle Gas Turbines (EUs 1 and 2)

Possible SO; emission control technologies for the fuel oil-fired simple cycle gas turbines were
obtained from the RBLC. The RBLC was searched for all determinations in the last 10 years
under the process code 15.190 for Simple Cycle Gas Turbines (rated at 25 MW or more) The
search results for simple cycle gas turbines are summarized in Table 5-1.

Table 5-1. RBLC Summary of SOz Controls for Fuel Oil-Fired Simple Cycle Gas Turbines

Control Technology Number of Determinations Emission Limits
Ultra-Low Sulfur Diesel 7 0.0015 % S by wt.
Fuel Qil (0.05 % S by wt.) 2 0.0026 —0.055 1b/MMBtu
Good Combustion Practices 3 0.6 Ib/hr
RBLC Review

A review of similar units in the RBLC indicates that limiting the sulfur content of fuel and good
combustion practices are the principle SO> control technologies determined as BACT for fuel
oil-fired simple cycle gas turbines. The lowest SO, emission rate listed in the RBLC is
combustion of ULSD at 0.0015 % S by wt.

Step 1 - Identification of SO2 Control Technology for the Simple Cycle Gas Turbines
From research, the Department identified the following technologies as available for control of
SO, emissions from fuel oil-fired simple cycle gas turbines rated at 25 MW or greater:

(a) Ultra Low Sulfur Diesel (ULSD)
ULSD has a fuel sulfur content of 0.0015 percent sulfur by weight or less. Using ULSD
would reduce SO, emissions because the fuel oil-fired simple cycle gas turbines are
combusting standard diesel that has a sulfur content of up to 0.5 percent sulfur by weight.
Switching to ULSD could reach a great than 99 percent decrease in SO> emissions from
the fuel oil-fired simple cycle gas turbines. The Department considers ULSD a
technically feasible control technology for the fuel oil-fired simple cycle gas turbines.

(b) Low Sulfur Fuel
Low sulfur fuel has a fuel sulfur content of 0.05 percent sulfur by weight. Using low
sulfur fuel would reduce SO, emissions because the fuel oil-fired simple cycle gas
turbines are combusting standard diesel that has a sulfur content of up to 0.5 percent
sulfur by weight. Switching to low sulfur fuel could reach a 93 percent decrease in SO»
emissions from the fuel oil-fired simple cycle gas turbines during non-startup operation.
The Department considers low sulfur diesel a technically feasible control technology for
the fuel oil-fired simple cycle gas turbines.

(c) Limited Operation
The theory behind limited operation for EUs 1 and 2 was discussed in detail in the NOx
BACT for the fuel oil-fired simple cycle gas turbines and will not be repeated here. Due
to EUs 1 and 2 currently operating under limits, the Department considers limited
operation a technically feasible control technology for the fuel oil-fired simple cycle gas
turbines.
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(d) Good Combustion Practices
The theory of GCPs was discussed in detail in the NOx BACT for the fuel oil-fired
simple cycle gas turbines and will not be repeated here. Proper management of the
combustion process will result in a reduction of SO>. The Department considers GCPs a
technically feasible control technology for the fuel oil-fired simple cycle gas turbines.

Step 2 - Eliminate Technically Infeasible SO2 Technologies for the Simple Cycle Gas Turbines
All control technologies identified are technically feasible for the fuel oil-fired simple cycle gas
turbines.

Step 3 - Rank the Remaining SO2 Control Technologies for the Simple Cycle Gas Turbines
The following control technologies have been identified and ranked for control of SO, from the
fuel oil-fired simple cycle gas turbines:

(a) Ultra Low Sulfur Diesel (99.7% Control)

(b) Low Sulfur Diesel (93% Control)

(d) Good Combustion Practices  (Less than 40% Control)
(c¢) Limited Operation (0% Control)

Control technologies already in practice at the stationary source or included in the design of the
EU are considered 0% control for the purpose of the SIP BACT for existing stationary sources.

Step 4 - Evaluate the Most Effective Controls
GVEA BACT Proposal

GVEA provided an economic analysis for switching the fuel combusted in the simple cycle gas
turbines to ultra-low sulfur diesel and low sulfur fuel. A summary of the analyses for each of
EUs 1 and 2 is shown below:

Table 5-2. GVEA Economic Analysis for Technically Feasible SO2 Controls for EU 1

. Emission Total Capital | Total Annualized Cost
Aﬁ:p:;glve I?;%?t('f I t)o Reduction Investment Costs Effectiveness
= (tpy) ®) ($lyear) ($/ton)
ULSD
(0.0015 % S wt.) 1,486.4 1,481.9 $21,750,638 $20,661,330 $13,942
Low Sulfur Fuel
299 27 299
(0.05 % S wt.) 1,486.4 1,337.8 29 7 299
Capital Recovery Factor = 0.0944 (7% interest rate for a 20 year equipment life)
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Table 5-3. GVEA Economic Analysis for Technically Feasible SO2 Controls for EU 2

. Emission Total Capital | Total Annualized Cost
Aﬁ: p:;glve I?;Z??&:;)O Reduction Investment Costs Effectiveness
(tpy) %) ($/year) ($/ton)
ULSD
(0.0015 % S wt.) 1,356.1 1,352.0 $8,674,362 $18,978,063 $14,037
Low Sulfur Fuel
297 299 297
(0.05 % S wt.) 1,356.1 1,220.5

Capital Recovery Factor = 0.0944 (7% interest rate for a 20 year equipment life)

GVEA contends that the economic analysis indicates the level of SOz reduction does not justify
the fuel switch to ULSD or Low Sulfur Fuel in the simple cycle turbines based on the excessive
cost per ton of SOz removed per year.

GVEA proposes the following as BACT for SO> emissions from the simple cycle gas turbines:

(a) SO emissions from the fuel oil-fired simple cycle gas turbines will be controlled by
complying with NOx limits for EUs 1 and 2 listed in Operating Permit AQO110TVP03
Conditions 13 and 12, respectively;

(b) SOz emissions from the fuel oil-fired simple cycle gas turbines will be limited by

maintain good combustion practices; and

(c) Restricting the sulfur content to 500 ppm in fuel.

Department Evaluation of BACT for SO2 Emissions from the Simple Cycle Gas Turbines
The Department revised the cost analyses provided by GVEA for the fuel switch to ULSD in the
simple cycle gas turbines using an interest rate of 5.5% (current bank prime interest rate),
assuming a 20 year equipment life, and a fuel cost increase of $0.2668/gallon. Additionally, the
Department reviewed the cost information provided by GVEA to appropriately evaluate the total
capital investment of installing two new 1.5 million gallon ULSD storage tanks at GVEA’s
North Pole Power Plant. A summary of these analyses is shown in Table 5-4 and Table 5-5.

Table 5-4. Department Economic Analysis for Technically Feasible SO2 Controls for EU 1

. . Emission Total Capital | Total Annualized Cost

Alct:grnr;[;'?ilve Potent(|$ ;)0 =i Reduction Investment Costs Effectiveness
(tpy) %) ($/year) ($/ton)
ULSD 1,486.4 1481.9 $10,875,319 $13,426,413 $9,060

Capital Recovery Factor = 0.0837 (5.5% interest rate for a 20 year equipment life)

Table 5-5. Department Economic Analysis for Technically Feasible SO2 Controls for EU 2

. . Emission Total Capital | Total Annualized Cost

Alct:grnr;[;'?ilve Potent(|$ ;)0 =i Reduction Investment Costs Effectiveness
(tpy) %) ($/year) ($/ton)
ULSD 1,356.1 1,352.0 $10,875,319 $12,367,225 $9,147

Capital Recovery Factor = 0.0837 (5.5% interest rate for a 20 year equipment life)
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The Department’s economic analysis indicates the level of SO, reduction justifies the use of
ULSD as BACT for the fuel oil-fired simple cycle gas turbines located in the Serious PM-2.5
nonattainment area.

Step 5 - Selection of SO2 BACT for the Simple Cycle Gas Turbines
The Department’s finding is that BACT for SO2 emissions from the fuel oil-fired simple cycle
gas turbines is as follows:

(a) SOz emissions from EUs 1 and 2 shall be controlled by limiting the sulfur content of fuel
combusted in the turbines to no more than 0.0015 percent by weight;

(b) Maintain good combustion practices by following the manufacturer’s operating and
maintenance procedures at all times of operation; and

(c) Compliance with the proposed fuel sulfur content limit will be demonstrated with fuel
shipment receipts and/or fuel test results for sulfur content.

Table 5-6 lists the proposed SO, BACT determination for this facility along with those for other
fuel oil-fired simple cycle gas turbines located in the Serious PM-2.5 nonattainment area.

Table 5-6. Comparison of SO2BACT for Simple Cycle Gas Turbines at Nearby Power Plants

Facility Process Description Capacity Limitation Control Method
GVEA - Two Fuel Oil-Fired Simple Cycle N

North Pole Gas Turbines 1,344 MMBtu/hr 0.0015 % S wt. ULSD
GVEA - Two Fuel Oll—FlI‘Cd'Slmple Cycle 536 MMBtu/hr 0.0015 % S wt. ULSD
Zehnder Gas Turbines

5.2 SO2 BACT for the Fuel Oil-Fired Combined Cycle Gas Turbines (EUs 5 and 6)

Possible SO emission control technologies for the fuel oil-fired combined cycle gas turbines
were obtained from the RBLC. The RBLC was searched for all determinations in the last 10
years under the process code 15.290 for Liquid Fuel-Fired Combined Cycle Gas Turbines rated
at 25 MW or more. The search results for combined cycle gas turbines are summarized in
Table 5-7.

Table 5-7. RBLC Summary of SO2 Control for Oil-Fired Combined Cycle Gas Turbines

Control Technology Number of Determinations Emission Limits
Ultra-Low Sulfur Diesel 1 6.7 1b/hr
RBLC Review

A review of similar units in the RBLC indicates combustion of ultra-low sulfur diesel is the
principle SO control technology installed on fuel oil-fired combined cycle gas turbines. The SO»
emission rate listed in the RBLC is 6.7 1b/hr.

Step 1 - Identification of SO2 Control Technology for the Combined Cycle Gas Turbines
From research, the Department identified the following technologies as available for the control
of SO, emissions from the fuel oil-fired combined cycle gas turbines:
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Ultra-Low Sulfur Diesel

The theory of ULSD was discussed in detail in the SO2» BACT for the fuel oil-fired
simple cycle turbines and will not be repeated here. The Department considers ULSD a
technically feasible control technology for the fuel oil-fired combined cycle gas turbines.

(b) Light Straight Run Turbine Fuel (LSR)

(c)

EU 5 typically combusts LSR when not in startup. EU 6 will also combust LSR when not
in startup when installed. The sulfur content of the LSR is limited to no more than 0.05
percent by weight as required by Condition 15.1 of Operating Report AQO110TVPO03.
The Department considers operating LSR a technically feasible control technology for
the fuel oil-fired combined cycle gas turbines.

Low Sulfur Fuel

The theory of low sulfur fuel was discussed in detail in the SO> BACT for the fuel oil-
fired simple cycle turbines and will not be repeated here. The Department considers low
sulfur fuel a technically feasible control technology for the fuel oil-fired combined cycle
gas turbines.

(d) Limited Operation

(e)

Step 2

The theory behind limited operation for EUs 5 and 6 was discussed in detail in the NOx
BACT for the fuel oil-fired combined cycle gas turbines and will not be repeated here.
Due to EUs 5 and 6 currently operating under limits, the Department considers limited
operation a technically feasible control technology for the fuel oil-fired simple cycle gas
turbines.

Good Combustion Practices

The theory of GCPs was discussed in detail in the NOx BACT for the fuel oil-fired
combined cycle gas turbines and will not be repeated here. Proper management of the
combustion process will result in a reduction of SOz emissions. The Department
considers GCPs a technically feasible control technology for the fuel oil-fired combined
cycle gas turbines.

- Eliminate Technically Infeasible SO2 Technologies for the Combined Cycle Gas Turbines

All control technologies identified are technically feasible for the fuel oil-fired combined cycle
gas turbines.

Step 3

- Rank the Remaining SO2 Control Technologies for the Combined Cycle Gas Turbines

The following control technologies have been identified and ranked by efficiency for control of
SO, emissions from the fuel oil-fired combined cycle gas turbines:

(a)
(e)
(b)
(d)
(c)

Ultra-Low Sulfur Diesel (50% Control)

Good Combustion Practices (Less than 40% Control)
Light Straight Run Turbine Fuel (0% Control)

Limited Operation (0% Control)

Low Sulfur Fuel (0% Control)
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Control technologies already in practice at the stationary source or included in the design of the
EU are considered 0% control for the purpose of the SIP BACT for existing stationary sources.

Low sulfur fuel is listed as 0% control as it has the same fuel sulfur content requirements as the
light straight run turbine fuel that is currently combusted in the fuel oil-fired combined cycle gas
turbines.

Step 4 - Evaluate the Most Effective Controls
GVEA BACT Proposal

GVEA provided an economic analysis for switching the fuel combusted in the combined cycle
gas turbines to ultra-low sulfur diesel. A summary of the analyses for EUs 5 and 6 is shown
below:

Table 5-8. GVEA Economic Analysis for Technically Feasible SO2 Control for EUs 5 and 6

. . Emission Total Capital | Total Annualized Cost
Alct:grnr;[;'?ilve Potent(|$ ;)0 =i Reduction Investment Costs Effectiveness
(tpy) %) ($/year) ($/ton)
ULSD 6.0 3.0 -- $27,846,454 $9,282,151

Capital Recovery Factor = 0.1424 (7% interest rate for a 10 year equipment life)

GVEA contends that the economic analysis indicates the level of SO, reduction does not justify
the use of ULSD or low sulfur fuel based on the excessive cost per ton of SO> removed per year.

GVEA proposes the following as BACT for SO> emissions from the combined cycle gas
turbines:

(a) SO2 emissions from EUs 5 and 6 shall combust Light Straight Run Turbine Fuel (30
ppm S in fuel)

Department Evaluation of BACT for SO2 Emissions from the Combined Cycle Gas Turbines
The Department reviewed GVEA’s proposal for the fuel oil-fired combined cycle gas turbines

and finds that switching from LSR to ULSD is not economically feasible. The Department does
not agree that the cost effectiveness should be based upon the annual cost of USLD, but on the
difference in cost between the current fuel and ULSD. However, due to the reduction in SO»

from LSR to ULSD only being 3.0 tpy the Department did not revise the cost analysis.

Step 5 - Selection of SO2 BACT for the Combined Cycle Gas Turbines
The Department’s finding is that BACT for SO, emissions from the fuel oil-fired combined cycle
gas turbines is as follows:

(a) Except during startup, SO2 emissions from EUs 5 and 6 shall be controlled by limiting the
fuel combusted in the turbines to light straight run turbine fuel (30 ppmw S in fuel);

(b) Maintain good combustion practices by following the manufacturer’s operating and
maintenance procedures at all times of operation; and
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(c) Compliance with the proposed fuel sulfur content limit will be demonstrated with fuel
shipment receipts and/or fuel test results for sulfur content.

5.3 SO2 BACT for the Large Diesel-Fired Engine (EU 7)

Possible SO2 emission control technologies for large engines were obtained from the RBLC. The
RBLC was searched for all determinations in the last 10 years under the process codes 17.100 to
17.190, Large Internal Combustion Engines (>500 hp). The search results for large diesel-fired
engines are summarized in Table 5-9.

Table 5-9. RBLC Summary Results for SOz Control for Large Diesel-Fired Engines

Control Technology Number of Determinations Emission Limits (g/hp-hr)
Low Sulfur Diesel 27 0.005 —0.02
Federal Emission Standards 6 0.001 —0.005
Limited Operation 6 0.005 - 0.006
Good Combustion Practices 3 None Specified
No Control Specified 11 0.005 — 0.008

RBLC Review
A review of similar units in the RBLC indicates combustion of low sulfur fuel, limited operation,
good combustion practices, and compliance with the federal emission standards are the principle

SO; control technologies installed on large diesel-fired engines. The lowest SO» emission rate
listed in the RBLC is 0.001 g/hp-hr.

Step 1 - Identification of SO2 Control Technology for the Large Diesel-Fired Engine
From research, the Department identified the following technologies as available for control of
SO» emissions from diesel-fired engines rated at 500 hp or greater:

(a) Ultra-Low Sulfur Diesel
The theory of ULSD was discussed in detail in the SO, BACT for the fuel oil-fired
simple cycle gas turbines and will not be repeated here. The Department considers
ULSD a technically feasible control technology for the large diesel-fired engine.

(b) Federal Emission Standards
The theory of federal emission standards was discussed in detail in the NOx BACT for
the large diesel-fired engine and will not be repeated here. The Department does not
consider federal emission standards a feasible control technology for the large diesel-
fired engine.

(c¢) Limited Operation
The theory of limited operation for EU 7 was discussed in detail in the NOx BACT for
the large diesel-fired engine and will not be repeated here. The Department considers
limited operation as a technically feasible control technology for the large diesel-fired
engine.
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(d) Good Combustion Practices
The theory of GCPs was discussed in detail in the NOx BACT for the fuel oil-fired
simple cycle turbines and will not be repeated here. Proper management of the
combustion process will result in a reduction of NOx emissions. The Department
considers GCPs a technically feasible control technology for the large diesel-fired
engine.

Step 2 - Eliminate Technically Infeasible SO2 Control Technologies for the Large Engine
As explained in Step 1 of Section 5.4, the Department does not consider federal emission
standards a technically feasible control technology to control SOz emissions from the large
diesel-fired engine.

Step 3 - Rank the Remaining SOz Control Technologies for the Large Diesel-Fired Engine
The following control technologies have been identified and ranked by efficiency for the control
of SO> emissions from the large diesel-fired engine:

(a) Ultra-Low Sulfur Diesel (99% Control)
(d) Good Combustion Practices  (Less than 40% Control)
(¢) Limited Operation (0% Control)

Control technologies already in practice at the stationary source or included in the design of the
EU are considered 0% control for the purpose of the SIP BACT for existing stationary sources.

Step 4 - Evaluate the Most Effective Controls
GVEA BACT Proposal

GVEA provided an economic analysis of the control technologies available for the large diesel-
fired engine to demonstrate that the use of ULSD with limited operation is not economically
feasible on these units. A summary of the analysis for EU 7 is shown below:

Table 5-9. GVEA Economic Analysis for Technically Feasible SO2 Controls

il Potential to Emit Emission Total Capital | Total Annualized Cost
Alternative (tpy) Reduction Investment Costs Effectiveness
(tpy) %) ($/year) ($/ton)
ULSD 0.01005 0.0099 - $444 $45,072

Capital Recovery Factor = 0.1424 (7% interest rate for a 10 year equipment life)

GVEA contends that the economic analysis indicates the level of SO, reduction does not justify
the use of ULSD based on the excessive cost per ton of SO> removed per year.

GVEA proposed the following as BACT for SO> emissions from the diesel-fired engine:

(a) SO2 emissions from the large diesel-fired engine shall not exceed 0.05 weight percent
sulfur; and

(b) Maintain good combustion practices.
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Department Evaluation of BACT for SOz Emissions from the Large Diesel-Fired Engine
The Department reviewed GVEA’s proposal for the large diesel-fired engine and finds that
ULSD is not an economically feasible control technology. The Department does not agree that
the cost effectiveness be based upon the annual cost of USLD, but on the difference in cost
between the current fuel and ULSD. However, due to the annual operational limit on EU 7, and
the reduction in SO; emissions by using ULSD only being 0.0099 tpy the Department did not
revise the cost analysis.

Step 5 - Selection of SO2 BACT for the Large Diesel-Fired Engine
The Department’s finding is that the BACT for SO» emissions from the diesel-fired engine is as
follows:

(a) SOz emissions from EU 7 shall be controlled by combusting fuel that does not exceed
0.05 weight percent sulfur at all time the unit is in operation;

(b) SOz emissions from EU 7 shall be controlled by limiting operation to no more than 52
hours per 12 month rolling period;

(¢) Compliance with the SO; emission limit while firing diesel fuel will be demonstrated by
fuel shipment receipts and/or fuel test results for sulfur content; and

(d) Maintain good combustion practices by following the manufacturer’s maintenance
procedures at all times of operation.

The following table lists the proposed BACT determination for this facility along with those for
other diesel-fired engines rated at more than 500 hp in the Serious PM-2.5 nonattainment area.

Table 5-10. Comparison of SO2 BACT for Large Diesel-Fired Engines at Nearby Power Plants

Facility Process Description Capacity Limitation Control Method
Limited Operation

Fort Wainwright |8 Large Diesel-Fired Engines| > 500 hp | 15 ppmw S in fuel | Good Combustion Practices

Ultra-Low Sulfur Diesel
Limited Operation

UAF Large Diesel-Fired Engine [13,266 hp| 15 ppmw S in fuel | Good Combustion Practices

Ultra-Low Sulfur Diesel
Limited Operation

GVEA North Pole| Large Diesel-Fired Engine | 600 hp | 500 ppmw S in fuel ) )
Good Combustion Practices

Good Combustion Practices
Ultra-Low Sulfur Diesel

GVEA Zehnder |2 Large Diesel-Fired Engines| 11,000 hp| 15 ppmw S in fuel

5.4 SO2 BACT for the Propane-Fired Boilers (EUs 11 and 12)

Possible SO, emission control technologies for the propane-fired boilers were obtained from the
RBLC. The RBLC was searched for all determinations in the last 10 years under the process
code 13.310, Gas-Fired Boilers (<100 MMBtu/hr). The search results for gas-fired boilers are
summarized in Table 5-11.



PUBLIC NOTICE DRAFT May 10, 2019

Table 5-11. SO2 Control for Gas-Fired Boilers with a Rating < 100 MMBtu/hr

Control Technology Number of Determinations Emission Limits
Low Sulfur Fuel 6 0.03-0.12 1Ib/hr
Good Combustion Practices 4 0.0048 — 0.6 1b/MMBtu
Pipeline Quality Natural Gas 28 0.0006 — 0.0048 1b/MMBtu
No Control Specified 4 0.0021 1b/MMBtu
RBLC Review

A review of similar units in the RBLC indicates that good combustion practices and combustion
of low sulfur fuel are the principle SO: control technologies installed on propane-fired boilers.
The lowest SO; emission rate listed in the RBLC is 0.0006 Ib/MMBtu.

Step 1 - Identification of SO2 Control Technology for the Propane-Fired Boilers
From research, the Department identified the following technologies as available for SO control
for the propane-fired boilers:

(a) Low Sulfur Fuel
The theory of low sulfur fuel was discussed in detail in the PM-2.5 BACT for the
propane-fired boilers and will not be repeated here. The Department considers low
sulfur fuel a technically feasible control technology for the propane-fired boilers.

(b) Good Combustion Practices
The theory of GCPs was discussed in detail in the NOx BACT for the fuel oil-fired
simple cycle gas turbines and will not be repeated here. Proper management of the
combustion process will result in a reduction of SO». The Department considers GCPs a
technically feasible control technology for the propane-fired boilers.

Step 2 - Eliminate Technically Infeasible SOz Technologies for the Propane-Fired Boilers
All identified control devices are technically feasible technologies for the propane-fired boilers.

Step 3 - Rank the Remaining SOz Control Technologies for the Propane-Fired Boilers
GVEA has accepted the only technically feasible control technology for the propane-fired
boilers. Therefore, ranking is not required.

Step 4 - Evaluate the Most Effective Controls
GVEA BACT Proposal
GVEA proposed the following as BACT for SOz emissions from the propane-fired boilers:

(a) SO, emissions from the operation of the propane-fired boilers shall be controlled by
using low sulfur fuel at all times of operation.

(b) SO2 emissions from the propane-fired boilers shall not exceed 0.0012 Ib/kgal over a 4-
hour averaging period.
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Department Evaluation of BACT for SOz Emissions from the Propane-Fired Boilers

The Department reviewed GVEA’s proposal for the propane-fired boilers and finds that the SO
emission rate provided by GVEA was erroneously calculated. The Department used AP-42 Table
1.5-1 emission factor for propane combustion (0.10S 1b/1,000 gal, where S = gr/100 scf) and
using the existing sulfur limit in Condition 11 of the stationary source’s Operating Permit
AQO110TVPO3 (120 ppmv) The Department corrected this emission factor to 0.75 1b/1,000 gal,
assuming 16 ppmv sulfur =1 gr/100 scf.

Step 5 - Selection of SO2BACT for the Propane-Fired Boilers
The Department’s finding is that BACT for SO emissions from the propane-fired boilers is as
follows:

(a) SOz emissions from EUs 11 and 12 shall be controlled by only combusting gas fuel
(propane) with a total sulfur content of no more than 120 ppmv, or direct emissions of 0.75
1b/1,000 gal;

(b) Maintain good combustion practices by following the manufacturer’s operating and
maintenance procedures at all times of operation; and

(c) Compliance with the emission rate limit will be demonstrated with fuel shipment receipts
and/or fuel tests for sulfur content.
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6. BACT DETERMINATION SUMMARY
Table 6-1. NOx BACT Limits
EU ID Description Capacity BACT Limit BACT Control
- . Limited Operation
Fuel Oil-Fired Simple Cycle
! Gas Turbine 672 MMBtu/hr 0.044 1b/MMBtu Selective Catalytic Reduction
Fuel Oil-Fired Simple Cycle Water Injection
2 . 672 MMBtu/h: 0.070 Ib/MMBt
Gas Turbine ' . Good Combustion Practices
il-Fi i Limited Operation
5 Fuel Oil-Fired Combined | 55y py 1y iy 0.024 1b/MMBtu , > ,
Cycle Gas Turbine Selective Catalytic Reduction
il-Fi i Water Injecti
6 Fuel Ol-Fired Combined | 455 ry 1y iy 0.024 Ib/MMBtu alet fjeetion
Cycle Gas Turbine Good Combustion Practices
Turbocharger and Aftercooler
7 Large Diesel-Fired Engine 619 hp 10.9 g/hp-hr Limited Operation
Good Combustion Practices
1 Propane-Fired Boiler 5.0 MMBtu/hr 0.030 1b/MMBtu Propane as Fuel
Low NOx Burners
12 Propane-Fired Boiler 5.0 MMBtu/hr 0.030 1b/MMBtu

Good Combustion Practices
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Table 6-2. PM-2.5 BACT Limits
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EU ID Description Capacity BACT Limit BACT Control
1 Fuel Oil-Fired Simple Cycle | ) \ gy 0.012 Ib/MMBtu Low Ash Fuel
Gas Turbine o )
Fuel Oil-Fired Simple Cvel Limited Operation
uel Oil-Fired Simple Cycle
2 Gos Turbinlz Y 672 MMBtu/hr 0.012 Ib/MMBtu Good Combustion Practices
Fuel Oil-Fired Combined
> Cycle Gas Turbine 455 MMBtu/hr 0.012 To/MMBtu Limited Operation
6 Fuel Ol-Fired Combined | 55y py 1y iy 0.012 1b/MMBtu Good Combustion Practices
Cycle Gas Turbine
. . . Limited Operation
7 Large Diesel-Fired Engine 619 hp 0.32 g/hp-hr ) )
Good Combustion Practices
11 Propane-Fired Boiler 5.0 MMBtu/hr 0.008 Ib/MMBtu Propane as Fuel
12 Propane-Fired Boiler 5.0 MMBtu/hr 0.008 1b/MMBtu Good Combustion Practices
Table 6-3. SO2 BACT Limits
EU ID Description Capacity BACT Limit BACT Control
1 Fuel Qil-Fired Simple Cycle | o5 \ g oyhr 15 ppmw S in fuel Limited Operation
Gas Turbine )
Tuol Oll-Fired Sizale Cuel Ultra-Low Sulfur Diesel
uel Qil-Fired Simple Cycle .
2 Gas TurbinI; Y 672 MMBtu/hr 15 ppmw S in fuel Good Combustion Practices
5 Fuel Oil-Fired Combined | 55 1Ry 30 ppmw S in fuel Limited Operation
Cycle Gas Turbine Licht Straieht Run Turbine Fuel
Fuel Oil-Fired Combined 455 MMBtwh in fuel ‘& ralght Bull turbine Fue
6 Cycle Gas Turbine 55 tu/hr 30 ppmw S in fue Good Combustion Practices
. . . ) Limited Operation
7 Large Diesel-Fired Engine 619 hp 500 ppmw S in fuel ) )
Good Combustion Practices
11 Propane-Fired Boiler 5.0 MMBtu/hr 120 ppmv S in fuel Propane as Fuel
12 Propane-Fired Boiler 5.0 MMBtu/hr 120 ppmv S in fuel Good Combustion Practices
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{5_1. hﬂ_ ||_, STATI Department of Enwronmental

Director’s Office

:.-::_.‘___E;::f ,..r_._ ]_ ASI Conservation
E aal 1 \ L \ DIVISION OF AIR QUALITY

. — - L Maheail LN ] I [
y "::" M 1'; e 410 Willoughby Avenue, Suite 303
S T PO Box 111800

Juneau, Alaska 99811-1800
Main: 907-465-5105

Toll Free: 866-241-2805

Fax: 907-465-5129
www.dec.alaska.gov

CERTIFIED MAIL: 7017 1450 0002 0295 9752
Return Receipt Requested

November 16, 2017

Naomi Knight, Environmental Officer
Golden Valley Electric Association
PO Box 71249

Fairbanks, AK 99707-1249

Subject: Request for additional information for the Best Available Control Technology Technical

Memorandum from Golden Valley Electric Association (GVEA) for the North Pole Power
Plant and Zehnder Facility by December 22, 2017

Dear Ms. Knight:

A portion of the Fairbanks North Star Borough (FNSB) has been in nonattainment with the 24-

hour National Ambient Air Quality Standard for fine particulate matter (PM,5) since 2009. In a letter
dated April 24, 2015, I requested that GVEA North Pole and Zehnder and other affected stationary
sources voluntarily provide the Alaska Department of Environmental Conservation (ADEC) with a
Best Available Control Technology (BACT) analysis in advance of the nonattainment area being
reclassified to a Serious Area. On May 10, 2017, the US Environmental Protection Agency (EPA)
published their determination that the FNSB PM. s nonattainment area would be reclassified from a
Moderate Area to a Serious Area effective June 9, 2017."

Once the nonattainment area was reclassified to Serious, it triggered the need for Best Available
Control Measure (BACM)/BACT analyses. A BACM analysis requires that ADEC review potential
control measure options for the various sectors that contribute to the PM, s air pollution in the
nonattainment area. A BACT analysis must be conducted for applicable stationary sources such as
GVEA North Pole and Zehnder. BACM and BACT are required to be evaluated regardless of the
level of contribution by the source to the problem or its impact on the areas ability to attain.” The
BACT analyses are a required component of a Serious State Implementation Plan (SIP).> ADEC
sent an email to Ms. Naomi Knight at GVEA on May 11, 2017 notifying her of the reclassification

! Federal Register, Vol. 82, No. 89, Wednesday May 10, 2017 (https://dec.alaska.gov/air/anpms/comm/docs/2017-
09391-CFR.pdf)

2 https:/ /www.gpo.gov/fdsys/pkg/FR-2016-08-24/pdf/2016-18768.pdf, Clean Air Act 189 (b)(1)(B) and 189 (¢) and
CFR 51.1010(4)(i) require the implementation of BACT for point sources and precursors emissions and BACM for area
sources.

3 https://www.gpo.gov/fdsvs/pke/FR-2016-08-24/pdf/2016-18768.pdf, Clean Air Act 189 (b)(1)(B) and 189 (e)
require the implementation of BACT for point sources and precursors emissions and BACM for area sources
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Enclosures:

November 16, 2017  ADEC Request for Additional Information for GVEA North Pole and
Zehnder BACT Analyses;

November 15,2017 EPA GVEA BACT Analysis Review Comments

May 11, 2017 Serious SIP BACT due date email

April 24, 2015 Voluntary BACT Analysis for GVEA North Pole and Zehnder

cc: Larry Hartig, ADEC/ Commissionet’s Office
Alice Edwards, ADEC/ Commissioner’s Office
Cindy Heil, ADEC/Air Quality
Deanna Huff, ADEC/ Air Quality
Jim Plosay, ADEC/ Air Quality
Aaron Simpson, ADEC/Air Quality
Naomi Knight/ GVEA
Tim Hamlin, EPA Region 10
Dan Brown, EPA Region 10
Zach Hedgpeth, EPA Region 10
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ADEC Request for Additional Information
Golden Valley Electric Association - North Pole and Zehnder Facilities
BACT Analysis Review
August 2017

November 16,2017

Please address the following comments by providing the additional information identified by December
22, 2017. Following the receipt of the information the Alaska Department of Environmental
Conservation (ADEC) intends to make its preliminary Best Available Control Technology (BACT)
determination and release that determination for public review. In order to provide this additional
review opportunity, ADEC must adhere to a strict schedule. Your assistance in providing the necessary
information in a timely manner is greatly appreciated. Additional requests for information may result
from comments received during the public review period or based upon the new information provided
in response to this information request.

This document does not represent a final BACT determination by ADEC. Please contact Aaron
Simpson at aaron.simpson@alaska.gov with any questions regarding ADEC’s comments.

1. Equipment Life - Page 31 of the North Pole analysis and Page 27 of the Zehnder analysis state
“Because of the harsh climate, equipment in this far north location experiences more wear and
tear than equipment in moderate climates. On this basis, a ten year return on the [water
injection and] SCR system is assumed to be reasonable.” This same assumption is made for the
other control devices. ADEC identified that the EPA Air Pollution Control Cost Manual? uses a
hypothetical example that assumes the control equipment has a useful life of ten years.
However the cost analyses must use a reasonable estimate of the actual life of the control
equipment for each control technology. In order to use an equipment life that is shorter than 30
years, evidence must be provided to support the claim that 10 years is a reasonable timeframe
for equipment life. This evidence could include information regarding the actual age of
currently operating control equipment, or design documents for associated process equipment
such as turbines.

2. BACT limits - BACT limits by definition, are numerical emission limits. However regulation
allows a design, equipment, or work/operational practices if technological or economic
limitations make a measurement methodology infeasible. Provide numerical emission limits
(and averaging periods) for each proposed BACT selection, or justify why a measurement
methodology is technically infeasible and provide the proposed design equipment, or
work/operational practices for pollutant for each emission unit included in the analysis.
Startup, Shutdown, and Malfunction (SSM) must be addressed in the BACT analysis. Measures
to minimize the occurrence of these periods, or to minimize emissions during these periods are
control options. Combinations of steady-state control options and SSM control options can be
combined to create distinct control strategies. In no event shall application of BACT result in
emissions of any pollutant which would exceed the emissions allowed by an applicable
standard under 40 C.F.R. parts 60 (NSPS) and 61 (NESHAP).

1U.S. EPA OAQPS Air Pollution Control Cost Manual, 6th Edition [EPA/452/B-02-001]
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3. Cost Analyses - Page 44 of the North Pole analysis indicates that EUs 1 and 2 have historically
low run hours. Page 34 of the Zehnder analysis state that “GVEA believes that an economic
analysis based on the actual emissions and operations of these turbines is more relevant for
purposes of determining viable ways to reduce PM2.5 ambient concentrations in the Fairbanks
area.” However, all BACT cost effectiveness calculations must be based upon the potential to
emit, and not on historic operation. Please update the cost analyses using the unrestricted
potential to emit for each of the emissions units or propose operational limits (including control
efficiencies associated with limited operation). Additionally, see Comments 4, 5, and 6 for
additional information related to retrofit costs, baseline emissions, and factor of safety.

4. Retrofit Costs — EPA’s Control Cost Manual indicates that study-level cost estimates (* 30
percent) should not include a retrofit factor greater than 30 percent, so detailed cost estimates
(+ 5 percent) is required for higher factors. High retrofit cost factors (50 percent or more) may
be justified in unusual circumstances (e.g., long and unique ductwork and piping, site
preparation, tight fits, helicopter or crane installation, additional engineering, and asbestos
abatement). Provide detailed cost analyses and justification for any difficult retrofit (1.6 - 1.9
times the capital costs) considerations used in the BACT analyses.

5. Baseline Emissions - Include the baseline emissions for all emission units included in the
analyses. Typically, the baseline emission rate represents a realistic scenario of upper bound
uncontrolled emissions for the emissions unit (unrestricted potential to emit not actual
emissions). NSPS and NESHAP requirements are not considered in calculating the baseline
emissions. The baseline is usually the legal limit that would exist, but for the BACT
determination. Baseline takes into account the effect of equipment that is part of the design of
the unit (e.g., water injection and low NOx burners) because they are considered integral
components to the unit’s design. If the uncontrolled emission rate is ‘soft,’ run the cost
effectiveness calculations using two or three different baselines.

6. Factor of Safety - If warranted, include a factor of safety when setting BACT emission
limitations. The safety factor is a legitimate method of deriving a specific emission limitation
that may not be exceeded. These limits do not have to reflect the highest possible control
efficiencies, but rather, should allow the Permittee to achieve compliance with the numerical
emission limit on a consistent basis.

7. Good Combustion Practices —~For each emission unit type (oil fuel-fired turbines, combined
cycle turbines, emergency generator engines, and boilers) for which good combustion practices
was proposed as BACT, describe what constitutes good combustion practices. Include any work
or operational practices that will be implemented and describe how continuous compliance
with good combustion practices will be achieved.

8. Alternate Fuel - Page 96 of the North Pole analysis indicates that “the capital costs incurred to
switch fuels [to ULSD] would include an estimated capital cost of $30,425,000 to install bulk
fuel storage.” Please provide a full evaluation of the fuel change impacts, fuel pricing, and bulk
storage facility pricing. Based on the fuel supply information gathered for the BACM analysis for
the Fairbanks Serious SIP, the Department is aware of more than one supplier of alternate fuels.
Please make sure all supplier cost information is addressed for all emission units that are
evaluating a fuel switch.

9. Cost Analysis Spreadsheets - The BACT analyses for North Pole and Zehnder Facilities include
emissions, cost effectiveness, and incremental cost effectiveness calculations, but none of these
calculations have been submitted in a spreadsheet format. Please submit the electronic versions
of the spreadsheets used in determining the cost effectiveness for any control technology not
selected as the highest level of control.
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10. Confidential Documentation - The BACT analyses for North Pole and Zehnder Facilities have
indicated that details related to costs were included in a separately submitted package under
application for confidentiality of records. Please submit the supporting documentation so the
Department can conduct a more detailed review of the analyses and calculations.

11. Control Technology Availability - For the North Pole Facility, include Flue Gas Recirculation in
the review of NOx control technologies for diesel-fired boilers. Rank the control technologies by
efficiency (specify % control). Select the best performing control technology as BACT or provide
specific energy, environmental, and economic impacts and other costs justification for why each
better performing control technology was not selected instead of good combustion practices.
Provide a numerical NOx emission limit for the diesel-fired boilers or identify the work or
operational practices that will be utilized to ensure compliance with proposed limits.
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GVEA - North Pole and Zehnder Power Plants
BACT Analysis Review Comments
Reports dated August 2017 - GVEA

Zach Hedgpeth, PE
EPA Region 10 - Seattle
November 15, 2017

Note: These comments represent a partial review of the BACT analyses for the GVEA North Pole and
Zehnder facilities, since none of the emission calculations or cost analysis calculations have been
submitted in spreadsheet format. Also, certain documents forming the basis for costs used in the
analyses have not been submitted due to confidentiality concerns. EPA Region 10 will conduct a
more detailed review of the analysis and calculations following submittal of this information.

1. Equipment Life - Page 31 of the North Pole analysis! states “a standardized ten year return on
investment at seven percent interest rate is assumed”. This assumption for the equipment life is
based solely on the statement that “because of the harsh climate, equipment in this far north
location experiences more wear and tear than equipment in moderate climates”. The analysis
includes no further information to support the assumption of a ten year equipment life, nor the
underlying assertion regarding wear and tear. The analyses must use a reasonable estimate of
the actual life of the control equipment for each control technology, based on the best evidence
available. In order to use an equipment life that is shortened based on the harsh climate,
evidence must be provided to support the claim. This evidence could include information
regarding the actual age of currently operating control equipment, or design documents for
associated process equipment such as turbines.

2. Control Technology Availability - Technically feasible control technologies may only be
eliminated based on lack of availability if the analysis includes documented information from
multiple control equipment vendors (who provide the technology in question) which confirms
the technology is not available for the emission unit in question. For example, the North Pole
analysis concludes that flue gas recirculation is not technically feasible for NOx control based on
the statement that “FGR is not available with the vendor-provided Low-NOx combustor retrofit
package for these boilers.” Written documentation from multiple vendors must be included to
support this statement.

3. Basis for Costs and Assumptions - Documents cited in the analyses which form the basis for
costs used in the analyses and assumptions made in the analyses must be provided. For
example, within the analysis of SCR for the North Pole facility (see page 30), many of the costs
used for SCR appear to be based either on “past project experience” or “information from other
projects”. Detailed information forming the basis for these cost assumptions in the analysis
must be submitted as part of the BACT analysis. Certain other costs are estimated based on a
1993 EPA document referred to as the “Alternative Control Techniques Document”. A copy of
this document must be included as an attachment to the analysis if this document forms the
basis for information used in the analysis. EPA Region 10 will conduct a more detailed review of
the calculations following submittal of this and other requested information.

4. EPA Cost Spreadsheets - Note that the EPA has recently updated the cost manual chapter
pertaining to SCR, and developed a cost spreadsheet to be used for evaluation of this technology

! Golden Valley Electric Association, Voluntary PMzs Serious Nonattainment Area BACT Analysis for the North
Pole Facility, August 2017
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5.

for cost effectiveness2. The EPA spreadsheet was developed to evaluate cost effectiveness of
SCR as applied to boilers, so cannot be directly applied to turbines. However, the cost analyses
for SCR developed for the GVEA emission units must be consistent with the updated cost
manual chapter.

SCR Space Constraints - The North Pole analysis includes a number of statements regarding
space constraints and other installation challenges that the analysis claims complicate or
possibly preclude installation of SCR on the turbines, however detailed drawings, site plans and
other information have not been submitted to substantiate these claims. One aerial photo of the
facility has been included, but all areas surrounding the buildings housing the emission units
are marked as unavailable due to “maintenance access areas” or “fuel delivery truck route”.
Establishing the entire area surrounding the buildings as unavailable for control equipment
based on these purposes would require substantially more detailed justification than has been
provided. Additionally, in order to establish SCR as not technically feasible due to space
constraints or other retrofit factors, detailed site specific information must be submitted in
order to establish the basis for such a determination. Installation factors which would
complicate the retrofit installation of the control technology should be evaluated by a qualified
control equipment vendor and be reflected in a site-specific capital equipment purchase cost
and site specific installation cost estimate or quote. Lacking site-specific cost information, all
factors that the facility believes complicate the retrofit installation of each technology should be
described in detail, and detailed substantiating information must be submitted to allow
reasonable determination of an appropriate retrofit factor.

Costs Not Included - In several locations (i.e., p. 40 of the North Pole analysis), the analyses
include the statement that cost estimates are “conservatively low” because they do not include
the cost of support systems needed to operate the control equipment. EPA Region 10 believes
these costs should be included in the analyses, based on site-specific capital and installation
estimates or quotes provided by qualified control equipment vendors. Justification for inclusion
of each retrofit-related cost must be included in the analyses. Development of reasonably
accurate cost estimates for these retrofit projects is necessary in order to inform the BACT
determination for each emission unit and pollutant.

Potential vs. Actual Emissions - In some places, the analyses propose BACT determinations
based on use of actual emissions. All BACT cost effectiveness calculations must use potential-to-
emit (PTE), regardless of the emission unit usage history or actual historical emission rates. The
facility should consider operating limits in cases where certain emission units do not need to
retain relatively high PTE for facility operational purposes.

2 https://www.epa.gov/economic-and-cost-analysis-air-pollution-regulations/cost-reports-and-guidance-air-

pollution
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Return Receipt Requested

April 24,2015

Naomi Knight, Environmental Officer
Golden Valley Electric Association
PO Box 71249

Fairbanks, AK 99707-1249

May 10, 2019
Department of Enwronmental

Conservation

DIVISION OF AIR QUALITY
Director’s Office

410 Willoughby Avenue, Suite 303
PO Box 111800

Juneau, Alaska 99811-1800

Main: 907-465-5105

Toll Free: 866-241-2805

Fax: 907-465-5129
www.dec.alaska.gov

Subject: Voluntary BACT Analysis for Zehnder Facility and North Pole Power Plant

Dear Ms. Knight:

Portions of the Fairbanks North Star Borough are in nonattainment with the 24-hour National
Ambient Air Quality Standard for Fine Particulate Matter (PM 2.5). The Alaska Department of
Environmental Conservation (ADEC) expects that the Environmental Protection Agency (EPA)
will change the nonattainment designation from a Moderate Area to a Serious Area in June 2016.
Once EPA designates the area as Serious, an 18-month clock begins for submittal of an
implementation plan that includes best available control technologies (BACT) analysis and
determination for stationary sources with over 70 tons per year (TPY) potential to emit (PTE) for

PM2.5 or its precursors.

ADEC has neither the funding nor the in depth knowledge of your facility’s infrastructure to
determine the most appropriate BACT for your facility. Without the information or resources
necessary to conduct detailed cost analysis and produce supporting documentation, ADEC may
select a more stringent BACT for your facility in order to be approvable by EPA. In addition, 18
montbhs is likely not adequate to complete a thorough BACT analysis.

Therefore, ADEC requests that your facility voluntarily begin the BACT analysis. We request that
you submit an initial BACT analysis to ADEC by December 2015 and the final BACT analysis by
March 2016 to ADEC. ADEC is required to make a BACT determination for every eligible facility
within the designated PM2.5 nonattainment area and final BACT determinations are ultimately
reviewed by EPA and subject to federal approval as part of the federally required PM2.5

implementation plan.

Background

EPA required that ADEC submit a State Implementation Plan (SIP) because portions of the
Fairbanks North Star Borough (FSNB) are in nonattainment with the health based 24-hour National
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Ambient Air Quality Standard for PM2.5. ADEC submitted an initial, Moderate Area PM2.5 SIP for
FNSB to EPA on December 31, 2014.

Unfortunately, this Moderate Area SIP was developed as an impracticable SIP because modeling was
unable to demonstrate that attainment with the health standard was possible by December 30, 2015.
Preliminary air monitoring results also indicate that FNSB will not demonstrate attainment in 2015.
Attainment is calculated on a rolling three year average of the highest 98" percentile concentration at
each monitor. When those monitoring results become final in May 2016 and an official three year
design value is calculated, the FNSB non-attainment area will remain over the 24-hr PM 2.5 standard

of 35 ng/m’. The final determination of this design value will result in the FNSB non-attainment
area being reclassified from a Moderate Area to a Serious Area' (40 CRF Parts 50, 51 and 93). This
reclassification will happen by operation of law as outlined in Clean Air Act Sections 188 and 189. It
is anticipated that the formal designation to Serious Area will occur in June 2016.

A Serious Area designation will result in several new, more stringent requirements, one of which is
that all source categories in the nonattainment area that meet the BACT threshold of 70 TPY PTE
for PM,s and its precursor pollutants (NOx, SO2, VOC, NH3) must be analyzed for Best Available
Control Measures (BACM). As part of BACM, a Best Available Control Technologies (BACT)
analysis will be required. The Serious Area BACT trigger requires the same approach as a PSD/NSR
BACT project. A Serious non-attainment area BACT limit is set using a top-down analysis on a case-
by-case basis taking into account energy, environmental and economic impacts, and costs. The
analysis must include all emission units at the source.

The timelines for completion of the BACT analysis, subsequent BACT determination, and the
submittal of the Serious Area SIP are outlined in the preamble of the Particulate Matter 10 (PM10)
rule and reconfirmed in the newly proposed PM. s Implementation Rule’. Both rules require a
completed SIP 18 months after designation to Serious. This 18 month time period does not allow
enough time to thoroughly evaluate BACT, update the emission inventory, complete the modeling
and allow for development and processing for a Serious Area SIP.

ADEC believes that it is best for facilities to complete the BACT analysis for their own facilities.
ADEC does not have the funding to develop the analysis nor the in depth knowledge of each
sources’ infrastructure. ADEC would therefore base the cost analysis on the installation of control
equipment without being able to factor in all the costs associated with retrofitting existing
equipment. Without the detailed cost analysis and supporting documentation to support less
stringent BACT options, it is doubtful that the BACT portions of the Serious SIP will be approvable
without using the most stringent measures.

By requesting an early BACT analysis for facilities before the official Serious Area designation, it will
help ADEC meet the following timelines and ultimately submit a Serious Area SIP to EPA by the
required due date. Early analysis also has the potential to increase flexibility for each Stationary
Source under the rules.

140 CFR Parts 50,51 and 93 http://www.epa.gov/airquality/particlepollution/actions.html

2 http://www.epa.gov/airquality/particlepollution/actions.html
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pregicing whan o for how long & malimcion might cocur i5 nod possitée bocatse of e
nature of madfinciion evavile  As 8 resolt, domonsdrading complinncs wilh rumarice

ArddSan bmds dureg O FaVURCion i ol DrBciol LE I DeTrTARiD fasding
fedhodts prcnadhed i Agpendie A jo 3 CFR 60

Az an afowed atenaiive, (e SACT imd for all ar poliufents and emesson ursts is o
resiore ifve malfunciioning emission unl Ao nonma oparalion s soon a8 is prachiosl oF
proceed willy shofting down tha svniaion undl unfl repairs con be mada, Thia proposod
work and ppevadional practice /5 consisiony wally the BACT gudance and enabdes a
prachice mefadalogy for cemonsiraiing compiance during maliunciion. Table 7-7 afsg
Ehows ihe prooosed maluncion BACT for ihe amission unds af tho Jehnder Faciy ang
Tahle 2-d afcwsd ifwe proposed BACT for e amsson wonls o tho Norih Pale Plant

3. Cowt Anahriag — Page 44 of e North Pole analysis indiates that EUs 1 and 2 hares
haglorically kow' run hours. Page 34 of the Zebnder sradyss stale el “GVEA beliervas thal an
fooncaio anadysis based on the actual amigsions and opemSons of thete lurbines & momn
refevant for purposes of delamnining viable ways jo roduce P25 ambeen concentraSions in
the Fagtbaniks stea " Howeved, 8l BACT cos! effeciantss ca'cudafors musl be based upon
thed poleriisl 1o et dnd ral on hisdonc operadion. Plesds update Fa Cosi analyses Using the
uneasincied potential 0 amd for sach of (he amissicns undls oF proposs opanabional imils
{including tontrod efficences assooiaded with imited cpemiion ). Additionally. sea Commants
4, 8, and 8 e addSonal infarmation melabsd 1o refrolit cosls, hasilire emiasions, and {scicr of
safnty,
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GVEA response;

Tha North Pola Flant andg Zehnder Planf BAC T analyses repons submiied in Augusl
2017 do provide the coxl afectvenass bodad on podentiod fo amid (PTE). T ool
eaciiediass [ables and associated page numbedrs for pach pofiidar! and sach controf
mvalualed o proviced Bedow i Tadde 3.4

Tabie 3-1. Location of BACT Cost Efectiveness Besed on FTE

T T T T i el 5
_EUDZ | NOs _%___u_qr Anaprday Takde 3-7 53
ELf 101 NG SCR Tatdy 3-8 55
EL 1D 2 N SCR | Table 317 57
EWVD 1 Mk Walsrdnjacior = | Tabie 343 | 85
“EUDZF | WO« | Water inieciion  Tobie 3-15 | 81
EUDd | S50y T ULED | Tablo £4 | 103
EUDZ | 50, ¢ ULED | Tabin 55 | 104

T EUID | Polivtant |
T SCR with Water iryaction ' T'E‘!?-_F_.L
EUMDsT | NOx SCR Tabie 3-7 4 |
v 2 NG Wt bryaion ~ Tabdn 3-8 FT,
50: ULED | Tabiw 54 A&7

GVEA undarsrands M o raditonal BACT procoss npicaly avalaes contral cos!
nfecinondss hazad oy FTE and & prosenf those cosls. GVEA alko pidersfeads ol
BACT decisions nrn made o0 8 case-by-case basis 5o Il aritoria specific fo sach
BACT sduston can be propeny consiered, In this case, GVEA boleves fhal e
histarcally fow pofusl operating halrs and agsecioied amssons from the Marth Fole
mmrmtnﬂmmmmimzwmmﬂmm
caninbulion prissans fom fbase peals e made ko e measured ambenl Pl
concanfrafbions, Boecauss e GVEA cooperalve membars woukd Do i Deorormic
Surian of faprg o emisson conlrads thal waidd in pricical really do vary e Mo
reduct reganal ambient By s concentraions, GVEA propeses thal basing the BACT
o= affeciiveness o dhe fsfoncal achal opensting fowrs (s appropnite.

GVEA bofeves # is provali;me fo oommal b0 any operading miations. Though those
emsson unds have haforoaly operalod ondy @ fow hours on an annug bagis, o of the
RTHESON NS ang oifical lo providing relable power §0 oo CODarpinveg memiare i e
eveni GVEA icass other ganswiting Lods o [z unadie o ecehe purchased power from
Sauttoanirw Alasia, mmwhmwmn
Cdes waaler MmN wiher roiebiy powir s Sl o Maidaa e headh and sallety of
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oF menbars. Before knowing th cedcome of (e ADEC MOy pracursor cemovisraiion,
GYEA in uncomdoabio comynling fo resirctons o avadabir opanaling Bours thatl may'
b panacessay if the NOx precursor demonsiralion i successiul

4, Ratroft Cogts - EPA'S Control Cost Manual indicalis thal shudy-level cost estimases (2 3]
parcant} shootd nol include & redrods Escior groaber P 30 peecan, S0 delailed coul
estimates (£ 5 percant) ks reguired for higher Teciors, High retrofil oos! Tactors (S0 parcont o
mode] may bo uusifed n unusual droomsiances (8., long and uniqus duchwork snd piping,
&ha preparation, Bgi fits, helicopber or crane installation, additoral enginaering, and
ashosios ababernenl). Provide cetaied cos| oruatyses and justification for nry %o ratrati|
(1.6 — 1.9 hmas a capial costs) consdanytions uaed in the BACT anatyses.

GVEA respansa:

GVEA ded nof ws siand-aione redro [Bcfors i e BACT coal snnlysrs prasavled in
B Avpusd 017 raports, rather vanoy ST Cost nformslion fock Mo scoount the
rafrofd inslaliation afong wilh polentied compicetions and cosl Increases sssacisied with
It Alpskcan facator.

5. Baseine Emigsors - Incude the baseira emessions for all emisson urits included in tha
analyses. Typicaly, the baseime emistaon rale reprosents a nealstic scanario of upper
el Uncanincied aeneialond Aar e armiiaiing el (unsediiicisd palanisd 1o amil ey actual
pmisions]. NSPS and HESHAP reguiremanis ame not considersd in calculaling o badaine
smisslons. The basaling is ysually o logal Bmd hat would sadst, but for the BACT
detarmination. Basslire akes it account the effect of aquipeant thal is parl of the design
of {her wnit [e.q., watsr injection @nd kow NOx buirens) bacairse thay are corgidered iriogral
componihta 1 the urvl's design. I the unoorireded ambtcn 1800 2 "ol nn the cosl
efleciivennss CalKLRSonE USHg two or thees diflanent Dasatmns

GVEA rosponse; _

For bolfy the Jehndey plant and Mafh Polo shec anadyses submiied in August 2017,
hmmmmmmhm 1, i Totdes 1-2 ihvoingh T-5  Thi hapsine
QITEAESN FAllS FEOROrBle BN LS en Conlndd cevices and enforcantdo smicksion

e oparaling hends

8. Fagior of Sadely - If warraniad, indude u faclor of safety when seting BACT emmslon
m.mwmn-wm-u:ﬁm- Bpacihs enistion Envlasisn
Head musy reds! hm.mmwmmmmnwﬂmm
afficlencias, el ralber, should adow the Pomities o achiove compisance with the rumarical
prissicn fenkl on & oontsten| basis,

GVEA respones:
GVEA d&d nod feal safedy faciors worn wairanied and the)y weve nof included in ife BACT
emizsion fmifs proposed in ihe BACT analyss repons submiffed in Avgust 2017
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7. Qoo Combuptian Praclices —For sach amession und type (04 fuel-fred turbines, combired
Sy lurtingd . emangency Qivaralod pogeeis ansd poders] bor which gocd combuyusiaen
PreCicad wis proposad as BACT, destribe what constitules good combuslion practicos.
Inciude ary work or dpécntional pracices thal will be impismonisd and describe how
continuous complance with good combuston praclices wit be nohisved

GVEA rsponse:

GVEA'S comant prclice ard propased practics 10 achveve good combusion praclices i
five odferance fo the original eguipment manidacieer [OEM) recormmanaations for
operation and mainfenance of ol amvszion s Good combusiion prichioes oo
Intogral o thase OEM recommanoations, 50 following the recommandalanns infrinskcally
AERUTRS compipncs with gond combusiion praciicas.  Sei points for sliciant comBbuation
D A el infd e condrod Syafeviia and hode paranolers imo kgl conslandt. Foy
Dkt Realers e OEM uitelirs &g falidwed for ming and oserabon el O
Bafance ix porodicady measwed

8. Allernase Fual - Page B8 of tha Noth Pole anatysis mdecates that ‘e capilal costs ncunred
5 witch fuels [to ULSD] would inchide &0 ealimesind caodal cosl of 330,425 6040 ¢ inalal
Bl sl slovage.” Plabss provide @ full evabuntion of the fusl changs impacts, luel pricrg,
arvd bulk, Morage taclity pricing. Based on the fuel supply informaion gathaned for tha
BACHK analysis for the Fairbanks Sancus 5F, the Departiment is aware of more than one
suppliar of siternate fusls. Ploass make sure ofl suppler coat information is addressed for a2
aressan s Fal e owshsating @ tual sasich.

GVEA responss
Ensaring ihe mafenl ang eepnomices’ suopply of ! for hofh normal and armargency

aparaiions & axtramaly inpodanl o GVEA and ag such e evaliadion of fed windons
wilhin Alnsba o [T PRCIRE Morimiest & 0 normad pa! OF slrielege; slancang. The
Canlal cosls usidd ot thd BACT were deveioped with (e adsisiance of 8 lechrscal e
proaided by POD Enginsers, and a sumoary anafys’s provided by an Enargy Analy=!
with Loddas Enginesing.  The supporting documentadion Js prosidied in the separately
submiiod packuge undar reques for confidentiedly.

5 Cos Anahsis Sproadshosts ~ Tha BACT analyses for North Peie and Zerndar Faclites

niorvd af hase caltuiations hivne been submitiod = o spreadshest fomal Piaase submil Hhe

edacirons vartinms of e Ephepdibeald msed m Jobermining he cods elfectnaness Toe ary
Canrngd techngicgy fd Satected aa I Higheat I cf oontiol

GVEA responsae:
Thi enclased ovsk confaina tha aicinonic versions of ihe spreadshoods used i
dedarmining e cosl effecitveness for aF condno fechnologies evaiualed,
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10. Confidansal Documentnion = The BACT analyses for Morm Pola and Zehnder Faciltes
harve indecaled that detsis rolsied i cosls were Bcluded in & sapacalely submitied packags
e epplicalice 190 conflosnbniny of edonds. Piesbs fubims The supoaiig desumartalan
%2 (hs Dagarmand cen conduct A mane datailad reveirsw Of tha analyses and chlculalions.

GVEA response:
Thee supporting docwmevEaion has bean submited widor soparafe cover dalod
Decombaer 22, 2017

11-%3&3%5:%—” Itwe Moty Pedis Fasibty, wchus Flug Gas Reciculition
iy Ty ripenrey £ MO E0red Sechniingms for catet-tead Dosbers. Rari the condred

tochnoiogses by efficancy (specily % control). Solect the best performing conirgl inchrciogy
as BACT or prowde specific anargy, emdronmental, and economic impacts and other costs

pastfication for why sach befer pirfaiming control fechnology was not selected lretaad of
g6 cembabion practices Peovidt @ numancal MO emisgion Smit fod the desel-fopd

boias of idantify th wodl of oppraonal practces Bl will be UiTEzed 10 srdune complance
with perrgeiaed darety

GVEA response’

Asron Simpson of ADEC and Courtnay Kiméad of SLE (a GVEA conaultary] discussed
s quaasiion during @ plone call on Movember 30 2T, The Morth Pode facdiy doos
ol ey any diesel-fred bofors. I, Simpson indicated haf the commant wias mean 1o
Midress i dinsad-fred bolers af the Zefwder lnclily (ELs 10 and 11). b, Simpson
aredf M3, EImeal agreed (el white Five Gas Recirouiation (FOR) (3 an avaiadie
WWWWWMMWMM
Oecridsig B & fal of FGR uoe  This lormabon i provided i Seciian 3 2.3 of tha
Zohrder BACT analysis repart.  Dipan furfir roview of (s sacton of e renard. M.

Simpson slated thal no furifer responss B fhis quedion was necessary
EPA Comemanis

1. Esipmend Lfg ~ Page 31 of tha Morth Pole snalysis stales "a standardized ten yoar ndum
g Evvesimant al seven parcii intorest mibe & assumed”, This asscenpion for the
seguipimeni e 1 basad solaly on B Bindemaerd thad “hecause of the Rersh ckmads,
guEpeeie] an ihds Tar nodth RSafon aEpaTEEES Mhed Wads® nd b Han euipmend in
misclacals clbmakes”. Tha anghsis indodad mo uriher Bormalice 1o sueair e SEsamplicn
of i ten yeair squipmant e, nir the undarying assertion reganding wesr and tear, Tha
irlysed musl vk & reatonabls estinale of the aciual Ba of the contiol equipmsnt for sach
ordl technology, based on the bes! avidence avadabla In omder b use on soueent e
It is shorened based on the harsh cimate, eddence must bo orovded to support the
claim, This evidonca oouid indude irdonmabion regarding (ha achsal age of cumently
pparading control equipmant, o design documaes lor pEsocaind process. aquipman] such
s furbines.
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GVEA reiponse;
Plopse 3 repsaned o ADEC Comiment 1 above.

2. Conirol Technoky Aitabiity - Technically easibie conirol technokogies may ordy b
elminaled based on tack of avallablity f the analyws inciudes documenied information from
mistiple controd equipment vendars (who provech tha lechnology m gueston) which confirms
the fechnology & nol available for tha omission it in quosbon. For axsmple, e Morth Pole
snadysis conchades that fiue gas recircuialion | not techmically feesiae kor NOw conrod
basad on tha stalement thal "FGR s nod avadatis with Bhe vendor-peovided Low-N0x
combisior relrofit packags for Tese bodars.” Wiitlen docummaniation fram muiphs ventdors
Mt ba Inchuded 12 suppot this statamanl.

GVEA response’

Figass so¢ reaporse W0 ADEC Command 171 abowe, Asrcv Simpson of ADEC and
Courimey Kimball of SLR fa GVEA consultanl) discussed Mo gai recirculaton during &
Eharr Al on Mondinbew 30 J0TT The Norlh Polw facilly doas Aol inee ity diiuss-fired
Bakers M Simoson indicaned el his commenl was maand 1o aodress the ciesel-firsd
Baafers o the Johvcler faclly (ELfs 10 and 11 Mr Simpson ond M Kimbae¥ soneed
fiaiel while Flue Gas Recirouiation (FGR) (= 00 avalnbée emission control fechnoalogy
vircior Fformation indostes e bodey eficiency would deorease as preslt of FGR
wia. This informabion is provided ir Section 2.2.3 of the 2ahnadar BACT analysis reparl
Lipan furthar review of this section of e repor, M. Simpson stofed I no fethar
rosponsd 1o s question was nocossary for ADEC Comment 11, GVEA dofars io s
COMPRraaion & responss o thie comman

3. Bass for Costs and Assumptions - Documants cited in the snalyses which fam the basis
for coafs used in the anafyses and pssmplons made 0 the analyses must be provided. For
soaEmpdis, within tha analysis of SCR for the Morth Pole facitty (see page 300, many of the
conts s for SCR appasr 1o b based aithar 00 "pEE] DROject oEpaience” or "infoermetion
from other proyacts”. Dedaded imlormalion Smndng e basts for thess oo seRumpions n The
anatyais must be submitiad 28 parl of the BACT analyis. Contain ofher cosls s estimaisd
basnd on b 1803 EFPA docurmsant refermad (o @8 the “Allsmathve Control T
Bocuiman!™. A copy of this dodimtient mus! be included as an attschment 1o the aradysis #
e dibtument forms the badis for indormaticn wesd in e nnafysis. EPA Reglon 10wl
condut] 8 more detaied review of the calsuiations following submitts’ of this and othee
requssiod informrailion

GVEA responsa’

GYEA belitrirs providing cost dstimale evevnonts based on ‘pas! prosc! oxpancnce” o
“informaban Fom olfer prosocts” without provicing delsled informabon fs aporopnads for
this BACT anafyzrs, and is commensarate with an ascosptable fevef of enginewring stug)y
and cost Slandey Consultants inc. (201, 5 o mut-discipiinary anginedring company
that has provided decades of Sonace fo the power genaration dusiy, Sandons hal
incide naw phard dosgn and upgrados and rodrofits. SCI assisted i the gadharing of
Qngineaning stimaled, vevoor calimates, and o5 sunpdy Informalion Desed on thair
EIIOUE ropect Qupanencs. Providing podliional defel woukd reguing scdfional time snd
expanse and GVEA is conpampd el i3 may mod be wivranisd pondng resuls fom
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ADET aboul the modohe! impacts ihad MOy smineions may oF may nof b having an
aciua arnbiont P, 3 cOncaniraiions

The 1983 £PA ARernatve Controd Technkpues Doownevd is speciically cfed o dha
Relorences seabon (mmadiately falowing Seclion 8] of the Narth Pole BACT Analysis
Ropod  The documen! is svelatde an the EPA wabste’ and has bean suppbed wilh
oifwsy g on e includied DVEL-ROM

4. EPA Cost Spreadshants - Mobe that the EFA has recently ipdted the cos! masual chapser
peartiiring o FCR, and denvalonnd & SOB| Eptamisie] 10 Do oied o vt of el
lechenology for cos! eflecivenes. Tho EPA spreacsheef was dovelopoad io svnhusls cos
affeciwnais of SCR =2 appled (o boders, 40 cannol b drectly apphod b furbines.
Hicrawar, ha cost analysas for SCR developed for tha GVEA amssion uniis musi ba
i miiatan Wish T upadiied ol k] Sha ples

GVEA retponze;
mmmwhm&mwmmmrwm
Spdlon 4, Chapder 7 of the EFA Coniro! Cosl Manua' lwhich wias postod io he EFA
webibie /1 Decambar 20717] memmmmwﬂrhmcrw
ety werg submiied fo ADET  The Auguesf 2017 scbmilfal was preparnd (9 be

con skl Wil £ Sritvitud varesrl. GVEA 2 gwand [Nad nlores! radel weivd mooiliog
and fowared from © percent fo 4,25 percpnt, howevey in e shod Nmoe sllowed o
prapate hess raspanses hig nol modded e ropods and the onolyses to et this
change.

& SCF Space Corgimints - The North Pole analysis incudes o numbe of stalemants
regarding space congiraints and other instalation chalengos that the onalysis calms
complicats or possitly preciuds instaliation of BCR on tha fuibenes, howinm detaded
dramangs. site plans and other anformagon hawe ool Bean submitled jo submbaniiale P
ciaimes. Doa seribl phott of the TaciBly Fas baes intiuded, bl 8 areas surmounding Tha
bt howsing fhe emasion uhas ane macked a4 undvlilable due [0 ‘manlienaacs sccods
areas” o fusl defrvary tnuck route”. Estabishing T ertie ares surcanding the buildings as
unawailable for cortnod equipment basad on these purposes would nequine substantatly morns
detadod atification than has beon provided. AddSionaly, in onder io estabish SCR as nol
technécally feasibie dus jo space comdraints of ofhar retrofit facions, detaled site spocific
irdgrrnation maust be submitted i order io estabinh tha basis for such o deteminalicn,
instaliation fachors wiich would complicale B rodrofs ngdnBation of B corirol lechnology
should ba avalugied by 8 qualfind control aquipment vendor gnd be refiacied in 5 she-
spacific capital suipment purchass cosd and sile specific nsialaton cost aabmad o guode.
Lacking sho-apadific cost information, all taciors Sal the facily beleves comphoats tha
rentofit instolalion of aaech technology shvoukd De decinibed in decal, and delaibed

rfomation mugl be submithed 1o allow restonalbis debserarihion of an

e aling
anpropoialo rotrodd fach,

U feaead #pa o incan LA fpasLet pat
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GVEA responsa

As minfivd in e BACT analyaes and infonded 1o be demansiraied on the sona
phofographs, GVEA & vivy concamod wilh spusce conabrainta af odfr fthe Sahnder snd
North Podp afeg  This conci ie Borm o oo spivmnied 7 Doenfing andg masnfsining
the wnile g MAndLVenng 0 the progeTy. The Backs for ELF DS 1 aad 2 g 2008,
eath having dxls an the south 8ed noch sides of the bultlieg, Mere i 0 figh voRage
Suhatation 1o e saull, and the bive Ands réorsssenl e cirsuly roufas ol fvaker ricks
brove fo deenyr fund B Thée moal efficiond cpole. Marked maisionence areas include
Bocass locations for the use of cranes. GVEA belovas ¥ would fake a vy daladed and
upanave anginearing e o Ly deferming the feoshiify and cos! of SCR matafaton
o ELF 10 § e 2, ahd has offioutty jostfping hal efior Lntil sdoitionsd imfarmalion i
avadably from ADEC abowt ihe modwied impacts thal MOy amissians may o may nod b
harving on aciual ambient? PG s concantradions. i i vavy cWioul, & nod imposaibie, fo
S Ol avaCnS B Sile speciic inalailaion extimales from soulomens vanmdors
withond Spnifedd i simmenl

6. Costs Mol inchuded - In several locations (Le., p. $0 of the Morth Pole analysia), (he
aratyses inchads e satement thal cost estimates mie “conseratively low” becauss thay do
nol ncluda the coal of supporn Syglems needed fo opsrate the conlgd squipmenl. EPA,
Ragicn 10 balknes these costs should be induded in tha analysas, based on sie-spedific
capial and mstafalon oslimates or quobes providied by quaiified control equipmant vandors.
Jusicalon for inchasion of aach mtrofilrelated cost rmust be nchaded in the analyses,
Devesiopmand of reasonably aocurate coat astimanes for thess relrofd projacts is necessary
caear B0 infoem Be: BACT deteeminaficon for asch emission unit and poliular.

GVEA responso:

GVEA made ovary elfor fo nciede as many of the support Sysfem costp as possible
within fwr 2cope of Bhis propect, Moo Wil Mmool cladmled 20d COSly RNgEhTH
B v padimpiod o Sl pgispenent i asimsded. Whan svaighhs vengor guodes
wave inchaded, Ar preseifed 1 the sepacaboly submied ackingn L rgues! for
conficantinity, recen petgos! moured casts ware scporioned to inchudo reagenm
praparetion squipment. As moch gvadehie informaiion a3 possible was galtened,
badancing fma and sxpansa.

7. Polentia? vs. Actisl Emissiong — in some plaoss, e analysos proposs BACT
doterminaficns based on use of achad emasions. AR BACT cot offechvones calculabons
st e poterdiai-lo sendl (PTE ), regardiess of [P amisson urst usepe hstory or aclhul
Pasborical eimieason rabes. The isclly should condider opbraling lmits in casas whdd Ciinin
STiASIon uniia g0 nol st B s redadvely high FTE for oty opsmions) purposed.

GVEA rdponde’
Flaasr S5 regponse o ADEC Commant 3 abdva
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in conciuson, GVEA's mission &5 fo refedy prowide £3 mamber Gownars with gually sdeciric
SATVICE, Uiy cusinmer 3envice and ngvalive anergy Sokutons af far and reasonadss prcos.
GVEA B commitiod 10 bing 8 conatructive contribulor 1o inmproving regional Pl
cocenirabiang wilh pradicsl sokilicns Dt @a nod wrladty Butden oo coogeralivg

mambass. Wa recognize (hal the ulimabe path 5o altssment wil be comprised of many smallar
congtibufons, and appen’ o ADES erd EPA to work with all sisteholdeds io find afecie and

eooniomeca iy viabla solutons.

Sinceraly.
,-f—j,-/;?,-f'-——-__
i
r;-/m';u:n.mmp.s_ Hﬁ'ﬁ"x
Enviranmenial Haath & Sataly Otficar

Tables 2-1 through 2-4
WD Disk

oc Asron Simpsan, ADECAr Dualily
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ALTERNATI VE CONTRCL TECHNI QUES DOCUMENTS

This report is issued by the Em ssion Standards Division,
Ofice of Alr Quality Planning and Standards, U.S. Environnental
Protection Agency, to provide information to State and local air
pol lution control agencies. Mention of trade nanmes and
comercial products is not intended to constitute endorsenent or
recommendation for use. Copies of this report are avail abl e—as
supplies permt—fromthe Library Services Ofice (M>35), US
Environnental Protection Agency, Research Triangle Park,

North Carolina 27711 ([919] 541-2777) or, for a nomnal fee, from
the National Technical Infornmation Services, 5285 Port Royal
Road, Springfield, Virginia 22161 ([800] 553-NTIS).
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1.0 | NTRODUCTI ON

Congress, in the Cean Air Act Amendnents of 1990 (CAAA)
anended Title | of the Cean Air Act (CAA) to address ozone
nonattai nment areas. A new Subpart 2 was added to Part D of
Section 103. Section 183(c) of the new Subpart 2 provides that:

[Within 3 years after the date of the enactnent of the
CAAA, the Administrator shall issue technical docunents
which identify alternative controls for all categories of
stationary sources of...oxides of nitrogen which emt or
have the potential to emt 25 tons per year or nore of such
air pollutant.

These docunents are to be subsequently revised and updated as
determ ned by the Adm nistrator.

Stationary gas turbines have been identified as a category
that emts nore than 25 tons of nitrogen oxide (NQ) per year
This alternative control techniques (ACT) docunent provides
technical information for use by State and | ocal agencies to
devel op and inplenment regulatory progranms to control NQ
em ssions from stationary gas turbines. Additional ACT docunents
are being devel oped for other stationary source categories.

Gas turbines are available with power outputs ranging from
1 negawatt (MAN (1,340 horsepower [hp]) to over 200 MV
(268,000 hp) and are used in a broad scope of applications. It
nmust be recognized that the alternative control techniques and
t he correspondi ng achi evable NQ em ssion levels presented in
this docunent may not be applicable for every gas turbine
application. The size and design of the turbine, the operating
duty cycle, site conditions, and other site-specific factors nust
be taken into consideration, and the suitability of an

1-1
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alternative control technique nust be determ ned on a case-by-
case basis.

The information in this ACT docunent was generated through
a literature search and frominformation provided by gas turbine
manuf acturers, control equi pnent vendors, gas turbine users, and
regul atory agencies. Chapter 2.0 presents a sumary of the
findings of this study. Chapter 3.0 presents information on gas
turbine operation and industry applications. Chapter 4.0
contains a discussion of NQ formation and uncontrolled NQ
em ssion factors. Alternative control techniques and achi evabl e
controlled emssion |levels are included in Chapter 5.0. The cost
and cost effectiveness of each control technique are presented in
Chapter 6.0. Chapter 7.0 describes environnental and energy
i npacts associated with inplenmenting the NQ, control techniques.

1-2
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2.0 SUWARY

This chapter summarizes the nore detailed information
presented in subsequent chapters of this docunent. It presents a
summary of nitrogen oxide (NQ) formation nechanisnms and
uncontrol l ed NQ, em ssion factors, available NQ em ssion control
t echni ques, achievable controlled NQ em ssion levels, the costs
and cost effectiveness for these NQ, control techniques applied
to conbustion gas turbines, and the energy and environnental
i npacts of these control techniques. The control techniques
included in this analysis are water or steaminjection, dry |ow
NO, conmbustors, and selective catalytic reduction (SCR).

Section 2.1 includes a brief discussion of NQ, formation
and a summary of uncontrolled NQ em ssion factors. Section 2.2
describes the available control techniques and achi evabl e
controlled NQ emssion levels. A summary of the costs and cost-
effectiveness for each control technique is presented in
Section 2.3. Section 2.4 reviews the range of controlled
em ssion levels, capital costs, and cost effectiveness.

Section 2.5 discusses energy and environnental inpacts.
2.1 NOQ, FORVATI ON AND UNCONTROLLED NO, EM SSI ONS

The two primary NQ, formati on nechani snms in gas turbines
are thermal and fuel NQ. In each case, nitrogen and oxygen
present in the conbustion process conbine to form NO. Thernal
NO, is forned by the dissociation of atnospheric nitrogen (N,)
and oxygen (Q) in the turbine conbustor and the subsequent
formati on of NQ. \Wen fuels containing nitrogen are conbusted,
this additional source of nitrogen results in fuel NQ formation.
Because nost turbine installations burn natural gas or |ight
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distillate oil fuels with little or no nitrogen content, thernal
NO, i s the dom nant source of NQ, em ssions. The formation rate
of thermal NQ, increases exponentially with increases in
tenperature. Because the flane tenperature of oil fuel is higher
than that of natural gas, NQ, em ssions are higher for operations
using oil fuel than natural gas.

Uncontroll ed NOQ, em ssion |evels were provided by gas
turbi ne manufacturers in parts per mllion, by volume (ppnv).
Unl ess stated otherwise, all em ssion levels shown in ppnv are
corrected to 15 percent Q. These em ssion |levels were used to
cal cul ate uncontrolled NQ em ssion factors, in pounds (Ib) of
NO, per million British thermal units (Btu) (Ib NO/MVBtu).
Sanmpl e calcul ations are shown in Appendix A These uncontroll ed
em ssion |evels and em ssion factors for both natural gas and oil
fuel are presented in Table 2-1
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TABLE 2-1.
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UNCONTROLLED NO, EMISSION FACTORS FOR GAS TURBINES

NO, emissions, ppmv, dry
and corrected to 15% 0,

NO, emissions factor,
lb NO,/MMBtu?

Output, Distillate Distillate
Manufacturer Model No. MW Natural gas oil No. 2 Natural gas oil No. 2
Solar Saturn 11 99 150 0.397 0.551
Centaur 3.3 130 179 0.521 0.658
Centaur "H" 4.0 105 160 0.421 0.588
Taurus 4.5 114 168 0.457 0.618
Mars T12000 8.8 178 267 0.714 0.981
Mars T14000 10.0 199 NAP 0.798 NAP
GM/Allison 501-KB5 4.0 155 231 0.622 0.849
570-KA 49 101 182 0.405 0.669
571-KA 5.9 101 182 0.405 0.669
General Electric LM1600 12.8 144 237 0.577 0.871
LM2500 21.8 174 345 0.698 1.27
LM5000 33.1 185 364 0.742 1.34
LM6000 415 220 417 0.882 153
M S5001P 26.3 142 211 0.569 0.776
MS6001B 38.3 148 267 0.593 0.981
MS7001EA 83.5 154 228 0.618 0.838
MS7001F 123 179 277 0.718 1.02
M S9001EA 150 176 235 0.706 0.864
MS9001F 212 176 272 0.706 1.00
Asea Brown Boveri GT8 47.4 430 680 1.72 2.50
GT10 22.6 150 200 0.601 0.735
GT1IN 81.6 390 560 1.56 2.06
GT35 16.9 300 360 1.20 1.32
Westinghouse Ww261B11/12 52.3 220 355 0.882 131
W501D5 119 190 250 0.762 0.919
Siemens V84.2 105 212 360 0.850 1.32
V4.2 153 212 360 0.850 1.32
V64.3 61.5 380 530 1.52 1.95
V84.3 141 380 530 152 1.95
V94.3 203 380 530 1.52 1.95

®Based on emission levels provided by gas turbine manufacturers, corresponding to rated load at SO conditions.
NO, emissions calculations are shown in Appendix A.

’Not available.
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Uncontroll ed NO, emission |evels range from 99 to 430 ppnv for
natural gas fuel and from 150 to 680 ppnv for distillate oil
fuel. Corresponding uncontrolled em ssion factors range from
0.397 to 1.72 I b NO/MvBtu and 0.551 to 2.50 I b NQ/MvBtu for
natural gas and distillate oil fuels, respectively. Because
thermal NQ, is primarily a function of conbustion tenperature,
NO, em ssion rates vary with conmbustor design. There is no
di scernabl e correlation between turbine size and NQ, em ssion
| evel s evident in Table 2-1.

2.2 CONTROL TECHNI QUES AND CONTROLLED NO, EM SSI ON LEVELS
Reductions in NQ, em ssions can be achi eved using
conmbustion controls or flue gas treatnent. Avail able conbustion
controls are water or steaminjection and dry |ow NQ, combustion
designs. Selective catalytic reduction is the only avail able
flue gas treatnent.
2.2.1 Conbustion Controls
Combustion control using water or steam | owers conbustion
t enperatures, which reduces thermal NO, formation. Fuel NQ,
formation is not reduced with this technique. Water or steam
treated to quality levels conparable to boiler feedwater, is
injected into the conbustor and acts as a heat sink to | ower

2-4



PUBLIC NOTICE DRAFT May 10, 2019

flame tenperatures. This control technique is available for al
new turbine nodels and can be retrofitted to nost existing
installations.

Al t hough uncontrolled em ssion |evels vary widely, the range
of achievable controlled em ssion levels using water or steam

injection is relatively small. Controlled NQ, em ssion |evels
range from 25 to 42 ppnv for natural gas fuel and from42 to
75 ppnv for distillate oil fuel. Achievabl e guaranteed

controlled em ssion levels, as provided by turbine nmanufacturers,
are shown for individual turbine nodels in Figures 2-1 and 2-2
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Figure 2-1. Uncontrolled NOx emission levels and gas turbine
manufacturers®™ guaranteed controlled levels using
wet injection. Natural gas fuel.
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wet injection. Distillate oil fuel.
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for natural gas and oil fuels, respectively.

The deci sion whether to use water versus steaminjection for
NO, reduction depends on many factors, including the availability
of steaminjection nozzles and controls from the turbine
manuf acturer, the availability and cost of steam at the site, and
turbi ne performance and nai ntenance inpacts. This decision is
usually driven by site-specific environnental and econom c
factors.

A systemthat allows treated water to be mxed with the fuel
prior to injection is also available. Limted testing of water-
in-oil ermulsions injected into the turbine conbustor have
achi eved NQ, reductions equivalent to direct water injection but
at reduced water-to-fuel rates. The vendor reports a simlar
system is available for natural gas-fired applications.

Dry I ow NQ, conbustion control techniques reduce NQ
em ssions without injecting water or steam Two designs, |ean
prem xed conbustion and rich/quench/lean staged conbustion have
been devel oped.

Lean prem xed conbustion designs reduce conbustion
tenperatures, thereby reducing thermal NQ. Like wet injection,
this technique is not effective in reducing fuel NO. 1In a
conventional turbine conbustor, the air and fuel are introduced
at an approximately stoichionetric ratio and air/fuel m xing
occurs simultaneously wth conbustion. A lean prem xed conbust or
design prem xes the fuel and air prior to conbustion. Prem xing
results in a honogeneous air/fuel mxture, which mnimzes
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| ocal i zed fuel-rich pockets that produce el evated conbustion
tenperatures and higher NQ, emssions. A lean air-to-fuel ratio
approaching the lean flamuability limt is maintained, and the
excess air acts as a heat sink to |ower conbustion tenperatures,
which lowers thermal NQ formation. A pilot flame is used to
mai ntain conbustion stability in this fuel-lean environnent.

Lean prem xed conbustors are currently avail able from
several turbine manufacturers for a limted nunber of turbine
nodel s. Devel opnent of this technology is ongoing, and
avai lability should increase in the comng years. Al turbine
manuf acturers state that |ean prem xed conbustors are designed
for retrofit to existing installations.

Controlled NQ, emi ssion levels using dry |ean prem xed
conmbustion range from9 to 42 ppnv for operation on natural gas
fuel. The low end of this range (9 to 25 ppnmv) has been Iimted
to turbi nes above 20 negawatts (MN (27,000 horsepower [hp]); to
date, three manufacturers have guaranteed controlled NQ, em ssion
levels of 9 ppnv at one or nore installations for utility-sized
turbines. Controlled NQ emssions from smaller turbines
typically range from 25 to 42 ppnv. For operation on distillate
oil fuel, water or steaminjection is required to achieve
controlled NQ em ssions |evels of approximtely 65 ppnv.

Devel opnent continues for oil-fueled operation in |ean prem xed
desi gns, however, and one turbine manufacturer reports having
achi eved controlled NQ, em ssion |levels below 50 ppnmv in limted
testing on oil fuel wthout wet injection.

A second dry | ow NQ, combustion design is a rich/quench/lean
staged conbustor. Air and fuel are partially conbusted in a
fuel-rich primary stage, the conbustion products are then rapidly
guenched using water or air, and conbustion is conpleted in a
fuel -1 ean secondary stage. The fuel-rich primary stage inhibits
NO, formation due to low Q, levels. Conbustion tenperatures in
the fuel -l ean secondary stage are bel ow NQ, formation
tenperatures as a result of the quenching process and the
presence of excess air. Both thermal and fuel NO, are controlled
with this design. Limted testing with fuels including natura
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gas and coal have achieved controlled NQ, em ssions of 25 ppnv.
Devel opnent of this design continues, however, and currently the
ri ch/ quench/| ean conbustor is not available for production

t ur bi nes.

2.2.2 Selective Catalytic Reduction

This flue gas treatnent technique uses an ammoni a (NH,)
injection system and a catalytic reactor to reduce NQ. An
injection grid disperses NH, in the flue gas upstream of the
catal yst, and NH, and NQ, are reduced to N, and water (HO in the
catal yst reactor. This control technique reduces both thernal
NO, and fuel NQ.

Ammoni a injection systens are available that use either
anhydrous or aqueous NH,. Several catalyst materials are
avai l able. To date, nobst SCR installations use a base-netal
catalyst with an operating tenperature w ndow ranging from
approximately 260° to 400°C (400° to 800°F). The exhaust
tenperature fromthe gas turbine is typically above 480°C
(900°F), so the catalyst is located within a heat recovery steam
generator (HRSG where tenperatures are reduced to a range
conpatible wwth the catal yst operating tenperature. This
operating tenperature requirenent has, to date, limted SCR to
cogeneration or conbined-cycle applications with HRSG s to reduce
flue gas tenperatures. H gh-tenperature zeolite catalysts,
however, are now avail able and have operating tenperature w ndows
of up to 600°C (1100°F), which is suitable for installation
directly downstream of the turbine. This high-tenperature
zeolite catalyst offers the potential for SCR applications with
sinpl e cycle gas turbines.

To achi eve optinum | ong-term NQ, reductions, SCR systens
must be properly designed for each application. In addition to
tenperature considerations, the NH, injection rate nust be
carefully controlled to maintain an NH/NO, nolar ratio that
effectively reduces NQ, and avoi ds excessive NH, em ssions
downstream of the catal yst, known as ammonia slip. The selected
catal yst fornulation nust be resistant to potential nasking
and/ or poi soning agents in the flue gas.
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To date, nobst SCR systens in the United States have been
installed in gas-fired turbine applications, but inprovenents in
SCR system designs and experience on alternate fuels in Europe
and Japan suggest that SCR systens are suitable for firing
distillate oil and other sulfur-bearing fuels. These fuels
produce sulfur dioxide (SQ), which may oxidize to sulfite (SQ)
in the catalyst reactor. This SO reacts with NH, slip to form
ammonium salts in the |lowtenperature section of the HRSG and
exhaust ductwork. The ammoni um salts nust be periodically
cleaned fromthe affected surfaces to avoid fouling and corrosion
as well as increased back-pressure on the turbine. Advances in
catal yst formulations include sulfur-resistant catalysts with | ow
SO, oxidation rates. By limting amonia slip and using these
sul fur-resistant catal ysts, ammonium salt formation can be
m nim zed.

Catal yst vendors offer NQ, reduction efficiencies of
90 percent with amonia slip levels of 10 ppnv or |less. These
em ssion levels are warranted for 2 to 3 years, and all catalyst
vendors contacted accept return of spent catalyst reactors for
recycl e or disposal.

Controlled NQ, emi ssion levels using SCR are typically
9 ppnv or less for gas-fueled turbine installations. Wth the
exception of one site, all identified installations operate the
SCR system in conbination with conbustion controls that reduce
NO, em ssion levels into the SCRto a range of 25 to 42 ppnv.

Most continuous-duty turbine installations fire natural gas;
there is limted distillate oil-fired operating experience in the
United States. Several installations with SCR in the northeast
United States that use distillate oil as a back-up fuel have
controlled NQ emssion limts of 18 ppnmv for operation on
distillate oil fuel.

2.3 COSTS AND COST EFFECTI VENESS FOR NQ, CONTROL TECHNI QUES

Capital costs and cost effectiveness were devel oped for the
avai l able NQ, control techniques. Capital costs are presented in
Section 2.3.1. Cost-effectiveness figures, in $/ton of NQ
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renoved, are shown in Section 2.3.2. Al costs presented are in
1990 dol |l ars.
2.3.1 Capital Costs

Capital costs are the sum of purchased equi pnment costs,
taxes and freight charges, and installation costs. Purchased
equi pnent costs were estinated based on information provided by
equi prent manufacturers, vendors, and published sources. Taxes,
freight, and installation costs were devel oped based on factors
recomrended in the Ofice of Air Quality and Pl anning and
St andards Control Cost Manual (Fourth Edition). Capital costs
for conbustion controls and SCR are presented in Sections 2.3.1.1
and 2.3.1.2, respectively.

2.3.1.1 Conbustion Controls Capital Costs. Capital costs
for wet injection include a m xed bed dem neralizer and reverse-
osnosi s water treatnent system and an injection system consisting
of punps, piping and hardware, netering controls, and injection
nozzles. Al costs for wet injection are based on the
availability of water at the site; no costs have been incl uded
for transporting water to the site. These costs apply to new
installations; retrofit costs would be simlar except that
turbine-related injection hardware and netering controls
purchased from the turbine manufacturer may be higher for
retrofit applications.

The capital costs for wet injection are shown in Figure 2-3,
and range from $388,000 for a 3.3 MN (4,430 hp) turbine to
$4,830,000 for a 161 MW (216,000 hp) turbine.
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Figure 2-3. Capital costs for water or steam iInjection.
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These capital costs include both water and steam injection
systens for use with either gas or distillate oil fuel
applications. Figure 2-3 shows that the capital costs for steam
injection are slightly higher than those for water injection for
turbines in the 3 to 25 MW (4,000 to 33,500 hp) range.

The capital costs for dry | ow NQ conbustors are the
i ncrenental costs for this design over a conventional conbustor
and apply to new installations. Turbine manufacturers estinmate
retrofit costs to be approximately 40 to 60 percent higher than
new equi pment costs. Increnmental capital costs for dry | ow NQ
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conmbusti on were provided by turbine manufacturers and are
presented in Figure 2-4.
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The increnental capital costs range from $375,000 for a 3.3 MV
(4,430 hp) turbine to $2.2 million for an 85 MW (114, 000 hp)
machi ne. Costs were not available for turbines above 85 MV
(114, 000 hp).

When eval uated on a $/ MV ($/ hp) basis, the capital costs for
wet injection or dry | ow NQ conbustion controls are highest for
the smal |l est turbines and decrease exponentially with increasing
turbine size. The range of capital costs for conbustion
controls, in $ MN and the effect of turbine size on capita
costs are shown in Figure 2-5.
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For wet injection, the capital costs range froma high of

$138, 000/ MW ($103/ hp) for a 3.3 MN (4,430 hp) turbine to a | ow of
$29, 000/ MV ($22/ hp) for a 161 MW (216,000 hp) turbine.
Correspondi ng capital cost figures for dry | ow NQ conbustion
range from $114, 000/ MV ($85/ hp) for a 3.3 MN (4,430 hp) unit to
$26, 000/ MV ($19/ hp) for an 85 MN (114,000 hp) nachi ne.

2.3.1.2 SCR Capital Costs. Capital costs for SCR include
the catal yst reactor, anmmonia storage and injection system and
controls and nonitoring equipnment. A conparison of avail able
cost estimates for base-netal catal yst systens and high-
tenperature zeolite catalyst systens indicates that the costs for
these systens are simlar, so a single range of costs was
devel oped that represents all SCR systens, regardl ess of catalyst
type or turbine cycle (i.e., sinple, cogeneration, or conbined
cycle).

The capital costs for SCR, shown in Figure 2-6, range from
$622,000 for a 3.3 MV (4,430 hp) turbine to $8.46 mllion for a
161 MW (216,000 hp) turbine.
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Figure 2-7 plots capital costs on a $/ MV basis and shows t hat
t hese costs are highest for the smallest turbine, at $188, 000/ MV
($140/ hp) for a 3.3 MN (4,430 hp) unit, and decrease
exponentially with increasing turbine size to $52/ MV ($40/ hp) for
a 161 MW (216,000 hp) machi ne.
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These costs apply to new installations firing natural gas as
the primary fuel. No SCR sites using oil as the primary fuel
were identified, and costs were not available. For this
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reason, the costs for gas-fired applications were also used for
oil-fired sites. Retrofit SCR costs could be considerably higher
than those shown here for new installations, especially if an
exi sting HRSG and ancillary equi pnent nust be noved or nodified
to accommpdate the SCR system
2.3.2 Cost Effectiveness

The cost effectiveness, in $/ton of NQ, renoved, was
devel oped for each NQ, control technique. The cost effectiveness
for a given control technique is calculated by dividing the tota
annual cost by the annual NQ, reduction, in tons. The cost
effectiveness presented in this section correspond to 8, 000

annual operating hours. Total annual costs were cal cul ated as
the sum of all annual operating costs and annualized capita
costs. Annual operating costs include costs for increnental
fuel, utilities, maintenance, applicable performance penalties,
operating and supervisory |abor, plant overhead, general and
adm ni strative, and taxes and insurance. Capital costs were
annual i zed using the capital recovery factor nmethod with an
equi prent life of 15 years and an annual interest rate of
10 percent. Cost-effectiveness figures for conbustion controls
and SCR are presented in Sections 2.3.2.1 and 2. 3. 2.2,
respectively.

2.3.2.1 Conbustion Controls Cost Effectiveness. Cost
effectiveness for conbustion controls is shown in Figure 2-8.
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Figure 2-8 indicates that cost effectiveness for conbustion
controls is highest for the smallest turbines and decreases
exponentially with decreasing turbine size. Figure 2-8 also
shows that the range of cost effectiveness for water injection is
simlar to that for steaminjection, primarily because the tota
annual costs and achievable controlled NOQ em ssion |evels for
water and steaminjection are simlar. The cost-effectiveness
range for dry |ow NQ, conbustion is |lower than that for wet

. levels are simlar (25
to 42 ppnv), due to the lower total annual costs for dry |ow NO
conbusti on.
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For water injection, cost effectiveness, in $/ton of NQ
renoved, ranges from $2,080 for a 3.3 MN (4,430 hp) unit to $575
for an 83 MW (111,000 hp) turbine and $937 for an 85 MW
(114,000 hp) turbine. For steam injection, cost effectiveness is
$1,830 for a 3.3 MW (4,430 hp), decreasing to $375 for an 83 MN
(111,000 hp) turbine, and increasing to $478 for a 161 MV
(216,000 hp) turbine. The relatively low cost effectiveness for
the 83 MW (111,000 hp) turbine is due to this particular
turbine's high uncontrolled NO emssions, which result in a
relatively high NQ, renoval efficiency and | ower cost
effectiveness. The cost effectiveness shown in Figure 2-8

nunber of oil-fired applications with water injection indicates
that the cost effectiveness ranges from 70 to 85 percent of the

NQ, renoval efficiency achieved in oil-fired applications.

For dry |ow NQ, conbustion, cost effectiveness, in $/ton of
NO, renoved, ranges from $1,060 for a 4.0 MN (5,360 hp) turbine
down to $154 for an 85 MW (114,000 hp) machine. A cost
ef fectiveness of $57 was calculated for the 83 MWV (111, 000 hp)
unit. Again, the relatively high uncontrolled NQ em ssions and
the resulting high NQ, renoval efficiency for this turbine nodel
yields a relatively |l ow cost-effectiveness figure. Current dry
| ow- NO, conbustion designs do not achieve NQ, reductions with oil
fuels, so the cost-effectiveness values shown in this section
apply only to gas-fired applications.

2.3.2.2 SCR Cost Effectiveness. Cost effectiveness for SCR
was cal cul ated based on the use of conbustion controls upstream
of the catalyst to reduce NQ, em ssions to a range of 25 to
42 ppnv at the inlet to the catalyst. This approach was used
because all available SCR cost information is for SCR
applications used in conbination with conbustion controls and al
but one of the 100+ SCR installations in the United States
operate in conbination with conbustion controls. For this cost
analysis, a 5-year catalyst |life and a 9 ppnv controlled NG
em ssion level was used to calculate cost effectiveness for SCR
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Figure 2-9 presents SCR cost effectiveness. Figure 2-9
shows that, |ike conbustion controls, SCR cost effectiveness is
hi ghest for the smallest turbines and decreases exponentially
W th decreasing turbine size.
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Figure 2-9. Cost effectiveness for selective catalytic reduction
installed downstream of combustion controls.
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Al so, because this cost analysis uses a 9 ppnv controlled NQ,

em ssion level for SCR NOQ, reduction efficiencies are higher
where the NQ em ssion level into the SCRis 42 ppnmv than for
applications wwth a 25 ppnv level. Cost effectiveness
corresponding to an inlet NQ emission level of 42 ppnv, in $/ton
of NQ, renoved, ranges from a high of $10,800 for a 3.3 MN (4430
hp) turbine to $3,580 for a 161 MN (216,000 hp) turbine. For an
inlet NQ em ssion |level of 25 ppnv, the cost-effectiveness range
shifts higher, from $22,100 for a 3.3 MN (4,430 hp) installation
to $6,980 for an 83 MWV (111,000 hp) site.

The range of cost effectiveness for SCR shown in Figure 2-9
applies to gas-fired applications. Cost effectiveness devel oped
for a limted nunber of oil-fired installations using capita
costs from gas-fired applications yields cost-effectiveness
val ues ranging from approximtely 70 to 77 percent of those for
gas-fired sites. The |ower cost-effectiveness figures for oil-
fired applications result primarily from the greater annual NQ,
reductions for oil-fired applications; the gas-fired capita
costs used for these oil-fired applications may understate the
actual capital costs for these renoval rates and actual oil-fired
cost-effectiveness figures may be higher.

Conbi ned cost-effectiveness figures, in $/ton of NQ
renoved, were calculated for the conbination of conbustion
controls plus SCR by dividing the sum of the total annual costs
by the sum of the NQ, renoved for both control techniques. The
controlled NQ em ssion |level for the conbination of controls is
9 ppmv. These conbined cost-effectiveness figures are presented
in Figure 2-10.

2-34



PUBLIC NOTICE DRAFT May 10, 2019

ke
_ i
i -2
1
m
2 A
£ | -
= E
| ' - E;
g =
[n “ h H '::l
(] =
7 25
; v
I'_E'l |.ELL'
= =
= ! T
.5
A
L , 3 |3~
xx
x g
g8 '

Figure 2-10. Combined cost effectiveness for combustion controls
plus selective catalytic reduction.
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For wet injection plus SCR, the conbined cost effectiveness
ranges from $4,460 for a 3.3 MWV (4,430 hp) application to $988
for a 160 MWV (216,000 hp) site. The $645 cost-effectiveness
value for the 83 MWV (111,000 hp) turbine is |lower than the other
turbi ne nodels shown in Figure 2-10 due to
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the relatively high uncontrolled NOQ, em ssion |level for this
turbine, which results in relatively high NO renoval rates and a
| ower cost effectiveness. For dry |ow NQ conbustion plus SCR
conbi ned cost-effectiveness val ues range from $4,060 to $348 for
this turbine size range.
2.4 REVIEW OF CONTROLLED NO, EM SSI ON LEVELS AND COSTS

An overview of the performance and costs for avail able NQ,
control techniques is presented in Figure 2-11.
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Figure 2-11. Controlled NO, em ssion |evels and associ at ed
capital costs and cost effectiveness for avail able
NO, control techniques. Natural gas fuel.
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Figure 2-11 shows relative achievable controlled NOQ, em ssion
| evel s, capital costs, and cost effectiveness for gas-fired
turbine applications. Controlled NQ emssion |levels of 25 to 42
ppnmv can be achieved using either wet injection or, where
avai l able, dry low NQ conbustion. Wt injection capital costs
range from $30,000 to $140,000 per MN ($22 to $104 per hp), and
cost effectiveness ranges from $375 to $2,100 per ton of NQ
removed. Dry |ow NQ, conbustion capital costs range from $25, 000
to $115,000 per MW ($19 to $86 per hp), and cost effectiveness
ranges from $55 to $1,050 per ton of NQ, renoved.

A controlled NO emssion level of 9 ppnv requires the
addition of SCR, except for a |limted nunber of |arge turbine
nodel s for which dry | ow NQ, conbustion designs can achieve this
| evel . For turbine nodels above 40 MW (53,600 hp), the capita
costs of dry |ow NO, conbustion range from $25,000 to $36, 000 per
MN ($25 to $27 per hp), and the cost effectiveness ranges from
$55 to $138 per ton of NQ renoved. Adding SCR to reduce NQ
em ssion levels from42 or 25 ppnmv to 9 ppnv adds capital costs
rangi ng from $53, 000 to $190,000 per MN ($40 to $142 per hp) and
yi el ds cost-effectiveness values ranging from $3,500 to
$10, 500 per ton of NQ, renoved. The conbination of conbustion
controls plus SCR yields conmbined capital costs ranging from
$78,000 to $330,000 per MWV ($58 to $246 per hp) and cost-
effectiveness values ranging from $350 to $4,500 per ton of NQ
renoved.

2.5 ENERGY AND ENVI RONMVENTAL | MPACTS OF NQ, CONTROL TECHNI QUES

The use of the NQ, control techniques described in this
docunent may affect the turbine performance and nmai nt enance
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requi rements and may result in increased em ssions of carbon
nonoxi de (CO, hydrocarbons (HC), and NH,. These potential
energy and environnental inpacts are discussed in this section.

Water or steam injection affects turbine performance and in
sonme turbines also affects maintenance requirenents. The
i ncreased mass flow through the turbine resulting from water or
steam injection increases the available power output. The
guenching effect in the conbustor, however, decreases conbustion
efficiency, and consequently the efficiency of the turbine
decreases in nost applications. The efficiency reduction is
greater for water than for steaminjection, largely because the
heat of vaporization energy cannot be recovered in the turbine.
In applications where the steam can be produced from turbine
exhaust heat that would otherwi se be rejected to the atnosphere,
the net gas turbine efficiency is increased with steam injection.
I njection of water or steaminto the conbustor increases the
mai nt enance requirements of the hot section of sone turbine
nodel s. Water injection generally has a greater inpact than
steam on increased turbine maintenance. Water or steaminjection
has the potential to increase CO and, to a |lesser extent, HC
em ssions, especially at water-to-fuel ratios above O.8.

Tur bi ne manufacturers report no significant performance
i npacts for |lean prem xed conbustors. Power output and
efficiency are conparable to conventional designs. No
mai nt enance inpacts are reported, although |ong-term operating
experience is not available. Inpacts on CO enissions vary for
di fferent conbustor designs. Limted data fromthree
manuf acturers showed mnimal or no increases in CO em ssions for
controlled NQ emssion levels of 25 to 42 ppnv. For a
controlled NQ |evel of 9 ppnv, however, CO em ssions increased
in from 10 to 25 ppnv in one manufacturer's conbustor design.

For SCR, the catal yst reactor increases the back-pressure on
the turbine, which decreases the turbine power output by
approximately 0.5 percent. The addition of the SCR system and
associated controls and nonitoring equi pnent increases plant
mai nt enance requirenents, but it is expected that these
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mai nt enance requirenents are consistent wth nmaintenance

schedul es for other plant equipnent. There is no inpact on CO or
HC em ssions from the turbine caused by the SCR system but
ammoni a slip through the catalyst reactor results in NH

em ssions. Ammonia slip levels are typically guaranteed by SCR
vendors at 10 ppnv, and operating experience indicates actual NH,
em ssions are at or below this |evel.
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3.0 STATI ONARY GAS TURBI NE DESCRI PTI ON AND | NDUSTRY APPLI CATI ONS

This section describes the physical conponents and operating
cycles of gas turbines and how turbines are used in industry.
Projected growh in key industries is also presented.

3.1 GENERAL DESCRI PTI ON OF GAS TURBI NES

A gas turbine is an internal conbustion engine that operates
with rotary rather than reciprocating notion. A common exanple
of a gas turbine is the aircraft jet engine. 1In stationary
applications, the hot conbustion gases are directed through one
or nore fan-like turbine wheels to generate shaft horsepower
rather than the thrust propul sion generated in an aircraft
engine. Oten the heat fromthe exhaust gases is recovered
t hrough an add-on heat exchanger.
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Figure 3-1
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Figure 3-1. The three primary sections of a gas turbine.'
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presents a cutaway view showing the three primary sections of a
gas turbine: the conpressor, the conbustor, and the turbine.’
The conpressor draws in anbient air and conpresses it by a
pressure ratio of up to 30 times anbient pressure.? The
conpressed air is then directed to the conbustor section, where
fuel is introduced, ignited, and burned. There are three types
of conbustors: annular, can-annular, and silo. An annul ar
conmbustor is a single continuous chanber roughly the shape of a
doughnut that rings the turbine in a plane perpendicular to the
air flow The can-annular type uses a simlar configuration but
is a series of can-shaped chanbers rather than a single
conti nuous chanber. The silo conbustor type is one or nore
chanbers nounted external to the gas turbine body. These three
conmbustor types are shown in Figure 3-2
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Figure 3-2. Types of gas turbine combustors.®®
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. further discussion of conbustors is found in Chapter 5.%°

Fl ame tenperatures in the conmbustor can reach 2000°C (3600°F).°
The hot conbustion gases
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are then diluted with additional cool air from the conpressor
section and directed to the turbine section at tenperatures up to
1285°C (2350°F).° Energy is recovered in the turbine section in
the form of shaft horsepower, of which typically greater than

50 percent is required to drive the internal conpressor section.’
The bal ance of the recovered shaft energy is available to drive
the external load unit.

The conpressor and turbine sections can each be a single
fan-1i ke wheel assenbly, or stage, but are usually nade up of a
series of stages. In a single-shaft gas turbine, shown in
Figure 3-3
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, all conpressor and turbine stages are fixed to a single,

conti nuous shaft and operate at the sane speed. A single-shaft
gas turbine is typically used to drive electric generators where
there is little speed variation.

A two-shaft gas turbine is shown in Figure 3-4. In this
design, the turbine section is divided into a high-pressure and
| ow- pressure arrangenent, where the high-pressure turbine is
mechanically tied to the conpressor section by one shaft, while
the | ow pressure turbine, or power turbine, has its own shaft and
is connected to the external load unit. This configuration
all ows the high-pressure turbine/conpressor shaft assenbly, or
rotor, to operate at or near optinmum design speeds, while the
power turbine rotor speed can vary over as wide a range as is
required by nost external-load units in nechanical drive
applications (i.e., conpressors and punps).

A third configuration is a three-shaft gas turbine. As
shown in Figure 3-5, the conpressor section is divided into a
| ow pressure and hi gh-pressure configuration. The | ow pressure
conpressor stages are nechanically tied to the | ow pressure
turbi ne stages, and the high-pressure conpressor stages are
simlarly connected to the high-pressure turbine stages in a
concentric shaft arrangenent. These |ow pressure and hi gh-
pressure rotors operate at optinum design speeds independent of
each other. The power turbine stages are nounted on a third
i ndependent shaft and form the power turbine rotor, the speed of
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whi ch can vary over as wide a range as is necessary for
mechani cal drive applications.

Gas turbines can burn a variety of fuels. Mst burn natura
gas, waste process gases, or liquid fuels such as distillate oils
(primarily No. 2 fuel oil). Some gas turbines are capable of
burni ng | ower-grade residual or even crude oil with m ninal
processing. Coal -derived gases can be burned in sone turbines.

The capacity of individual gas turbines ranges from
approximately 0.08 to over 200 negawatts (MN (107 to
268, 000 horsepower [hp]).? Manufacturers continue to increase
t he horsepower of individual gas turbines, and frequently they
are "ganged," or installed in groups so that the total horsepower
output from one |ocation can nmeet virtually any installation's
power requirenents.

Several characteristics of gas turbines nmake them attractive
power sources. These characteristics include a high horsepower-
to-size ratio, which allows for efficient space utilization, and
a short tine from order placenment to on-line operation. Mny
suppliers offer the gas turbine, load unit, and all accessories
as a fully assenbl ed package that can be perfornmance tested at
the supplier's facility. This packaging is cost effective and
saves substantial installation tinme. Oher advantages of gas
turbi nes are:

1. Low vibration;

H gh reliability;

No requirenent for cooling water;

Suitability for renote operation

Lower capital costs than reciprocating engines; and

6. Lower capital costs than boiler/steam turbine-based
el ectric power generating plants.?®
3.2 OPERATI NG CYCLES

The four basic operating cycles for gas turbines are sinple,
regenerative, cogeneration, and conbined cycles. Each of these
cycles is described separately bel ow

a s wn
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3.2.1 Sinple Cycle

The sinple cycle is the nost basic operating cycle of a gas
turbine. In a sinple cycle application, a gas turbine functions
wth only the three primary sections described in Section 3.1, as
depicted in Figure 3-6.
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1 Cycle efficiency, defined as a percentage of useful shaft

energy output to fuel energy input, is typically in the 30 to
35 percent range, although one manufacturer states an efficiency
of 40 percent for an engine recently introduced to the narket.?®
In addition to shaft energy output, 1 to 2 percent of the fuel
i nput energy can be attributed to nmechanical |osses; the bal ance
is exhausted fromthe turbine in the formof heat.’” Sinple cycle
operation is typically used when there is a requirenent for shaft
hor sepower w thout recovery of the exhaust heat. This cycle
offers the lowest installed capital cost but also provides the
| east efficient use of fuel and therefore the highest operating
cost.
3.2.2 Regenerative Cycle

The regenerative cycle gas turbine is essentially a sinple
cycle gas turbine wth an added heat exchanger, called a
regenerator or recuperator, to preheat the conbustion air. In
the regenerative cycle, thermal energy from the exhaust gases is
transferred to the conpressor discharge air prior to being
i ntroduced into the conbustor. A diagramof this cycle is
depicted in Figure 3-7
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Figure 3-7. Regenerative cycle gas turbine."
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. Preheating the conbustion air reduces the anount of fue

required to reach design conbustor tenperatures and therefore

i nproves the overall cycle efficiency over that of sinple cycle
operation. The efficiency gain is directly proportional to the
differential tenperature between the exhaust gases and conpressor
di scharge air. Since the conpressor discharge air tenperature
increases with an increase in pressure ratio, higher regenerative
cycle efficiency gains are realized from | ower conpressor
pressure ratios typically found in ol der gas turbine nodels.’
Most new or updated gas turbine nodels with high conpressor
pressure ratios render regenerative cycle operation economcally
unattractive because the capital cost of the regenerator cannot
be justified by the marginal fuel savings.
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3.2.3 Cogeneration Cycle

A gas turbine used in a cogeneration cycle application is
essentially a sinple cycle gas turbine with an added exhaust heat
exchanger, called a heat recovery steam generator (HRSG. This
configuration is shown in Figure 3-8
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Figure 3-8.
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. The steam generated by the exhaust heat can be delivered at

a variety of pressure and tenperature conditions to neet site
thermal process requirenents. \Were the exhaust heat is not
sufficient to neet site requirenments, a supplenentary burner, or
duct burner, can be placed in the exhaust duct upstream of the
HRSG to increase the exhaust heat energy. Adding the HRSG
equi pnment increases the capital cost, but recovering the exhaust
heat increases the overall cycle efficiency to as high as
75 percent.?®®
3.2.4 Conbined Cycle

A conbined cycle is the term nol ogy conmmonly used for a gas
tur bi ne/ HRSG configuration as applied at an electric utility.
This cycle, shown in Figure 3-9
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Figure 3-9. Combined cycle gas turbine application.®
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, is used to generate electric power.'* The gas turbine drives
an electric generator, and the steam produced in the HRSG is
delivered to a steam turbine, which also drives an electric
generator. The boiler may be supplenentary-fired to increase the
steam producti on where desired. Cycle efficiencies can exceed
50 percent.
3.3 | NDUSTRY APPLI CATI ONS

Gas turbines are used by industry in both nmechanical and
el ectrical drive applications. Conpressors and punps are nost
often the driven load unit in nechanical drive applications, and
el ectric generators are driven in electrical drive installations.
Few sites have gas/air conpression or fluid punping requirenents
t hat exceed 15 MW (20,100 hp), and for this reason mechanica
drive applications generally use gas turbines in the 0.08- to
15. 0- MW (107- to 20, 100-hp) range.' Electric power requirenents
range over the entire avail able range of gas turbines, however,
and all sizes can be found in electrical drive applications, from
0.08 to greater than 200 MW (107 to 268,000 hp).*

The primary applications for gas turbines can be divided
into five broad categories: the oil and gas industry,
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st and- by/ energency el ectric power generation, independent
el ectric power producers, electric utilities, and other
industrial applications.®™ Were a facility has a requirenent
for nmechanical shaft power only, the installation is typically
sinple or regenerative cycle. For facilities where either
el ectric power or nechanical shaft power and steam generation are
required, the installation is often cogeneration or conbi ned
cycle to capitalize on these cycles' higher efficiencies.
3.3.1 4Gl and Gas Industry
The bul k of nechanical drive applications are in the oil and
gas industry. @Gas turbines in the oil and gas industry are used
primarily to provide shaft horsepower for oil and gas extraction
and transm ssion equi pnent, although they are also used in
downstream refinery operations. Mst gas turbines found in this
industry are in the 0.08- to 15.0-MN (107- to 20, 100-hp) range.
Gas turbines are particularly well suited to this industry,
as they can be fueled by a wide range of gaseous and liquid fuels
often available at the site. Natural gas and distillate oil are
the nost common fuels. Many turbines can burn waste process

gases, and sone turbines can burn residual oils and even crude
oil. In addition, gas turbines are suitable for renote
installation sites and unattended operation. Mst turbines used
in this industry operate continuously, 8,000+ hours per year,
unless the installation is a pipeline transm ssion application
Wi th seasonal operation.

Competition from reciprocating engines in this industry is
significant. Although gas turbines have a considerable capita
cost advantage, reciprocating engines require less fuel to
produce the same horsepower and consequently have a | ower
operating cost.' Selection of gas turbines vs. reciprocating
engines is generally determned by site-specific criteria such as
installed capital costs, costs for any required em ssions contro
equi pnent, fuel costs and availability, annual operating hours,
installation and structural considerations, conpatibility with
exi sting equi pnment, and operating experience.
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3.3.2 Stand-By/Energency Electric Power Ceneration

Smal | electric generator sets make up a considerabl e nunber
of all gas turbine sales under 3.7 MN (5,000 hp). The mgjority
of these installations provide backup or energency power to

critical networks or equipnent and use liquid fuel. Tel ephone
conpanies are a principal user, and hospitals and snal
muni ci palities also are included in this market. These turbines

operate on an as-needed basis, which typically is between 75 and
200 hours per year.

Gas turbines offer reliable starting, |ow weight, snal
size, low vibration, and relatively |ow maintenance, which are
inportant criteria for this application. Gas turbines in this
size range have a relatively high capital cost, however, and
reci procating engines domnate this market, especially for
applications under 2,000 kW (2,700 hp).'*?*
3.3.3 lndependent Electrical Power Producers

Large industrial conplexes and refining facilities consune
consi derabl e anounts of electricity, and many sites choose to
generate their own power. (Gas turbines can be used to drive
el ectric generators in sinple cycle operation, or an HRSG system
may be added to yield a nore efficient cogeneration cycle. The
vast majority of cogeneration installations operate in a conbi ned
cycle capacity, using a steamturbine to provide additiona
electric power. The Public Uility Regulatory Policies Act
(PURPA) of 1978 encourages independent cogenerators to generate
electric power by requiring electric utilities to (1) purchase
electricity from qualifying producers at a price equal to the
cost the utility can avoid by not having to otherw se supply that
power (avoided cost) and (2) provide backup power to the
cogenerator at reasonable rates. Between 1980 and 1986,
approxi mately 20,000 MW of gas turbine-produced electrica
generating capacity was certified as qualifying for PURPA
benefits. This installed capacity by private industry power
generators is nore than the sumof all utility gas turbine orders
for all types of central power plants during this period.?*® The
Departnment of Energy (DOE) expects an additional 27,000 MV
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capacity to be purchased by private industry in the next
10 years.?*

Gas turbines installed in this market range in power from1l
to over 100 MW (1,340 to 134,000 hp) and operate typically
bet ween 4,000 and 8,000 hours per year. \Wile reciprocating
engi nes conpete with the gas turbine at the lower end of this
mar ket (under approximately 7.5 MN[10,000 hp]), the advantages
of lower installed costs, high reliability, and | ow mai ntenance
requi rements make gas turbines a strong conpetitor.
3.3.4 Electric Uilities

Electric utilities are the |largest user of gas turbines on

an installed horsepower basis. They have traditionally installed
these turbines for use as peaking units to neet the electric
power demand peaks typically inposed by |arge comrercial and
industrial users on a daily or seasonal basis; consequently, gas
turbines in this application operate |ess than 2,000 hours per
year.? The power range used by the utility market is 15 MVto
over 150 MW (20,100 to 201,000 hp). Peaking units typically
operate in sinple cycle.

The demand for gas turbines fromthe utility market was fl at
through the late 1970's and 1980's as the cost of fuel increased
and the supplies of gas and oil becane unpredictable. There are
signs, however, that the utility market is poised to again
pur chase consi derabl e generating capacity. The capacity margin,
which is the utility industry's neasure of excess generation
capacity, peaked at 30 percent in 1982. By 1990, the capacity
mar gi n had dropped to approximately 20 percent, and, based on
current construction plans, will reach the industry rule-of-thunb
m ni mum of 15 percent by 1995.?" The utility industry is adding
new capacity and repowering existing older plants, and gas
turbines are expected to play a considerable role.

Many utilities are now installing gas turbine-based conbined
cycle installations with provisions for burning coal-derived gas
fuel at some future date. This application is known as
integrated coal gasification conbined cycle (1GCC). At |east
five power plant projects have been announced, and several nore
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are being negotiated. Capital costs for these plants are in many
cases higher than conparable natural gas-fuel ed applications, but
future price increases for natural gas could nmake I GCC an
attractive option for the future.®

Uility orders for gas turbines have doubled in each of the
|ast 2 years. The DCE says that electric utilities will need to
add an additional 73,000 MNVto capacity to neet demand by the
year 2000, and as Figure 3-10
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Figure 3-10. Total capacity to be purchased by the utility
industry.*
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shows, DCE expects 36,000 MW of conbined cycle and 16,000 MW of

sinple cycle gas turbines to be purchased. This renewed interest
in gas turbines is a result of:

1. The introduction of new, larger, nore efficient gas
t ur bi nes;

2. Lower natural gas prices and proven reserves to neet
current demand |l evels for nore than 100 years;

3. Shorter lead tines than those of conpeting equi pnent;
and

4. Lower capital costs for gas turbines.?*

3-25



PUBLIC NOTICE DRAFT May 10, 2019

Uility capital cost estinates, as shown in Figure 3-11
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, are (1) $500 per KW for repowering existing plants with
conbi ned cycle gas turbines, (2) $800 per KW for new conbi ned
cycle plants, (3) $1,650 per KWfor new coal -fired plants, and
(4) $2,850 per KW for new nucl ear-powered plants.?

Gas turbines are also an alternative to displace planned or
exi sting nuclear facilities. A total of 1,020 MV of gas turbine-
generated electric power was recently conm ssioned in M chigan at
a plant where initial design and construction had begun for a
nucl ear plant. Four additional idle nuclear sites are
considering switching to gas turbine-based power production due
to the legal, regulatory, financial, and public obstacles facing
nuclear facilities.?

3.3.5 Oher Industrial Applications

| ndustrial applications for gas turbines include various
types of mechanical drive and air conpression equipnent. These
applications peaked in the late 1960's and declined through the
1970's.?® Wth the pronul gati on of PURPA in 1978 (see
Section 3.3.3), many industrial facilities have found it
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economcally feasible to install a conbined cycle gas turbine to
nmeet power and steam requirenents. Review of editions of Gas
Turbine Wrld over the |last several years shows that a broad
range of industries (e.g., pulp and paper, chem cal, and food
processi ng) have installed conmbined cycle gas turbines to neet
their energy requirenents.
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4.0 CHARACTERI ZATI ON OF NO, EM SSI ONS

This section presents the principles of NQ formation, the
types of NQ emtted (i.e., thermal NQ, pronpt NQ, and fuel
NQ), and how they are generated in a gas turbine conmbustion
process. Estimated NQ, em ssion factors for gas turbines and the
bases for the estimates are al so presented.

4.1 THE FORVATI ON CF NQ,

Ni trogen oxides formin the gas turbine conbustion process
as a result of the dissociation of nitrogen (N,) and oxygen (Q)
into N and O respectively. Reactions following this
di ssociation result in seven known oxides of nitrogen: NO NQ,
NG, NO NG, NO, and NQ. O these, nitric oxide (NO and
nitrogen dioxide (NQ) are fornmed in sufficient quantities to be
significant in atnospheric pollution.® 1In this docunment, "NQ"
refers to either or both of these gaseous oxides of nitrogen.

Virtually all NO, em ssions originate as NO This NOis
further oxidized in the exhaust systemor |ater in the atnosphere
to formthe nore stable NOQ nolecule.? There are two nechani sns
by which NQ, is fornmed in turbine conbustors: (1) the oxidation
of atnospheric nitrogen found in the conmbustion air (thermal NOQ,
and prompt NQ) and (2) the conversion of nitrogen chemcally
bound in the fuel (fuel NQ). These nechanisns are di scussed
bel ow.

4.1.1 Formation of Thernmal and Pronpt NQ

Thermal NQ, is formed by a series of chemcal reactions in
whi ch oxygen and nitrogen present in the conbustion air
di ssoci ate and subsequently react to form oxides of nitrogen.
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The major contributing chem cal reactions are known as the

Zel dovi ch nechani sm and take place in the high tenperature area
of the gas turbine conbustor.® Sinply stated, the Zel dovich
mechani sm postul ates that thermal NQ, formati on increases
exponentially with increases in tenperature and linearly with
increases in residence tine.*

Fl anme tenperature is dependent upon the equival ence ratio,
which is the ratio of fuel burned in a flane to the anount of
fuel that consumes all of the available oxygen.®> An equival ence
ratio of 1.0 corresponds to the stoichionetric ratio and is the
point at which a flanme burns at its highest theoretica
tenperature.® Figure 4-1
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shows the flane tenperature and equival ence ratio relationship
for conbustion using No. 2 distillate fuel oil (DF-2).°
The series of chem cal reactions that form thermal NQ,
according to the Zel dovich nmechani sm are presented bel ow. ?

1. O = 20

2. N, = 2N

3. N+ O~ NO

4. N+ Q = NO+ QO and

5. O+ N, = NO+ N.

This series of equations applies to a fuel-lean conbustion
process. Conbustion is said to be fuel-lean when there is excess
oxygen avail abl e (equivalence ratio <1.0). Conversely,
conmbustion is fuel-rich if insufficient oxygen is present to burn
all of the available fuel (equivalence ratio >1.0). Additiona
equati ons have been devel oped that apply to fuel-rich conbustion.
These equations are an expansion of the above series to add an

i ntermedi ate hydroxide nolecule (OH):?2
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6. N+ OH~ NO + H,

and further to include an internedi ate product, hydrogen cyanide
(HCN), in the formation process:?

7. N, + CH = HCN + N and

8. N+ OH H+ NO

The overall equivalence ratio for gases exiting the gas
turbi ne conbustor is less than 1.0.* Fuel-rich areas do exist in
the overall fuel-lean environnment, however, due to
| ess-than-ideal fuel/air mxing prior to conbustion. This being
the case, the above equations for both fuel-lean and fuel-rich
conbustion apply for thermal NQ, formation in gas turbines.

Pronpt NQ, is fornmed in the proximty of the flanme front as
i nternedi ate conbustion products such as HCN, N, and NH are
oxidized to form NQ, as shown in the follow ng equations:

1. CH+ N, = HON + N
2. CH, + N, = HON + NH and

3. HON, N, NH+ Q = NO+....°

Pronpt NQ, is fornmed in both fuel-rich flanme zones and
fuel -1 ean prem xed conbustion zones. The contribution of pronpt
NO, to overall NQ emissions is relatively small in conventional
near-stoi chionetric conbustors, but this contribution increases
W th decreases in the equivalence ratio (fuel-lean m xtures).
For this reason, pronpt NQ, becones an inportant consideration
for the | ow NQ, conbustor designs described in Chapter 5 and
establishes a mininum NQ, | evel attainable in lean mixtures.’
4.1.2 Formation of Fuel NO

Fuel NQ, (al so known as organic NQ) is fornmed when fuels
containing nitrogen are burned. Mblecular nitrogen, present as
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N, in sone natural gas, does not contribute significantly to fuel
NO, formation.® However, nitrogen conpounds are present in coal
and petroleum fuels as pyridine-like (GHN structures that tend
to concentrate in the heavy resin and asphalt fractions upon
distillation. Sone lowBritish thermal unit (Btu) synthetic
fuels contain nitrogen in the form of amonia (NH), and other

| owBtu fuels such as sewage and process waste-stream gases al so
contain nitrogen. Wen these fuels are burned, the nitrogen
bonds break and sone of the resulting free nitrogen oxidizes to
form NQ.° Wth excess air, the degree of fuel NQ formation is
primarily a function of the nitrogen content in the fuel. The
fraction of fuel-bound nitrogen (FBN) converted to fuel NQ
decreases with increasing nitrogen content, although the absolute
magni tude of fuel NQ, increases. For exanple, a fuel wth

0.01 percent nitrogen may have 100 percent of its FBN converted
to fuel NQ, whereas a fuel with a 1.0 percent FBN may have only
a 40 percent fuel NQ, conversion rate. The |ow percentage FBN
fuel has a 100 percent conversion rate, but its overall NQ

em ssion |level would be lower than that of the high-percentage
FBN fuel with a 40 percent conversion rate.'

Ni trogen content varies from0.1 to 0.5 percent in nost
residual oils and fromO0.5 to 2 percent for nost U 'S. coals."
Traditionally, nost light distillate oils have had |ess than
0. 015 percent nitrogen content by weight. However, today many
distillate oils are produced from poorer-quality crudes,
especially in the northeastern United States, and these
distillate oils may contain percentages of nitrogen exceeding the
0.015 threshold; this higher nitrogen content can increase fuel
NO, formation.* At |east one gas turbine installation burning
coal -derived fuel is in comrercial operation in the United
St at es. *?

Most gas turbines that operate in a continuous duty cycle
are fueled by natural gas that typically contains little or no
FBN. As a result, when conpared to thermal NQ, fuel NQ is not
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currently a major contributor to overall NQ em ssions from
stationary gas turbines.
4.2 UNCONTROLLED NQ, EM SSI ONS

The NQ, em ssions from gas turbines are generated entirely
in the conmbustor section and are released into the atnobsphere via
the stack. 1In the case of sinple and regenerative cycle
operation, the conbustor is the only source of NQ emssions. In
cogeneration and conbi ned cycle applications, a duct burner may
be placed in the exhaust ducting between the gas turbine and the
heat recovery steam generator (HRSG; this burner also generates
NO, em ssions. (Gas turbine operating cycles are discussed in
Section 3.2.) The anount of NQ, fornmed in the conbustion zone is
"frozen" at this level regardl ess of any tenperature reductions
that occur at the downstream end of the conbustor and is rel eased
to the atnosphere at this level."

4.2.1 Paraneters Influencing Uncontrolled NOQ_Em ssions

The level of NQ formation in a gas turbine, and hence the
NO, em ssions, is unique (by design factors) to each gas turbine
nmodel and operating node. The primary factors that determ ne the
amount of NO, generated are the conmbustor design, the types of
fuel being burned, anbient conditions, operating cycles, and the
power output |level as a percentage of the rated full power output
of the turbine. These factors are discussed bel ow.

4.2.1.1 Conbustor Design. The design of the conmbustor is
the nost inportant factor influencing the formation of NQ.

Design considerations are presented here and discussed further in
Chapter 5.

Thermal NQ, formation, as discussed in Section 4.1.1, is
influenced primarily by flame tenperature and residence tine.
Design paraneters controlling equival ence ratios and the
i ntroduction of cooling air into the conbustor strongly influence
thermal NQ, formation. The extent of fuel/air mxing prior to
conbustion also affects NQ, formation. Sinultaneous m xing and
conmbustion results in localized fuel-rich zones that yield high
flame tenperatures in which substantial thermal NQ, production
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takes place.' The dependence of thernmal NQ, formation on flane
tenperature and equival ence ratio is shown in Figure 4-2
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Figure 4-2. Thermal NO, production as a function of flame
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for DF-2.* Conversely, pronpt NQ is largely insensitive to
changes in tenperature and pressure.’

Fuel NQ, formation, as discussed in Section 4.1.2, is forned
when FBN is released during conbustion and oxidizes to form NQ,.
Desi gn paraneters that control equivalence ratio and residence
time influence fuel NQ, formation.*

4.2.1.2 Type of Fuel. The level of NQ em ssions varies
for different fuels. In the case of thermal NQ, this |evel
increases with flane tenperature. For gaseous fuels, the
constituents in the gas can significantly affect NQ em ssions
| evel s. Gaseous fuel m xtures containing hydrocarbons with
nmol ecul ar wei ghts higher than that of nethane (e.g., ethane,
propane, and butane) burn at higher flame tenperatures and as a
result can increase NQ, em ssions greater than 50 percent over
NO, I evels for nethane gas fuel. Refinery gases and sone
unprocessed field gases contain significant |evels of these
hi gher nol ecul ar wei ght hydrocarbons. Conversely, gas fuels that
contain significant inert gases, such as CQ, generally produce
lower NOQ, em ssions. These inert gases serve to absorb heat
during conbustion, thereby lowering flanme tenperatures and
reduci ng NQ, em ssions. Exanples of this type of gas fuel are
air-blown gasifier fuels and sone field gases.' Conbustion of
hydrogen also results in high flanme tenperatures, and gases wth
significant hydrogen content produce relatively high NQ
em ssions. Refinery gases can have hydrogen contents exceedi ng
50 percent.?®®
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As is shown in Figure 4-3
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, DF-2 burns at a flanme tenperature that is approxinmately 75°C
(100°F) higher than that of natural gas, and as a result, NQ

em ssions are higher when burning DF-2 than they are when burning
natural gas.' LowBtu fuels such as coal gas burn with | ower
flame tenperatures, which result in
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substantially |ower thermal NOQ em ssions than natural gas or
DF-2.'® For fuels containing FBN, the fuel NQ, production
increases wth increasing |evels of FBN

4.2.1.3 Anbient Conditions. Anbient conditions that affect
NO, formation are humdity, tenperature, and pressure. O these
anbi ent conditions, humdity has the greatest effect on NQ
formation.™ The energy required to heat the airborne water
vapor has a quenching effect on conbustion tenperatures, which
reduces thermal NQ, formation. At low humdity |evels, NQ
em ssions increase with increases in anbient tenperature. At
high humdity levels, the effect of changes in anbient
tenperature on NQ, formation varies. At high humdity levels and
| ow anbi ent tenperatures, NQ, emi ssions increase with increasing
tenperature. Conversely, at high humdity |evels and anbient
t enperatures above 10°C (50°F), NQ, em ssions decrease wth
i ncreasi ng tenperature.

4-16



PUBLIC NOTICE DRAFT

May 10, 2019

o
<

NOx Emission Index {gm NO2/kg fual)

30- /f_ \
| \
20_
100 % Relative Humidity
104
0 T Lo T T
0 20 40 60 80 100 120
Arnbient Temperaturs, deg. F
Figure 4-4_. Influence of relative humidiEy and ambient

temperature on NO, formation.

4-17



PUBLIC NOTICE DRAFT May 10, 2019

This effect of humdity and tenperature on NQ formation is shown
in Figure 4-4. A rise in anbient pressure results in higher
pressure and tenperature |levels entering the conbustor and so No,
production levels increase with increases in anbient pressure.®

The influence of anbient conditions on nmeasured NQ, em ssion
| evel s can be corrected using the follow ng equation:?

ch< - ( I\Q(o) ( Pr/ Po) 0. SelQ(Ho—O. 00633)( 2880K/ Ta) 1.53
wher e:

NO, = emission rate of NQ at 15 percent O, and International
Standards Organi zation (1SO anbient conditions, volune
percent;

NQ, = observed NQ, concentration, parts per mllion by vol une
(ppnv) referenced to 15 percent O,

P, = reference conpressor inlet absolute pressure at
101. 3 kil opascal s anbient pressure, mllinmeters nmercury

(mm Hg) ;

P, = observed conpressor inlet absolute pressure at test, nm

Hg;
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H, = observed humdity of anbient air, g HO g air;
e = transcendental constant, 2.718; and
T, = anbient tenperature, K

At least two manufacturers state that this equati on does not
accurately correct NQ enissions for their turbine nodels.?®*
It is expected that these turbine manufacturers could provide
corrections to this equation that would nore accurately correct
NO, em ssions for the effects of anmbient conditions based on test
data for their turbine nodels.

4.2.1.4 perating Cycles. Emssions fromidentica
turbines used in sinple and cogeneration cycles have simlar NQ
em ssions |levels, provided no duct burner is used in heat
recovery applications. The NQ em ssions are simlar because, as
stated in Section 4.2, NQ is forned only in the turbine
conmbustor and remains at this |level regardl ess of downstream
tenperature reductions. A turbine operated in a regenerative
cycle produces higher NQ, |evels, however, due to increased
conmbustor inlet tenperatures present in regenerative cycle
applications.?

4.2.1.5 Power Qutput Level. The power output |evel of a
gas turbine is directly related to the firing tenperature, which
is directly related to flame tenperature. Each gas turbine has a
base-rated power |evel and corresponding NO, level. At power
outputs below this base-rated level, the flame tenperature is
[ower, so NQ em ssions are |lower. Conversely, at peak power
out puts above the base rating, NO, em ssions are higher due to
hi gher flane tenperature. The NQ, em ssions for a range of
firing tenperatures are shown in Figure 4-3 for one
manuf acturer's gas turbine. "
4.2.2 NO_Em ssions From Duct Burners

I n sonme cogeneration and conbined cycle applications, the
exhaust heat fromthe gas turbine is not sufficient to produce
the desired quantity of steam from the HRSG and a suppl enenta
burner, or duct burner, is placed in the exhaust duct between the
gas turbine and HRSG to increase tenperatures to sufficient
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levels. In addition to providing additional steam capacity, this
burner also increases the overall system efficiency since
essentially all energy added by the duct burner can be recovered
in the HRSG *

The | evel of NQ, produced by a duct burner is approximately
0.1 pound per mllion Btu (I b/ MvBtu) of fuel burned. The ppnmv
| evel depends upon the flowate of gas turbine exhaust gases in
whi ch the duct burner is operating and thus varies with the size
of the turbine.?

Typi cal NQ, production |evels added by a duct burner
operating on natural gas fuel are:®

Gas turbine output, Duct burner NQ, ppnmv,
negawatts (MN referenced to 15 percent Q
3 to 50 10 to 30
50+ 5 to 10

4.3 UNCONTROLLED EM SSI ON FACTORS
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TABLE 4-1. UNCONTROLLED NO, EMISSIONS FACTORS FOR GAS
TURBINES AND DUCT BURNERS®*?-1°-24-29

NO, emissions, ppmv, dry NO, emissions factor,
and corrected to 15% 0, Ib NO,/MMBtu?
Output, Distillate Distillate
Manufacturer Model No. MW Natural gas oil No. 2 Natural gas oil No. 2
Solar Saturn 11 99 150 0.397 0.551
Centaur 3.3 130 179 0.521 0.658
Centaur "H" 4.0 105 160 0.421 0.588
Taurus 45 114 168 0.457 0.618
Mars T12000 8.8 178 267 0.714 0.981
Mars T14000 10.0 199 NA® 0.798 NA®
GM/Allison 501-KB5 4.0 155 231 0.622 0.849
570-KA 49 101 182 0.405 0.669
571-KA 5.9 101 182 0.405 0.669
General Electric LM1600 12.8 144 237 0.577 0.871
LM2500 21.8 174 345 0.698 1.27
LM5000 33.1 185 364 0.742 1.34
LM6000 415 220 417 0.882 1.53
M S5001P 26.3 142 211 0.569 0.776
MS6001B 38.3 148 267 0.593 0.981
MS7001EA 83.5 154 228 0.618 0.838
MS7001F 123 179 277 0.718 1.02
MS9001EA 150 176 235 0.706 0.864
MS9001F 212 176 272 0.706 1.00
Asea Brown Boveri GT8 47.4 430 680 1.72 2.50
GT10 22.6 150 200 0.601 0.735
GT11N 81.6 390 560 1.56 2.06
GT35 16.9 300 360 1.20 1.32
Westinghouse W261B11/12 52.3 220 355 0.882 1.31
W501D5 119 190 250 0.762 0.919
Siemens V84.2 105 212 360 0.850 1.32
V94.2 153 212 360 0.850 1.32
V64.3 61.5 380 530 1.52 1.95
V84.3 141 380 530 152 1.95
V94.3 203 380 530 1.52 1.95
Duct burners All NA® <30 NA® <0.100° NA®

“Based on emission levels provided by gas turbine manufacturers, corresponding to rated load at SO conditions.
NO, emissions calculations are shown in Appendix A.

®Not available.

°Not applicable.

References 16 and 22.
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Uncontroll ed em ssion factors are presented in Table 4-1.
These factors are based on uncontrolled em ssion |evels provided
by manufacturers in ppnv, dry, and corrected to 15 percent Q,
corresponding to 100 percent output |oad and I|nternational
St andards Organi zation (1SO conditions of 15°C (59°F) and 1
at nrosphere (14.7 psia). Sanple calculations are given in
Appendi x A.  The uncontroll ed em ssions factors range from 0. 397
to 1.72 Ib/MVMBtu (99 to 430 ppnv) for natural gas and 0.551 to
2.50 I'b/MvBtu (150 to 680 ppnv) for DF-2.
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5.0 NQ, CONTROL TECHNI QUES

Nationwi de NO, em ssion |limts have been established for
stationary gas turbines in the new source performance standards
(NSPS) promulgated in 1979.' This standard, summarized in
Table 5-1
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TABLE 5-1. NO, EMISSION LIMITS AS ESTABLISHED BY THE NEW
SOURCE PERFORMANCE STANDARDS FOR GAS TURBINES
NO, limt,
Fuel i nput ppnmv  at 15%)
MVBt u/ hr Size, MN Application(s) Q, dry?°®
<10 1° Al 'l None
10-100 1-10° Al l 150
>100 10+° Utility® 75
<30° Nonutility 150
>30° Nonutility None
<100 10° Regenerative cycle None
Al Al l e None
®Based on thernmal efficiency of 25 percent. This limt nmay be

increased for higher efficiencies by multiplying the Ilimt in
the table by 14.4/actual heat rate, in kJ/watt-hr.
°A fuel -bound nitrogen allowance may be added to the linits
listed in the table according to the table listed bel ow
Fuel - bound nitrogen (N),
percent by wei ght Al l owabl e increase, ppnv

N < 0.015 0
0.015 < N< 0.1 400 x N
0.1 < N< 0.25 40 + [6.7 x (N - 0.1)]

N > 0.25 50

‘Based on gas turbine heat rate of 10,000 Btu/ kW hr.

An installation is considered a ut|I|ty if nore than 1/3 of its
potential electrical output is sold.

°Emer gency/ stand-by, mlitary (except garrison facilities),
mlitary training, research and devel opnent, firefighting,
emergency fuel operation applications are exenpt from NO,
emssion limts.

and
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, effectively sets a limt for new, nodified, or reconstructed
gas turbines greater than 10.7 gigajoul es per hour (approximtely
3,800 horsepower [hp]) of 75 or 150 parts per mllion by vol une
(ppnv), corrected to 15 percent oxygen (Q) on a dry basis,
dependi ng upon the size and application of the turbine. State
and regional regulatory agencies may set nore restrictive limts,
and two organi zations have established limts as Iow as 9 ppnv:
the South Coast Air Quality Managenent District (SCAQVD) has
defined limts as listed in Table 5-2
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TABLE 5-2. NO, COMPLIANCE LIMITS AS ESTABLISHED BY THE
SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT (SCAQMD)

FOR EXISTING TURBINES. RULE 1134. ADOPTED AUGUST 1989.%7

NO, imt, ppnmv, 15%
Unit size, negawatt rating (MN Q dry’
0.3 to <2.9 MV 25
2.9 to <10.0 MWV 9
2.9 to <10.0 MWV 15
No SCR
10.0 MW and over 9
10.0 MW and over 12
No SCR
60 MW and over 15
Conbi ned cycle
No SCR
“60 MV and over 9
Conbi ned cycl e

|kbnpliance limt = Reference limt X EFF/ 25 percent

ere:

EFF = Ngw)}%%}))&?E)iﬁlﬁkxﬂ?%&ﬁ?&@@\?ﬂ??

or
EFF® = (Manufacturer's rated efficiency at LHV) x iiif

®The NQ, reference limts to be effective by Decenber 31, 1995.

*Aver aged over 15 consecutive ninutes.

‘EFF = the denonstrated percent efficiency of the gas turbine

only as cal culated w thout consideration of any
down-stream energy recovery fromthe actual heat rate

(Btu/kWhr), or 1.34 (Btu/hp-hr); corrected to the higher

heati ng value (HHV) of the fuel and I SO conditions,
nmeasured at peak load for that facility; or the
manuf acturer's continuous rated percent efficiency
(rmanufacturer's rated efficiency) of the gas turbine

after correction from|lower heating value (LHV) to the

HHV of the fuel, whichever efficiency is higher. The
val ue of EFF shall not be less than 25 percent. Gas
turbines with lower efficiencies will be assigned a
25 percent efficiency for this calculation.
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; and the Northeast States for Coordinated Air Use Managenent
(NESCAUM has recomrended |imts as listed in Table 5-3.
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TABLE 5-3. NO, EMISSION LIMITS RECOMMENDED BY THE NORTHEAST
STATES FOR COORDINATED AIR USE MANAGEMENT (NESCAUM)

NEW TURBI NES®

Fuel i nput,
MVBt u/ hr Si ze, MN Fuel type NO, limt, ppm/’
1-100 1-10 Gas 42
Q| 65
>100 10+ Gas 9°
al 9°
Gas/oi | back-up 9/ 18¢ ¢

Based on gas turbine heat rate of 10,000 Btu/kWhr.

PDry basis, corrected to 15 percent oxygen.
‘Based on use of selective catalytic reduction (SCR). Linmits for operation

wi thout SCR, where permtted, should be the turbine manufacturer's | owest

guaranteed NQ, linmit.
“Based on the use of SCR and a fuel -bound nitrogen content of 600 ppm or |ess.

EXI STI NG TURBI NES*

Operating NO, emission limt,
cycl e Fuel ppnv, 15 percent Q
Gas, no oil back-up 55
al 75
Si npl e
Gas, with oil back-up 55 (Gas fuel)
75 (O fuel)
Gas, no oil back-up 42
Conbi ned al 65
Gas, with oil back-up 42 (Gas fuel)
65 (G| fuel)

Applies to existing turbines rated at 25 MvBtu/ hr or above

Not e:
(maxi mum heat input rate).
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This chapter discusses the control techniques that are
avai l able to reduce NQ, emi ssions for stationary turbines, the
use of duct burners, the use of alternate fuels to [ower NQ
em ssions, and the applicability of NQ, control techniques to
of fshore applications. Each control technique is structured into
categories to discuss the process description, applicability,
factors that affect performance, and achi evable controlled NQ
em ssion levels. Were information for a technique is |imted,
one or nore categories may be conbined. Section 5.1 describes
wet controls, including water and steaminjection. Section 5.2
descri bes conbustion controls, including |ean and staged
conmbustion. Selective catalytic reduction (SCR), a
post conmbustion technique, is described in Section 5.3, and the
conmbi nation of SCR with other control techniques is described in
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Section 5.4. Em ssions from duct burners and their inpact on
total NQ, em ssions are described in Section 5.5. Section 5.6
descri bes NO, em ssion inpacts when using alternate fuels. Two
control techniques that show potential for future use, selective
noncatal ytic reduction (SNCR) and catal ytic conbustion, are
described in Sections 5.7 and 5.8, respectively. Contro
technol ogies for offshore oil platforns are described in
Section 5.9. Finally, references for Chapter 5 are found in
Section 5. 10.
5.1 WET CONTROLS

The injection of either water or steamdirectly into the
conmbustor lowers the flanme tenperature and thereby reduces
thermal NQ, formation. This control technique is available from
all gas turbine manufacturers contacted for this study.>"

The process description, applicability, factors affecting
performance, em ssions data and manufacturers' guarantees,
i npacts on other em ssions, and gas turbine performnce and
mai nt enance inpacts are discussed in this section.
5.1.1 Process Description

Injecting water into the flame area of a turbine conbustor
provides a heat sink that |lowers the flanme tenperature and

t hereby reduces thermal NQ, formation. Injection rates for both
wat er and steam are usually described by a water-to-fuel ratio
(WFR) and are usually given on a weight basis (e.g., |b water to
I b fuel).

A water injection system consists of a water treatnent
system punp(s), water netering valves and instrunentation,
turbi ne-nounted injection nozzles, and the necessary
i nterconnecting piping. Wter purity is essential to prevent or
mtigate erosion and/or the formation of deposits in the hot
section of the turbine; Table 5-4
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summari zes the water quality specifications for eight gas
t urbi ne manufacturers.

In a steam injection system steamreplaces water as the
injected fluid. The injection systemis simlar to that for
water injection, but the punp is replaced by a steam produci ng
boiler. This boiler is usually a heat recovery steam generator

5-41



PUBLIC NOTICE DRAFT May 10, 2019

(HRSG) that recovers the gas turbi ne exhaust heat and generates
steam The bal ance of the steam systemis simlar to the water
injection system The water treatnent required for boiler feed
water to the HRSG yields a steamquality that is suitable for
injection into the turbine. The additional steam requirenent for
NQ, control, however, may require that additional capacity be
added to the boiler feed water treatnent system

Anot her technique that is commercially available for
oi |l -fired aeroderivative and industrial turbines uses a
water-in-oil enmulsion to reduce NQ emissions. This technique
i ntroduces water into the conbustion process by enul sifying water
in the fuel oil prior to injection. This emulsion has a water
content of 20 to 50 percent by volune and is finely dispersed and
chemcally stabilized in the oil phase. The principle of NQ
control is simlar to conventional water injection, but the
uni form di spersion of the water in the oil provides greater NQ
reduction than conventional water injection at simlar WR s.*

A water-in-oil enulsion injection system consists of
mechani cal enul sification equi pnent, chem cal stabilizer
i njection equipnent, water nmetering valves, chem cal storage and
nmetering valves, and instrunentation. In nost cases the
enmul sifying system can be retrofitted to the existing fue
delivery system which elimnates the requirenent for a separate
delivery system for water injection. At multiunit installations,
one enul sion system can be used to supply emulsified fuel to
several turbines. For dual fuel turbines, the enulsion can be
injected through the oil fuel systemto control NQ, emissions."

Data provided by the vendor for this technique indicates
that testing has been perfornmed on oil-fired turbines operating
in peaking duty. Long-termtesting has not been conpleted at
this point to quantify the long-termeffects of the enmulsifier on
the operation and mai ntenance of the turbine.
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5.1.2 Applicability of Wt Controls
Wet control s have been applied effectively to both
aeroderivative and heavy-duty gas turbines and to al

configurations except regenerative cycle applications.® It is
expected that wet controls can be used with regenerative cycle
turbi nes, but no such installations were identified. Al
manuf acturers contacted have water injection control systens
avai lable for their gas turbine nodels; many also offer steam
injection control systenms. \Were both systens are available, the
deci sion of which control to use depends upon steam availability
and econom c factors specific to each site.

Wet controls can be added as a retrofit to nost gas turbine

installations. In the case of water injection, one limtation is
the possible unavailability of injection nozzles for turbines
operating in dual fuel applications. In this application, the

i njection nozzle as designed by the manufacturer nmay not
physically accommbdate a third injection port for water
injection. This limtation also applies to steaminjection. In
addition, steaminjection is not an available control option from
sonme gas turbine manufacturers.
5.1.3 Factors Affecting the Performance of Wt Controls

The WFR is the nost inportant factor affecting the
performance of wet controls. Qher factors affecting perfornmance

are the conbustor geonetry and injection nozzle(s) design and the
fuel -bound nitrogen (FBN) content. These factors are discussed
bel ow.

The WFR has a significant inpact on NQ em ssions.
Tabl es 5-5 and 5-6 provide NQ, reduction and WFRs for natural gas
and
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TABLE 5-5.

AND ESTIMATED WATER-TO-FUEL RATIOS FOR NATURAL

May 10, 2019

MANUFACTURER"S GUARANTEED NO, REDUCTION EFFICIENCIES

GAS FUEL OPERATION>*!-2-24

NO, emission levels, ppmv at 15% O,/NO, percent Water-to-fuel ratio (Ib water to
reduction Ib fuel)
M anufacturer/model Uncontrolled Water injection | Steam injection | Water injection | Steam injection
Genera Electric
LM1600 133 42°/68 25/81 0.61 1.49
LM2500 174 42°/76 25/86 0.73 1.46
LM5000 185 42°77 25/87 0.63 1.67
LM6000 220 42°/81 25/89 0.68 1.67
MS5001P 142 42/70 42/70 0.72 1.08
MS6001B 148 4272 4272 0.77 1.16
MS7001E 154 42/73 42/73 0.81 1.22
MS7001F 210 42/80 42/80 0.79 1.34
MS9001E 161 42/74 42/74 0.78 1.18
M S9001F 210 42/86 42/80 NA® NA®
Asea Brown Boveri
GT10 150 25/83 4272 0.93 1.07
GT8 430 25/94 29/93 1.86 2.48
GT1IN 390 25/94 25/94 1.76 247
GT35 300 42/86 60/80 1.00 1.20
Solar Turbines, Inc.
T-1500 Saturn 99 42/58 NA/NA® 0.33 NA°®
T-4500 Centaur 130 42/68 NA/NA® 0.61 NA°®
Type H Centaur 105 42/60 NA/NA® 0.70 NA°®
Taurus 114 42/63 NA/NA® 0.79 NA°®
T-12000 Mars 178 42/76 NA/NA® 0.91 NA°®
T-14000 Mars 199 42/79 NA/NA® 1.14 NA®
Allison/GM
501-KB5 155 42/73 42/73 0.80 153
501-KC5 174 42/76 NAYNA® NA® NA®
501-KH 155 42/73 25/84 NA® NA®
570-K 101 42/58 NAYNA°® NA® NA®
571-K 101 42/58 NAYNA® 0.80 NA®
Westinghouse
251B11/12 220 42/81 25/89 10 18
501D5 190 25/87 25/87 16 16
Siemens
V84.2 212 42/80 55/74 20 20
V94.2 212 55/74 55/74 16 16
V64.3 380 75/80 75/80 16 14
V84.3 380 75/80 75/80 16 14
V94.3 380 75/80 75/80 1.6 14

°A NO, emissions level of 25 ppmv can be achieved, but turbine maintenance requirements increase over those

required for 42 ppmv.
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MANUFACTURER"S GUARANTEED NO, REDUCTION EFFICIENCIES

AND ESTIMATED WATER-TO-FUEL RATIOS FOR DISTILLATE
OIL FUEL OPERATION>*!-21-24

NO, emissions level, ppmv at 15% O,/NO, percent

Water-to-fuel ratio (Ib water to Ib

reduction fuel)
Manufacturer/model Uncontrolled | Water injection | Steam injection | Water injection | Steam injection
General Electric
LM1600 237 42/82 75/70 NA? NA?
LM2500 345 42/88 75178 0.99 NA?
LM5000 364 42/88 110/70 NA? NA?
LM6000 417 42/90 110/74 NA? NA?
MS5001P 211 65/69 65/69 0.79 1.06
MS6001B 267 65/76 65/76 0.73 1.20
MS7001E 228 65/72 65/72 0.67 1.19
MS7001F 353 65/82 65/77 0.72 1.35
MS9001E 241 65/73 65/72 0.65 1.16
MS9001F 353 65/82 65/76 NA? NA?
Asea Brown Boveri
GT10 200 42/79 42/79 0.75 1.25
GT8 680 42/94 60/91 1.62 2.15
GT1IN 560 42/88 42/93 1.50 2.28
GT35 360 42/88 60/83 1.00 1.20
Solar Turbines, Inc.
T-1500 Saturn 150 60/60 NA/NA® 0.46 NAP
T-4500 Centaur 179 60/66 NA"/NA® 0.60 NA®
Type H Centaur 160 60/63 NA/NA® 0.72 NAP
Taurus 168 60/64 NA"/NA® 0.96 NA®
T-12000 Mars 267 60/78 NA/NA® 1.00 NAP
T-14000 Mars NA? 60/NA? NANA® NA? NA®
Allison/GM
501-KB5 231 56/76 NAP/NAP NA? NAP
501-KC5 NA? NA%NA? NAP/NAP NA? NAP
501-KH 231 56/762 50/78 NA? NA?
570-K 182 65/64% NAP/NAP NA? NAP
571-K 182 65/64% NAP/NAP NA? NAP
Westinghouse
251B11/12 355 65/82 42/88 1.0 1.8
501D5 250 42/83 42/83 1.0 1.6
Siemens
V84.2 360 42/88 55/85 14 20
V94.2 360 42/88 55/85 14 1.6
V64.3 530 75/86 75/86 1.2 14
V84.3 530 75/86 75/86 12 14
V94.3 530 75/86 75/86 1.2 14

®Data not available.
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distillate oil fuels, respectively, based on information provided
by gas turbine manufacturers. For natural gas fuel, WFR s for
water or steaminjection range fromO0.33 to 2.48 to achieve
controlled NQ emssion levels ranging from

25 to 75 ppnv, corrected to 15 percent oxygen. For oil fuel,
WR s range from0.46 to 2.28 to achieve controlled NQ em ssion

| evel s ranging from42 to 110 ppnv, corrected to 15 percent
oxygen. Nitrogen oxide reduction efficiency increases as the WR
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increases. As shown in Tables 5-5 and 5-6, reduction
efficiencies of 70 to 90 percent are common. Note that, in
general, the WWR s for steam are higher than for water injection
because water acts as a better heat sink than steam due to the
heat absorbed by vaporization; therefore, higher |levels of steam
than water nust be injected for a given reduction |evel.

The conbustor geonetry and injection nozzle design and
| ocation also affect the performance of wet controls. For
maxi mum NQ, reduction efficiency, the water nust be atom zed and
injected in a spray pattern that provides a honogeneous m xture
of water droplets and fuel in the conbustor. Failure to achieve
this mxing yields |ocalized hot spots in the conbustor that
produce increased NQ, em ssions.

The type of fuel affects the performance of wet controls.
In general, lower controlled NQ em ssion |evels can be achieved
W th gaseous fuels than with oil fuels. The FBN content also
affects the performance of wet controls. Those fuels with
relatively high nitrogen content, such as coal-derived |iquids,
shale oil, and residual oils, result in significant fuel NQ
formation. Natural gas and nost distillate oils are | ownitrogen
fuels. Consequently, fuel NQ formation is mniml when these
fuel s are burned.

Wet controls serve only to lower the flane tenperature and
therefore are an effective control only for thermal NQ
formation; water injection may in fact increase the rate of fuel
NO, formation, as shown in Figure 5-1.%* The nechani sns
responsi ble for this potential increase were not identified.
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5.1.4 Achievable NO_Emi ssions Levels Using Wet Controls

This section presents the achievable controlled NQ em ssion
levels for wet injection, as guaranteed by gas turbine
manuf acturers. Emi ssion test data, obtained using EPA Test
Met hod 20 or equivalent, are also presented.

Quaranteed NQ, em ssion |evels as provided by gas turbine
manuf acturers for wet controls are shown in Figures 5-2 and
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5-3. These figures show manufacturers' guaranteed NQ, em ssion

| evel s of 42 ppmv for nost natural gas-fired turbines, and from
42 to
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75 ppnmv for nost oil-fired turbines. The percent reduction in
NO, em ssions varies for each turbine, ranging from®60 to

94 percent dependi ng upon each nodel's uncontrolled em ssion

| evel and whether water or steamis injected.

Em ssions data for water and steam injection are presented
to show the effects of wet injection on NQ, em ssions. These
data show

1. That NQ, em ssions decrease with increasing WWR' s; and

2. That NQ, em ssions are higher for oil fuel than for
nat ural gas.

From the avail able data, reduction efficiencies of 70 to
over 85 percent were achieved. The em ssion data and WFRs shown
for specific turbine nodels may not reflect the em ssion |evels
of current production nodels, since manufacturers periodically
update or otherwise nodify their turbines, thereby altering
specific em ssions |evels.

Each em ssion test in the followi ng figures consists of one
or nore data points. Were data points were obtai ned under
simlar conditions, they are grouped together and presented as a
single test. For these cases, each data point, along with the
arithnmetic average of all of the data points, is shown.

The nonencl ature used to identify the tests consists of two
letters followed by a nunber. The first letter of the two-letter
designator specifies the turbine type. These types are as
fol |l ows:

Letter Tur bi ne type

A Aircraft-derivative turbine

H Heavy-duty turbine

T Small and |owefficiency turbine (less

than 7.5 MW output, |ess than

30 percent sinple-cycle efficiency)
The second letter identifies the facility. The nunber identifies
the nunber of tests perforned at the facility. Tests perforned
at the sanme facility on different turbines or at different tines
have the sanme two-letter designator but are followed by different
test nunbers. The short horizontal lines represent the average
of the test data.
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Al so presented are the available data on the turbine, wet
controls, uncontrolled NQ em ssions, percent NQ reduction, and
fuel type. Al of the data shown are representative of the
performance of wet controls when the turbine is operated at base
| oad or peak |load. These |oads represent the worst-case
conditions for NQ, em ssion reduction. Information on the WR,
turbi ne nodel, efficiency, control type, and fuel are included
with the em ssion test data.
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Figures 5-4, 5-5, and 5-6 present the em ssion test data
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for water injection on turbines fired with natural gas. These
turbi nes have NQ, em ssions ranging from approximately 20 to
105 ppmwith WFR s ranging from0.16 to 1.32. Turbine sizes
range from 2.8 to 97 MV Based on these data, water injection is
effective on all types of gas turbines and NQ, em ssion |evels
decrease as the WFR increases. However, sone turbines require a
hi gher WFR to neet a specific emssion level. For exanple, the
gas turbines at sites HH and HC (Figure 5-6) require much higher
WR s to achieve NQ, em ssion levels simlar to the other gas
turbi ne nodels shown. This particular gas turbine also has the
hi ghest uncontrolled NQ em ssion |evels. Conversely, the gas
turbine at site AH, shown in Figure 5-5, has the | owest
uncontroll ed NQ, em ssion |evel and requires the |east anount of
water to achieve a given emssion level. Uncontrolled NQ
em ssion levels vary for different turbine nodels depending upon
design factors such as efficiency, firing tenperature, and the
extent of conbustion controls incorporated in the conbustor
design (see Section 4.2.1.1). In general, aircraft-derivative
and heavy-duty gas turbines require simlar WFR s to achieve a
specific emssion level. Small, lowefficiency gas turbines
require less water to achieve a specific em ssion |evel.

The NQ, emissions for turbines firing distillate oil are
shown in Figures 5-7, 5-8, and 5-9. The data range from
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approximately 30 to 135 ppm with WFR' s ranging fromO0.24 to
1.31. The gas turbine sizes range from 19 to 95 MN The data
for distillate oil-fired turbines show the sane general trends as
the data for natural gas-fired turbines. Site HH (Figure 5-9)
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again shows that higher WWR s are required due to the high
uncontrol l ed NQ, em ssions fromthis gas turbine. Al so, by
conparing the emssion data for the distillate oil-fired turbines
and natural gas-fired turbines, the data show that burning
distillate oil requires higher WFR s than does burning natural
gas for a given level of NQ emssions. H gher WWR s are
requi red because distillate oil produces higher uncontrolled NO,
| evel s than does natural gas (see Section 4.2.1.2).

The NQ, emi ssion test data for steaminjection are presented
in Figures 5-10
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and 5-11 for natural gas-fired turbines and distillate oil-fired
turbi nes, respectively. The turbines firing natural gas have NQ,
em ssions ranging from approximately 40 to 80 ppm with WR s
ranging fromO0.50 to 1.02. The gas turbine sizes range from 30
to 70 MW

The NQ, emissions for turbines firing distillate oil range
from approximately 65 to 95 ppm with WFR' s ranging from 0.65 to
1.01, and the gas turbine sizes tested were 36 and 70 MW  Fewer
data points are available for steaminjection than for water
injection. However, the available data for both distillate oil-
fired and natural gas-fired turbines show that NQ, em ssions
decrease as the steamto-fuel ratio increases.

Reductions in NQ emssions simlar to water injection with
oil-fired turbines have been achi eved using water-in-oil
emul sions. Results of emssion tests for four turbines are shown
in Table 5-7
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TABLE 5-7. ACHIEVABLE GAS TURBINE NO, EMISSION REDUCTIONS
FOR OIL-FIRED TURBINES USING WATER-IN-OIL EMULSIONS®*

NO, emissions, ppmv
at 15 percent O,

Turbine Turbine Power Water-to- Percent
manufacturer model output, MW fuedl ratio Uncontrolled Controlled reduction

Turbo Power A4 35 0.65 184 53 68

and Marine

A9 33 0.55 150 50 66

A9 33 0.92 126 29 77

Genera Electric M S5001 15 0.49 131 60 54
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The controlled NQ em ssions range from29 to 60 ppnv,
corresponding to NQ reductions of 54 to 77 percent.™ The
controlled NQ emssion |evels and percent reduction are
consistent with those achi eved using conventional water
injection. Limted testing has shown that the enul sion achieves
a given NQ, reduction level with a |ower WR than does a separate
water injection arrangenent. Test data for one oil-fired turbine
showi ng a conparison of the WWR's for a water-in-oil emulsion
versus a separate water injection systemare shown in Figure 5-12
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Figure 5-12. Comparison of the WFR requirement for water-in-oil
emulsion versus segarate water injection for an
oil-fired turbine.®
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As shown here, NQ, reductions achieved by a water injection
systemat a WFR of 1.0 can be achieved by a water-in-oil emnulsion
at a WFR of 0. 6.
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On a nmass basis, the reduction in NQ, em ssions using water
injection is showm in Table 5-8
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UNCONTROLLED NO, EMISSIONS AND POTENTIAL NO,

REDUCTIONS FOR GAS TURBINES USING WATER INJECTION
NO, emissions
Uncontrolled Controlled NO, reduction
Gas turbine Power Gas fuel, Oil fudl, Gas fuel, Oil fudl, Gas fud, Oil fudl,
model output, MW? Ib/hr® Ib/hr® Ib/hr® Ib/hr® tons/yr® tons/yr®
Saturn 1.1 6.4 9.9 2.8 4.1 14.3 23.3
Centaur 3.3 22.0 31.2 7.4 10.8 58.5 815
Centaur "H" 4.0 20.8 32.6 8.6 12.7 48.6 79.8
Taurus 4.5 24.7 37.6 9.4 13.9 61.1 94.9
Mars T-12000 8.8 69.4 107 17.0 24.9 210 329
Mars T-14000 10.0 85.4 NA‘ 18.7 NA‘ 267 NA‘
501-KB5 4.0 31.6 48.5 8.9 12.2 90.9 145
570-K 4.9 22.7 41.0 9.8 15.2 51.8 103
571-K 5.9 24.2 44.0 10.4 16.3 55.1 111
LM1600 14.0 74.1 127 22.4 23.2 207 414
LM 2500 22.7 146 301 36.4 37.9 438 1,050
LM5000 34.5 232 474 54.5 56.6 710 1,670
LM6000 43.0 310 609 61.3 63.5 996 2,180
MS5001P 26.8 181 274 55.5 87.4 503 747
MS6001B 39.0 250 459 73.2 116 704 1,370
MS7001E 84.7 544 822 154 243 1,560 2,320
M S7001F 161 1,290 2,190 267 417 4,090 7,090
M S9001E 125 810 1,320 219 369 2,370 3,820
MS9001F 229 1,850 3,150 382 600 5,850 10,200
GT8 47.4 899 1,440 54.1 92.3 3,380 5,410
GT10 22.6 143 196 24.6 42.6 472 614
GT11N 83.3 1,350 1,990 99.0 154 5,060 7,334
GT35 16.9 214 264 30.9 31.9 730 929
251B11/12 49.2 453 741 89.5 141 1,450 2,400
501D5 109 843 1,120 115 196 2,910 3,710
V84.2 105 858 1,570 176 190 2,730 5,520
V94.2 153 1,250 2,290 335 276 3,650 8,050
V64.3 61.5 859 1,290 176 188 2,740 4,390
V84.3 141 1,930 2,910 395 426 6,150 9,920
V94.3 204 2,790 4,170 571 611 8,890 14,200

®Power output at SO conditions, without wet injection, with natural gas fuel.
®Based on ppmv levels shown in Tables 5-5 and 5-6. See Appendix A for conversion from

ppmv to Ib/hr.

“Based on 8,000 hours operation per year.

YData not available.
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, Tabl eTABIE shed\s CONCESPROWLED NEduEM iSBIONSOrANEY ROMENT] Iédtt i on.
NO, REDUCTIONS FOR GAS TURBINES USING STEAM INJECTION

NO, emissions
Uncontrolled Controlled NO, reduction
Power
output, Gas fuel, | Qil fuel, | Gas fuel, | Oil fuel, Gas fud, Oil fuel,

Gas turbine model MW? Ib/hr® Ib/hr® Ib/hr® Ib/hr® tons/yre® tons/yr®¢

Saturn 1.1 6.4 9.9 6.4 9.9 0 0
Centaur 3.3 22.0 31.2 22.0 31.2 0 0
Centaur "H" 4.0 20.8 32.6 20.8 32.6 0 0
Taurus 4.5 24.7 37.6 24.7 37.6 0 0
Mars T-12000 8.8 69.4 107 69.4 107 0 0
501-KB5 4.0 31.6 48.5 8.6 48.5 194 0
570-K 4.9 22.7 41.0 22.7 41.0 0 0
571-K 5.9 24.2 44.0 24.2 44.0 0 0
LM1600 14.0 74.1 127 13.0 40.5 245 345
LM 2500 22.7 146 301 21.2 66.0 499 938
L M5000 34.5 232 474 31.7 145 802 1,320
LM6000 43.0 310 609 35.6 162 1,100 1,790
MS5001P 26.8 181 274 54.1 85.3 508 755
MS6001B 39.0 250 459 71.4 113 711 1,380
MS7001E 84.7 544 822 150 237 1,580 2,340
M S7001F 161 1,290 2,190 260 407 4,110 7,130
M S9001E 125 810 1,320 214 360 2,390 3,850
MS9001F 229 1,850 3,150 373 585 5,890 10,200
GT8 47.4 899 1,440 61.2 129 3,350 5,260
GT10 22.6 143 196 40.4 41.6 410 618
GT11N 83.3 1,350 1,990 147 151 4,830 7,350
GT35 16.9 214 264 43.1 44.4 681 878
251B11/12 49.2 453 741 52.0 88.6 1,600 2,610
501D5 109 843 1,120 112 191 2,920 3,730
V84.2 105 858 1,570 225 242 2,530 5,310
V94.2 153 1,250 3,290 327 353 3,690 7,740
V64.3 61.5 859 1,290 171 184 2,750 4,410
V84.3 141 1,930 2,910 386 415 6,190 9,960
V94.3 204 2,790 4,170 557 596 8,940 14,300

®Power output at SO conditions, without wet injection, with natural gas fuel.
®Based on ppmv levels shown in Tables 5-5 and 5-6. See Appendix A for conversion from ppmv to Ib/hr.
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As an exanple, a 21.8 MNturbine burning natural gas fuel can
reduce NQ, em ssions by 452 tons/yr (8,000 hours operation) using
water injection and 511 tons/yr using steaminjection. This sane
turbine burning oil fuel will reduce annual NOQ, em ssions by
1,040 tons using water injection and by 925 tons using steam
i njection.
5.1.5 |lnpacts of Wet Controls on CO and HC Em ssions

Wi | e carbon nonoxide (CO and hydrocarbon (HC) em ssions
are relatively low for nost gas turbines, water injection may
i ncrease these emssions. Figure 5-13
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Figure 5-13. Effect of wet injection on CO emissions.”
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shows the inpact of water injection on CO em ssions for several
production gas turbines. In many turbines, CO em ssions increase
as the WFR increases, especially at WWR s above 0.8. Steam
injection also increases CO emssions at relatively high WR s,
but the inpact is less than that of water injection.?*%

Water and steam injection also increase HC em ssions, but to
a | esser extent than CO enissions.®* The effect of water
injection on HC em ssions for one turbine is shown in
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Figure 5-14. Like CO em ssions, hydrocarbon em ssions increase
at WFR s above 0. 8.

For applications where the water or steaminjection rates
required for NQ, em ssion reductions result in excess CO and/or
HC emissions, it may be possible to select an alternative turbine
and/or fuel with a relatively flat CO curve, as indicated in
Figure 5-13. Another alternative is an oxidation catalyst to
reduce these emssions. This oxidation catalyst is an add-on
control device that is placed in the turbine exhaust duct or HRSG
and serves to oxidize CO and HC to HO and CO,. The catal yst
material is usually a precious netal (platinum palladium or
rhodi um, and oxidation efficiencies of 90 percent or higher can
be achieved. The oxidation process takes place spontaneously,
wi thout the requirenment for introducing reactants (such as
ammonia) into the flue gas stream®
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5.1.6 lnpacts of Wt Controls on Gas Turbine Performance

Wet controls affect gas turbine performance in two ways:
power output increases and efficiency decreases. The energy from
the added mass fl ow and heat capacity of the injected water or
steam can be recovered in the turbine, which results in an
increase in power output. For water injection, the fuel energy
required to vaporize the water in the turbine conbustor, however,
results in a net penalty to the overall efficiency of the
turbine. For steaminjection, there is an energy penalty
associated with generating the steam which results in a net
penalty to the overall cycle efficiency. Were the steam source
i s exhaust heat, which would otherw se be exhausted to the
at nosphere, the heat recovery results in a net gain in gas
turbine efficiency.® The actual efficiency reduction associated
with wet controls is specific to each turbine and the actual WR
required to neet a specific NQ reduction. The overal
efficiency penalty increases with increasing WFR and is usually
hi gher for water injection than for steaminjection due to the
heat of vaporization associated with water. The inpacts on
output and efficiency for one manufacturer's gas turbines are
shown in Table 5-10.
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TABLE 5-10. REPRESENTATIVE WATER/STEAM INJECTION
IMPACTS ON GAS TURBINE PERFORMANCE FOR ONE
MANUFACTURER"S HEAVY-DUTY TURBINES®

Per cent
No, over al | Per cent
| evel , Wat er / f uel ef ficiency out put
ppnv rati o change change® | Remarks
75 NSPS 0.5 -1.8 +3 Ql-fired, sinple
cycle, water
I njection
42 1.0 <-3 +5 Nat ural gas,

sinpl e cycl e,
wat er injection

42 1.2 -2 +5 Nat ural gas,
conbi ned cycl e,
steam i njection

25 1.2 -4 +6 Nat ural gas,

wat er injection,
mul tinozzl e
conbust or

25 1.3 -3 +5.5 | Natural gas,
steam i njection,
conbi ned cycle
(Frame 6 turbine
nodel )

Conpared with no injection
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5.1.7 lnpacts of Wt Controls on Gas Turbine Mintenance

Water injection increases dynam c pressure oscillation
activity in the turbine conbustor.® This activity can, in sone
turbi ne nodels, increase erosion and wear in the hot section of
the turbine, thereby increasing maintenance requirenents. As a
result, the turbine nust be renobved from service nore frequently
for inspection and repairs to the hot section conponents. A
summary of the mai ntenance inpacts as provided by nmanufacturers
is showmn in Table 5-11.
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TABLE 5-11.

May 10, 2019

IMPACTS OF WET CONTROLS ON GAS TURBINE MAINTENANCE
USING NATURAL GAS FUEL®*-7-2

NO, emissions, ppmv @ 15% O,

Inspection interval, hours

Standard Water Steam Water Steam
Manufacturer/M odel combustor injection injection Standard injection injection
General Electric
LM1600 133 42/25 25 25,000 16,000% 25,000
LM2500 174 42/25 25 25,000 16,000% 25,000
LM5000 185 42/25 25 25,000 16,0007 25,000
LM®6000 220 42/25 25 25,000 16,0007 25,000
M S5001P 142 42 42 12,000 6,000 6,000
MS6001B 148 42 42 12,000 6,000 8,000
MS7001E 154 42 42 8,000 6,500 8,000
MS7001F 179 42 42 8,000 8,000 8,000
MS9001E 176 42 42 8,000 6,500 8,000
M S9001F 176 42 42 8,000 8,000 8,000
Asea Brown Boveri
GT10 150 25 42 80,000° 80,000° 80,000°
GT8 430 25 29 24,000 24,000 24,000
GT1IN 400 25 25 24,000 24,000 24,000
GT35 300 42 60 80,000° 80,000° 80,000°
Siemens Power Corp.
V84.2 212 42 55 25,000 25,000 25,000
V4.2 212 55 55 25,000 25,000 25,000
V64.3 380 75 75 25,000 25,000 25,000
V84.3 380 75 75 25,000 25,000 25,000
V94.3 380 75 75 25,000 25,000 25,000
Solar Turbines, Inc.
T-1500 Saturn 99 42 NA® NA¢ NA¢ NA®
T-4500 Centaur 150 42 NA® NA¢ NA¢ NA®
Type H Centaur 105 42 NA® NA® NA® NA®
Taurus 114 42 NA® NA¢ NA¢ NA®
T-12000 Mars 178 42 NA® NA¢ NA¢ NA®
T-14000 Mars 199 42 NA® NA¢ NA¢ NA®
Allison/General
Motors
501-KB5 155 42 NA® 25,000 17,000 NA¢
501-KC5 174 42 NA® 30,000 22,000 NA¢
501-KH 155 42 25 25,000 17,000 20,000
570-K 101 42 NA® 20,000 12,000 NA¢
571-K 101 42 NA°® 20,000 12,000 NA
Westinghouse
251B11/12 220 42 25 8,000 8,000 8,000
501D5 190 25 25 8,000 8,000 8,000

®Applies only to 25 ppmv level. No impact for 42 ppmv.

*This interval applies to time between overhaul (TBO).

“Steam injection is not available for this model.

YData not available.
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As this table shows, the maintenance inpact, if any, varies
from manufacturer to manufacturer and nodel to nodel. Sone
manuf acturers stated that there is no inpact on naintenance
intervals associated with water or steaminjection for their
turbine nodels. Data were provided only for operation wth
nat ural gas.
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5.2 COVBUSTI ON CONTROLS

The formation of both thermal NO, and fuel NQ, depends upon
conmbustion conditions, so nodification of these conditions
affects NQ, formation. The follow ng conbustion nodifications
are used to control NQ, emi ssion |evels:

1. Lean conbustion;

2. Reduced conbustor residence tine;

3. Lean prem xed conbustion; and

4. Two-stage rich/lean conbusti on.

These conbustion nodifications can be applied singly or in
conbi nation to control NQ, em ssions.

The nmechani sns by which each of these techniques reduce NO,
formation, their applicability to new gas turbines, and the
design or operating factors that influence NQ, reduction
performance are discussed bel ow by control technique.

5.2.1 Lean Conbustion and Reduced Conbustor Residence Tine
5.2.1.1 Process Description. Gas turbine conbustors were
originally designed to operate with a primary zone equival ence
ratio of approximately 1.0. (An equivalence ratio of 1.0
indicates a stoichionetric ratio of fuel and air. Equival ence
rati os below 1.0 indicate fuel-lean conditions, and ratios above
1.0 indicate fuel-rich conditions.) Wth |ean conbustion, the
addi ti onal excess air cools the flane, which reduces the peak
flame tenperature and reduces the rate of thermal NQ formation. *

In all gas turbine conbustor designs, the high-tenperature
conmbustion gases are cooled with dilution air to an acceptable
tenperature prior to entering the turbine. This dilution air
rapidly cools the hot gases to tenperatures bel ow those required
for thermal NQ formation. Wth reduced residence tine
conbustors, dilution air is added sooner than with standard
conbustors. Because the conbustion gases are at a high
tenperature for a shorter time, the anount of thermal NQ, forned
decr eases. *

Shortening the residence tine of the conbustion products at
hi gh tenperatures may result in increased CO and HC em ssions if
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no other changes are nmade in the conbustor. |In order to avoid
increases in CO and HC em ssions, conbustors with reduced
residence tine also incorporate design changes in the air
distribution ports to pronote turbul ence, which inproves fuel/air
m xi ng and reduces the tine required for the conbustion process
to be conpleted. These designs may al so incorporate fuel/air
prem xi ng chanbers. Therefore, the differences between reduced
resi dence time conbustors and standard conbustors are the
pl acenent of the air ports, the design of the circulation flow
patterns in the conbustor, and a shorter conbustor |ength.*
5.2.1.2 Applicability. Lean primary zone conbustion and
reduced residence tine conbustion have been applied to annul ar,
can-annul ar, and silo conbustor designs.*?* A nost all gas
turbi nes presently being manufactured incorporate |ean conbustion
and/ or reduced residence tinme to sone extent in their conbustor
designs, incorporating these features into production nodels
since 1975.°*% However, the varying uncontrolled NQ enission
| evel s of gas turbines shown in Figures 5-2 and 5-3 indicate that
these controls are not incorporated to the sane degree in every
gas turbine and may be limted in sone turbines by the quantity
of dilution air available for |ean conbustion.

Lean primary zone and reduced residence tinme are nost
applicable to lownitrogen fuels, such as natural gas and
distillate oil fuels. These nodifications are not effective in
reduci ng fuel NQ.*

5.2.1.3 Factors Affecting Performance. For a given
conmbustor, the performance of |ean conbustion is directly
affected by the primary zone equival ence ratio. As shown in
Figure 4-2, the further the equivalence ratio is reduced bel ow
1.0, the greater the reduction in NQ em ssions. However, if the
equi valence ratio is reduced too far, CO em ssions increase and
flame stability problens occur.* This em ssions tradeoff
effectively limts the amount of NQ, reduction that can be
achi eved by | ean conbustion al one.
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For conbustors with reduced residence tinme, the anount of
NQ, em ssion reduction achieved is directly related to the
decrease in residence tine in the high-tenperature flane zone.

5.2.1.4 Achievable NO_Em ssion Levels Using Lean
Conbustion and Reduced Residence Tine Conbustors. Lean
conbustion reduces NQ, em ssions, and when used in conbination
with reduced residence time, NQ emssions are further reduced.
Figure 5-1
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Figure 5-15.
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5 shows a conparison of NQ, em ssions froma conbustor with a
| ean primary zone and NQ, em ssions from the sane conbustor
without a lean primary zone. At the same firing tenperature, NO,
em ssions reductions of up to 30 percent are achi eved using | ean
primary zone conbustion w thout increasing CO em ssions.
Reduci ng the residence tine at elevated tenperatures reduces NQ,
em ssions. One test at 1065°C (1950°F) yielded a reduction in
NO, em ssions of 40 percent by reducing the residence tine.
Car bon nonoxi de em ssions increased fromless than 10 to
approxi mately 30 ppm ***
5.2.2 Lean Prem xed Conbustors

5.2.2.1 Process Description. In a conventional conbustor
the fuel and air are introduced directly into the conbustion zone
and fuel/air mxing and conbustion take place sinultaneously.
Wde variations in the air-to-fuel ratio (A/F) exist, and
conmbustion of localized fuel-rich pockets produces significant
level s of NQ emssions. In a |ean prem xed conmbustor design,
the air and fuel is prem xed at very lean A/F' s prior to
introduction into the conbustion zone. The excess air in the
| ean m xture acts as a heat sink, which | owers conbustion
t enper at ur es. Prem xing results in a honbogeneous m xture, which
mnimzes |localized fuel-rich zones. The resultant uniform
fuel -lean m xture results in greatly reduced NQ, formation
rates. '

To achieve NQ, | evels below 50 ppnv, referenced to
15 percent Q, the design A/F approaches the lean flammability

limt. To stabilize the flane, ensure conplete conbustion, and
mnimze CO emssions, a pilot flane is incorporated into the
conmbustor or burner design. In nost designs, the relatively
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smal | anount of air and fuel supplied to this pilot flanme is not
prem xed and the A/F is nearly stoichionetric, so the pilot flane
tenperature is relatively high. As a result, NQ emssions from
the pilot flame are higher than fromthe | ean prem xed
combusti on. *°

Virtually all gas turbine manufacturers have inplenented
| ean prem xed conbustion devel opnent prograns. Three
manuf acturers' designs that are available in production turbines
are described bel ow

The first design uses a can-annular conmbustor and is shown
in Figure 5-16
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This is a two-stage prem xed conbustor: the first stage is
the portion of the conbustor upstream of the venturi section and
includes the six primary fuel nozzles; the second stage is the
bal ance of the conbustor and includes the single secondary fue
nozzle.*

The operating nodes for this conbustor design are shown in
Figure 5-17. For ignition, warnup, and acceleration to
approximately 20 percent load, the first stage serves as the
conpl ete conbustor.
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Flame is present only in the first stage, and the equival ence
ratio is kept as |low as stable conbustion will permt. Wth
increasing load, fuel is introduced into the secondary stage, and
conmbustion takes place in both stages. Again, the equival ence
ratio is kept as low as possible in both stages to mnimze NQ
em ssions. \Wen the |oad reaches approxi mately 40 percent, fue
is cut off to the first stage and the flane in this stage is
extingui shed. The venturi ensures the flane in the second stage
cannot propagate upstreamto the first stage. Wen the first-
stage flane is extinguished (as verified by internal flane
detectors), fuel is again introduced into the first stage, which
becones a prem xing zone to deliver a |lean, unburned, uniform
m xture to the second stage. The second stage acts as the
conpl ete conbustor in this configuration.?

For operation on distillate oil, fuel is introduced and
burned only in the first stage for ignition and for |oads up to
approximately 50 percent. For |oads greater than 50 percent,
fuel is introduced and burned in both stages.®
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Figure 5-18 shows a | ean premnm xed conbustor design used by
anot her manufacturer for an annul ar conbustor.
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Figure 5-18.
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The air and fuel are prem xed using a very lean A/F, and the
resultant uniform m xture is delivered to the primary conbustion
zone where conbustion is stabilized using a pilot flanme. Using
one or nore mechanical systens to regulate the airflow delivered
to the conbustor, the prem x node is operable for output |oads
bet ween 50 and 100 percent. Below 50 percent |oad, only the
pilot flame is operating, and NQ, em ssions levels are simlar to
those for conventional conbustors. *

Anot her manufacturer's production |ow NQ design uses a silo
conbustor. Unlike the can-annular and annul ar designs, the silo
conmbustor is nmounted externally to the turbine and can therefore
be nodified wthout significantly affecting the rest of the
turbi ne design, provided the nmounting flange to the turbine is
unchanged. In addition, this large conbustion chanber is fitted
wth a ceramc lining that shields the netal surfaces from peak
flame tenperatures. This lining reduces the requirenent for
cooling air, so nore air is available for the conbustion
process. '

This silo | ow NQ, conbustor design uses six burners, as
shown in Figure 5-19
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Cross-section of a low NO, silo combustor.**

Figure 5-19.
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For operation on natural gas, each burner serves to prem x the
air and fuel to deliver a lean and uniformm xture to the
conbustion zone. To achieve the |owest possible NO em ssions,
the A/ F of the prem xed gases is kept very near the |ean
flammability limt and a pilot flame is used to stabilize the
overal | combustion process. This burner design is shown in
Figure 5-20
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Li ke the can-annul ar design, the burner in the silo conbustor
cannot operate over the full power range of the gas turbine in
the prem x node due to inability of the premx node to deliver
suitable AAF' s at | ow power output levels. For this reason, the
burners are designed to operate in a conventional diffusion
burning node at startup and | ow power outputs and switch to a
prem x burning node at higher power output |evels.
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For operation on distillate oil with the current burner
desi gn, conbustion occurs only in a diffusion node and there is
no prem xing of air and fuel.

5.2.2.2 Applicability. As discussed in Section 5.2.2.1,
| ean prem xed conbustors apply to can-annular, annular, and silo
conmbustors. This conbustion nodification is effective in
reducing thermal NO, em ssions for both natural gas and
distillate oil but is not effective on fuel NQ. Therefore, |ean
prem xed conbustion is not as effective in reducing NQ levels if
hi gh-nitrogen fuels are fired.”

The nultiple operating nodes associated with the percent
operating load results in "stepped" NQ, em ssion |evels. To
date, low NQ, em ssion |levels occur only at |oads greater than 40
to 75 percent.

Lean prem xed conbustors currently are available for limted
nmodel s from three manufacturers contacted for this study.®'*
Two additional manufacturers project an availability date of 1993
or 1994 for |ean premi xed conbustors for sone turbine nodels.™*
Al'l of these manufacturers state that these |ean prem xed
conmbustors will be available for retrofit applications.

5.2.2.3 Factors Affecting Performance. The prinmary factors
affecting the performance of |ean, prem xed conbustors are A/F
and the type of fuel. To achieve |ow NO, em ssion |evels, the
A/F nust be nmaintained in a narrow range near the |ean
flammability imt of the m xture. Lean prem xed conbustors are
designed to maintain this A/F at rated load. At reduced | oad
conditions, the fuel input requirenent decreases. To avoid
conmbustion instability and excessive CO em ssions that would
occur as the A/F reaches the lean flammubility limt, all
manuf acturers' |ean prem xed conbustors switch to a
di ffusion-type conbustion node at reduced | oad conditions,
typically between 40 and 60 percent |load. This swtchover to a
di f fusi on conbustion node results in higher NQ em ssions.

Nat ural gas produces |ower NQ, |evels than do oil fuels.

The reasons for this are the |ower flanme tenperature of natural
gas and the ability to premx this fuel with air prior to
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delivery into the second conbustion stage. For operation on
l[iquid fuels, currently avail able |ean prem xed conbustor designs
require water injection to achieve appreciable NQ reduction.

5.2.2.4 Achievable NO_Em ssion Levels. The achievable
controlled NQ emssion levels for |ean prem xed conbustors vary
dependi ng upon the manufacturer. At |east three manufacturers
currently guarantee NQ, em ssion |evels of 25 ppnv, corrected to
15 percent Q, for nost or all of their gas turbines for operation
on natural gas fuel w thout wet injection.®'?* Each of these
t hree manufacturers has achieved controlled NQ, em ssion |evels
of less than 10 ppnmv at one or nore installations in the
United States and/or Europe and guarantee this NQ |level for a
limted nunber of their gas turbine nodels.® Al three
manuf acturers offer gas turbines in the 10+ MWV (13,400 hp+) range
and anticipate that guaranteed NO, em ssion |evels of 10 ppnv or
less will be available for all of their gas turbines for
operation on natural gas fuel in the next few years. These
| ow- NO, conbustor designs apply to new turbines and existing
installation retrofits.

For gas turbines in the range of 10 MW (13,400 hp) and
under, one gas turbine manufacturer offers a guarantee for its
| ean prem xed conbustor, w thout wet injection, of 42 ppnv using
natural gas fuel for two of its turbine nodels for 1994 delivery.
This manufacturer states that a controlled NQ em ssion |evel of
25 ppnv has been achieved by in-house testing, and this 25 ppnv
level firing natural gas fuel is the goal for all of its gas
turbine nodels, for both new equi pnment and retrofit
applications.®

These controlled NQ emssion levels of 9 to 42 ppnv
correspond to full output |oad; at reduced |oads, the NQ |evels
i ncrease, often in "stepped" fashion in accordance w th changes
in conbustor operation from prem xed node to conventional or
di ffusi on-node operation (see Section 5.2.2.3). Figure 5-21
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"Stepped” NO, and CO emissions for a low-NO, silo

combustor burning natural gas.®
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shows these stepped NOQ, em ssions |evels for a can-annul ar
conmbustor for natural gas and oil fuel operation. Figure 5-22
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shows the enmissions for a silo conbustor operating on natural gas
only.
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The emi ssion |evels shown in Figures 5-21 and 5-22 correspond
to full-scale production turbines currently available from the
manuf acturers.

Reduced NQ, em ssions when burning oil fuel in currently
avail abl e | ean prem xed conbustor designs have been achi eved only
with water or steaminjection. Wth water or steaminjection, a
65 ppmv NQ, | evel can be achieved in the turbine with a can-
annul ar conbustor design; a 65 ppnv level can also be net with
water injection in the turbine with a silo conbustor at a WR of
1.4.%% This 65 ppnmv level for |ean premixed conbustors is
hi gher than the controlled NO, | evel s achieved wth water
injection in oil-fired turbines using a conventional conbustor
desi gn.

Modi fication of the existing burner design used in the silo
conmbustor to allow premxing of the oil fuel with air prior to
conbustion is under developnent. Tests performed using a 12 MV
(16,200 hp) turbine achieved NOQ, em ssion |evels below 50 ppnv
wi thout wet injection, corrected to 15 percent Q, conpared to
uncontrol l ed | evels of 150 ppnmv or higher. The NO, |evels,

W thout wet injection, as a function of equivalence ratio are
shown in Figure 5-23. The design equivalence ratio at rated | oad
is approximately 2.1. As shown in this figure, NQ, em ssions

bel ow 50 ppnmv were achieved at rated power output at pilot fuel
flow | evel s of 10 percent of the total fuel input.?>

Site test data for two turbines using silo-type |ean
prem xed conbustors, as reported by the manufacturer, are shown
in Table 5-12. As this table shows, NQ emssion |levels as |ow
as 16.5 ppnmv were recorded for using natural gas fuel wthout
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TABLE 5-12. MEASURED NO, EMISSIONS FOR COMPLIANCE TESTS
OF A NATURAL GAS-FUELED LEAN PREMIXED COMBUSTOR
WITHOUT WATER INJECTION®

Qut put, percent of NO, em ssion |evel,
Tur bi ne No. basel i ne ppnv?
1 107 17.7
1 100 16.5
2 100 24. 1
2 75 20. 4
1 50 22.3
2 50 22.2

’n dry exhaust with 15 percent Q, by vol une.
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water injection. Subsequent em ssion tests have achieved |evels
bel ow 10 ppnv.> Corresponding data for operation on oil fuel
using only the pilot (diffusion) stage for conbustion, and with
water injection, is shown in Table 5-13. Levels of NQ, em ssions
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TABLE 5-13. MEASURED NO, EMISSIONS FOR OPERATION OF A LEAN
PREMIXED COMBUSTOR DESIGN OPERATING IN DIFFUSION MODE
ON OIL FUEL WITH WATER INJECTION?

Qut put, percent of NO, em ssion |evel,
Tur bi ne No. basel oad ppnv?
1 Peak 69. 3
2 Peak 53. 6
1 100 59.9
2 100 51.6
1 75 54.3
2 75 49. 2
2 50 54.8

'n dry exhaust with 15 percent Q, by vol une.
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at base load for No. 2 fuel oil are between 50 and 60 ppnv.
Based on information provided by turbine manufacturers, the
potential NQ, reductions using currently available |ean prem xed
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conbustors are shown in Table 5-14. As this table indicates, NQ
em ssion reductions range from14.7 tons/yr for a 1.1 MN
(1,480 hp) turbine to 10,400 tons/yr
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TABLE 5-14.

LEAN PREMIXED COMBUSTORS

May 10, 2019

POTENTIAL NO, REDUCTIONS FOR GAS TURBINES USING

NO, emissions

Uncontrolled Controlled NO, reduction
Power Gas fuel, | Qil fuel, | Gasfuel, | Oil fuel, |Gas fud, tonslyr® | Qil fuel,
Turbine model output, ppmv ppvm ppmv ppmv tons/yr3®
MW
Saturn® 1.1 99 150 42 NA® 14.7 NA®
Centaur T-4500° 3.3 130 179 42 NA® 59.5 NA®
Centaur "H"® 4.0 105 160 42 NA¢ 49.8 NAY
Taurus’ 4.5 114 168 42 NA® 62.4 NA®
Mars T-12000° 8.8 178 267 42 NA¢ 212 NA¢
Mars T-14000° 10.0 199 NA‘ 42 NA‘ 270 NA‘
MS6001B 39.0 148 267 25/9° 65 829/937 1,139
MS7001E 84.7 154 228 25/9° 65 1,820/2,050 2,360
MS7001F 161 210 353 25 65 4,540 5,190
M S9001E 125 161 241 25/9° 65 2,740/3,060 3,490
M S9001F 229 210 353 25 65 6,500 7,250
GT10 22.6 150 200 25 42 476 620
GT11IN 83.3 390 560 25/9° 42 5,070/5,290 7,360
V84.2 105 212 360 25/9° NA' 3,030/3,290 NA'
V94.2 153 212 360 9° NA' 4,410/4,780 NA'
V64.3 61.5 380 530 42 NA¢ 3,210 NA¢
V84.3° 141 380 530 42 NA® 7,230 NA®
\V94.3° 204 380 530 42 NA‘ 10,400 NA‘

®Based on 8,000 hours operation per year.

Requires water or steam injection.

°Scheduled availability is 1994 for natural gas fuel.
INA = Data not available.
*Standard NO, guarantee is 25 ppmv. Manufacturers offer guaranteed NO, levels as low as 9 ppmv for these

turbines.

fScheduled availability 1993 for oil fuel without water injection. Reference 17.
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for a 204 MN (274,000 hp) turbine for operation on natural gas

wi thout wet injection. Corresponding NQ, em ssion reductions for
operation on oil fuel, with water injection, range from
620 tons/yr for a 22.6 MW (30,300 hp) turbine to 7,360 tons/yr
for an 83.3 MW (112,000 hp) turbine.

Limted data from tw manufacturers showi ng the inpact of
| ean prem xed conbustor designs on CO em ssions are shown in
Tabl e 5-15.
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TABLE 5-15. COMPARISON OF NO, AND CO EMISSIONS FOR STANDARD
VERSUS LEAN PREMIXED COMBUSTORS FOR
TWO MANUFACTURERS®™ TURBINES*->*

Emissions, ppmv, referenced to 15 percent O,*
Standard combustor Lean premixed combustor
Power
output,

GT Mode MW NO, CO NO CO
Centaur H 4.0 105 15 25-42 50°
Mars T-14000 10.0 199 5.5 25-42 50°
MS6001B 39.0 148 10 9 25
MS7001E 84.7 154 10 9 25
MS9001E 125 161 10 9 25
MS7001F 161 210 25 25 15
MS9001F 229 210 25 25 15

For operation at 1SO conditions using natural gas fuel.
PMaximum design goal for CO emissions. Most in-house test configurations have achieved CO emission levels between 5
and 25 ppmv.
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For natural gas-fueled turbines with rated outputs of 10 MWV
(13,400 hp) or less, controlled NQ emssion |levels of 25 to 42
ppnmv result in arise in COemssion levels from 25 ppnv or |ess
to as high as 50 ppnv.* For turbines above 10 MW (13,400 hp),
controlled NQ emssion levels of 9 ppnmv result in arise in CO
em ssions from 10 to 25 ppnv for natural gas fuel. Conversely,
for controlled NQ emssion |evels of 25 ppnv, the CO em ssions
drop from25 to 15 ppnv.® For one manufacturer's |ean prem xed
silo conbustor design, CO em ssions at rated |load are |ess than
5 ppnmv, as shown previously in Figure 5-21. This limted data
suggest that the effect of |ean prem xed conbustors on CO
em ssi ons depends upon the specific conbustor design and the
controlled NQ emssion |evel.

The emi ssion levels shown in Table 5-15 correspond to rated
power output. Like NQ, em ssion |evels, CO em ssions change with
changes in conbustor operating node at reduced power output. The
"stepped" effect on CO emissions is shown in Figures 5-21 and
5-22, shown previously.

Qperation on oil fuel with wet injection, shown previously
in Figure 5-21, shows CO em ssion |evels of 20 ppnv. Additiona
CO em ssion data were not available for operation on oil fue
with water injection in |lean prem xed conbustors. Devel opnent al
tests for operation on oil fuel without wet injection in a silo
conbustor are presented in Figure 5-24
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Figure 5-24. The CO emission test results from a lean premix
silo combustor firing fuel oil without wet injection.
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At rated load, shown in this figure at an equival ence ratio of
approximately 2.1, CO emi ssions are less than 10 ppnv, corrected
to 15 percent O
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and are in the range of 0 to 2 ppnv for a pilot oil fuel flow of
10 percent (representing 10 percent of the total fuel flow).>
This 10 percent pilot fuel flow corresponds to controlled NO
em ssion | evels below 50 ppnmv, as shown previously in

Figure 5-22. No data for HC em ssions were available for |ean
prem xed burner designs.

5.2.3 Rich/Quench/lLean Conbustion

5.2.3.1 Process Description. R ch/quench/lean (RQ)
conbustors burn fuel-rich in the primary zone and fuel-lean in

the secondary zone. |Inconplete conbustion under fuel-rich
conditions in the primary zone produces an atnosphere with a high
concentration of CO and hydrogen (H,). The CO and H, repl ace

sone of the oxygen normally available for NQ formation and al so
act as reducing agents for any NQ, formed in the primary zone.
Thus, fuel nitrogen is released wth mninmal conversion to NQ.
The |l ower peak flane tenperatures due to partial conbustion also
reduce the formation of thernmal NQ.*

As the conbustion products |eave the primary zone, they pass
through a | owresidence-tine quench zone where the conbustion
products are rapidly diluted with additional conbustion air or
water. This rapid dilution cools the conbustion products and at
the sane tinme produces a lean A/F. Conbustion is then conpleted
under fuel-lean conditions. This secondary |ean conbustion step
mnimally contributes to the formation of fuel NQ, because nost
of the fuel nitrogen will have been converted to N, prior to the
| ean conbustion phase. Thermal NQ, is mnimzed during |ean
conbustion due to the low flame tenperature.®

5.2.3.2 Applicability. The RQ conbustion concept applies
to all types of gas turbines. None of the manufacturers
contacted for this study, however, currently have this design
available for their production turbines. This nmay be due to |ack
of demand for this design due to the current limted use of
hi gh-nitrogen-content fuels in gas turbines.

5.2.3.3 FEactors Affecting Performance. The NQ, em ssions
from RQL conbustors are affected primarily by the equival ence
ratio in the primary conbustion zone and the quench airflow rate.
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Careful selection of equivalence ratios in the fuel-rich zone
will mnimze both thermal and fuel NQ, formation. Further NQ,
reduction is achieved with increasing quench airflow rates, which
serve to reduce the equivalence ratio in the secondary (I ean)
conmbusti on stage.

5.2.3.4 Achievable NO_Em ssions Levels Using
R ch/ Quench/lLean Conbustion. The RQ. staged conbustion has been
denonstrated in rig tests to be effective in reducing both
thermal NQ, and fuel NQ. As shown in Figure 5-25, NQ, em ssions
are reduced by 40 to 50 percent in a test rig burning diesel
fuel.
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Figure 5-25. Nitrogen oxide emissions versus primary zone
equivalence ratio for a rich/quench/lean combustor

firing distillate oil.”
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At an equivalence ratio of 1.8, the NQ em ssions can be
reduced from0.50 to 0.27 | b/MvBtu by increasing the quench
airflow fromO0.86 to 1.4 kg/sec. Data were not available to
convert the NOQ, em ssions figures to ppnmv. The effectiveness of
rich/lean staged conbustion in reducing fuel NQ when firing
hi gh-FBN fuels is shown in Figure 5-26.
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Figure 5-26. Effects of fuel bound nitrogen (FBN) content of NO,
emissions for a rich/quench/lean combustor.®’
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I ncreasing the FBN content from 0.13 to 0.88 percent has little
i mpact on the total NQ, formation at an operating equival ence
ratio of 1.3 to 1.4. Tests on other rich/lean conbustors
i ndicate fuel nitrogen conversions to NQ of about 7 to
20 percent.*®* These fuel nitrogen conversions represent a fuel
NQ, em ssion reduction of approxinmately 50 to 80 percent.

One manufacturer has tested an RQL conmbustor design in a

4 MW (5,360 hp) gas turbine fueled with a finely ground coal and
water mxture. The coal partially conbusts in a fuel-rich zone
at tenperatures of 1650°C (3000°F), with low Q levels and an
extrenmely short residence tine. The partially conbusted products
are then rapidly quenched wth water, cooling conbustion
tenperatures to inhibit thermal NOQ formation. Additional
conbustion air is then introduced, and conbustion is conpleted
under fuel-lean conditions. In tests at the manufacturer's
pl ant, cosponsored by the U S. Departnent of Energy, a NQ
em ssion |level of 25 ppnv at 15 percent Q was achieved. This
conmbustor design can also be used with natural gas and oil fuels.
Single-digit NQ emssion levels are reported for operation on
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natural gas fuel. This conbustor design is not yet available for
production turbines.®
5.3 SELECTI VE CATALYTI C REDUCTI ON

Sel ective catalytic reduction (SCR) is an add-on NQ, control
technique that is placed in the exhaust stream follow ng the gas
turbine. Over 100 gas turbine installations use SCR in the
United States.® An SCR process description, the applicability
of SCR for gas turbines, the factors affecting SCR perfornmance,
and the achievable NQ reduction efficiencies are discussed in
this section.
5.3.1 Process Description

The SCR process reduces NQ, em ssions by injecting anmoni a
into the flue gas. The ammonia reacts with NQ in the presence
of a catalyst to formwater and nitrogen. |In the catalyst unit,
the amonia reacts with NQ primarily by the follow ng
equati ons: %

NH, + NO+ 1/4 Q - N, + 32 HO and

NH, + 1/2 NO + 1/4 Q - 3/2 N, + 3/2 HO

The catalyst's active surface is usually either a noble
metal, base netal (titanium or vanadi un) oxide, or a
zeolite-based material. Metal-based catal ysts are usually
applied as a coating over a netal or ceramc substrate. Zeolite
catal ysts are typically a honogenous material that forns both the
active surface and the substrate. The geonetric configuration of
the catal yst body is designed for maxi mum surface area and
m ni mum obstruction of the flue gas flow path to maxi m ze
conversion efficiency and mnimze back-pressure on the gas
turbine. The nost common catal yst body configuration is a
nmonol i th, "honeyconb" design, as shown in Figure 5-27.
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Figure 5-27. Cutaway view of a typical monolith catalyst body
with™ honeycomb configuration.®
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An ammonia injection grid is |ocated upstream of the
catal yst body and is designed to disperse the amonia uniformy
t hroughout the exhaust flow before it enters the catalyst unit.
In a typical anmmonia injection system anhydrous ammonia is drawn
froma storage tank and evaporated using a steam or
el ectric-heated vaporizer. The vapor is mxed with a pressurized
carrier gas to provide both sufficient nonentum through the
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injection nozzles and effective mxing of the amonia with the
flue gases. The carrier gas is usually conpressed air or steam
and the ammoni a concentration in the carrier gas is about

5 percent. ®

An alternative to using the anhydrous anmoni a/carrier gas
systemis to inject an a aqueous amonia solution. This system
is currently not as common but renoves the potential safety
hazards associated with transporting and storing anhydrous
amonia and is often used in installations with close proximty
to popul ated areas. ® %

The NH,/ NQ, ratio can be varied to achieve the desired |eve
of NOQ, reduction. As indicated by the chem cal reaction
equations |isted above, it takes one nole of NH, to reduce one
nole of NO, and two noles of NH, to reduce one nole of NO,. The
NQ, conposition in the flue gas froma gas turbine is over
85 percent NO, and SCR systens generally operate with a nol ar
NH/ NQ, ratio of approximately 1.0.% Increasing this ratio will
further reduce NQ em ssions but will also result in increased
unreacted ammoni a passing through the catalyst and into the
at nosphere. This unreacted ammonia is known as ammoni a slip.
5.3.2 Applicability of SCR for Gas Turbines

Sel ective catalytic reduction applies to all gas turbine
types and is equally effective in reducing both thermal and fuel
NO, em ssions. There are, however, factors that may [imt the
applicability of SCR

An inmportant factor that affects the performance of SCR is
operating tenperature. Gas turbines that operate in sinple cycle
have exhaust gas tenperatures ranging from approximately 450° to
540°C (850° to 1000°F). Base-netal catalysts have an operating
tenperature wi ndow for clean fuel applications of approximately
260° to 400°C (400° to 800°F). For sulfur-bearing fuels that
produce greater than 1 ppm SO, in the flue gas, the catal yst
operating tenperature range narrows to 315° to 400°C (600° to
800°F). The upper range of this tenperature w ndow can be
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increased using a zeolite catalyst to a maxi num of 590°C
(1100°F) . *

Base netal catalysts are nost commonly used in gas turbine
SCR applications, accounting for approximately 80 percent of all
U.S. installations, and operate in cogeneration or conbined cycle
applications. The catalyst is installed within the HRSG where
the heat recovery process reduces exhaust gas tenperatures to the
proper operating range for the catalyst. The specific |ocation
of the SCR within the HRSG is application-specific; Figure 5-28
shows two possible SCR | ocations.
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Figure 5-28. Possible locations for SCR unit in HRSG.%
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In addition to the locations shown, the catalyst may al so be
| ocated within the evaporator section of the HRSG
As noted above, zeolite catalysts have a nmaxi num operating
tenperature range of up to 590°C (1100°F), which is conpatible
with sinple cycle turbine exhaust tenperatures. To date,
however, there is only one SCR installation operating with a
zeolite catalyst directly downstream of the turbine. This
catal yst, conm ssioned in Decenber 1989, has an operating range
of 260° to 515°C (500° to 960°F) and operates approxi mately
90 percent of the time at tenperatures above 500°C (930°F). %
Anot her consideration in determning the applicability of
SCR is conplications arising from sul fur-bearing fuels. The
sul fur content in pipeline quality natural gas is negligible, but
distillate and residual oils as well as some |owBtu fuel gases
such as coal gas have sulfur contents that present problens when
used with SCR systens. Conbustion of sulfur-bearing fuels
produces SQ, and SO, emi ssions. A portion of the SO, oxidizes to
SQ, as it passes through the HRSG and base netal catalysts have
an SQ-to-SQ, oxidation rate of up to five percent.® 1In
addi tion, oxidation catalysts, when used to reduce CO em ssions,
will also oxidize SO to SO, at rates of up to 50 percent.®
Unreact ed amoni a passing through the catalyst reacts with
SQ, to form ammoni um bi sul fate (NHHSO,) and ammoni um sul fate
[(NH), SOQ] in the |lowtenperature section of the HRSG The rate
of ammonium salt formation increases with increasing |evels of
SQ, and NH,, and the formation rate increases wth decreasing

5-158



PUBLIC NOTICE DRAFT May 10, 2019

tenperature. Bel ow 200°C (400°F), ammonium salt formation occurs
with single-digit ppnv levels of SQ and NH,. ®

The exhaust tenperature exiting the HRSG is typically in the
range of 150° to 175°C (300° to 350°F), so ammoni um salt
formation typically occurs in the |lowtenperature section of the
HRSG. °® Ammoni um bisulfate is a sticky substance that over tine
corrodes the HRSG boiler tubes. Additionally, it deposits on
both the boiler and catal yst bed surfaces, leading to fouling and
pl uggi ng of these surfaces. These deposits result in increased
back pressure on the turbine and reduced heat transfer efficiency
in the HRSG This requires that the HRSG be renoved from service
periodically to water-wash the affected surfaces. Ammonium
sul fate is not corrosive, but |ike amonium bisulfate, it
deposits on the HRSG surfaces and contributes to pluggi ng and
fouling of the heat transfer system*

Formati on of ammonium salts can be avoided by Iimting the
sul fur content of the fuel and/or |limting the ammonia slip. Low
SO-t0-SQ, oxidizing catalysts are also available. Base netal
catal ysts are available with oxidation rates of |ess than
1 percent, but these |ow oxidation fornmulas also have | ower NQ
reduction activity per unit volume and therefore require a
greater catalyst volunme to achieve a given NQ, reduction |evel
Zeolite catalysts are reported to have intrinsic SQO-to-SQ
oxidation rates of less than 1 percent.®® As stated above,
pi peline-quality natural gas has negligible sulfur content, but
sonme sources of natural gas contain HS, which may contribute to
amonium salt formation. For oil fuels, even the |owest-sulfur
distillate oil or liquid aviation fuel contains sulfur levels
that can produce anmonium salts. According to catalyst vendors,
SCR systens can be designed for 90 percent NQ, reduction and
10 ppmor lower NH, slip for sulfur-bearing fuels up to 0.3
percent by weight.® Continuous emission nonitoring equipment
has been devel oped for NH,, and may be instrunmental in regulating
anmonia injection to mnimze slip.?

To date, there is limted operating experience using SCR
with oil-fired gas turbine installations. One conbined cycle
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installation using oil fuel, a United Airlines facility in
San Francisco installed in 1985, experienced fuel-related
catal yst problenms and now uses only natural gas fuel.®* In the
past, sulfur was found to poison the catalyst nmateri al
Sul fur-resistant catalyst materials are now avail abl e, however,
and catal yst formul ation inprovenents have proven effective in
resisting performance degradation with oil fuels in Europe and
Japan, where catalyst life in excess of 4 to 6 years has been
achi eved, versus 8 to 10 years with natural gas fuel.* A
zeolite catalyst installed on a 5 MWV (6710 hp) dual fue
reci procating engine in the northeastern United States has
operated for over 3 years and burned approxi mately
600, 000 gallons of diesel fuel while maintaining a NQ reduction
efficiency of greater than 90 percent.?

In its guidance to nenber states, NESCAUM recomends t hat
SCR be considered for NQ, reduction in dual-fuel ed turbine
applications. There are four conbined cycle gas turbines
installations operating with SCR in the northeast United States
burning natural gas as the primary fuel wth oil fuel as a
back-up.® These installations, listed in Table 5-16,
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TABLE 5-16. GAS TURBINE INSTALLATIONS IN THE NORTHEASTERN
UNITED STATES WITH SCR AND PERMITTED FOR
BOTH NATURAL GAS AND OIL FUELS®

NO, emissions, ppmv (gas fuel/oil fuel)
Wet
Gas turbine Output, Wet injection
Installation State | model MW? Uncontrolled” injection” + SCR®
Altresco-Pittsfield MA M S6001 38.3 148/267 42/65 9/18¢¢
Cogen NJ MS6001 38.3 148/267 42/65 15/65
Technologies
Ocean State Power | RI MS7001E 83.5 154/277 42/65 9/42'
Pawtucket Power RI M S6001 38.3 148/267 42/65 9/18¢

*Power output for a single gas turbine. Installation power output is higher due to multiple units and/or combined
cycle operation.

®Per manufacturer at 1SO conditions.

“Operating permit limits.

“This installation requires the SCR system to be operational when burning oil fuel.

This installation operated 185 hours on oil fuel in 1991, burning approximately 354,000 gallons of oil fuel.

fAmmonia injection is shut down during operation on il fuel.
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began operating recently and have |limted hours of operation on
oil fuel. As indicated in the table, two of these installations
shut down the ammonia injection when operating on oil fuel to
prevent potential operating problens arising from sul fur-bearing
fuels. Permts issued nore recently in this region for other
dual -fuel installations, however, require that the SCR system be
operational on either fuel.?

A final consideration for SCR is catal yst masking or
poi soni ng agents. Natural gas is considered clean and free of
contam nants, but other fuels may contain agents that can degrade
catal yst performance. For refinery, field, or digester gas fue
applications, it is inportant to have an analysis of the fuel and
properly design the catalyst for any identified contam nants.
Arsenic, iron, and silica nay be present in field gases, along
Wi th zinc and phosphorus. Catalyst life with these fuels depends
upon the content of the gas and is a function of the initia
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design paraneters. Wth oil fuels, in addition to the potentia
for ammonium salt formation, it is inportant to be aware of heavy
metal content. Particulates in the flue gas can also mask the
catal yst.®*

Sel ective catalytic reduction may not be readily applicable
to gas turbines firing fuels that produce high ash | oadings or
hi gh |l evel s of contam nants because these elenents can lead to
fouling and poi soning of the catalyst bed. However, because gas
turbines are also subject to damage from these el enents, fuels
with high levels of ash or contam nants typically are not used.

Coal, while not currently a common fuel for turbines, has a
nunber of potential catalyst deactivators. Hi gh dust
concentrations, alkali, earth netals, alkaline heavy netals,
cal cium sulfate, and chlorides all can produce a masking or
blinding effect on the catalyst. Hi gh dust can also erode the
catalyst. FErosion commonly occurs only on the |eading face of
the catalyst. Airflow deflectors and dummy | ayers of catal yst
can be used to straighten out the airflow and reduce erosion

There is currently no comercial U S. experience with coal. In
Japan, which burns |low sulfur coal with noderate dust |evels,
catalyst |ife has been 5 years or nore without replacenent. In

Germany, with high dust |oadings, the experience has al so been
5 years or nore.®

Maski ng agents deposit on the surface of the catalyst,
formng a barrier between the active catal yst surface and the
exhaust gas, inhibiting catalytic activity. Poisoning agents
chemcally react wwth the catalyst and render the affected area
i nactive. Masking agents can be renoved by vacuum ng or by using
soot blowers or superheated steam Catalysts cleaned in this
manner can recover greater than 90 percent of the origina
reduction activity. The effects of poisoning agents, however,
are permanent and the affected catal yst surface cannot be
regener at ed. *

Retrofit applications for SCR may require the addition of a
heat exchanger for sinple cycle installations, and replacenent or
extensive nodification of the existing HRSG in cogeneration and
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conmbi ned cycle applications to accommbdate the catal yst body.
For these reasons, retrofit applications for SCR could involve
hi gh capital costs.

5.3.3 FEactors Affecting SCR Perfornmance

The NO, reduction efficiency for an SCR systemis influenced
by catalyst material and condition, reactor tenperature, space
velocity, and the NH/NQ ratio.® These design and operating
vari abl es are discussed bel ow.

Several catalyst materials are available, and each has an
opti mum NQ, renoval efficiency range corresponding to a specific
t enperature range. Proprietary formnulations containing titanium
di oxi de, vanadi um pentoxide, platinum or zeolite are available
to neet a w de spectrum of operating tenperatures. The NQ,
renmoval efficiencies for these catalysts are typically between 80
and 90 percent when new. The NQ, renoval efficiency gradually
decreases over the operating life of the catalyst due to
deterioration from masking, poisoning, or sintering.®® The rate
of catal yst performance degradati on depends upon operating
conditions and is therefore site-specific.

The space velocity (volunetric flue gas flow divided by the
catal yst volune) is an indicator of gas residence tinme in the
catalyst unit. The |lower the space velocity, the higher the
residence tinme, and the higher the potential for increased NO,
reduction. Because the gas flow is a constant determ ned by the
gas turbine, the space velocity depends upon the catalyst vol uneg,
or total active surface area. The distance across the opening
between plates or cells in the catalyst, referred to as the
pitch, affects the overall size of the catalyst body. The
smaller the pitch, the greater the nunber of rows or cells that
can be placed in a given volunme. Therefore, for a given catalyst
body size, the smaller the pitch, the larger the catalyst vol une
and the | ower the space velocity. For natural gas applications
the catalyst pitch is typically 2.5 mllineters (nmm (0.10 inch
[in.]), increasing to 5 to 7 mm (0.20 to 0.28 in.) for coal-fue
applications.®
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As discussed in Section 5.3.1, the NH/NQ ratio can be
varied to achieve the desired [evel of NQ reduction. Increasing
this ratio increases the level of NQ reduction but may al so
result in higher ammonia slip |evels.

5.3.4 Achievable NO_Em ssion Reduction Efficiency Using SCR

Most SCR systens operating in the United States have a space
velocity of about 30,000/ hr, a NH/NQ, ratio of about 1.0, and
ammonia slip levels of approximately 10 ppm  The resulting NQ
reduction efficiency is about 90 percent.* Reduction efficiency
is the level of NQ renpoved as a percentage of the |evel of NQ
entering the SCR unit. Only one gas turbine installation in the
United States was identified using only SCR to reduce NQ
em ssions. This installation has two natural gas-fired 8.5 MV
gas turbines, each with its own HRSG in which is installed an SCR
system A summary of em ssion testing at this site lists NQ
em ssions at the inlet to the SCR catal yst at 130 ppnv.
Controll ed NQ, em ssions downstream of the catalyst were 18 ppnv,
indicating a NQ, reduction efficiency of 86 percent. Maxinmum
ammonia slip levels were listed at 35 ppnv. ®®

Al other gas turbine installations identified as using SCR
in the United States use this control nmethod in conmbination with
wet injection and/or |ow NQ conbustors. The em ssion |evels
that can be achieved by this conbination of controls are found in
Section 5. 4.

5.3.5 Disposal Considerations for SCR

The SCR catalyst material has a finite life, and di sposa
can pose a problem The guaranteed catalyst life offered by
catal yst suppliers ranges from2 to 3 years.® |In Japan, where
SCR systens have been in operation since 1980, experience shows
that many catalysts in operation with natural gas-fired boilers
have perfornmed well for 7 years or longer.®®® |n any case, at

sonme point the catalyst nust be replaced, and those units
cont ai ni ng heavy netal oxides such as vanadi um or titanium
potentially could be considered hazardous wastes. Wile the
anount of hazardous material in the catalyst is relatively small,
the volune of the catal yst body can be quite |large, and disposa
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of this waste could be costly. Sonme suppliers provide for the
renmoval and di sposal of spent catalyst. Precious netal and
zeolite catal ysts do not contain hazardous wastes.

5.4 CONTROLS USED I N COVBI NATI ON W TH SCR

Wth but one exception, SCR units installed in the United
States are used in conbination with wet controls or conbustion
controls described in Sections 5.1 and 5.2. Wt controls yield
NO, em ssion |levels of 25 to 42 ppnv for natural gas and 42 to
110 ppnv for distillate oil, based on the data provided by gas
turbi ne manufacturers and shown in Figures 5-10 and 5-11. A
careful ly designed SCR system can achieve NQ, reduction
efficiencies as high as 90 percent, with amonia slip |evels of
10 ppnmv or less for natural gas and | ow sul fur (<0.3 percent by
wei ght) fuel applications.®

As di scussed for wet injection in Sections 5.1.4 and
5.2.2.4, controlled NQ emssion |evels for natural gas range
from25 to 42 ppnv for natural gas fuel and from42 to 110 ppnv
for oil fuel. Applying a 90 percent reduction efficiency for
SCR, NQ, |l evels can be theoretically reduced to 2.5 to 4.2 and
4.2 to 11.0 ppnmv for natural gas and oil fuels, respectively.
For oil fuels and other sulfur-bearing fuels, a reduction
efficiency of 90 percent requires special design considerations
to address potential operational problens caused by the sulfur
content in the fuel. This subject is discussed in Section 5.3.2.
The final controlled NOQ, em ssion |evel depends upon the NQ
| evel exiting the turbine and the achievable SCR reduction
ef ficiency.

Test reports provided by SCAQWD include three gas turbine
conmbi ned cycle installations fired with natural gas that have
achi eved NQ, emi ssion levels of 3.4 to 7.2 ppnv, referenced to
15 percent oxygen. The NQ, and CO em ssions reported for these
tests are shown in Table 5-17
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TABLE 5-17. EMISSIONS TESTS RESULTS FOR GAS TURBINES USING
STEAM INJECTION PLUS SCR%*™

NO, emissions, ppmv (Ib/hr)
Test |Gas turbine Output, Wet Wet injection
No. [model MW Fuel Uncontrolled | injection + SCR CO, ppmv
1 |MS7001E 82.8 Natural gas + refinery 154 42 5.66 <2.00
gas mixture (25.2)
2 |MS7001E 79.7 Natural gas + refinery 148 42 7.17 <2.00
gas + butane mixture (31.7)
3 |MS6001B 33.8 LPG + refinery gas 148 42 3.36 <2.00
mixture (5.82)
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were reported, however, in a summary of emi ssion tests for 13 SCR
installations and are presented in Table 5-18.° For these

sites, operating on natural gas fuel, the NQ reduction
efficiency of the catal yst ranges

5-169



PUBLIC NOTICE DRAFT May 10, 2019

5-170



PUBLIC NOTICE DRAFT May 10, 2019

from60 to 96 percent, with nost reduction efficiencies between
80 and 90 percent. Ammonia slip levels range from1 to 35 ppnv.
The site with the 35 ppnv anmonia slip level is unique in that it
is the only site identified in the United States that uses only
SCR rather than a conbination of SCR and wet injection to reduce
NO, emi ssions. Wth the exception of this site, all NH, slip
levels in Table 5-18 that are based on test data are |ess than
10 ppmv. Based on information received from catal yst vendors, it
is expected that an SCR system operating downstream of a gas
turbine without wet injection could be designed to |imt amonia
slip levels to 10 ppnv or less.® No test data are available for
SCR operation on gas turbines fired with distillate oil fuels.
5.5 EFFECT OF ADDI NG A DUCT BURNER I N HRSG APPLI CATI ONS

A duct burner is often added in cogeneration and conbi ned
cycle applications to increase the steam capacity of the HRSG
(see Section 4.2.2). Duct burners in gas turbine exhaust streans
consi st of pipes or small burners that are placed in the exhaust
gas streamto allow firing of additional fuel, usually natura
gas. Duct burners can raise gas turbine exhaust tenperatures to
1000°C (2000°F), but a nore common tenperature is 760°C (1400°F).
The gas turbine exhaust is the source of oxygen for the duct
bur ner.
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Figure 5-29 shows a typical natural gas-fired duct burner
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installation. Figure 5-30 is a cross-sectional view of one style

=Tl
TaERINE
T

Tl

STaki- o2
Sanike)

Figure 5-30. Cross-sectional view of a low-NO, duct burner.”™
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of duct burner that incorporates design features to reduce NQ.

In this | ow NQ, design, natural gas exits the orifice in the

mani fold and m xes with the gas turbine exhaust entering through
a small slot between the casing and the gas manifold. This
mxture forms a jet diffusion flame that causes the recircul ation

shown in Zone "A." Due to the limted anpunt of turbine exhaust
that can enter Zone A, conbustion in this zone is fuel-rich. As
the burning gas jet exits into Zone "B," it mxes wth conbustion

products that are recirculated by the fl ow eddi es behind the
wi ngs of the stabilizer casing. The flanme then expands into the
turbi ne exhaust gas stream where conbustion is conpl eted.
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For oil-fired burners, the design principles of the burner
are the sane. However, the physical layout is slightly
different, as shown in
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Figure 5-31. Low-NO, duct burner designed for oil Ffiring.”>"
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Figure 5-31. Turbine exhaust gas is supplied in
substoi chiometric quantities by a slip stream duct to the burner.
This slip stream supplies the conbustion air for the fuel-rich
Zone A. The flane shield produces the flow eddies, which
recircul ate the conbustion products into Zone B."®

Most duct burners now in service fire natural gas. In all
cases, a duct burner wll produce a relatively small [evel of NQ
em ssions during operation (See Section 4.2.2), but the net
i npact on total exhaust em ssions (i.e., the gas turbine plus the
duct burner) varies with operating conditions, and in sone cases
may even reduce the overall NQ em ssions. Table 5-19 shows the
NO, em ssions neasured at one site upstream and downstream of a
duct burner. This table shows that NQ, em ssions are reduced
across the duct burner in five of the eight test runs.
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The reason for this net NQ, reduction is not known, but it
is believed to be a result of the reburning process in which the
i nternedi ate conbustion products from the duct burner interact
with the NO, already present in the gas turbine exhaust. The
manuf acturer of the burner whose em ssion test results are shown
in Table 5-19 states that the follow ng conditions are necessary
for reburning to occur:

1. The burner flame nust produce a high tenperature in a
fuel -rich zone;

2. A portion of the turbine exhaust containing NQ, nust be
introduced into the localized fuel-rich zone with a residence
time sufficient for the reburning process to convert the turbine
NO, to N, and Q; and

3. The burner fuel should contain no FBN. "

In general, sites using a high degree of supplenentary
firing have the highest potential for a significant anmount of
reburning. In practice, only a Iimted nunber of sites achieve
t hese reburning conditions due to specific plant operating
requi rements. ’®
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5.6 ALTERNATE FUELS

Because thermal NQ, production is an exponential function of
flame tenperature (see Section 4.1.1), it follows that using
fuels with flane tenperatures |ower than those of natural gas or
distillate oils results in |ower thermal NQ, em ssions.

Coal -derived gas and net hanol have denonstrated | ower NQ,

em ssions than nore conventional natural gas or oil fuels. For
applications using fuels with high FBN contents, switching to a
fuel with a |lower FBN content will reduce thermal NQ, formation
and thereby |lower total NQ, em ssions.

5.6.1 Coal-Derived Gas

Conmbustor rig tests have denonstrated that burning
coal -derived gas (coal gas) that has been treated to renpove FBN
produces approxi mately 30 percent of the NQ, em ssion |evels
experienced when burning natural gas. This is because coal gas
has a |l ow heat energy level of around 300 Btu or |ess, which
results in a flane tenperature |ower than that of natural gas.”
The cost associated with producing coal gas suitable for
conbustion in a gas turbine has made this alternative
economcally unattractive, but recent advances in coa
gasification technol ogy have renewed interest in this fuel.

A coal gas-fueled power plant is currently operating in the
United States at a Dow Chemical plant in Placquem ne, Loui siana.
This facility operates with a subsidy from the Federa
Governnent, which conpensates for the price difference between
coal gas and conventional fuels. Several commercial projects
have been recently announced using technol ogy devel oped by
Texaco, Shell, Dow Chem cal, and the U S. Departnent of Energy.
Facilities have been permtted for construction in Massachusetts
and Del aware. *

A denonstration facility, known as Cool Witer, operated
using coal gas for 5 years in Southern California in the early
1980's. The NQ enissions were reported at 0.07 |b/MBtu.® Fuel
anal ysis data is not available to convert this NQ, em ssion |evel
to a ppnv figure. No other em ssions data are avail abl e.
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5.6.2 Methanol

Met hanol has a flanme tenperature of 1925°C (3500°F) versus
2015°C (3660°F) for natural gas and greater than 2100°C (3800°F)
for distillate oils. As a result, the NQ emssion |evels when
burni ng met hanol are | ower than those for either natural gas or
distillate oils.

Tabl e 5-20 presents NQ, em ssion data for a full-scale
turbine firing nethanol.
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TABLE 5-20. NO, EMISSIONS TEST DATA FOR A GAS TURBINE
FIRING METHANOL AT BASELOAD*®

NO, em ssions
| SO NO, reducti on,

condi tions, percent”®

ppm at 15% Q,

41
45
48
49
60
47
53
48
51
52
41
47
48
AVERAGE 49
N 11 28 42.2
o) .23 17 65. 2
P .23 18 62. 7
Q .24 18 62. 7

*Basel oad = 25 MW out put
Cal cul at ed using the average of the uncontrolled em ssions.
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The NQ, emi ssions from firing nethanol wthout water injection
ranged from41l to 60 ppnv and averaged 49 ppnv. This test also
i ndi cated that nethanol increases turbine output due to the
hi gher mass flows that result from nethanol firing. Methano
firing increased CO and HC em ssions slightly conpared to the
same turbine's firing distillate oil with water injection. All
ot her aspects of turbine performance were as good when firing
met hanol as when the turbine fired natural gas or distillate
oi | .% Turbine maintenance requirenments were estimated to be
lower and turbine life was estimated to be | onger on nethano
fuel than on distillate oil fuel because nethanol produced fewer
deposits in the conbustor and power turbine.

Tabl e 5-20 al so presents NQ, em ssion data for nethanol
firing wwth water injection. At water-to-fuel ratios from
0.11 to 0.24, NO, em ssions when firing nmethanol range from 17 to
28 ppnv, a reduction of 42 to 65 percent.

In a study conducted at an existing 3.2 MAN gas turbine
installation in 1984, a gas turbine was nodified to burn
met hanol. This study was conducted at the University of
California at Davis and was sponsored by the California Energy
Commi ssion. A new fuel delivery system for nethanol was
requi red, but the only major nodifications required for the
turbine used in this study were new fuel manifolds and nozzl es.
Tests conducted burni ng net hanol showed no visible snoke
em ssions, and only mnor increases in CO enm ssions. Figure 5-32
shows the NQ, em ssions neasured while burning
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nmet hanol and natural gas. Reductions of up to 65 percent were
achi eved, as NQ, em ssions were 22 to 38 ppm when bur ni ng
met hanol versus
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62 to 100 ppm for natural gas. In addition to the intrinsically
| ower NQ, production, water can be readily m xed wth nethanol
prior to delivery to the turbine to obtain the additional NQ
reduction levels achievable with wet injection. Gas turbine
performance characteristics, including startup, acceleration,

| oad changes, and full |oad power, were all deened acceptabl e by
the turbine manufacturer.®

The current econom cs of using nethanol as a primary fuel
are not attractive. There are no confirned commercia
nmet hanol -fuel ed gas turbine installations in the United States.
5.7 SELECTI VE NONCATALYTI C REDUCTI ON

Sel ective noncatal ytic reduction (SNCR) is an add-on
t echnol ogy that reduces NQ, using anmonia or urea injection
simlar to SCR but operates at a higher tenperature. At this
hi gher operating tenperature of 870° to 1200°C (1600° to 2200°F),
the follow ng reaction occurs:®

NO, + NH, + O + HO + (H) - N, + HO

This reaction occurs without requiring a catalyst,
effectively reducing NQ to nitrogen and water. The operating
tenperature can be |lowered from 870°C (1600°F) to 700°C (1300°F)
by injecting hydrogen (H) with the ammonia, as is shown in the
above equati on.

Above the upper tenperature |imt, the follow ng reaction
occurs: *

NH, + Q - NO, + HO

Level s of NQ, em ssions increase when injecting anmonia or
urea into the flue gas at tenperatures above the upper
tenperature limts of 1200°C (2200°F).

Since SNCR does not require a catalyst, this process is nore
attractive than SCR from an econom ¢ standpoint. The operating
tenperature w ndow, however, is not conpatible with gas turbine
exhaust tenperatures, which do not exceed 600°C (1100°F).
Additionally, the residence time required for the reaction is
approxi mately 100 m|liseconds, which is relatively slow for gas
turbi ne operating flow velocities.®
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It may be feasible, however, to initiate this reaction in
the gas turbine where operating tenperatures fall within the
reaction window, if suitable gas turbine nodifications and
injection systems can be devel oped.® This control technol ogy
has not been applied to gas turbines to date.

5.8 CATALYTI C COVBUSTI ON
5.8.1 Process Description

In a catalytic conbustor, fuel and air are premxed into a
fuel-lean m xture (fuel/air ratio of approximately 0.02) and then
pass into a catalyst bed. |In the bed, the m xture oxidizes
W thout formng a high-tenperature flanme front. Peak conbustion
tenperatures can be |imted to bel ow 1540°C (2800°F), which is
bel ow the tenperature at which significant anounts of thermal NOQ,
begin to form® An exanple of a lean catalytic conbustor is
shown in Figure 5-33.
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Catal ytic conbustors can also be designed to operate in a
rich/lean configuration, as shown in Figure 5-34. In this
configuration, the air and fuel are premxed to forma fuel-rich
m xture, which passes through a first stage catal yst where
conmbusti on begins. Secondary air is then added to produce a |ean
m xture, and conbustion is conpleted in a second stage catal yst
bed. #

5.8.2 Applicability

Catal ytic conbustion techniques apply to all conbustor types

and are effective on both distillate oil- and natural gas-fired

turbines. Because of the limted operating tenperature range,
catal ytic conbustors may not be easily applied to gas turbines
subject to rapid | oad changes (such as utility peaking
turbines).® Gas turbines that operate continuously at base | oad
(such as industrial cogeneration applications) would not be as
adversely affected by any limts on load follow ng capability.®
5.8.3 Devel opnent Status

Presently, the devel opnent of catalytic conbustors has been
limted to bench-scale tests of prototype conbustors. The ngjor
problemis the devel opnent of a catalyst that will have an
acceptable life in the high-tenperature and -pressure environnent
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of gas turbine conbustors. Additional problens that nust be
sol ved are conbustor ignition and how to design the catalyst to
operate over the full gas turbine operating range (idle to ful

| oad) . *

5.9 OFFSHORE O L PLATFORM APPLI CATI ONS

Gas turbines are used on offshore platfornms to neet
conpression and el ectrical power requirenents. This application
presents uni que challenges for NOQ, em ssions control due to the
duty cycle, lack of a potable water source for wet injection, and
limted space and wei ght considerations. The duty cycle for
el ectric power applications of offshore platforns is unique.

This duty cycle is subject to frequent |oad changes that can

i nstant aneously increase or decrease by as nuch as a factor of
10.% Fluctuating loads result in substantial swngs in turbine
exhaust gas tenperatures and flow rates. This presents a problem
for SCR applications because the NO, reduction efficiency depends
upon tenperature and space velocity (see Section 5.3.3).

The lack of a potable water supply nmeans that water nust be
shipped to the platformor sea water nust be desalinated and
treated. The limted space and wei ght requirenments associ ated
with an SCR system may al so have an inpact on capital costs of
the platform

A 4-year study is underway for the Santa Barbara County Air
Pol lution Control Board to evaluate suitable NQ control
techni ques for offshore applications. The goals of the study are
to reduce turbine NQ em ssions at full load to 9 ppmv, corrected
to 15 percent Q, firing platformgas fuel and to achi eve part
| oad reductions of 50 percent. The study consists of two phases.
The first phase, an engineering evaluation of available and
enmergi ng em ssion control technologies, is conpleted. The second
phase wll select the final control technol ogies and devel op
t hese technol ogies for offshore platform applications. Phase I
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of this study concludes that the technol ogies with the highest
estimated probability for success in offshore applications are:

- Water injection plus SCR (80 percent);

- Methanol fuel plus SCR (70 percent);

- Lean prem xed conbustion plus SCR (65 percent); and

- Steam dilution of fuel prior to conmbustion plus SCR

(65 percent).

A key conclusion drawn from Phase | of this study is that
none of the above technol ogies or conbination of technologies in
of fshore platform applications currently has a high probability
of successfully achieving the NQ em ssion reduction goals of
this study w thout substantial cost and inpacts to platform and
turbi ne operations, added safety considerations, and other
environmental concerns. These issues will be further studied in
Phase Il for the above control technol ogies.
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6.0 CONTROL COSTS

Capital and annual costs are presented in this chapter for
the nitrogen oxide (NQ) control techniques described in
Chapter 5.0. These control techniques are water and steam
injection, |ow NQ, conbustion, and selective catal ytic
reduction (SCR) used in conbination with these controls. Mbdde
pl ants were devel oped to evaluate the control techniques for a
range of gas turbine sizes, fuel types, and annual operating
hours. The gas turbines chosen for these nodel plants range in
size from1.1 to 160 negawatts (MN (1,500 to 215,000 horsepower
[hp]) and include both aeroderivative and heavy-duty turbines.
Model plants were devel oped for both natural gas and distillate
oil fuels. For offshore oil production platforns, cost
information was available only for one turbine nodel.

The life of the control equipnment depends upon many factors,
i ncluding application, operating environment, maintenance
practices, and materials of construction. For this study, a
15-year |ife was chosen.

Both new and retrofit costs are presented in this chapter.
For water and steam injection, these costs were assuned to be the
same because nost of the water treatnment systeminstallation can
be conpleted while the plant is operating and because gas turbine
nozzl e repl acenent and piping connections to the treated water
supply can be perforned during a schedul ed downtine for
mai nt enance. Estimated costs are provided for both new and
retrofit |ow NQ, conbustion applications. No SCR retrofit
applications were identified, and costs for SCR retrofit
applications were not available. The cost to retrofit an
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existing gas turbine installation with SCR would be considerably
hi gher than the costs shown for a new installation, especially
for conbined cycle and cogeneration installations where the

heat -recovery steam generator (HRSG would have to be nodified or
repl aced to acconmodate the catal yst reactor.

This chapter is organized into five sections. Wter and
steam injection costs are described in Section 6.1. Low NQ,
conmbustor costs are summarized in Section 6.2. Costs for SCR
used in conbination with water or steaminjection or |ow NQ
conmbustion are described in Section 6.3. Water injection and SCR
costs for offshore gas turbines are presented in Section 6.4, and
references are listed in Section 6.5.

a. VWATER AND STEAM | NJECTI ON AND O L-1 N-WATER EMULSI ON

Ten gas turbines nodels were selected, and from these
turbines 24 nodel plants were devel oped using water or steam
injection or water-in-oil emulsion to control NQ, em ssions.

These 24 nodels, shown in Table 6-1
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, Characterize variations in existing units with respect to
turbine size, type (i.e., aero-derivative vs. heavy duty),
operating hours, and type of fuel. A total of 24 nodel plants
wer e devel oped; 16 of these were continuous-duty (8,000 hours per
year) and 8 were intermttent-duty (2,000 or 1,000 hours per
year). Thirteen of the continuous-duty nodel plants burn natura
gas fuel; 6 of the 13 use water injection, and 7 use steam
injection to reduce NQ, em ssions. The three renaining
conti nuous-duty nodel plants burn distillate oil fuel and use
water injection to reduce NQ, emssions. O the eight
intermttent-duty nodel plants, six operate 2,000 hours per year
(three natural gas-fueled and three distillate oil-fueled), and
two operate 1,000 hours per year (both distillate oil-fuel ed).
Al intermttent-duty nodel plants use water rather than steam
for NQ, reduction because it was assuned that the additiona
capital costs associated with steam generating equi pnent could
not be justified for intermttent service.

Costs were available for applying water-in-oil emulsion
technology to only one gas turbine, and insufficient data were
available to develop costs for a simlar water-injected nodel
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plant for this turbine. As a result, the costs and cost
effectiveness for the water-in-oil emulsion nodel plant should
not be conpared to those of water-injected nodel plants.

Capital costs are described in Section 6.1.1, annual costs
are described in Section 6.1.2, and em ssion reductions and the
cost effectiveness of wet injection controls are discussed in
Section 6.1.3. Additional discussion of the cost nethodol ogy and
details about sone of the cost estimating procedures are provided
i n Appendi x B.

Fuel rates and water flow rates were cal cul ated for each
nmodel plant using published design power output and efficiency,
expressed as heat rate, in British thermal units per
Kilowatt-hour (Btu/kWi).' The values for these paraneters are
presented in Table 6-2
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for each nodel plant. Fuel rates were estimted based on the
heat rates, the design output, and the |ower heating value (LHV)
of the fuel. The LHV' s used in this analysis for natural gas and
di esel fuel are 20,610 Btu per pound (Btu/lb) and 18,330 Btu/lb,
respectively, as shown in Table 6-3
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TABLE 6-3. FUEL PROPERTIES AND UTILITY AND LABOR RATES®

Fuel properties Fact or Units Ref erence
20, 610 Btu/lb Ref. 3
Natural gas 930 Btu/scf® (LHV) |Ref. 3
18, 330 Btu/lb (LHV) Ref. 2

Diesel Tuel 7.21__|iblgal Ref. 2

Uility rates

Nat ural gas® 3. 88 $/ scf Ref. 4

Di esel fuel 0.77 $/ gal Ref. 5

El ectricity 0. 06 $/ kKW hr Ref.'s 6 and 7

Raw wat er 0.384 |$/1,000 gal Ref. 2, escalated @ 5% per
year

Wat er treatnment 1.97 $/ 1,000 gal Ref. 2, escalated @ 5% per
year

Wast e di sposal 3.82 $/ 1,000 gal Ref. 2, escalated @ 5% per
year

Labor rate

Operating 25. 60 $/ hr Ref. 2, escalated @ 5% per
year

Mai nt enance 31. 20 $/ hr Ref. 2, escalated @ 5% per
year

8All costs are average costs in 1990 dollars.

®Nat ural gas and electricity costs from Reference 4 are the average of the costs
for industrial and commercial customers.

‘scf = standard cubic foot.
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.2 Water (or steam) injection rates were cal cul ated based on
publ i shed fuel rates and water-to-fuel ratios (WR) provided by
manuf acturers.®*'* According to a water treatnent system
supplier, treatnent facilities are designed with a capacity
factor of 1.3."™ An additional 29 percent of the treated water
flow rate is discarded as wastewater.? Consequently, the water
treatnment facility design capacity is 68 percent (1.30 x 1.29)
greater than the water (or steam injection rate.
i. Capital Costs

The capital costs for each nodel plant are presented in
Table 6-4
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These costs were devel oped based on net hodol ogy in
Reference 2, which is presented in this section. The capita
costs include purchased equi pnent costs, direct and indirect
installation costs, and contingency costs.
(1) Purchased Equipnment Costs. Purchased equi pnent costs
consist of the injection system the water treatnent system
taxes, and freight. Al costs are presented in 1990 doll ars.
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(a) Water injection system The injection system delivers
water fromthe treatnent systemto the conbustor. This system
i ncl udes the turbine-nounted injection nozzles, the flow netering
controls, punps, and hardware and interconnecting piping fromthe
treatment systemto the turbine. On-engine hardware (the
i njection nozzles) costs were provided by turbine
manuf acturers. *** Flow nmetering controls and hardware, punps,
and interconnecting piping costs for all turbines were cal cul ated
usi ng data provided by General Electric for four heavy-duty
turbine nodels.” No relationship between costs and either
turbine output or water flow was evident, so the sum of the four
costs was divided by the sumof the water flow requirenents for
the four turbines. This process yielded a cost of $4,200 per
gallon per mnute (gal/mn), and this cost, added to the on-
engi ne hardware costs, was used for all nodel plants.

(b) Water treatnment system The water treatnment process,
and hence the treatnent system conponents, varies according to
the degree to which the water at a given site nust be treated.

For this cost analysis, the water treatnent systemincludes a

reverse osnosis and m xed-bed dem neralizer system The water
treatment system capital cost for each nodel plant was estimated
based on an equation devel oped in Reference 2:

WS = 43,900 X (G %*°
wher e

W'S wat er treatnment system capital cost, $; and

G = water treatnment system design capacity, gal/mn.

This equation yields costs that are generally consistent
with the range of costs presented in Reference 18.

(c) Taxes and freight. This cost covers applicable sales
taxes and shipnent to the site for the injection and water
treatnment systens. A figure of 8 percent of the total system
cost was used.?*’

(2) Direct Installation Costs. This cost includes the
| abor and material costs associated with installing the
foundati on and supports, erecting and handling equi pnent,

el ectrical work, piping, insulation, and painting. For smaller
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turbines, the water treatnment systemis typically skid-nounted
and is shipped to the site as a packaged unit, which mnimzes
field assenbly and interconnections. The cost to install a skid-
nounted water treatnent skid is typically $50,000, and this cost
is used for the direct installation cost for nodel plants |ess
than 5 MV (6700 hp).* For larger turbines, it is expected that
the water treatnent system nust be field-assenbled and the direct
installation costs were calculated as 45 percent of the injection
and water treatnent systens, including taxes and freight.?

(3) Indirect Installation Costs. This cost covers the
i ndirect costs (engineering, supervisory personnel, office
personnel, tenporary offices, etc.) associated with installing
the equi pnent. The cost was taken to be 33 percent of the
systens' costs, taxes and freight, and direct costs, plus
$5,000 for nodel plants above 5 MN (6,700 hp).? The indirect
installation costs for skid-nounted water treatnent systens are
expected to be less than for field-assenbled systens; therefore,
for nodel plants with an output of less than 5 MWV (6,700 hp), the
cost percentage factor was reduced from 33 to 20 percent.

(4) Contingency Cost. This cost is a catch-all neant to
cover unforeseen costs such as equi pment redesign/ nodification,
cost escal ations, and delays encountered in startup. This cost
was estimated as 20 percent of the sum of the systens, taxes and

freight, and direct and indirect costs.?
ii. Annual Costs
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The annual costs are sunmmarized in Table 6-5
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for each nodel plant. Annual costs include the fuel penalty;
electricity; maintenance requirenents; water treatnent; overhead,
general and adm nistrative, taxes, and insurance; and capita
recovery, as discussed in this section.

(1) FEuel Penalty. The reduction in efficiency

associated with water injection varies for each turbine nodel.
Based on data in Reference 2, it was estimated that a WR of
1.0 corresponds to a fuel penalty of 3.5 percent for water
injection and 1.0 percent for steaminjection. This percentage
was multiplied by the actual WFR and the annual fuel cost to
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determ ne the fuel penalty for each nodel plant. The fuel flow
was nultiplied by the unit fuel costs to determ ne the annua

fuel costs. As shown in Table 6-3, the natural gas cost is
$3.88/ 1,000 standard cubic feet (scf) and the diesel fuel cost is
$0. 77/ gal . **

An increase in output fromthe turbine acconpanies the
decrease in efficiency. This increase was not consi dered,
however, because not all sites have a demand for the avail able
excess power. In applications such as electric power generation
where the excess power can be used at the site or added to
utility power sales, this additional output would serve to
decrease or offset the fuel penalty inpact.

(2) Electricity Cost. The electricity costs shown in
Table 6-5 apply to the feedwater punp(s) for water or steam
injection. The punp power requirenents are estimated from the
punp head (ft) and the water flow rate as shown in the follow ng
equation: ?

FR_ , Hx (S.G) x L x 0.7457kwW 1

ower pu k =
P purp (kW) 3, 960 0.6 hp 0.9

wher e:
FR = feedwater flow rate, gal/mn (from Table 6-2);
H = total punp head (ft);
S.G = specific gravity of the feed water
0.6 = punp efficiency of 60 percent;
0.9 = electric notor efficiency of 90 percent;
3,960 = factor to correct units in FR and Hto hp; and
0. 7457 = factor to convert hp to kW

For water injection, the feedwater punp(s) supply treated water
to the gas turbine injection system For steaminjection, the

feedwat er punp(s) supply treated water to the boiler for steam

generation. This cost analysis uses a feedwater tenperature of
55°C (130°F) with a density of 61.6 Ib/ft® and a total punp head
requi rement of 200 pounds per square inch, gauge (psiQg)
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(468 ft).? Based on these values, the punp electrical demand for
either water or steaminjection is calculated as foll ows:

punp power (kW) :%x%ﬁ:—gxﬁxo.MS?xﬁ

= 0.161 x FR

The el ectrical cost for each nodel plant is the product of
the punp electrical demand, the annual hours of operation, and
the unit cost of electricity. The unit cost of electricity,
shown in Table 6-3, is $0.06/ kWH. ®~

Mai nt enance costs were devel oped based on information from
manuf acturers, and water treatnent |abor costs were estimated
based on information froma water treatnment vendor. Oher costs
wer e devel oped based on the nethodol ogy presented in Reference 2.

No backup steam or electricity costs were devel oped for
wat er or steam injection because it was assuned that no
additional downtinme would be required for schedul ed inspections
and repairs. Mintenance intervals could be scheduled to
coincide with the 760 hr/yr of downtinme that are currently
al l ocated for schedul ed maintenance. |If this were done, the
annual wutilization of the backup source woul d not increase.

(3) Added Maintenance Costs. Based on discussions with gas
turbi ne manufacturers, additional maintenance is required for
some gas turbines with water injection. The analysis procedures
used to develop the increnental maintenance costs are presented
i n Appendi x B.

The increnental nmaintenance cost associated with water
injection for natural gas-fueled turbines was provided by the gas
turbi ne manufacturers.*®?2? A| gas turbine manufacturers
contacted stated that there were no increnental naintenance costs
for operation with steaminjection. Two manufacturers provided
mai nt enance costs for natural gas and oil fuel operation w thout
wat er injection.'®? Using an average of these costs, increnenta
mai nt enance costs for water injection are 30 percent higher for

6- 225



PUBLIC NOTICE DRAFT May 10, 2019

pl ants that use diesel fuel instead of natural gas. Costs were
prorated for nodel plants that operate |less than 8,000 hr/yr.

(4) \Water Treatnment Costs. Water treatnent operating costs
i nclude the cost of treatnent (e.g., for chem cals and nedi a
filters), operating |abor, raw water, and wastewater disposal
The raw water flow rate is equal to the treated water flow rate
(the water or steaminjection rate) plus the flow rate of the
wast ewat er generated in the treatnent plant. As noted in Section
6.1, the wastewater flow rate is equal to 29 percent of the
injection flow rate. The annual raw water, treated water, and
wastewater flow rates were multiplied by the appropriate unit
costs in Table 6-3 to determ ne the annual costs. Wat er
treatnent |abor costs were calculated at $0.70/1,000 gal for
water injection.?® This cost was nultiplied by the total annua
treated water flow rate to determ ne the annual water treatnent
| abor cost for water injection. Labor costs for steaminjection
were assumed to be half as nmuch as the costs for water injection
because it was assunmed that the facility already has a water
treatnment plant for the boiler feedwater. Therefore, the
operator requirenents would be only those associated with the
increase in capacity of the existing treatnment plant.

(5) Plant Overhead. This cost is the overhead associ ated
with the additional maintenance effort required for water
injection. The cost was cal culated as 30 percent of the added
mai nt enance cost from Section 6.1.2.3.°2

(6) Ceneral and Administrative, Taxes, and lnsurance Costs
(GATI). This cost covers those expenses for adm nistrative
overhead, property taxes, and insurance and was cal cul ated as
4 percent of the total capital cost.?

(7) Capital Recovery. A capital recovery factor (CRF) was
multiplied by the total capital investnent to estimate uniform

end- of -year paynents necessary to repay the investnent. The CRF
used in this analysis is 0.1315, which is based on an equi pnent
life of 15 years and an interest rate of 10 percent.

(8) Total Annual Cost. This cost is the sumof the annua
costs presented in Sections 6.1.2.1 through 6.1.2.7 and is the
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total cost that nmust be paid each year to install and operate
water or steaminjection NQ, em ssions control for a gas turbine.

il Em ssion Reduction and Cost-Effectiveness Sunmmary for
Water and Steam Injection
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The uncontrolled and controlled NQ em ssions and the annual

em ssion reductions for the nodel plants are shown in Table 6-6.
The em ssions, in tons per year (tons/yr), were calculated as
shown in Appendi x A

The total annual cost was divided by the annual em ssion
reductions to determne the cost effectiveness for each node
plant. For continuous-duty natural gas-fired nodel plants, the
cost-effectiveness figures range from approximately $600 to
$2,100 per ton of NQ, renoved for water injection, and decrease
to approximately $400 to $1,850 per ton for steaminjection. The
| oner range of cost-effectiveness figures for steaminjection is
primarily due to the greater NOQ, reduction achieved with steam
injection. For continuous-duty oil-fired nodel plants, the cost
ef fectiveness ranges from approximately $675 to $1, 750 per ton of
NO, renoved, which is conparable to figures for gas-fired nodel
plants. The cost-effectiveness figures are higher for gas
turbines with | ower power outputs because the fixed capital costs
associated with wet injection systeminstallation have the
greatest inpact on the smaller gas turbines.

Cost-effectiveness figures increase as annual operating
hours decrease. For turbines operating 2,000 hr/yr, the cost-
effectiveness figures are two to nearly three tinmes higher than
those for continuous-duty nodel plants, and increase further for
nmodel plants operating 1,000 hr/yr. For the oil-in-water
emul sion nodel plant, the cost effectiveness corresponding to
1,000 annual operating hours is $1,840/ton of NQ, renoved. No
data were available to prepare a conventional water injection
nmodel plant for this turbine to conpare the relative cost-
ef fecti veness val ues.
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b. LOWNQ, COVBUSTORS

I ncremental capital costs for |ow NQ conbustors relative to
standard designs for new applications were provided by three
manuf acturers for several turbines.*>'? Based on information
from the manufacturers, the performance and nmi ntenance
requi rements for a | ow NQ, conbustor are expected to be the sane
as for a standard conbustor, and so the only annual cost
associated with | ow NQ, conbustors is the capital recovery. The
capital recovery factor is 0.1315, assuming a life of 15 years
and an interest rate of 10 percent.
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Tabl e 6-7
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presents the uncontrolled and controlled em ssion |evels, the
annual em ssion reductions, increnental costs for a | ow NQ
conbustor over a conventional design, and the cost effectiveness
of low NQ, conmbustors for all gas turbine nodels for which
sufficient data were available. Cost-effectiveness figures were
calculated for 8,000 and 2,000 hours of operation annually, using
controlled NQ emssion levels of 42, 25, and 9 parts per
mllion, by volunme (ppnv), referenced to 15 percent oxygen, which
are the achievable levels stated by the turbi ne manufacturers.
The cost effectiveness varies according to the uncontrolled NQ
em ssion level for the conventional conbustor design and the
achi evabl e controlled emssion |evel for the [ow NQ design. For
continuous-duty applications, cost effectiveness for a controlled
NO, emi ssion level of 42 ppnv ranges from $353 to $1, 060 per ton
of NQ, renoved. The cost-effectiveness range decreases to $57 to
$832 per ton of NQ, renoved for a controlled NO, em ssion |evel
of 25 ppnv and decreases further to $55 to $137 per ton of NQ
renoved for a 9 ppnv control level. 1In all cases, the cost
ef fectiveness increases as the operating hours decrease. In
general, the cost effectiveness is higher for smaller gas
turbines than for larger turbines due to the relatively higher
capital cost per kWfor |ow NQ conmbustors for smaller turbines.

The cost-effectiveness range is lower for |ow NQ conbustors

than for water or steaminjection because the total annual costs
are lower and, in some cases, the controlled em ssion |levels are
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also lower. According to two turbine manufacturers, retrofit
costs are 40 to 60 percent greater than the increnmental costs
shown in Table 6-7 for new installations.®"

c. SELECTI VE CATALYTI C REDUCTI ON

The costs for SCR for new installations were estinmated for
all nodel plants. Retrofit costs for SCR were not avail abl e but
coul d be considerably higher than the costs shown for new
installations, especially in applications where an existing heat
recovery steam generator (HRSG would have to be noved, nodified,
or replaced to accompdate the addition of a catal yst reactor.

To date, nost gas turbine SCR applications use a base neta
catalyst with an operating tenperature range that requires
cooling of the exhaust gas fromthe turbine. For this reason,
SCR applications to date have been |Iimted to conbined cycle or
cogeneration applications that include an HRSG which serves to
cool the exhaust gas to tenperatures conpatible wth the
catalyst. The introduction of high-tenperature zeolite
catal ysts, however, nekes it possible to install the catalyst
directly downstream of the turbine, and therefore feasible to
use SCR with sinple-cycle applications as well as heat recovery
applications. As discussed in Section 5.3.2, to date there is at
| east one gas turbine installation with a high-tenperature
zeolite catalyst installed downstream of the turbine and upstream
of an HRSG At present, no identified SCR systens are installed
in sinple-cycle gas turbine applications.

An overview of the procedures used to estimate capital and
annual costs are described in Sections 6.3.1 and 6. 3. 2,
respectively; a detailed cost algorithmis presented in
Appendi x B. The em ssion reduction and cost-effectiveness
cal cul ations are described in Section 6.3.3.

i. Capital Costs

Fi ve docunents in the technical literature contained SCR
capital costs for 21 gas turbine facilities. Mst of these
docunments presented costs that were obtained from vendors, but
sonme may have al so devel oped at |east sone costs based on their

own experiences.? 3 Mst of the docunents presented only the
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total capital costs, not costs for individual conmponents, and
they did not provide conplete descriptions of what the costs

i ncluded. These costs were plotted on a graph of total capita
costs versus gas turbine size. To this graph were added
estimates of total installed costs for a high-tenperature

catal yst SCR system for installation upstream of the HRSG for
four turbine installations ranging in size from4.5 to 83 MV
(6,030 to 111,000 hp). These high-tenperature SCR system
estimates include the catalyst reactor, air injection system for
exhaust tenperature control, ammonia storage and injection
system instrunentation, and continuous em ssion nonitoring

equi pment. These SCR costs were estimated by the California Ar
Resources Board (CARB) in 1991 dollars and are based on NQ

emi ssion levels of 42 ppnv into and 9 ppnv out of the SCR *
These estimated costs, shown in Appendix B, fit well within the
range of costs fromthe 21 installations discussed above, and the
equation of a line determ ned by linear regression adequately
fits the data (R = 0.76) for all 25 points. Based on this
graph, the total capital cost for either a base-netal SCR system
installed within the HRSG or a high-tenperature zeolite catalyst
SCR systeminstalled directly downstream of the turbine can be
cal cul ated using the equation determned by the |inear
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TABLE 6-8. PROCEDURES FOR ESTIMATING CAPITAL AND
ANNUAL COSTS FOR SCR CONTROL OF NOy EMISSIONS FROM GAS TURBINES®

A. Total capital investment, P
B. Direct annual costs, $/yr

(49,700 x TMW) + 459,000

1. Operating labor® = (1.0 hr/8 hr-shift) x ($25.60/hr) x (H)

2. Supervisory labor = (0.15) x (operating labor)

3. Maintenance labor and materials = (1,250 x TMW) + 25,800

4, Catalyst replacement = (4,700 x TMW) + 37,200

5. Catalyst disposa® = (V) x ($15/t3) x (.2638)

6. Anhydrous ammonia® = (N) x ($360/ton)

7. Dilution steam' = (N) x (0.95/0.05) x (MW H,O/MW NHg) x ($6/1,000 Ib
steam) x (2,000 Ib/ton)

8. Electricity® = N/A

9. Performance loss" = (0.005) x (TMW) x ($0.06/KWH) x (1,000 KW/MW) x (H)

10. Blower (if needed) = 0.1 x (Performance Loss)

11. Production loss = None

C. Indirect annual costs, $/yr

1. Overhead = (0.6) x (al labor and maintenance materia costs)

2. Property taxes, insurance, and = (0.04) x (total capital investment)
administration

3. Capital recovery’ = (0.13147) x [total capitd investment - (catalyst

replacement/0.2638)]

All costs are in average 1990 dollars.

*TMW=turbine output in MW for each model plant.

“The annual operating hours are represented by the variable H. The labor rate of $25.60/hr is from Table 6-3.

“The catalyst volume in ft3 is represented by the variable V. The catalyst volume for each model plant is estimated
asV = (TMW) x (6,180 ft3/83 MW).

“The ammonia requirement in tons is represented by the variable N and is calculated using a NH,-to-NO, molar ratio
of 1.0.

The annual tonnage of NO, is taken from the controlled levels shown in Tables 6-11 and 6-12.

The ammonia is diluted with steam to 5 percent by volume before injection.

9The amount of electricity required for ammonia pumps and exhaust fans is not known, but is expected to be small.
The €electricity cost comprised less than 1 percent of the total annual cost estimated by the South Coast Air Quality
Management District (SCAQMD) for SCR applied to a 1.1 MW turbine.

"Based on information from three sources, the backpressure from the SCR reduces turbine output by an average of
about 0.9 percent.

'No production losses are estimated because it is assumed that all SCR maintenance, inspections, cleaning, etc. can
be performed during the 760 hours of scheduled downtime per year.

IThe capital recovery factor for the SCR is 0.13147, based on a 15-year equipment life and 10 percent interest rate.
The catalyst is replaced every 5 years. The 0.2638 figure is the capital recovery factor for a 5-year equipment life
and a 10 percent interest rate.
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regression. This equation is shown in Table 6-8 and was used to
calculate the total capital investnent for SCR for each nodel
pl ant shown in Tables 6-9 and 6-10.
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ii. Annual Costs

Total annual costs for SCR control were devel oped follow ng
standard EPA procedures described in the OAQPS Control Cost
Manual for other types of add-on air pollution control devices
(APCD s). Information about annual costs was obtained fromthe
sane sources that provided capital costs.?® Total annual costs
consist of direct and indirect costs; paraneters that nmake up
t hese categories and the equations for estimating the costs are
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presented in Table 6-8 and are discussed below. The annual costs
are shown in Tables 6-9 and 6-10 for injection and dry | ow NQ,
conmbustion, respectively, for each of the nodel plants.

(1) perating and Supervisory lLabor. Information about
operating | abor requirenents was unavailable. Mst facilities
have fully automated controls and nonitoring/recordi ng equi pnent,
whi ch minimzes operator attention. Therefore, it was assuned
that 1 hr of operator attention would be required during an 8-hr
shift, regardless of turbine size. This operating |abor
requirenent is at the low end of the range reconmended in the
OAQPS Control Cost Manual for other types of APCD s.” (perator
wage rates were estimated to be $25.60/hr in 1990, based on
escal ating the costs presented in Reference 2 by 5 percent per
year to account for inflation. Supervisory |abor costs were
estimated to be 15 percent of the operating |abor costs,
consistent with the OQAQPS Control Cost Manual

(2) Mintenance Labor and Mterials. Conbi ned mnai ntenance
| abor and materials costs for 14 facilities were obtained from
four articles, but alnost half of the data (6 facilities) were
provi ded by one source.? * The costs were escalated to 1990
dollars assumng an inflation rate of 5 percent per year. Al of
the data are for facilities that burn natural gas. Provided that
ammoni um salt formation is avoided by Iimting amonia slip and
sul fur content, the cost for operation with natural gas should
also apply for distillate oil fuel.* Therefore, it was assumed
that the cost data also apply to SCR control for turbines that
fire distillate oil fuel. The costs were plotted versus the
turbine size, and least-squares |linear regression was used to
determ ne the equation of the line through the data (see
Appendi x B). This equation, shown in Table 6-8, was used to
estimate the mai ntenance |abor and materials costs shown in
Table 6-9 for the nodel plants.

(3) Catalyst Replacenent. Replacenent costs were obtained
for nine gas turbine facilities, and conbi ned repl acenent and
di sposal costs were obtained for another six gas turbine
facilities.?® The disposal costs were estimted for the six
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facilities as described below and in Appendix B. The repl acenent
costs for these six facilities were then estimated by subtracting
the estimated disposal costs fromthe conbined costs. A catal yst
life of 5 years was used. All replacenent costs were escal ated
to 1990 dollars assumng a 5 percent annual inflation rate.

The estimated 1990 replacenment costs were plotted versus the
turbine size, and least-squares |linear regression was used to
determ ne the equation of the line through the data (see
Appendi x B). This equation is shown in Table 6-8 and was used to
estimate the catal yst replacenent costs shown in Table 6-9 for
t he nodel plants.

(4) Catalyst Disposal. Catalyst disposal costs were
estimated based on a unit disposal cost of $15/ft* which was
obtained froma zeolite catalyst vendor.* This cost was used
for each nodel plant, but the disposal cost may in fact be higher
for catalysts that contain heavy netals and are classified as
hazardous wastes. The catal yst volume for each nodel plant was
estimated based on information about the catal yst volume for one
facility and the assunption that there is a direct relationship
between the catal yst volune and the turbine output (i.e., the
design space velocity is the sane regardless of the SCR size).

At one facility, 175 m’ (6,180 ft® of catalyst is used in the
SCR with an 83 MW (111,000 hp) turbine.*® The disposal cost for
this catalyst would be $92,700, using a cost of $15/ft?

(5 Amonia. The annual ammonia (NH,) requirement is
cal cul ated from the annual NQ, reduction achieved by the SCR
system Based on an NH,/ NQ nolar ratio of 1.0, the annual
ammoni a requirenent, in tons, would equal the annual NQ
reduction, in tons, nultiplied by the ratio of the nolecular
wei ghts for NH, and NQ. Anhydrous ammonia with a unit cost of
$360/ton was used.®** The equation to calculate the annual cost
for ammonia is shown in Table 6-8.

(6) Dlution Steam As indicated in Section 5.3.1, steam
is used to dilute the anmmonia to about 5 percent by vol une before
injection into the HRSG  According to the QAQPS Control Cost
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Manual , the cost to produce steam or to purchase it, is about
$6/ 1, 000 | b.

(7) Electricity. Electricity requirenents to operate such
equi pnment as amoni a punps and ventilation fans is believed to be
small. For one facility, the cost of electricity to operate

t hese conponents was estimated to nmake up less than 1 percent of
the total annual cost, but it is not clear that the nunber and
size of the fans and punps represent a typical installation.?
This cost for electricity is expected to be mnor, however, for
all installations and was not included in this analysis.

For high-tenperature catalysts installed upstream of the
HRSG a blower nmay be required to inject anmbient air into the
exhaust to regulate the tenperature and avoid tenperature
excur sions above the catal yst design tenperature range. The cost
to operate the blower is calculated to be 10 percent of the fuel
penal ty. ®

(8) Performance Loss. The perfornmance | oss due to
backpressure fromthe SCR is approximately 0.5 percent of the
turbine's design output.** To make up for this lost output, it
was assuned that electricity would have to be purchased at a cost
of $0.06/kWH, as indicated in Table 6-3.

(9) Production Loss. No costs for production |osses were

included in this analysis. It was assuned that schedul ed
i nspections, cleaning, and other maintenance will coincide with
the 760 hr/yr of expected or scheduled downtinme. It should be

recogni zed that adding the SCR system increases the overal
system conplexity and the probability of unschedul ed outages.
This factor should be taken into account when considering the
addition of an SCR system

(10) Overhead. Standard EPA procedures for estimating
annual control costs include overhead costs that are equal to
60 percent of all |abor and maintenance material costs.

(11) Property Taxes, Insurance, and Administration
According to standard EPA procedures for estimating annua
control costs, property taxes, insurance, and adm nistration
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costs are equal to 4 percent of the total capital investnent for
the control system

(12) Capital Recovery. The CRF for SCR was estimated to be
0. 13147 based on the assunption that the equipnent life is
15 years and the interest rate is 10 percent.
iii. Cost Effectiveness for SCR

As indicated in Section 5.4, virtually all gas turbine
installations using SCR to reduce NQ, em ssions al so incorporate
wet injection or |ow NQ conbustors. The NQ, em ssion |evels
into the SCR, therefore, were in all cases taken to be equal to
the controlled NQ emssion |evels shown for these control
techniques in Tables 6-6 and 6-7. The nost common controlled NQ
emssion |imt for gas-fired SCR applications is 9 ppnv,
referenced to 15 percent oxygen. The capital costs used in this
anal ysis are expected to correspond to SCR systens sized to
reduce controlled NQ, em ssions ranging from25 to 42 ppnmv from
gas-fired turbines to a controlled |level of approximately 9 ppnv
downstream of the SCR  Based on the controlled NQ, em ssion
limts established by the Northeast States for Coordinated Ar
Use Managenent (NESCAUM, shown in Table 5-3, these SCR systens
woul d reduce NQ, emissions to 18 ppnv for oil-fired applications.
Cost-effectiveness figures for SCR in this analysis are therefore
cal cul ated based on controlled NQ, em ssion |evels of 9 and
18 ppnv, corrected to 15 percent oxygen, for gas- and oil-fired
SCR nodel plants, respectively.

Cost effectiveness for SCR used downstream of wet injection
or dry |ow NQ, conbustion is shown in Tables 6-11
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nodel plants using water or steam injection,the cost
ef fectiveness for SCR ranges from approxi mtely $3,500 to $10, 800
per ton of NQ, renoved.

The cost-effectiveness range for SCR installed downstream of
continuous-duty, natural gas-fired turbines from3 to 10 MV
(4,000 to 13,400 hp) using dry |ow NQ conbustion is $6,290 to
$10, 800 per ton of NQ, renpved for an inlet NQ emssion |evel of
42 ppnv. The cost-effectiveness range for SCR increases for an
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inlet NQ emssion |evel of 25 ppnv due to the |ower NQ

reduction efficiency. For an inlet NQ |evel of 25 ppnv, the

cost effectiveness ranges from $12,800 to $22,100 per ton of NQ,
renmoved for 3 to 10 MW (4,000 to 13,400 hp) turbines and
decreases to $6,940 to $7,660 per ton of NQ, renoved for |arger
turbines ranging from39 to 85 MW (52,300 to 114,000 hp). As
these ranges indicate, the cost effectiveness for SCR is affected
by the inlet NO em ssion |evel and not the type of conbustion
control technique used for the turbine. The cost effectiveness
for continuous-duty, oil-fired nodel plants ranges from
approximately $2,450 to $8,350 per ton of NQ, renoved. The SCR
cost-effectiveness range for oil-fired applications is |ower than
that for gas-fired installations in this cost anal ysis because
the sane capital costs were used for both fuels (capital costs
were not available for applications using only distillate oi
fuel). The percent NQ, reduction for oil-fired applications is

hi gher, so the resulting cost-effectiveness figures for oil-fired
applications are lower. It should be noted that this higher NQ,
reduction for oil-fired applications may require a | arger

catal yst reactor, at a higher capital cost. As a result, the
cost-effectiveness figures nmay actually be higher than those
shown in Table 6-11 for oil-fired applications.

The cost-effectiveness figures are higher for smaller gas
turbi nes because the fixed capital costs associated with the
installation of an SCR system have the greatest inpact on snaller
gas turbines. Cost-effectiveness figures increase as annua
operating hours decrease. For turbines operating 2,000 hours per
year, cost-effectiveness figures are nore than double those for
continuous-duty nodel plants, and they increase even further for
nodel plants operating 1,000 hr/yr.

Because virtually all SCR systens are installed downstream
of controlled gas turbines, conbined cost-effectiveness figures
for wet injection plus SCR and also dry | ow NQ, combustion plus
SCR have been cal cul ated and are shown in Tables 6-13
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figures are calculated by dividing the sum of the total annual
costs by the
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sum of the annual reduction of NQ, em ssions for the conbined

em ssion control techniques. For continuous-duty, natural gas-
fired nodel plants, the conbined cost-effectiveness figures for
wet injection plus SCR range from approxi mately $650 to $4, 500
per ton of NQ, renoved. For continuous-duty, oil-fired nodel

pl ants, the conbined cost effectiveness ranges from approxi nately
$1,100 to $3,550 per ton of NQ, renpved. The conbi ned cost-
effectiveness figures for dry |ow NQ, conbustion plus SCR for
conti nuous-duty, natural gas-fired nodel plants range from
approxi mately $350 to $3,550 per ton of NQ, renoved.

The conbi ned cost-effectiveness figures increase with
decreasing turbine size and annual operating hours. Data were
not available to quantify the wet injection requirenents and
controlled emssions levels for oil-fired turbines with |ow NQ
conbustors, so cost-effectiveness figures were not tabulated for
this control scenario.

d. OFFSHORE TURBI NES

The only available information about the cost of NQ
controls for offshore gas turbines was presented in a report
prepared for the Santa Barbara County Air Pollution Control
District (SBCAPCD) in California.* The performance and cost of
about 20 NQ, control techniques for a 2.8 MV (3,750 hp) turbine
were described in the report. Wt injection and SCR were
included in the analysis; |owNQ conbustors were not. The costs
fromthe report are presented in Table 6-15
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TABLE 6-15. PROJECTED WET INJECTION AND SCR COSTS
FOR AN OFFSHORE GAS TURBINE®

Wet injection SCR cost s
cost s

Capital cost, $ 70, 000 585, 000
Annual costs, $/yr

Ammoni a N A° 3, 050°

Cat al yst repl acenent N A 28, 000

Qper ating and mai nt enance® 24, 600 18, 000

Fuel penalty® 10, 500 5, 000

Capi tal recovery' 14, 000 117, 000

Total annual costs, $/yr 49, 100 171, 000

%Costs are for a 2.8 MW gas turbine and are obtained from
Ref erence 37.

°N' A = Not applicable

‘Ammoni a cost is based on $150/ton and 0.4 Ib NHz/lb NO.

dOperating and mai ntenance cost for SCR is estimted as 3 percent
of the total capital investnent.

°Fuel penalty is estimated as 2 percent of the annual fue
consunption for wet injection and 1 percent for SCR

"Capital recovery is estimted based on an equi pnent |ife of
8 years and an interest rate of 13 percent.
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wi t hout adjustnent because there is insufficient cost
information to know what adjustnents need to be nmade.
Additionally, insufficient information is available to scale up
these costs for larger turbines. The water and steam injection
costs and SCR costs for offshore applications are discussed in
Sections 6.4.1 and 6.4.2, respectively.
i. Wet Injection

The report prepared for SBCAPCD assuned water injection

costs are the sane as steaminjection costs. The report did not
describe the conmponents in the capital cost analysis for these
injection systens, but the results are much |ower than those that
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woul d be estimated by the procedures described in Section 6.1.1
of this report. The authors may have assuned that the engine-
mount ed i njection equi pnment cost was included in the turbine
capital cost and that a less rigorous water treatnment process is
installed. Annual costs are also nuch |ower than those that
woul d be estimated by the procedures described in Section 6.1.2
of this report. There are at |east three reasons for the
difference: (1) the low capital cost leads to a | ow CRF, even
t hough the turbine |life was assuned to be only 8 years;
(2) overhead costs and taxes, insurance, and adm nistration costs
are not considered; and (3) the capacity factor is only
50 percent (i.e., about 4,400 hr/yr, vs. 8,000 hr/yr, as in
Section 6.1.2). The turbine life was only 8 years, which may
correspond to a typical service life of an offshore platform
ii. Selective Catalytic Reduction

The total capital costs presented in the report for SBCAPCD
are simlar to those that would be estimated by the procedures in
Section 6.2.1 of this report. However, it appears that $150, 000
of the total in Reference 37 is for structural nodifications to
the platform and $75,000 is for retrofit installation. Wen the
difference in the load factor is taken into account, sone of the
annual costs are simlar to those that would be estimted by the
procedures in Section 6.2.2 for a simlarly sized turbine. The
catal yst replacenent cost, however, is much |ower; neither the
type of catalyst nor the replacenent frequency were identified.
Ammoni a costs are | ower because the uncontrolled NQ em ssion
| evel was assunmed to be 110 ppnv instead of 150 ppnv and because
a unit cost of $150/ton was used instead of $400/ton. The
reference does not indicate whether or not catalyst disposal,
over head, taxes, freight, and adm nistration costs were
considered. Capital recovery costs are higher because the
equi pment life is assuned to be only 8 years on the offshore
pl atf orm
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7..0 ENVI RONMENTAL AND ENERGY | MPACTS

This chapter presents environnental and energy inpacts for
the nitrogen oxide (NQ) em ssions control techniques described
in Chapter 5.0. These control techniques are water or steam
injection, dry low NQ conbustors, and selective catalytic
reduction (SCR). The inpacts of the control techniques on air
pol lution, solid waste disposal, water pollution, and energy
consunption are discussed.

The remainder of this chapter is organized in five sections.
Section 7.1 presents the air pollution inpacts; Section 7.2
presents the solid waste disposal inpacts; Section 7.3 presents
the water pollution inpacts; and Section 7.4 presents the energy
consunption inpacts. References for the chapter are listed in
Section 7.5.

a. AR POLLUTI ON
i. Emssion Reductions
Applying any of the control techniques discussed in

Chapter 5 will reduce NQ, em ssions from gas turbines. These
em ssion reductions were estimated for the nodel plants presented
in Table 6-1 and are shown in Table 7-1. For each nodel plant,
the uncontrolled and controlled em ssions, em ssion reductions,
and percent reductions are presented. The follow ng paragraphs
di scuss NQ, em ssion reductions for each control technique.

Ni trogen oxi de em ssion reductions for water or steam
injection are estimated as discussed in Section 6.1.3. The
percent reduction in emssions from uncontrolled |evels varies
for each nodel plant ranging, from 60 to 96 percent. This
reducti on depends on each nodel's uncontrolled em ssions, the
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TABLE 7-1. MODEL PLANT UNCONTROLLED AND CONTROLLED NO, EMISSIONS FOR
AVAI LABLE NO, CONTROL TECHNI QUES
Controlled NO, emissions, tons/year
Uncon- NO,
Annual Type of trolled NO, |Wet injection| Dry low-NO, Dry low-NO, Dry low-NO, |emissions, wet| SCR NH; emissions
operating wet emissions,® | tolevelsin combustor to combustor to combustor to injection @ SLIP =10 ppm

Gas turbine model hours injection |Annual emissions® tons/yr Table 6-6 42 ppmv 25 ppm 9 ppmv + SCR" (tonslyr)°
Centaur T4500 8,000 Water |Emissions, tons/yr 88.1 28.5 28.5 16.9 NA¢ 6.10 292
3.3 MW Reduction, tons/yr 59.6 59.6 71.2 _ 224
Gas fuel Total reduction, % 68% 68% 81% - 93%
501-KB5 8,000 Water |Emissions, tons/yr 126 34.2 NA NA NA 7.32 2.58
4.0 MW Reduction, tons/yr 91.8 _ _ _ 26.9
Gas fuel Total reduction, % 73% 94%
LM2500 8,000 Water |Emissions, tons/yr 581 140 NA NA NA 30.0 11.2
22.7 MW Reduction, tons/yr 441 _ _ _ 110
Gas fuel Total reduction, % 76% _ _ _ 95%
MS5001P 8,000 Water |Emissions, tons/yr 723 214 NA NA NA 45.8 20.4
26.8 MW Reduction, tons/yr 509 _ _ _ 168
Gas fuel Total reduction, % 70% 94%
ABB GT1IN 8,000 Water |Emissions, tons/yr 5,410 347 NA 347 125 125 51.7
83.3 MW Reduction, tons/yr 5,060 _ 5060 5290 222
Gas fuel Total reduction, % 94% - 94% 98% 98%
MS7001E 8,000 Water |Emissions, tons/yr 2,170 593 NA 353 127 127 49.6
84.7 MW Reduction, tons/yr 1580 _ 1820 2040 466
Gas fuel Total reduction, % 73% 84% 94% 94%
501-KB5 8,000 Steam |Emissions, tons/yr 126 342 NA NA NA 7.32 2.58
4.0 MW Reduction, tons/yr 92 _ _ _ 26.9
Gas fuel Total reduction, % 73% - _ - 94%
LM2500 8,000 Steam |Emissions, tonslyr 581 835 NA NA NA 30.0 11.2
22.7 MW Reduction, tons/yr 498 _ _ _ 535
Gas fuel Total reduction, % 86% 95%
MS5001P 8,000 Steam |Emissions, tons/yr 723 214 NA NA NA 45.8 204
26.8 MW Reduction, tons/yr 509 _ _ _ 168
Gas fuel Total reduction, % 70% 94%
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TABLE 7-1. (continued)
Controlled NO, emissions, tons/year
Uncon- NO,
Annual Type of trolled NO, |Wet injection| Dry low-NO, Dry low-NO, Dry low-NO, |emissions, wet| SCR NH, emissions
operating wet emissions,® | tolevelsin combustor to combustor to combustor to injection @ SLIP =10 ppm

Gas turbine model hours injection |Annua emissions’ tons/yr Table 6-6 42 ppmv 25 ppm 9 ppmv + SCR’ (tons/yr)°
LM5000 8,000 Steam |Emissions, tonslyr 930 126 NA NA NA 45.2 205
34.4 MW Reduction, tons/yr 804 _ _ _ 80.8
Gas fuel Total reduction, % 86% - _ _ 95%
ABB GT1IN 8,000 Steam |Emissions, tons/yr 5,410 583 NA 347 125 125 51.7
83.3 MW Reduction, tons/yr 4830 _ 5060 5290 458
Gas fuel Total reduction, % 89% 94% 98% 98%
MS7001E 8,000 Steam |Emissions, tonslyr 2,170 593 NA 353 127 127 49.6
84.7 MW Reduction, tons/yr 1580 _ 1820 2040 466
Gas fuel Total reduction, % 73% - 84% 94% 94%
MS7001F 8,000 Steam |Emissions, tons/yr 5,150 1,030 NA 610 NA 221 71.7
161 MW Reduction, tons/yr 4120 _ 4540 _ 809
Gas fuel Total reduction, % 80% 88% 96%
Centaur T4500 8,000 Water |Emissions, tons/yr 125 418 NA NA NA 125 29
3.3 MW Reduction, tons/yr 83.2 _ _ _ 29.3
Oil fuel Total reduction, % 67% - _ - 90%
MS5001P 8,000 Water |Emissions, tons/yr 1,090 337 NA NA NA 46.6 204
26.3 MW Reduction, tons/yr 753 _ _ _ 290
Oil fuel Total reduction, % 69% 96%
MS7001E 8,000 Water |Emissions, tons/yr 3,290 938 NA NA NA 130 49.6
83.3 MW Reduction, tons/yr 2350 _ _ _ 808
Oil fuel Total reduction, % 71% - - - 96%
Centaur T4500 2,000 Water |Emissions, tons/yr 22.0 71 NA NA NA 15 0.7
3.3 MW Reduction, tons/yr 14.9 _ _ _ 6
Gas fuel Total reduction, % 68% 93%
MS5001P 2,000 Water |Emissions, tons/yr 181 535 NA NA NA 11.5 51
26.8 MW Reduction, tons/yr 128 _ _ _ 42
Gas fuel Total reduction, % 70% 94%
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TABLE 7-1. (continued)
Controlled NO, emissions, tons/year
Uncon- NO,
Annual Type of trolled NO, |Wet injection| Dry low-NO, Dry low-NO, Dry low-NO, |emissions, wet| SCR NH, emissions
operating wet emissions,® | tolevelsin combustor to combustor to combustor to injection @ SLIP =10 ppm

Gas turbine model hours injection |Annual emissions® tons/yr Table 6-6 42 ppmv 25 ppm 9 ppmv + SCR" (tonslyr)°
MS7001E 2,000 Water |Emissions, tons/yr 543 148 NA 88 32 318 124
84.7 MW Reduction, tons/yr 395 _ 455 511 116
Gas fuel Total reduction, % 73% - 84% 94% 94%
Centaur T4500 2,000 Water |Emissions, tons/yr 31.2 10.0 NA NA NA 314 0.7
3.3 MW Reduction, tons/yr 212 _ _ _ 6.9
Oil fuel Total reduction, % 68% 90%
MS5001P 2,000 Water |Emissions, tons/yr 273 84 NA NA NA 233 51
26.8 MW Reduction, tons/yr 189 _ _ _ 61
Oil fuel Total reduction, % 69% - - - 91%
MS7001E 2,000 Water |Emissions, tons/yr 822 234 NA NA NA 64.9 12.4
84.7 MW Reduction, tons/yr 588 _ _ _ 169
Oil fuel Total reduction, % 72% 92%
SATURN T1500 1,000 Water |Emissions, tons/yr 5.00 1.99 NA NA NA 0.30 0.13
11 MW Reduction, tons/yr 3 _ _ _ 17
Oil fuel Total reduction, % 60% _ - _ 94%
TPM FT4 1,000 Water-in- | Emissions, tons/yr 977 37.3 NA NA NA 6.72 NC®
28.0 MW oil Reduction, tons/yr 940 _ _ _ 30.6 _
Oil fuel emulsion | Total reduction, % 96% _ _ _ 99% _

®Uncontrolled and controlled NO, emissions are from cost-effectiveness tables in Chapter 6.

®Controlled NO, emission level for wet injection plus SCR is 9 ppmv for natural gas fuel and 18 ppmv for distillate oil fuel.
“Ammonia emissions, in tons per year = (SLIP, ppmv) x (MM/1,000,000) x (GT exhaust,lb/sec) x (MW NH3 = 15/MW exhaust = 28.6) x (3,600 sec/hr) x (ton/2,000 Ib) x (annual

operating hrs).

YNA-control technology not available for this model plant.

*NC-data not available to calculate emissions for this control scenario.
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water-to-fuel ratio (WR), and type of fuel and whether water or
steam i s injected.

Achi evabl e em ssion levels from gas turbines using dry |ow
NO, conbustors were obtained from manufacturers. Controlled NQ,
| evel s of 42, 25, and 9 parts per mllion, by volune (ppnv),
referenced to 15 percent oxygen, were reported by the various
turbi ne manufacturers, and each of these levels is shown in
Table 7-1, where applicable, for each nodel plant. The percent
reduction in NQ em ssions fromuncontrolled |evels for gas
turbi nes using these conbustors ranges from 68 to 98 percent.
Virtually all SCR units installed in the United States are used
in conbination with either wet controls or conbustion controls.
For this analysis, em ssion reductions were calculated for SCR in
conmbi nation with water or steaminjection. Using the turbine
manuf acturers' guaranteed NO, emi ssions figures for wet injection
and a controlled NO, em ssion |evel of 9 ppnv, referenced to 15
percent oxygen, exiting the SCR, the percent reduction in NQ
em ssions for this conbination of control techniques ranges from
93 to 99 percent.

Esti mated ammonia (NH,) em ssions, in tons per year,
corresponding to ammonia slip fromthe SCR system are al so shown
in Table 7-1. These estinates are based on an anmonia slip |eve
of 10 ppnv, consistent with information and data presented in
Section 5.4. For continuous-duty nodel plants, the annual NH,
em ssions range from approximtely 3 tons for a 3.3 negawatt (MN
(4,425 horsepower [hp]) nodel plant to 72 tons for a 160 MW
(215, 000 hp) nodel plant.

ii. Emssions Trade-Ofs

The formation of both thermal and fuel NQ, depends upon
conmbustion conditions. Water/steam injection, |ean conbustion,
and reduced residence tinme nodify conbustion conditions to reduce
t he amount of NO, forned. These conbustion nodifications may
i ncrease carbon nonoxide (CO and unburned hydrocarbon (HC
em ssions. Using SCR to control NQ, em ssions produces anmoni a
em ssions. The inpacts of these NQ controls on CO HC, and
anmmoni a em ssions are discussed bel ow
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(1) Lnpacts of Wet Controls on CO and HC Emi ssions. As
di scussed in Section 5.1.5, wet injection nmay increase CO and HC
em ssions. Injecting water or steaminto the flane area of a
turbine conbustor lowers the flane tenperature and thereby
reduces NQ, emi ssions. This reduction in tenperature to sone
extent inhibits conplete conbustion, resulting in increased CO
and HC em ssions. Figure 5-12 shows the inpact of water and
steam injection on CO enmi ssions for production gas turbines.?
The inpact of steaminjection on CO emssions is |less than that
of water injection. As seen in Figure 5-12, CO eni ssions
increase with increasing WWR's. Wet injection increases HC
emssions to a |esser extent than it increases CO em Ssions.
Figure 5-13 shows the inpact of water injection on HC em ssions
for one turbine. 1In cases where water and steaminjection result
in excessive CO and HC em ssions, an oxidation catal yst (add-on
control) can be installed to reduce these em ssions by converting
the CO and HC to water (HO and carbon dioxide (CQ).

(2) ILnpacts of Conbustion Controls on CO and HC Em ssions.
As discussed in Section 5.2.1, the performance of |ean conbustion
inlimting NO emssions relies in part on reduced equival ence
ratios. As the equivalence ratio is reduced bel ow the
stoichionetric level of 1.0, conbustion flane tenperatures drop,
and as a result NQ em ssions are reduced. Shortening the
residence tine in the high-tenperature flane zone also wl|
reduce the amount of thermal NOQ, fornmed. These | ower equival ence
rati os and/or reduced residence tinme, however, may result in
i nconpl ete conmbustion, which may increase CO and HC em ssions.
The extent of the increase in CO and HC em ssions is specific to
each turbine manufacturer's conbustor designs and therefore
varies for each turbine nodel. As with wet injection, if
necessary, an oxidation catalyst can be installed to reduce
excessive CO and HC em ssions by converting the CO and HC to CQ,
and HO

(3) Ammonia Emissions from SCR. The SCR process reduces
NO, em ssions by injecting NH, into the flue gas. The NH, reacts
with NQ in the presence of a catalyst to form HO and nitrogen
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(N). The NQ, renoval efficiency of this process is partially
dependent on the NH/NQ, ratio. Increasing this ratio reduces NQ,
em ssions but increases the probability that unreacted amoni a
w |l pass through the catalyst unit into the atnosphere (known as
ammonia "slip"). Some ammonia slip is unavoi dabl e because of
ammoni a injection control limtations and inperfect distribution
of the reacting gases. A properly designed SCR systemw Il limt
ammonia slip to less than 10 ppnv (see Section 5.4).
b. SCLI D WASTE DI SPOSAL

Catalytic materials used in SCR units for gas turbines
i nclude precious netals (e.g., platinun), zeolites, and heavy
metal oxides (e.g., vanadium titanium. Vanadi um pentoxide, the
nmost comonly used SCR catalyst in the United States, is
identified as an acute hazardous waste under RCRA Part 261,
Subpart D - Lists of Hazardous Wastes. The Best Denonstrated
Avai | abl e Technol ogy (BDAT) Treatnent Standards for Vanadi um P119
and P120 states that spent catalysts containing vanadi um
pent oxi de are not classified as hazardous waste.' State and
| ocal regulatory agencies, however, are authorized to establish
their own hazardous waste classification criteria, and spent
catal ysts contai ning vanadi um pent oxi de may be classified as a
hazardous waste in some areas. Although the actual amount of
vanadi um pent oxi de contained in the catalyst bed is small, the
volunme of the catalyst unit containing this material is quite
| arge and disposal can be costly. \Were classified by State or
| ocal agencies as a hazardous waste, this waste nay be subject to
the Land Di sposal Restrictions in 40 CFR Part 268, which allows
| and disposal only if the hazardous waste is treated in
accordance with Subpart D - Treatnent Standards. Such di sposa
probl ens are not encountered with other catalyst materials, such
as precious netals and zeolites, because these materials are not
hazar dous wast es.
c. WATER USAGE AND WASTE WATER DI SPOSAL

Water availability and waste water disposal are
environnmental factors to be considered with wet injection. The
i npact of water usage on the water supply at sone renote sites,
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in small communities, or in areas where water resources my be
l[imted is an environnmental factor that should be exam ned when
considering wet injection. The volune of water required for wet
injection is showmn in Table 7-2

7-8



PUBLIC NOTICE DRAFT May 10, 2019

TABLE 7-2. WATER AND ELECTRICITY CONSUMPTION FOR NO,
CONTROL TECHNIQUES

Wet injec-

Turbine Tota Waste Water tion power SCR

power Annual Type of water water pump consump- power
Gas turbine output, operating Fuel emission flow, flow, power, tion, penalty,
model® MW hours type control gal/min® gal/min° kw® KW-hr/yr® KW-hr/yr®
Centaur T4500 3.3 8,000 Gas Water inj. 2.5 0.73 0.40 3,220 132,000
501-KB5 4.0 8,000 Gas Water inj. 3.94 1.14 0.63 5,070 160,000
LM 2500 22.7 8,000 Gas Water inj. 14.8 4.29 2.38 19,100 908,000
MS5001P 26.8 8,000 Gas Water inj. 22.2 6.44 3.57 28,600 1,070,000
ABB GT11N 83.3 8,000 Gas Water inj. 154 44.7 24.8 198,000 3,330,000
MS7001E 84.7 8,000 Gas Water inj. 69.2 20.1 11.1 89,100 3,390,000
501-KB5 4.0 8,000 Gas Steam inj. 7.38 2.14 1.19 9,510 160,000
L M2500 22.7 8,000 Gas Steam inj. 29.5 8.56 4.75 38,000 908,000
M S5001P 26.8 8,000 Gas Steam inj. 333 9.66 5.36 42,900 1,070,000
LM5000 34.4 8,000 Gas Steam inj. 50.8 14.7 8.18 65,400 1,380,000
ABB GT11N 83.3 8,000 Gas Steam inj. 178 51.6 28.7 229,000 3,330,000
MS7001E 84.7 8,000 Gas Steam inj. 104 30.2 16.7 134,000 3,390,000
MS7001F 161 8,000 Gas Steam inj. 199 57.7 32.0 256,000 6,440,000
Centaur T4500 3.3 8,000 Qil Water inj. 2.76 0.80 0.44 3,550 132,000
M S5001P 26.3 8,000 Oil Water inj. 26.7 7.74 4.30 34,400 1,050,000
MS7001E 83.3 8,000 Qil Water inj. 63.8 18.5 10.3 82,200 833,000
Centaur T4500 3.3 2,000 Gas Water inj. 2.50 0.73 0.40 3,220 33,000
MS5001P 26.3 2,000 Gas Water inj. 22.2 6.44 3.57 28,600 263,000
MS7001E 84.7 2,000 Gas Water inj. 69.2 20.1 11.1 89,100 847,000
Centaur T4500 3.3 2,000 Qil Water inj. 2.76 0.80 0.44 3,550 33,000
MS5001P 26.3 2,000 Qil Water inj. 26.7 7.74 4.30 34,400 263,000
MS7001E 84.7 2,000 Qil Water inj. 63.8 18.5 10.3 82,200 847,000
SATURN 11 1,000 Qil Water inj. 0.81 0.23 0.13 1,040 5,500
T1500
TPM FT4 280 1,000 Qil Water- 217 6.29 349 27,900 140,000

in-oil
emulsion
®From Table 6-2.

°Calculated as 29 percent of the total water flow.
“Power requirement for water pump is calculated as shown in Section 6.1.2.2.
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for each nodel plant.

Water purity is essential for wet injection systens in order
to prevent erosion and/or the formation of deposits in the hot
sections of the gas turbine. Water treatnent systens are used to
achieve water quality specifications set by gas turbine
manuf acturers. Table 5-4 sunmmarizes these specifications for six
manuf acturers.

Di scharges from these water treatnent systens have a
potential inpact on water quality. As indicated in Section 6.1,
approximately 29 percent of the treated water flow rate
(22.5 percent of the raw water flow rate) is considered to be
di scharged as wastewater. The wastewater flow rates for each of
the nodel plants with a water or steaminjection control system
are estimated using this factor, and the results are presented in
Table 7-2. The wastewater contains increased |evels of those
pollutants in the raw water (e.g., calcium silica, sulfur, as
listed in Table 5-4) that are renoved by the water treatnent
system along with any chem cals introduced by the treatnent
process. Based on a wastewater flowate equal to 29 percent of
the influent raw water, the concentration of pollutants
di scharged from the water treatnment systemis approximtely three
times higher than the pollutant concentrations in the raw water.

The inpacts of these pollutants on water quality are
site-specific and depend on the type of water supply and on the
di scharge restrictions. I nfl uent water obtained froma
muni ci pality will not contain high concentrations of pollutants.
However, surface water or well water used at a renote site m ght
contain high pollutant concentrations and may require additiona
pretreatnment to neet the water quality specifications set by
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manuf acturers. This additional pretreatment will increase the
pol I utant concentrations of the wastewater discharge. Wastewater
di scharges to publicly-owned treatnment works (POTWSs) nust neet
the requirenents of applicable Approved POTW Pretreat nent

Pr ogr ans.

d. ENERGY CONSUWPTI ON

Addi tional fuel and electrical energy is required over
baseline for wet injection controls, while additional electrica
energy is required for SCR controls. The follow ng paragraphs
di scuss these energy consunption inpacts.

I njecting water or steaminto the turbine conbustor |owers
the net cycle efficiency and increases the power output of the
turbine. The thernodynam c efficiency of the conbustion process
is reduced because energy that could otherwi se be available to
performwork in the turbine nust now be used to heat the
water/steam This lower efficiency is seen as an increase in
fuel use. Table 5-10 shows the inpacts of wet injection on gas
turbi ne performance for one manufacturer. This table shows a 2
to 4 percent loss in efficiency associated with WFR s required to
achieve NQ, em ssion |levels of 25 to 42 ppnv in gas turbines
burning natural gas. The actual efficiency loss is specific to
each turbine nodel but generally increases with increasing WR' s
and is higher for water injection than for steaminjection
(additional energy is required to heat and vaporize the water).
One exception to this efficiency penalty occurs with steam
injection, in which exhaust heat fromthe gas turbine is used to
generate the steamfor injection. |[If the heat recovered in
generating the steam woul d ot herw se be exhausted to atnosphere,
the result is an increase in net cycle efficiency.

The energy from the increased mass flow and heat capacity of
the injected water/steam can be recovered in the turbine,
resulting in an increase in power output acconpanying the reduced
efficiency of the turbine (shown in Table 5-10 for one manufac-
turer). This increase in power output can be significant and
could lessen the inpact of the loss in efficiency if the facility
has a demand for the avail abl e excess power.

7-11



PUBLIC NOTICE DRAFT May 10, 2019

Water and steam injection controls also require additiona
el ectrical energy to operate the water injection feed water
punps. The annual electricity usage for each nodel is the
product of the punp power demand, discussed in Section 6.1.2.2,
and the annual hours of operation. Table 7-2 sunmarizes this
el ectricity usage for each of the nodel plants.

For SCR units, additional electrical energy is required to
operate ammoni a punps and ventilation fans. This energy
requi rement, however, is believed to be small and was not
included in this analysis.

The increased back-pressure in the turbine exhaust system
resulting from adding an SCR system reduces the power output from
the turbine. As discussed in Section 6.3.2.9, the power output
is typically reduced by approximtely 0.5 percent. This power
penalty has been calculated for each nodel plant and is shown in
Table 7-2.

e. REFERENCE FOR CHAPTER 7

1.. 55 FR 22276, June 1, 1990.
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APPENDI X A

Exhaust NOQ, em ssion |evels were provided by gas turbine
manufacturers in units of parts per mllion, by volune (ppnv), on
a dry basis and corrected to 15 percent oxygen. A nethod of
converting these exhaust concentration levels to a mass flow rate
of pounds of NQ, per hour (Ib NQ/hr) was provided by one gas
turbine manufacturer.® This nethod uses an enission index
(EINQ), in units of Ib NO/1,000 Ib fuel, which is proportional
to the exhaust NQ, emi ssion levels in ppnv by a constant, K  The
relationship between EINQ and ppnv for NO em ssions is stated
in Equation 1 below and applies for conplete conbustion of a
hydr ocarbon fuel and conbustion air having no CO, and an O, nole
percent of 20.95:

NO_Ref. 15%0, = K
El NQ,

Equation 1

where: NQ, Ref. 15%0,
= NQ, ppmvd @5% O, (provided by gas

tur bi ne manufacturers);

El NQ,

NO, em ssion index, Ib NQ/1,000 Ib

fuel ; and
K

constant, based on the nol ar

hydr ocar bon
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ratio of the fuel.

The derivation of Equation 1 was provided by the turbine
manuf acturer and is based on basic thernodynam c | aws and
supported by test data provided by the manufacturer. According
to the manufacturer, this equation can be used to estimate NQ
em ssions for operation with or without water/steam injection.

Equation 1 shows that NQ, em ssions are dependent only upon
the nol ar hydrocarbon ratio of the fuel and are independent of
the air/fuel ratio (AF). The equation therefore is valid for
all gas turbine designs for a given fuel. The validity of this
approach to cal culate NQ, em ssions was supported by a second
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t ur bi ne manuf acturer.?

fuel s and are given below "

Pi peline quality natural

K=12.1
Distillate fuel

K= 13.1
Distillate fuel oil

13.2
propel | ant

K =
Jet

K=13.0
Jet propellant

K= 13.1
Met hane:

K=11.6

The foll ow ng exanples are provided for

em ssions on a nass basi s,
| evel ,

Exanple 1. Natural

Val ues for
2

oi | No.

in ppmv, dry (ppnvd),

gas:

1 (DF-1):

No. 2 (DF-2):

No. 4 (JP-4):

No. 5 (JP-5):

gi ven the fuel

gas fuel

K were provided for

May 10, 2019

sever al

cal cul ati ng NQ,
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Gas turbine:

Sol ar Centaur 'H

Power out put:

4,040 kw

Heat rate:

12,200 Bt u/ kW hr

NOQ, emi ssi ons:

105 ppnvd, corrected to 15 percent Q
Fuel :

Nat ural gas

- lower heating value = 20,610 Btu/lb

- K=12.1
Fuel flow
12, 200 Btu 11bfuel
4, 040 kWx RV, X 50 610 BLU 2,391 | b/ hr
From Equation 1:
105 _
BN 12.1
NO, em ssions, [Db/hr:
| b fuel 8.681b NO, I b NO,
2391 == X 7500 Tp fuer - 2% A

Exanple 2. Distillate oil fuel

A- 4

May 10, 2019
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Gas turbine:

General Electric LM2500

Power out put:

22670 kW

Heat rate:

9296 Bt u/ kW hr

No, em ssions: 345 ppnvd, corrected to 15 percent Q
Fuel :

Distillate oil No. 2

| oner heating value = 18,330 Btu/lb

- K=13.2
Fuel flow
Btu 11bfuel
22,670 kWx 9296 AT T8 330810 11, 500 | b/ hr
From Equation 1:
345
NG 13.2
NO, em ssions, |Db/hr:
| b fuel 26.11b NO, I b NO,
11,500 —f— X Too0 15 Fuer ~ 3%° —hr—

REFERENCES FOR APPENDI X A:

1. Letter and attachnents from Lyon, T.F., General Electric
Aircraft Engines, to Snyder, R B., M. Decenber 6, 1991.
Cal cul ation of NQ, em ssions from gas turbines.

2. Letter and attachments from Hung, WS., Solar Turbines, Inc.,
to Snyder, R B., M. Decenber 17, 1991. Calculation of NQ
em ssions from gas turbines.
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APPENDIX B. COST DATA AND METHODOLOGY USED TO PREPARE COST
FIGURES PRESENTED IN CHAPTER 6
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APPENDI X B. RAW COST DATA AND COST ALGORI THVS

The mai ntenance costs for water injection and several of the
SCR costs presented in Chapter 5 are based on information from
turbi ne manufacturers and other sources that required
interpretation and analysis. Information about additional gas
tur bi ne mai ntenance costs associated with water injection is
presented in Section B.1. Information on SCR capital costs,
cat al yst replacenment and di sposal costs, and nai ntenance costs is
presented in Section B.2. References are listed in Section B.3.
B.1 WATER | NJECTI ON MAI NTENANCE COSTS

I nformati on from each manufacturer and the applicable
anal ysis procedures used to devel op nai ntenance cost inpacts for
water injection are described in the follow ng sections.
B.1.1 Solar

Thi s manufacturer indicated that the annual naintenance cost
for the Centaur is $16,000/year.1 The cost for the Saturn was
estimated to be $8,000.°> This $8,000 cost was then prorated for
operation at 1,000/ hr/yr, and was nultiplied by 1.3 to account
for the additional maintenance required for oil fuel.
B.1.2 Allison

Mai nt enance costs for water injection were provided by a
conpany that packages Al lison gas turbines for stationary
applications. This packager stated that for the 501 gas turbine
nodel , a mai ntenance contract is available which covers al
mai nt enance materials and | abor costs associated with the
turbine, including all schedul ed and unschedul ed activities. The
cost of this contract for the 501 nodel is $0.0005 to $0.0010 per
KW hour (KWH) nore for water injection than for a turbine not
using water injection.® For an installation operating
8,000 hours per year at a base-rated output of 4,000 KW and
usi ng an average cost of $0.00075 per KWH, the annual additiona
mai nt enance cost is $24,000. By the nature of the contract
offered, this figure represents a worst case scenario and to sone
extent may exceed the actual increnental nmaintenance costs that
woul d be expected for water injection for this turbine.

B-1
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B.1.3 Ceneral Electric

General Electric (GE) offers both aero-derivative type
(LM series nodels) and heavy-duty type (Ms-series nodels) gas
turbines. For the aero-derivative turbines, GE states that the
i ncrenental maintenance cost associated with water injection is
$3.50 per fired hour. This cost is used to calculate the
mai nt enance cost for water injection for CE aeroderivative

turbines. No figures were provided for steaminjection and no
mai nt enance cost was used for steaminjection with these
tur bi nes.*

Water injection also inpacts the nmai ntenance costs for the
heavy-duty Ms-series nodels. Costs associated with nore frequent
mai nt enance intervals required for nodels using water injection
have been cal cul ated and sunmarized below. A GE representative
stated that the primary conponents which nust be repaired at each
mai nt enance interval are the conbustor liner and transition
pi eces.”® Approximte costs to repair these pieces were provided
by GE.® For this analysis, the maxi num cost estinmates were used
to cal cul ate annual costs to accompdate repairs that may be
required periodically for injection nozzles, cross-fire tubes,
and ot her m scell aneous hardware. According to GE, a rule of
thunb is that if the repair cost exceeds 60 percent of the cost
of a new part, the part is replaced.® The cost of a repl acenent
part is therefore considered to be 1.67 tines the maxi mum repair
cost. If water purity requirenents are net, there are no
significant adverse inpacts on maintenance requirenents on other
tur bi ne conponents, and hot gas path inspections and maj or
i nspection schedules are not inpacted.®> Conbustion repair
schedul es, material costs, and |abor hours are shown in
Table B-1. Schedul ed mai ntenance intervals for nodels with water
injection were provided in Reference 6. Correspondi ng
mai nt enance intervals for nodels with steaminjection were
assunmed to be the sane as nodels with no wet injection; these
schedul ed mai ntenance intervals were provided in Reference 7.
Using the information in Table B-1, the total annual cost is
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cal culated and shown in Table B-2 for three GE heavy-duty turbine
nodel s.
B.1.4 Asea Brown Boveri

This manufacturer states there are no maintenance inpacts
associated with water injection.?
B.2 SCR COSTS

The total capital investnent, catalyst replacenent, and
mai nt enance costs are estinmated based on information from the
technical literature. The cost algorithns are described in the
foll owi ng sections.
B.2.1 Total Capital |nvestnent

Total capital investnent costs, which include purchased costs
and installation costs, were available for SCR systens for
conbi ned cycle and cogeneration applications fromfive
13 These costs were scaled to 1990 costs using the
Chem cal Engi neering annual plant cost indexes and are applicable
to SCR systens in which the catalyst was placed within the heat
recovery steam generator (HRSG. |In addition, estimated capita
i nvestnment costs were available from one source for SCR systens
in which a high tenperature zeolite catalyst is installed
upstream of the HRSG " Both the original data and the scal ed
costs are presented in Table B-3. The scaled costs were plotted
against the turbine size and this plot is shown in Figure B-1. A
I inear regression analysis was perfornmed to determ ne the
equation for the line that best fits the data. This equation was
used to estimate the total capital investnent for SCR for the
nodel plants and was extrapolated to estimate the costs for nodel
plants |arger than 90 MW
B.2.2 Mintenance Costs

Mai nt enance costs for SCR controls were obtained from four
literature sources, although 6 of the 14 points were obtained
from one article.*"* These costs were scaled to 1990 costs
assumng an inflation rate of five percent per year. Al of the
data are for turbines that use natural gas fuel. Because there
are no data to quantify differences in SCR mai ntenance costs for
oil-fired applications, the available data for operation on

sour ces.
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natural gas were used for both fuels. Both the original data and
the scaled costs are presented in Table B-4. The scal ed costs
were plotted versus the turbine size in Figure B-2. The equation
for the line through the data was determ ned by |inear

regression, and it was used to estimate the maintenance costs for
t he nodel plants.

B.2.3 Catalyst Replacenent Costs

Catal yst replacenent costs were obtained fromthree articles
for nine gas turbine installations.®"™" Conbined catalyst
repl acenent and di sposal costs were obtained for another six gas
turbine installations fromone article.* The disposal costs for
these six gas turbine installations were estinmted based on
estimated catal yst volunmes and a unit disposal cost of $15/ft?,
given in Reference 15.

The catal yst volunes were estinmated assuming there is a
direct relationship between the volune and the turbine size; the
catal yst volunme stated in Reference 16 for one 83 MNturbine is
175 m. The resulting disposal costs for these six facilities
were subtracted from the conbined replacenent and di sposal costs
to estimate the replacenent-only costs. Al of the replacenent
costs were scaled to 1990 costs assuming an inflation rate of
5 percent per year. The original data and the scaled costs are
presented in Table B-5, and the scal ed replacenent costs were
al so plotted versus the turbine size in Figure B-3. Linear
regression was used to determne the equation for the line
through the data. This equation was used to estinmate the
catal yst replacenent costs for the nodel plants.
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TABLE B-3. TOTAL CAPITAL INVESTMENT FOR SCR TO CONTROL
NO, EMISSIONS FROM GAS TURBINES
SCR capital cost?

Gas 1990 SCR
t ur bi ne Scal i ng capital
size, MWV $ Year Ref ° factor® cost, $

1.1 1, 250, 000 1989 9 357.6/355.4 | 1,260,000

1.5 180, 000 1986 10 357.6/318. 4 202, 000

3 320, 000 1986 10 357.6/318. 4 359, 000

3.2 600, 000 1989 11 357. 6/ 3. 554 604, 000

3.7 477,000 1988 12 357.6/342.5 498, 000

3.7 579, 000 1989 11 357. 6/ 355. 4 583, 000

4 839, 000 1991 14 1.0 839, 000

4.5 750, 000 1988 11 357.6/342.5 783, 000

6 480, 000 1986 10 357.6/318. 4 539, 000

8.4 800, 000 1986 11 357.6/318. 4 898, 000

9 1,100, 000 1987 13 357.6/323.8 [ 1,210,000

10 1,431, 000 1991 14 1.0 1,431, 000
20 1, 700, 000 1987 13 357.6/323.8 | 1,880,000
21 798, 000 1988 12 357.6/342.5 833, 000
21 1, 500, 000 1986 10 357.6/318.4 |1, 680, 000
21 1, 200, 000 1986 10 357.6/318.4 |1, 350, 000
22 1, 000, 000 1987 11 357.6/323.8 [ 1,100,000
26 1, 800, 000 1991 14 1.0 1, 800, 000
33 990, 000 1988 12 357.6/342.5 | 1,030, 000
37 2, 000, 000 1986 11 357.6/318.4 | 2,250, 000
37 2, 700, 000 1986 10 357.6/318.4 | 3,030, 000
78 4, 300, 000 1986 10 357.6/318.4 | 4,830, 000
80 5, 400, 000 1987 13 357.6/323.8 |5, 960, 000
80 1, 760, 000 1988 12 357.6/342.5 |1, 840, 000
83 5, 360, 000 1991 14 1.0 5, 360, 000
conti nued
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TABLE B-3. (Continued)

®Total capital costs were provided by several sources, but it is
not clear that they are on the sane basis. For exanple, it is
likely that the type of catalyst varies and the target NQ
reduction efficiency may also vary. In addition, sone estimtes
may not include costs for emssion nonitors; auxiliary equi pnent
li ke the ammonia storage, handling, and transfer system taxes
and freight; or installation.

"Ref erence 12 al so provided costs for SCR used with 136 MW and
145 MV turbines. Al of the costs for this reference are | ower
than the costs from other sources, and the differentia
increases as the turbine size increases. Because there are no
costs from other sources for such large turbines, these two data
poi nts woul d exert undue influence on the analysis; therefore,

t hey have been excluded. Costs for large nodel plants were
estimated by extrapolating with the equation determ ned by

| i near regression through the data for turbines with capacities
| ess than 90 MW (see Figure B-1).

‘Costs for years prior to 1990 are adjusted to 1990 dollars
based on the annual CE plant cost indexes. Costs estimated in
1991 dollars were not adjusted.
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TABLE B-4. MAINTENANCE COSTS FOR SCR

SCR nmai nt enance cost*®
Gas 1990 SCR
t ur bi ne Scaling mai nt enance
size, MW $/yr Year Ref factor cost, $
1.1 52, 200 1989 9 1. 050 54, 800
3.2 50, 000 1989 11 1. 050 52, 500
3.7 43, 000 1988 11 1.103 47, 400
3.7 15, 500 1988 12 1.103 17,100
8.4 22, 000 1986 11 1.216 26, 700
8.9 18, 000 1988 11 1.103 19, 800
9 25, 000 1987 13 1.158 28, 900
20 50, 000 1987 13 1.158 57, 900
21 37, 900 1988 12 1.103 41, 800
33 63, 700 1988 12 1.103 70, 200
80 124, 000 1988 12 1.103 137, 000
80 60, 000 1987 13 1. 158 69, 500
136 184, 000 1988 12 1.103 203, 000
145 205, 000 1988 12 1.103 226, 000

Al of the maintenance costs are for turbines that are fired
with natural gas. Although sulfur in diesel fuel can cause
mai nt enance problens, there are no data to quantify the inpact.
Therefore, the maintenance costs presented in this table were
used for both natural gas and diesel fuel applications.
*Scal ing factors are based on an estimated inflation rate of
5 percent per year.
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G O Neal. NQ Control Technology Data Base for Gas-Fuel ed
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Xl .

Shareef, G, and D. Stone. Evaluation of SCR NQ, Controls
for Small Natural Gas-Fueled Prine Mvers. Phase |.
Prepared by Radi an Corporation for Gas Research Institute.
July 1990.

B-22



PUBLIC NOTICE DRAFT May 10, 2019

X

Xl

XI'V.

Sidebotham G, and R WIllianms. Technology of NQ, Control
for Stationary Gas Turbines. Center for Environnental
Studies. Princeton University. January 1989.

Prosl, T., DuPont,and Scrivner, G, Dow.
Techni cal Argunments and Econom c | npact of SCR s
Use for NQ, Reduction of Conbustion Turbine for
Cogeneration. Paper presented at EPA Region 6
nmeeting concerning NQ abatenent of Conmbustion
Tur bi nes. Decenber 17, 1987.

State of California Air Resources Board. Draft Proposed

Det erm nati on of Reasonably Avail able Control Technol ogy And
Best Available Retrofit Technology for Stationary Gas
Tur bi nes.  August, 1991. Appendix C

Letter and attachnents from Henegan, D., Norton Conpany,
to Snyder, R, M. March 28, 1991. Response to SCR
guestionnaire.

Schorr, M NQ, Control for Gas Turbines: Regulations and
Technol ogy. Ceneral Electric Conpany. Schenectady, New
York. Paper presented at the Council of Industrial Boiler
Omers NQ, Control |V Conference. Concord, California.
February 11-12, 1991. 11 pp.

B- 23



THE STATH Departmont of Environmenial

ti'f ﬂ I A K_A { oviservilion
S EANTSIEN | -'-.II-||.,|" AN II-

CelW EENGR BILL WALEFR

CERTIFIED MATL: 7017 3840 0000 4359 5219
Recuen Receipl Requeseed

E-tp:ﬂ'nhuill.ﬂflli:

Naced knight. Envmomrenal Ofificer
Croshiles Valley Fletrae Asforinsi
Py Hax TH24%

Fasbanks, A 230001249

Subyecr: Resguest for skditicnal mfoematan for the Best Avsitable Control Tochnology Teckaical
MWM%UMMM{:_}?H}E&MH& Fale Moveer
Mant and Zehoder Faghty by November 1, 2016

Dheas Ba Knighe:

.ﬂ.p:uw-n{tl-an;ﬂHhHuﬁ St Boroogh (FASE) ke beer = nonareaiinsnest wath the 2=
homr Magional Ambient Aar Cual Emﬂhhpﬁhmtm_rﬂhqhﬂ
duted Aprsl 24, 215, | requesacd YEA hordh Pode snd- Zehmder and otker affected nunooary
wnagery vufstanly provsle the Abnds Deperement al Enviranmental Comservanon (ALEC) wah o
Best Avadabde Coneol Technology (BACT) analyss v advance of the mansttamment apes heicg
ndnutndmn‘z_tm Ared Ui h[l.:"‘lﬂ 2017, the L% FPavwonssentl Prenecmon ﬂ'.-ﬂ'h.er-Fﬁ:l
jrebinded thew deermination that the FHEB PM: ) tonsttnenest e woukl be reclassifed fram s
Hﬂlitll:l.ll.ﬁl?'lh'ld J.‘ru'tl'l'-a!:lirijl.lfru_:ﬂ..iﬂl?.'

Cince the ponamsnment kred was 1eclaswfied oo Sonous, it mggrend the noed for Best Availablo
Conttol Menzure (BACML BACT analpses. A BACM snabyvis requives chas ADEC review poteenial
ponird mesni opdons for the vanous sectois that contitbenc i the Phlpiuic polision B the
e palsment pres A BACT snalys most be comduceed foe apphewble smidomaey sources such as
GYEA North ol aed Zehmber. BACK and BACT abe seguarcd o be evthmted srgpadien of the
hﬂuitmmhnmh:.ﬂumctm:kpmﬂmmmmpn pa the aceas abdsy po snmin.’ The
HALTmuhnmnﬂ;u.ﬂdmmhﬁmiuulwu F'Ei:l'l.u'ﬁ[l'ﬂl" ANEC
senit an emadl 0o M, Macoms Koght 58 GYEA on May 11, 307 gotfyng het of the reckamdfcamon

¥ Frderal Bngnier, Vel E.Hl'hﬂ'i Frth:h'rﬁhl: BT flee s i ikl i s e g B
ﬂi'.!l"’l L1 Eagnbi )

. e g g sk FIR-0108 9. 5 a1 e, e s At I (D} amad 419 (e} mnd
1:' S I0E S mopee et brplessonuen sl BACT Foo prosm scorors s percurrn. sminadons and B304 CAF fos ams

b
Vit s g il pha PR 08 DU gl f 000 INTEEG, tlean A et P (BT and LB (e}
trgus dir erpiemeesation of BATT for paoned sausices sl ot ammisres ind BACLT Ly wors s o

L T



quw ICE DRAFT M‘ﬂﬁf:

CVILE ecarh P and Aot

wmﬂmlmlhhmmlﬂr#whwﬂkﬂhﬁwh:Wﬁ The
BACT apabses from GVEA Nosth Pole std Zehader, which mcloded somsson unies fcand in
Openung TPermirs ACOE TV sod ACHREFTVPEY, were submired by emaill to the D panmenr
o Augas 3, 2017

Om March 22, 2008, ADEC reloased a peekmanary daft of the BACT derermination for GYEA for
pubbc descusescn o oy mebsibe s Uz deg adashs g s aupie. omuseemice. (ke goml 2
wtie g ey chupteiil. As sdbeaard w the pelesse, this document i o work = pergress. ADEL,
mecerred sshibitumal mfoematcn fiocen the EPA on the prelumanary dinft BACT detersunason and
expocts 1o make changss oo the dererminaoon based upom thi inpeat. Therefore, ADE )
eequessing sddinoms] infarmation fony GVEN to assist & i makang & logaly ssd prcticebly
enfoeccable BALT drisvmination for the wmirce

1 ALVEL desen put broorve & eoapuntait b this itinermation request by Meemder |, 2008, AL wadl
make 2 prchmisary BALCT driermunation baved spon che anformacon onginally provided. However,
ADEL does ot have the in ﬁ:pﬁhunid;q;&n;w&nﬁ:ﬁmﬂmmm:mﬂmmhmuﬂﬂﬂﬂ
wicermanom, fmay select a inode stetagent BACT fecility 4 cedior to b approvable by EPA,
hnﬁﬂﬁfﬁmhﬂtlunhm&rpthﬂh:ﬁﬁﬂdthmﬁ:mhpﬂcm%mrﬁ
lu;mmmﬂmuwmhﬂmmwmwfu
the Serweus B In cadet i prrencade this sdcbmucisal comment eppratsruty, ATIEC muse sdhere fa s
strxt schedule Yous smtsnce @ peoviling the pocessary indoamanon in s mesely ranser i gready
apprecined.

A ADEC makns fimal BACT deorrminatons for GYEA Month Pole snd Zehnder, lo musi
enclide the deermmnisons in Aleka's Senious S1F that dhen wlimaeiely pogquires I:qu.-llhj'-Ef'.ﬁ.'
lis aulebssnn, the BACT mnplomentation "Cloek” wad ales toggored by the EPA : of the
aren e Seous on June 9, 3007 Therefore, the comrol messares tiat are moloded wn the sl BACT
-I-:-n:rminﬂi:ul:uﬂ.ht required 10 be fully msplemmenned prwie oo fune 9, 2020 - £ oo alber

A Lmh:lmllur.at-n:iﬂﬂmﬂtp-nuﬁu 21, 2007 Berweeen ADES Air Oialey wtalf ord the
itstewnsy sousces affectod by the BACT pequsements, ALIEE will sho be uang the infonmatem
subagrutred o developed 1o support the BACT derermuninons for hlose Senngeon Messuee (S5
conssferarecn. S5h will be s pequired ekensenr of the sixe Eplementution plan if the Stine apples
fur a3 extenaion of the astimpent dave from EPA Theselon, the infoemating yow sabmmit will be
unedl foir haosth mnalyees.

ADELC sppeeciases the cooperinan that we've recetved from GVEA. ATIEC saif wosldd o 1o

DO N pmOca; Meee ags oo keep erack of nmedmes snd peogress. I you have any guemsons eedaped
oo ks regquen, please (el free 10 contict v Deenna Hialil (emad mw.nﬂ
Cusdy Heal fermail: Clnde belilalaaka oon’) ase the pramasy comtacts for ehis effor within dhe
Drrimion of Awr CGualiry,

‘hunﬂ_mm.m.h.il:uu_l_um_mu.mu_l_uuu o Y e ool diteSss
Ebpiit e TA

Faf PR 5110000k

Page 24§



PUBLIC NOTICE DRAFT May 10, 2019



PUBLIC NOTICE DRAFT May 10, 2019

ADEC Request for Additional Information
Golden Valley Electric Association - North Pole and Zehnder Facilities
BACT Analysis Review
August 2017

September 10, 2018

Please address the following comments by providing the additional information identified by
November 1, 2018. Following the receipt of the information the Alaska Department of
Environmental Conservation (ADEC) intends to make its preliminary Best Available Control
Technology (BACT) determination and release that determination for public review. In order to
provide this additional review opportunity, ADEC must adhere to a strict schedule. Your assistance
in providing the necessary information in a timely manner is greatly appreciated. Additional
requests for information may result from comments received during the public review period or
based upon the new information provided in response to this information request.

This document does not represent a final BACT determination by ADEC. Please contact Aaron
Simpson at aaron.simpson@alaska.gov with any questions regarding ADEC’s comments.

1. Equipment Life - Page 31 of the North Pole analysis and Page 27 of the Zehnder analysis state
“Because of the harsh climate, equipment in this far north location experiences more wear and
tear than equipment in moderate climates. On this basis, a ten year return on the [water
injection and] SCR system is assumed to be reasonable.” This same assumption is made for the
other control devices. ADEC identified that the EPA Air Pollution Control Cost Manual! uses a
hypothetical example that assumes the control equipment has a useful life of ten years.
However the cost analyses must use a reasonable estimate of the actual life of the control
equipment for each control technology. In order to use an equipment life that is shorter than 30
years, evidence must be provided to support the claim that 10 years is a reasonable timeframe
for equipment life. This evidence could include information regarding the actual age of
currently operating control equipment, or design documents for associated process equipment
such as turbines.

2. BACT limits - BACT limits by definition, are numerical emission limits. However regulation
allows a design, equipment, or work/operational practices if technological or economic
limitations make a measurement methodology infeasible. Provide numerical emission limits
(and averaging periods) for each proposed BACT selection, or justify why a measurement
methodology is technically infeasible and provide the proposed design equipment, or
work/operational practices for pollutant for each emission unit included in the analysis.
Startup, Shutdown, and Malfunction (SSM) must be addressed in the BACT analysis. Measures
to minimize the occurrence of these periods, or to minimize emissions during these periods are
control options. Combinations of steady-state control options and SSM control options can be
combined to create distinct control strategies. In no event shall application of BACT result in
emissions of any pollutant which would exceed the emissions allowed by an applicable
standard under 40 C.F.R. parts 60 (NSPS) and 61 (NESHAP).

1U.S. EPA OAQPS Air Pollution Control Cost Manual, 6th Edition [EPA/452/B-02-001]
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3. Cost Analyses - Page 44 of the North Pole analysis indicates that EUs 1 and 2 have historically
low run hours. Page 34 of the Zehnder analysis state that “GVEA believes that an economic
analysis based on the actual emissions and operations of these turbines is more relevant for
purposes of determining viable ways to reduce PM2.5 ambient concentrations in the Fairbanks
area.” However, all BACT cost effectiveness calculations must be based upon the potential to
emit, and not on historic operation. Please update the cost analyses using the unrestricted
potential to emit for each of the emissions units or propose operational limits (including control
efficiencies associated with limited operation). Additionally, see Comments 4, 5, and 6 for
additional information related to retrofit costs, baseline emissions, and factor of safety.

4. Retrofit Costs — EPA’s Control Cost Manual indicates that study-level cost estimates (* 30
percent) should not include a retrofit factor greater than 30 percent, so detailed cost estimates
(* 5 percent) are required for higher factors. High retrofit cost factors (50 percent or more)
may be justified in unusual circumstances (e.g., long and unique ductwork and piping, site
preparation, tight fits, helicopter or crane installation, additional engineering, and asbestos
abatement). Provide detailed cost analyses and justification for any difficult retrofit (1.6 - 1.9
times the capital costs) considerations used in the BACT analyses.

5. Baseline Emissions - Include the baseline emissions for all emission units included in the
analyses. Typically, the baseline emission rate represents a realistic scenario of upper bound
uncontrolled emissions for the emissions unit (unrestricted potential to emit not actual
emissions). NSPS and NESHAP requirements are not considered in calculating the baseline
emissions. The baseline is usually the legal limit that would exist, but for the BACT
determination. Baseline takes into account the effect of equipment that is part of the design of
the unit (e.g., water injection and low NOx burners) because they are considered integral
components to the unit’s design. If the uncontrolled emission rate is ‘soft,’ run the cost
effectiveness calculations using two or three different baselines.

6. Factor of Safety - If warranted, include a factor of safety when setting BACT emission
limitations. The safety factor is a legitimate method of deriving a specific emission limitation
that may not be exceeded. These limits do not have to reflect the highest possible control
efficiencies, but rather, should allow the Permittee to achieve compliance with the numerical
emission limit on a consistent basis.

7. Good Combustion Practices —~For each emission unit type (oil fuel-fired turbines, combined
cycle turbines, emergency generator engines, and boilers) for which good combustion practices
was proposed as BACT, describe what constitutes good combustion practices. Include any work
or operational practices that will be implemented and describe how continuous compliance
with good combustion practices will be achieved.

8. Control Technology Availability - For the North Pole Facility, include Flue Gas Recirculation in
the review of NOx control technologies for diesel-fired boilers. Rank the control technologies by
efficiency (specify % control). Select the best performing control technology as BACT or provide
specific energy, environmental, and economic impacts and other costs justification for why each
better performing control technology was not selected instead of good combustion practices.
Provide a numerical NOx emission limit for the diesel-fired boilers or identify the work or
operational practices that will be utilized to ensure compliance with proposed limits.

9. Alternative Fuel Costs - Please provide a cost analysis for SO, emissions reductions for
switching from current No. 2 diesel fuel to low sulfur diesel with a sulfur fuel content of 0.05
percent by weight. Also provide a cost analysis for a switch from No. 2 diesel fuel to No. 1 diesel
fuel.
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10.

11.

Interest Rate — All cost analyses must use the current bank prime interest rate. This can be
found online at https://www.federalreserve.gov/releases/h15/ (go to bank prime rate in the
table). Please revise the cost analyses as appropriate.

Conversion to Natural Gas - For any emission units capable of converting to natural gas
combustion (with the requisite changes to the burners, etc.), evaluate the commercial
availability of converting to natural gas. For example, GVEA has stated the combustion turbines
at its North Pole Expansion Power Plant have the ability to burn natural gas, and the IGU has
indicated the intent to expand the supply of natural gas to Fairbanks and North Pole.
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Attachment: EPA comments on ADEC Preliminary Draft Serious SIP Development
materials for the Fairbanks serious PM; s nonattainment area

General

The attached comments are intended to provide guidance on the preliminary drafts of SIP
documents in development by ADEC. We expect that there will be further opportunities to
review the more complete versions of the drafts and intend to provide more detailed comments at
that point

1.

Statutory Requirements - This preliminary draft does not address all statutory requirements
laid out in Title I, Part D of the Clean Air Act or 40 C.F.R. Part 51, Subpart Z. The submitted
Serious Area SIP will need to address all statutory and regulatory requirements as identified
in Title I, Part D of the Clean Air Act, 40 C.F.R. Part 51, Subpart Z, the August 24, 2016
PM: s SIP Requirements Rules (81 FR 58010, also referred to at the PM2.s Implementation
Rule), and any associated guidance.

In the preliminary drafts, notable missing elements included: Reasonable Further Progress,
Quantitative Milestones, and Conformity. This is not an exhaustive list of required elements.

The NNSR program is a required element for the serious area SIP. We understand ADEC
recently adopted rule changes to address the nonattainment new source review element of the
Serious SIP, and that ADEC plans to submit them to the EPA separately in October

2018. Thank you for your work on this important plan element.

Extension Request - This preliminary draft does not address the decision to request an
attainment date extension and the associated impracticability demonstration. On September
15,2017, ADEC sent a letter notifying the EPA that it intends to apply for an extension of the
attainment date for the Fairbanks PM2.s Serious nonattainment area. The Serious Area SIP
submitted to EPA will need to include both an extension request and an impracticability
demonstration that meet the requirements of Clean Air Act section 188(e). In order to process
an extension request, the EPA requests timely submittal of your Serious Area SIP to allow for
sufficient time to review and take action prior to the current December 2019 attainment date,
so as to allow, if approvable, the extension of the attainment date as requested/appropriate.
For additional guidance, please refer to 81 FR 58096.

Split Request - We support the ADEC and the FNSB’s decision to suspend their request to
the EPA to split the nonattainment area. We support the effort to site a monitor in the
Fairbanks area that is more representative of neighborhood conditions and thus more
protective of community health. This would provide additional information on progress
towards achieving clean air throughout the nonattainment area.

BACM (and BACT), and MSM - Best Available Control Measures (including Best Available
Control Technologies) and Most Stringent Measures are evaluative processes inclusive of
steps to identify, adopt, and implement control measures. Their definitions are found in
51.1000, 51.1010(a).
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All source categories, point sources — area sources — on-road sources — non-road sources,
need to be evaluated for BACM/BACT and MSM. De minimis or minimal contribution are
not an allowable rationale for not evaluating or selecting a control measure or technology.

The process for identifying and adopting MSM is separate from, yet builds upon, the process
of selecting BACM. Given that Alaska is intent on applying for an extension to the
attainment date, Alaska must identify BACM and MSM for all source categories. These
processes are described in 51.1010(a) and 51.1010(b) and in the PM2.s Implementation Rule
preamble at 81 FR 58080 and 58096. We further discuss this process in the “BACM (and
BACT), MSM?” section that starts on page 3 below.

Resources and Implementation - The serious area PM2 s attainment plan will be best able to
achieves its objectives when all components of the SIP, both the ADEC statewide and FNSB
local measures, are sufficiently funded and fully implemented.

Use of Consultants- For the purpose of clarity, it will be important to identify that while
contractors are providing support to ADEC, all analyses are the responsibility of the State.

Emissions Inventory

1.

Extension Request Emission Inventories - Emissions inventories associated with the
attainment date extension request will need to be developed and submitted. Table 1 of the
Emissions Inventory document is one example where the submittal will need to include the
additional emissions inventories, including RFP inventories, extension year inventories for
planning and modeling, and attainment year planning and modeling inventories, associated
with the attainment date extension request.

Modeling Requirements - Related to emissions inventory requirements, the serious area SIP
will need to model and inventory 2023 and 2024, at minimum. We recommend starting at
2024 and modeling earlier and earlier until there is a year where attainment is not possible.
That would satisfy the requirement that attainment be reached as soon as practicable.

Condensable Emissions - All emissions inventories and any associated planning, such as
Reasonable Further Progress schedules, need to include condensable emissions as a separate
column or line item, where available. Where condensable emissions are not available
separately, provide condensable emissions as included (and noted as such) in the total
number. The following are examples of where this would need to be incorporated in to the
Emissions Inventory document:

a. Page 20, paragraph 5 (or 2™ from the bottom).

b. Page 34, Table 8. Include templates.
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Precursor Demonstration

1. Ammonia Precursor Demonstration - The draft Concepts and Approaches document, Table 4
on page 9, states that a precursor demonstration was completed for ammonia and that the
result was “Not significant for either point sources or comprehensively.” The Precursor
Demonstration chapter does not include an analysis for ammonia. Please include the
precursor demonstration for ammonia in the Serious Plan or amend this table.

2. Sulfur Dioxide Precursor Description - The draft Concepts and Approaches document, Table
4 on page 9, states that sulfur dioxide was found to be significant. All precursors are
presumptively considered significant by default and the precursor demonstration can only
show that controls on a precursor are not required for attainment. Suggested language is, “No
precursor demonstration possible.”

BACM (and BACT), MSM

Overall

The EPA appreciates ADECs efforts to identify and evaluate BACM for eventual incorporation
into the Serious Area SIP. The documents clearly display significant effort on the part of the state
and are a good first step in the SIP development process. In particular, we are supportive of
ADEC:s efforts to evaluate BACT for the major stationary sources in the nonattainment area, as
control of these sources is required by the CAA and PMaz.s SIP Requirements Rule.

1.

BACM/BACT and MSM: Separate Analyses - The “Possible Concepts and Potential
Approaches” document appears to conflate the terms BACM/BACT and MSM, as well as,
the analyses for determining BACM/BACT and MSM. BACM and MSM have separate
definitions in 40 CFR 51.1000. By extension, the processes for selecting BACM and MSM
are laid out separately in the PM2.s SIP Requirements Rule (compare 40 CFR 51.1010(a) for
BACM and 40 CFR 51.1010(b) for MSM). Accordingly, the serious area SIP submission will
need to have both a BACM/BACT analysis and an MSM analysis. We believe that there is
flexibility in how these analyses can be presented, so long as the submission clearly satisfies
the requirements of both evaluations, methodologies, and findings.

Selection of Measures and Technologies - The CAA and the PM2.s SIP Requirements Rule
requires that all available control measures and technologies that meet the BACM (including
BACT) and MSM criteria need to be implemented. All source categories need to be
evaluated including: point sources (including non-major sources), area sources, on-road
sources, and non-road sources.

Technological Feasibility - All available control measures and technologies include those that
have been implemented in nonattainment areas or attainment areas, or those potential
measures and technologies that are available or new but not yet implemented. Similarly,
Alaska may not automatically eliminate a particular control measure because other sources or
nonattainment areas have not implemented the measure. The regulations do not have a
quantitative limit on number of controls that should be implemented.
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For technological feasibility, a state may consider factors including local circumstances, the
condition and extent of needed infrastructure, or population size or workforce type and
habits, which may prohibit certain potential control measures from being implementable.
However, in the instance where a given control measure has been applied in another NAAQS
nonattainment area, the state will need to provide a detailed justification for rejecting any
potential BACM or MSM measure as technologically infeasible (81 FR 58085).

A Borough referendum prohibiting regulation of home heating would not be an acceptable
consideration to render potential measures technologically infeasible. The State would be
responsible for implementing the regulations in the case that the Borough was not able. We
believe that the most efficient path to clean air in the Borough is through a local, community
effort.

Economic Feasibility - The BACM (including BACT) and MSM analyses need to identify
the basis for determining economic feasibility for both the BACM and MSM analyses. In
general, the PMa.s SIP Requirements Rule requires the state apply more stringent criteria for
determining the feasibility of potential MSM than that used to determine the feasibility of
BACM and BACT, including consideration of higher cost/ton values as cost effective.

Timing - The evaluations will need to identify the time for selection, adoption, and
implementation for all measures. BACT must be selected, adopted, and implemented no later
than 4 years after reclassification (June 2021). MSM must be selected, adopted, and
implemented no later than 1 year prior to the potentially extended attainment date (December
2023 at latest). The RFP section of the serious area plan will need to identify the BACM and
MSM control measures, their time of implementation, and the time(s) of expected emissions
reductions. Timing delays in selection, adoption, implementation are not considered for
BACM and MSM.

As mentioned in the comment above in the “General” comment section, there are three
criteria distinguishing between BACM and MSM, not one.

BACM - General

1.

BACM definition, evaluations - The definition of BACM at 40 CFR 51.1000 describes
BACM as any measure “that generally can achieve greater permanent and enforceable
emissions reductions in direct PM2.s and/or PM2s plan precursors from sources in the area
than can be achieved through the implementation of RACM on the same sources.” We
believe that potential measures that are no more stringent than existing measures already
implemented in FNSB, those that do not provide additional direct PM2.5s and/or PM2.s
precursors emissions reductions, do not meet the definition of BACM. These would need to
be evaluated in the BACM and MSM analysis.

For measures that are currently being implemented in Fairbanks that provide equivalent or
more stringent control, we recommend identifying the ADEC or Borough implemented
measure as part of the BACM control strategy. These implemented measures should be listed
in their BACM findings at the end of the document. This comment applies to all of the
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measures that were screened out from consideration due to not being more stringent than the
already implemented measure.

The analyses for a number of measures (e.g., Measure 30, Distribution of Curtailment
Program information at time of woodstove sale) conclude that the emission reductions would
be insignificant and difficult to quantify and, therefore, the measure is not technologically
feasible. These measures may be technologically feasible. However, if existing measures
constitute a higher level of control or if implementation of the measures is economically
infeasible those would be valid conclusions if properly documented. De minimis or minimal
contribution is not a valid rationale for not considering or selecting a control measure or
technology.

The conclusion “not eligible for consideration as BACM” is not valid as all assessments for
BACM and MSM are part of the evaluation. More appropriate conclusions could include
that existing measures qualify as BACM or MSM, or are more stringent. Additional
conclusions could include that evaluated measures were not technologically feasible,
economically feasible, or could not practically be adopted and implemented prior to the
required timeframe for BACM or MSM.

2. BACM and MSM, Ammonia - In the Approaches and Concepts document, Table 5 references
that there are no applicable control measures or technologies for the PMa.s precursor
ammonia. No information to substantiate this claim are found in the preliminary draft
documents. Unless NH3 is demonstrated to be insignificant for this area, the serious area plan
will need to include an evaluation of NH3 and potential controls for all source categories
including points sources.

3. Backsliding Potential - When benchmarking the BACM and MSM analyses for stringency,
ensure that the evaluation is based on the measures approved into the current Moderate SIP.
This will relate primarily to the current ADEC/FNSB curtailment program but also other
related rules. Many wood smoke control measures are interrelated, and changes to those
measures may affect determinations on stringency of directly related and indirectly related
measures. Examples of this can be found in multiple measures including, but not limited to
Measures 5, 7, and 16.

4. Transportation Control Measures - The Approaches and Concepts document, on Page 13,
states that the MOVES2014 model does not estimate a PM benefit as a result of an /M
program, and therefore the I/M is not technologically feasible. This is not a valid conclusion
given that the Fairbanks area operated an I/M program to reduce carbon monoxide and the
Utah Cache Valley nonattainment areas has an I/M program for VOC control. This measure
will need to be evaluated. Referring to the 110(1) analysis for the Fairbanks CO I/M program
may provide insight into how to quantify the emissions associated with an I/M program.
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With regard to control measures related to on-road sources, we have received inquiries from
the community regarding idling vehicles and further evaluation emission benefits would be
responsive to citizen concern and may provide additional air quality benefit.

BACM - Specific Measures

Measure 16, page 34-35. Date certain Removal of Uncertified Devices. The “date certain”
removal of uncertified woodstoves in Tacoma, Washington appears more stringent than the
current Moderate SIP approved Fairbanks ordinance in terms of the regulation and in
practice. While the current ordinance appears to provide similar protection during stage 1
alerts, this is dependent on 100% compliance and the curtailment program remaining in its
current form. Removal of uncertified stoves guarantees reductions in emissions in the
airshed during both the curtailment periods and throughout the heating season. The
information provided does not support the conclusion that the Fairbanks controls provides
equivalent or more stringent control. Date certain removal of uncertified wood stoves needs
to be considered for the area.

Measures R4, R9, and R12, page 64, 68 and 71. These measures do not reference the Puget
Sound Clean Air Agency (Section 13.07) requirement for removal of all uncertified stoves by
September 30, 2015. This is equivalent to having all solid fuel burning appliances be certified
and would be more stringent than the current SIP approved rules in Fairbanks. We believe
that these measures need to be evaluated in the BACM and MSM analyses.

Measure R4 and R9, page 64 and 68. All Wood Stoves Must be Certified. These measure
should be evaluated.

Measure 19-20 and 25, page 36-38 and 39. Renewal and Inspection Requirements. ADEC
has not adequately demonstrated their conclusion that Fairbanks has a more stringent
measure than Missoula and San Joaquin. We believe that the renewal requirements and
inspection/maintenance requirements associated with the Missoula alert permits and San
Joaquin registrations allows the local air agency an opportunity to verify on a regular basis
that the device operates properly over times. Wood burning appliances require regular
maintenance in order to achieve the certified emissions ratings. The FNSB Stage 1 waivers
do not have an expiration and do not have an inspection and maintenance component making
it less stringent.

Measure 31, page 43. While the Borough has SIP approved dry wood requirements that
prohibit the burning of wet wood and moisture disclosure requirements by sellers, we believe
that a measure limiting the sale of wet wood during the winter months should be further
analyzed for BACM (and MSM) consideration.

Measures 33, 35, 36, 37, 43. Multiple Measures identify that recreational fires have been
exempted from existing regulations. Small unregulated recreational fires, bonfires, fire pits,
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and warming fires have the potential to contribute emissions during a curtailment period. The
FNSB and ADEC regulations should be re-evaluated for removing this exclusion.

Measure 49, page 58. Ban on Coal Burning. We believe the regulations in Telluride are more
stringent than in Fairbanks. Telluride prohibits coal burning all year whereas in Fairbanks an
existing coal stove can burn when there is no curtailment which could contribute additional
emissions to the airshed, especially during poor conditions when a curtailment may not have
been called. We do not agree with the conclusion that the PMio controls are ineligible for
consideration for control of PM2:s.

Measure R20, page 76. Transportation Control Measures related to Vehicle Idling. We have
received multiple inquiries regarding community interest in controlling emissions from idling
vehicles. These types of control measures should be further evaluated in the BACM and
MSM analyses.

Measure 1, page 79-81. Surcharge on Solid Fuel Burning Appliances. For purposes of
implementing an effective program to reduce PMz s in the Borough we believe that a
surcharge may be a helpful way to supplement limited funds. Implementation efforts within
the nonattainment area could benefit from $24,000 of additional funding whether used for a
code enforcer or other support of the wood smoke programs.

Additional controls that should be further evaluated for BACM and MSM include:

O Measure R1, page 63: Natural gas fired kiln or regional kiln.

0 Measure R12, page 71: Replace uncertified stoves in rental units.

0 Measure R17, page 75: Ban use of wood stoves

0 Measure R6, page 65: Remove Hydronic Heaters at Time of Home Sale & Date
certain removal of Hydronic heaters. We suggest evaluating these measures at the
state and local level.

0 Weatherization / heat retention programs should be evaluated. These should be
evaluated for existing homes through energy audits and increasing insulation and
energy efficiency. For new construction, building codes (Fairbanks Energy Code)
should be evaluated with reference to the IECC Compliance Guide for Homes in
Alaska http://insulationinstitute.org/wp-content/uploads/2015/12/AK_2009.pdf, and
the DOE R-value recommendations, http://www.fairbanksalaska.us/wp-
content/uploads/2011/07/ENERGY-CODE.pdf. (Note: More recent information may
be available.)

0 Fuel oil boiler upgrades / operation & maintenance programs should be evaluated.

BACM - Ultra-Low Sulfur Fuel

1.

Incomplete Analysis - The report findings provide analysis of the demand curve over a
relatively short (12 month) time frame. This analysis appears to be based on a partial
equilibrium model. This is a misleading time frame given the volatility of demand side fuel
oil pricing. Also, in order to determine the equilibrium price, the analysis must also analyze




PUBLIC NOTICE DRAFT May 10, 2019

the supply curve. The report does not include information about the future supply side costs
but needs to in order to make conclusions about the cost to the community of ultra-low sulfur
heating oil.

2. Analysis of Increased Supply, Consumption - The report does not address future change in
the market nor potential economies of scale to be achieved by an increase in ultra-low sulfur
fuel consumption. Page 3 of the report identifies that, “the additional premium to purchase
ULS over HS, decreased significantly since 2008-2010. It is likely that, this can be attributed
to increased ULS capacity.” We believe that the report should further explore the supply side
costs.

3. Supply Cost Analysis - A supply side cost analysis is necessary to better understand the cost
to the supplier to produce and provide ULS heating fuel. The BACM analysis must start with
a transparent and detailed economic analysis of exclusively supplying ultra-low sulfur
heating oil to the nonattainment area.

4. BACM Assessment - The current analysis does not provide information needed to assess
BACM economic feasibility. The report should analyze the total cost to industry of delivering
ultra-low sulfur heating oil to the entire community in terms of standard BACM metrics,
$/ton.

BACT

General Comments

At this time, EPA is providing general comments based on review of the draft BACT analyses
prepared by ADEC as well as addressing certain issues discussed in earlier BACT comments
provided by EPA. Detailed comments regarding each individual analysis are not being provided
at this time. While EPA appreciates the time and effort invested by ADEC staff in preparing the
draft BACT analyses, the basic cost and technical feasibility information needed to form the
basis for retrofit BACT analyses at the specific facilities has not been prepared. In other words,
analyses which are adequate to guide decision making regarding control technology decisions for
these rather complex retrofit projects cannot be prepared without site specific evaluation of
capital control equipment purchase and installation costs, and site specific evaluation of retrofit
considerations. EPA will conduct a thorough review of any future BACT or MSM analyses
which are prepared based on adequate site specific information, and will provide detailed
comments relative to each emission unit and pollutant at that time.

1. Level of Analysis — The analyses are presented as “preliminary BACT/MSM analyses” on
the website, but the documents themselves are titled only as BACT analyses and the
conclusions only reflect BACT. Additionally, the determinations may not be stringent enough
to be considered BACT given that better performing SOz control technologies have not been
adequately analyzed. These analyses cannot be considered to provide sufficient basis to
support a selection of MSM.

2. Site-Specific Quotes Needed — The cost analyses, particularly for SOz control technologies,
must be based on emission unit-specific quotes for capital equipment purchase and
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installation costs at each facility. These are retrofit projects which must be considered
individually in order to obtain reliable study/budget level (+/- 30%) cost estimates which are
appropriate to use as the basis for decision making in determining BACT and potentially
MSM. EPA believes that control decisions of this magnitude justify the relatively small
expense of obtaining site-specific quotes.

3. SOz Control Technologies — The analyses must include evaluation of circulating dry scrubber
(CDS) SOz control technology. This demonstrated technology can achieve SOz removal rates
comparable to wet flue gas desulfurization (FGD) at lower capital and annual costs, and is
more amenable to smaller units and retrofits. Modular units are available.

4. Control Equipment Lifetime — The analyses must use reasonable values for control
equipment lifetime, according to the EPA control cost manual (EPA CCM). EPA believes that
the following equipment lifetimes reflect reasonable assumptions for purposes of the cost
analysis for each technology as stated in the EPA control cost manual and other EPA
technical support documents. Use of shorter lifetimes for purposes of the cost analysis must
include evidence to support the proposed shortened lifetime. One example where EPA agrees
a shortened lifetime is appropriate would be where the subject emission unit has a federally
enforceable shutdown date. Certain analyses submitted in the past have claimed shortened
equipment lifetimes based on the harshness of the climate in Fairbanks. In order to use an
equipment life that is shortened based on the harsh climate, evidence must be provided to
support the claim. This evidence could include information regarding the actual age of
currently operating control equipment, or design documents for associated process equipment
such as boilers. Lacking adequate justification, all cost analyses must use the following
values for control equipment lifetime:

a. SCR, Wet FGD, DSI, CDS, SDA — 30 years
b. SNCR — 20 years

5. Availability of Control Technologies — Technologically feasible control technologies may
only be eliminated based on lack of availability if the analysis includes documented
information from multiple control equipment vendors (who provide the technology in
question) which confirms the technology cannot be available within the appropriate
implementation timeline for the emission unit in question.

6. Assumptions and Supporting Documents — All documents cited in the analyses which form
the basis for costs used and assumptions made in the analyses must be provided.
Assumptions made in the analyses must be reasonable and appropriate for the control
technologies included in the cost analysis.

7. Interest Rate — All cost analyses must use the current bank prime interest rate according to
the revised EPA CCM. As of May 10, 2018, this rate is 4.75%. See
https://www.federalreserve.gov/releases/h15/ (go to bank prime rate in the table).

8. Space Constraints — In order to establish a control technology as not technologically feasible
due to space constraints or other retrofit considerations, detailed site specific information
must be submitted in order to establish the basis for such a determination, including detailed
drawings, site plans and other information to substantiate the claim.

9. Retrofit Factors — All factors that the facility believes complicate the retrofit installation of
each technology should be described in detail, and detailed substantiating information must
be submitted to allow reasonable determination of an appropriate retrofit factor or whether
installation of a specific control technology is technologically infeasible. EPA Region 10
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10.

1.

12.

13.

14.

believes that installation factors which would complicate the retrofit installation of the
control technology should be evaluated by a qualified control equipment vendor and be
reflected in a site-specific capital equipment purchase and installation quote. Lacking site-
specific cost information, all factors that the facility believes complicate the retrofit
installation of each technology should be described in detail, and detailed substantiating
information must be submitted to allow reasonable determination of an appropriate retrofit
factor. One example of the many retrofit considerations that must be evaluated is the
footprint required for each control technology. A vendor providing a wet scrubber will be
able to estimate the physical space required for the technology, and evaluate the existing
process equipment configuration and available space at each subject facility. The
determination of whether a specific control technology is feasible and what the costs will be
may be different at each facility based on this and other factors. Site-specific evaluation of
these factors must be conducted in order to provide a reasonable basis for decision making.

Control Efficiency — Cost effectiveness calculations for each control technology must be
based on a reasonable and demonstrated high end control efficiency achievable by the
technology in question at other emission units, or as stated in writing by a control equipment
vendor. If a lower pollutant removal efficiency is used as the basis for the analysis, detailed
technical justification must be provided. For example, the ability of SCR to achieve over
90% NOx reduction is well established, yet the ADEC draft analyses assume only 80%
control. Use of this lower control efficiency requires robust technical justification.
Condensable Particulate Matter — Although the existing control technology on the coal fired
boilers may be evaluated as to whether it meets the requirement for BACT for particulate
matter, baghouses primarily reduce emissions of filterable particulate matter rather than
condensable PM. Given that all condensable PM emitted by the coal fired boilers would be
classified as PM2.s, the BACT analyses must include consideration of control options for
these emissions. Where control technologies evaluated for control of other pollutants may
provide a collateral benefit in reducing emissions of PMz s, this should be evaluated as well.
Guidance Reference — The steps followed to perform the BACT analysis mentioned in
section 2 are from draft NSR/PSD guidance. The correct reference should be 81 FR 58080,
8/24/2016. As a result of this, some of the steps outlined in the BACT analysis need to be
updated.

Community Burden Estimate — The concepts and approaches document labels capital
purchase and installation costs for air pollution control technology at the major source
facilities as “community burden” (see Tables 7 and 8, pages 10-11). EPA believes it is
important to properly label the cost numbers being used as capital purchase and installation
costs, since presenting them as community burden appears to attribute the entire initial
capital investment for the various control technologies to the community in a single year, and
also ignores annual operation and maintenance costs. As described in the EPA CCM, the cost
methodology used by EPA for determining the cost effectiveness of air pollution control
technology amortizes the initial capital investment over the expected life of the control
device, and includes expected annual operating and maintenance expenses. EPA believes
presentation of this annualized cost over the life of the control technology more accurately
represents the actual cost incurred and is consistent with how cost effectiveness is estimated
in the context of a BACT analysis.

Conversion to Natural Gas — For any emission units capable of converting to natural gas
combustion (with the requisite changes to the burners, etc), the MSM analysis in particular

10
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should thoroughly evaluate the feasibility of this option. For example, GVEA has stated the
combustion turbines at its North Pole Expansion Power Plant have the ability to burn natural
gas, and the IGU has indicated the intent to expand the supply of natural gas to Fairbanks and
North Pole.

11
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APPENDIX:

Additional Comments and Suggestions

Possible Concepts and Potential Approaches

Throughout all SIP documents references to design values should include a footnote to the
source of the information (e.g., “downloaded from AQS on XX/XX/XXX” or “downloaded from
[state system] on XX/XX/XXXX"") and how exceptional events were treated.

We suggest referencing the August 24, 2016 81 FR 58010 Fine Particulate Matter NAAQS: State
Implementation Plan Requirements rule with one consistent term. We suggest the 2016 PMa.s
Implementation Rule.

Page 4, Figure 1. The comparative degree days and heating related information is better suited
for the sections evaluating BACM and economic feasibility. If intending on using this
information to differentiate Fairbanks from other cold climates and/or nonattainment areas,
depicting comparative home heating costs would be more supportive.

Page 4, Table 1. The design values in the table and in the discussion need to be updated for 2015-
2017.

Page 6-7: The “Totals” row in Table 3 (non-attainment areas emissions by source sector) does
not appear to be the sum of the individual source sector emissions.

Page 7: The statement about FNSB experiencing high heating energy demand per square foot
needs to be referenced.

Page 7: The discussion of Eielson AFB growth needs a reference to the final EIS.
Page 9: Table 4’s title should be changed to “Preliminary Precursor Demonstration Summary”

Page 9: Table 4 includes a column “Modeling Assessment”. Not all precursors were assessed
with modeling, and modeling is just one tool for the precursor demonstration. A suggestion for
the column title is “Result of Precursor Demonstration.”

Page 9: Table 5’s title should be changed to “Preliminary BACT Summary.” Table 5 also needs
to update the title to reference “Precursor Demonstration” as the term “Precursor Significance
Evaluation” is the incorrect terminology for this analysis.

Page 10: ADEC’s proposal to only require one control measure per major stationary source to
meet BACT and MSM for SOz, is not consistent with the Act or rule. As discussed above,
BACM and MSM have separate definitions in 40 CFR 51.1000. By extension, the processes for

12
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selecting BACM and MSM are laid out separately in the PM2.5 SIP Requirements Rule
(compare 40 CFR 51.1010(a) for BACM and 40 CFR 51.1010(b) for MSM).

Page 10: Table 6 should identify the specific dry sorbent injection selected as BACT.
Page 11: Suggest changing “less sources” to “fewer sources.”

Page 13: The statement about an I/M program providing PM benefit needs to be clarified. Is this
referring just to NOx and VOC precursor contribution to PM2.5, or also direct PM2.5 benefits?

Page 14: The statement “ADEC interprets the main difference between BACT/BACM and MSM
as the time it takes to implement a control” is inaccurate. As discussed above, although the rule
sets our different schedules for implementation of MSM and BACM, this is not the only major
difference between those concepts. Notably, the rule contemplates a higher stringency for MSM
as well as a higher cost/ton threshold for determining economic feasibility of the measure.

Technical Analysis Protocol
Page 2: The design values at the top of the page need to be updated to 2015-2017.

Page 2: Recommend removing the sentence “This site will be included in the Serious SIP’s
attainment plan...” as the North Pole Elementary will be involved in the redesignation to
attainment in the sense that all past and current monitoring data will be a part of an unmonitored
area analysis to show that the entire area has attained the standard in addition to the regulatory
monitor locations.

Page 2: Remove the discussion of the nonattainment area split.

Page 2: Paragraph 2, sentence 3 should refer to the unmonitored area analysis.

Page 2: The timeline described at the bottom of the page needs to be modified to reflect a current
schedule. No projected year modeling was included in the preliminary draft documents. Control
scenario modeling will likely not be completed in Q2 2018.

Page 3: We suggest a sentence overview of the unmonitored area analysis in Section 3.1.

Page 3: Section 3.2 needs to refer to the SPM data and how that will be used in the Serious Plan
unmonitored area analysis. This section should discuss current DEC efforts to site a new monitor
in Fairbanks.

Page 3: Section 3.4 needs to describe the CMAQ domain in addition to the WRF domain. A
figure (map) would help.

Page 4: Section 3.5 needs a more developed discussion of the WRF assessment, including
describing the criteria that were used to assess the state-of-the-art, what the current version is,
and what version was used.

Page 4: Section 3.6 needs to reference all emission inventories in development, including
potential attainment date extension years and RFP years.

13
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Page 4: In Section 4.1, the statement about the Moderate SIP covering the relevant monitors for
the Serious SIP is inaccurate. The statement needs to qualify whether it is referring to regulatory
monitors or non-regulatory monitors. In addition, the North Pole Fire Station, NCore, and North
Pole Elementary monitors were not included in the Moderate SIP.

Page 5: Table 4.1-1’s title suggests that all SPM sites are listed, but only sites with regulatory
monitors are listed. Please list all the SPM sites used in the unmonitored area analysis in a
separate table and modify this title of Table 4.1-1 to reflect that it lists sites that are regulatory.

Page 5: North Pole Elementary was a regulatory site for a part of the baseline period and was
NAAQS comparable. Table 4.1-1 needs to be updated.

Page 8: Table 4.2-1 should be updated to include 2011-2017 98" percentiles. Table 4.2-2 should
be updated to include 3-year design values for 2013-2017. For clarity, we recommend the 3-year
design values include the full period in order to better distinguish from Table 4.2-1. For instance,
“2013” would be “2011-2013.

Page 8: The statement starting, “a clear indication...” needs to be amended or removed. It is
inaccurate. The prevalence of organic carbon does not indicate the dominance of wood burning,
much less a clear indication. Many sources in Fairbanks emit organic carbon.

Page 8: The statement starting “The concentration share...” need to be amended or removed.
Suggest removing “drastically”. There is no scientific definition of a drastic change in
percentages of PMa:s species, nor does the different 56% to 80% appear “drastic.”

Page 9: The detailed description of the Simpson and Nattinger analysis does not reflect that
SANDWICH process and it is preliminary data. It should be included within the body of the
Serious Plan appendix on monitoring, but is out of place in a summary TAP.

Page 9: there are two different tables with the same table number (Table 4.3-1).

Page 10: Please clarify Table 4.4-1. This appears to be the design value calculation for the 5-year
baseline design value, 2011-2015. If correct, then please label the 3-year design values according
to the three years (e.g., “2011-2013”), clarify the table heading as being the “Five Year Baseline
Design Value, 2011-2015 (ng/m3)”, and clarify that the last column is the 5 Year Baseline
Design Value associated with the table heading.

Page 11: At the end of section 5, please refer to the emission inventory chapter’s meteorological
discussion of the episodes.

Page 11: Section 6 needs to justify the extent, resolution, and vertical layer structure of the
CMAQ domain (and the WRF domain) or refer to where that is included in the Moderate Plan.

Page 13: We suggest changing “PMNAA” to “NAA” to be consistent with the EI chapter.

Page 15, Section 8.1: There needs to be mention of how the F-35 deployment will be considered,
with a reference to the final EIS.

14
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Page 15-19: section 8.2-8.6 use the future tense for tasks that have been completed and are
inconsistent with the schedule at the beginning of the TAP. Please adjust based on current status.

Page 20, section 9.2 states that “a BACT analysis is an evaluation of all technically available
control technologies for equipment emitting the triggered pollutants and a process for selecting
the best option based on feasibility, economics, energy, and other impacts.” This sentence should
be revised to reflect that the technological feasibility assessment occurs after identification of all
potential control measures for each source and source category.

Page 20, section 9.3 the second sentence should read: “BACM measures found to be
economically infeasible for BACM must be analyzed for MSM.”

Page 21: Section 10.1 needs to be updated to reflect the current CMAQ version (5.2.1) and a
discussion of why that model has not been used.

Page 21: Suggest sentence starting “There will be a gap...” be changed to “There is a gap in
terms of assessing the performance at the North Pole Fire Station monitor for the Serious Plan
because the State Office Building in Fairbanks was the only regulatory monitor at the time of the
2008 base case modeling episodes.”

Page 23: Please explain the solid and dashed lines in the soccer plot.

Page 23: Please be sure to include a full discussion of North Pole performance in this section.
Even though we lack measurements, we can discuss the ratio of the modeling results at NPFS
versus SOB versus that ratio from more recent monitoring data (2011-2015 baseline design value
period).

Page 23: Please clarify what is meant by “Moderate Area SIP requirements.”

Page 24: The discussion of the 2013 base year discusses representative meteorological conditions
without describing what the representative meteorological conditions are for high PMas. Please
reference the discussion of representative meteorological conditions that will be found elsewhere
in the SIP.

Page 24: The discussion of the modeling years needs to be consistent and reflect the extension
request past 2019. The attainment year cannot be earlier than 2019. Each extension year must be
individually requested. For modeling efficiency, we recommend starting with 2024. If that year
attains, then 2023 and so on until we have one year that attains and the year before that does not.
This should give us the information about what is the earliest year for attainment.

Page 25: We suggest changing “modeling design value” to “design value for modeling”

Page 26: Please clarify the “SMAT” label in the tables. They may be the SANDWICH
concentrations and the “5-yr DV” rows are the SMAT concentrations. Please clarify the units in
the rows.
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Emission Inventory

Clarification — In the EI document we would like to understand the functional difference between
the base year, and baseline year

Please identify the methodology for generating ammonia and condensable PM emissions
numbers.

Page 1: Please be consistent in “emission inventory” versus “emissions inventory”.
Page 1: “CAA” to “Clean Air Act” for clarity

Page 3: It would be helpful to refer to 172(c)(3) in Section 1.2, bullet 1 as the planning and
reporting requirements.

Page 5: Please include extension years and RFP years in Table 1’s calendar years similar to what
was done for Table 2. There should be one RFP projected inventory and QM beyond the
extended attainment date. It would be helpful to include basic information about extension years
and RFP years to better foreshadow Table 2.

Page 7: Please clarify the “winter season” inventory as the “seasonal” inventory that represents
the daily average emissions across the baseline episodes.

Page 7, paragraph 1. Please include reference documentation for the following statement,
“results in extremely high heating energy demand per square foot experienced in no other
location in the lower-48.”

Page 9: Please change “Violations” to “Exceedances.” Exceedance is the term for concentrations
over the standard. Violations is the term for dv over the standard.

Page 9: Add “No exceedances were recorded outside the months tabulated in Table 3 that were
not otherwise flagged by Alaska DEC as Exceptional Events.”, to the end of the last paragraph
on the page.

Page 13: Please clarify the provenance of the BAM data (e.g., “downloaded from [state database
or AQS] on XX/XX/XXXX). In particular, it is important to note if the data has been calibrated
to the regulatory measurement (aka, corrected BAM).

Page 17-18. Sentence Unclear “For example, a planning inventory based on average daily
emissions across the entire six-month nonattainment season will likely reflect a relatively lower
fraction of wood use-based space heating emissions than one based on the modeling episode day
average since wood use for space heating Fairbanks tends to occur as a secondary heating source
on top of a “base” demand typically met by cleaner home heating oil when ambient temperatures
get colder.”

Page 19: Remove “Where appropriate,”. All source sectors should be re-inventoried for 2013,
even if the emissions for the sector ends up being the same as in 2008.
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Page 19: Change “projected forward” to “re-inventoried”, or similar wording. Reserve “project”
for when the emission inventory is estimating emissions in a future year.

Page 20: Please refer to EPA’s memo on the use of MOVES2014a for the plug in adjustment. As
a reminder, this information is sufficient only for development of the emissions inventory, not for
SIP credit.

Page 20: Please submit the technical appendix referenced on page 20. When that is submitted, we
expect to provide additional comment. To allow for review, we request expedited submission.

Page 21: At bottom of page, “project” should be “re-inventoried” or something that refers to an
inventory produced after the fact.

Page 22, paragraph 1, Space heating area sources. Please further explain how the combined
survey data best represents 2013 emissions.

Page 23: Add information about how NH3 was inventoried for this category.

Page 23, 2" paragraph from bottom. Facilities need to provide direct PM and all precursors,
whether directly submitted or calculated from emissions factors.

Page 23, last paragraph.

0 Potential typo — we believe that 2018 should be 2013.
0 Question — Does scaling emissions cause any point source to exceed its PTE?

Page 25, bullet 3, Laboratory — Measured Emissions Factors for Fairbanks Heating Devices. The
statement “first and most comprehensive systematic” would be more credible if simplified.

Page 27: Clarify how data from the 2014 NEI was modified to reflect emissions in 2013. Were
they assumed to be the same between the two years? Or adjusted based on population change, or
some other information?

Page 33: Please include information on how the Speciate database was used to develop the
modeling inventory (and perhaps elsewhere for the planning inventory, if appropriate).

Precursor Demonstration

Throughout the Serious Area SIP we recommend using the terminology, Precursor
Demonstration, to be consistent with the PM2.s Implementation Rule.

General: The overview of the nitrate chemistry is complicated. We suggest you combine the two
discussions into one and organize it with the following logic:

1. Describe the two chemical environments: (1) daytime and (2) nighttime.
2. Describe the information that supports that daytime chemistry is not relevant here.
3. Describe the information that supports that nighttime chemistry is limited by excess NO.
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4. Describe what happens if the entire emission inventory was increasing by a factor of 3.6
to get appropriate concentrations in the North Pole area. How does ammonium nitrate
change?

5. Describe how increasing the emission inventory and then reducing all source sectors by
75% results in less of a reduction in Pm2.s than reducing all source sectors by 75% in the
original emission inventory.

6. NOTE: We are willing to provide a rough draft of this organization, if provided the
original word document.

Title page: remove “com”
Page 2: Recommend using Section 188-190 instead of 7513-7513b.

Page 2: Recommend moving the last three sentences of the first paragraph to the end of the
second paragraph.

Page 2: Please add “threshold” after 1.3 in the third paragraph.
Page 2: Please explain concentration-based and sensitivity-based before using the terms.

Page 2: Please add a footnote whether the numbers in the Executive Summary are
SANDWICHed or not.

Page 3: Please change “has decided” to “decided.”

Page 3: Make sure the concentrations listed for ammonia include ammonium sulfate and
ammonium nitrate.

Page 5-7: The figure captions say that concentrations are presented but the images themselves
have percentages. Please use concentrations for this analysis.

Page 9: The first paragraph says that the point sources are not responsible for the majority of
sulfate at the monitors. Please substantiate that claim, or modify it.

Page 13: Please explain the relevance of referring to the VOC emissions of home heating in this
summary of VOCs.

Page 14: Recommend adding “... and adjusted to reflect speciated concentrations for a total
PM2.5 equal to the five year 2011-2015 design value” to the sentence that starts “The speciated
PM2.5 data [were] analyzed.

Page 14: Please include the results of the concentration based analysis, perhaps as a table.

Page 14: Clarify that the concentration used for NH3 is the ammonium sulfate and ammonium
nitrate. See the draft EPA Precursor Demonstration Guidance.

Page 17: Recommend removing “slightly” and removing the sentence referring to rounding to
the nearest tenth of a microgram.
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Page 17-18: To help understand what is going on with the bounding run versus the normal run, it
would be helpful to have the RRFs for the Modeled 75% scenario.

BACM

Page 9 and throughout: For clarity, please refer to the implementation rule as “PM2.5” not “PM”.
Page 14, Table 3. It would be helpful to include filter speciation data.

Page 16, Table 4: Please identify the RACM measures that were technologically and
economically feasible but could not be implemented in the RACM timeline or note there were
none.

Page 20 and 25, Table 6 and 7: For the final Table identifying the control measures evaluated, it
would be helpful to identify the following: measure, cost/ton, BACM determination, MSM
determination, and any additional comments.

Page 24: 12 measures were eliminated because they were determined to offer marginal or
unquantifiable benefit. However, a measure may offer marginal benefit but may also cost very
little. If there is another explanation for why these measures were not considered that follows the
BACM steps, please include that in the Serious Area Plan.

Page 28: Stage 1 alerts are referred to multiple times including in Measure 2 on page 28 and
Measure 33, pg 47 and pg 48. Please clarify in these analyses whether the measure applies
during all stages of alerts and the associated level of control with each stage.

Page 33: Measure 13 identified that no SIPs existed or EPA guidance/requirements for the
measure and incorrectly used that rationale as the conclusion for not considering the measure.

Page 34: The discussion of Measure 15 does not clearly state how Alaska and the Borough
ensure that devices are taken out at the point of sale. It also does not clearly state the process for
ensuring a NOASH application doesn’t involve a stove that should have been taken out at the
point of sale. It also states that stoves between 2.5 g/hr and 7.5 g/hr can get a NOASH, whereas
page 37 implies that a stove must be <2.5 g/hr to be eligible for a NOASH.

Page 47: Measure 33 in Klamath County and Feather River is more stringent than what exists in
Fairbanks now. Fairbanks allows open burning without a permit when there is no stage
restriction. Alaska DEC prohibits open burning between November 1 and March 31, but the air
quality plan makes it clear that the state relies on the Borough to carry out the air quality
program in Fairbanks. The fact that the local borough does not require a permit for open burning
outside of curtailments makes this measure less stringent in Fairbanks than in other locations. In
addition, Fairbanks does not curtail warming fires during a Stage 1.

Page 48: Measure 34 is less stringent in Fairbanks than in Klamath County. Uncertainty in
weather forecasting means that Stage 1 alerts are not called correctly all the time, and not
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everyone is aware of when an alert is in effect. It is much simpler and less prone to error to
prohibit burn barrels and outdoor burning devices entirely.

Page 57: Measure 46 review curtailment exemptions. The current Fairbanks curtailment
exemption “These restrictions shall not apply during a power failure.” should be reviewed to
clarified that it only applies to homes reliant on electricity for heating. As currently written, it
appears overly broad.

Page 68: Measure R7, Ban Use of Hydronic Heaters, incorrectly identifies that no other SIPs
implemented the measure as rational for not evaluating.

Page 72: Measure R15 is technologically feasible.

Page 78: It may help to make a section break or Section 2 label for “Analysis of Marginal /
Unquantifiable Benefit BACM Measures

Page 81-83: The discussion of Measure 6 may need additional documentation. Anecdotal
evidence is that damping is common in Fairbanks and is potentially a bigger source of pollution
than not having a damper at very cold conditions. If installation by a certified technician
addresses this issue, that should be documented.

Page 84: The quote, “did not know if the rule had worked well” needs a reference. It is also not
clear of how relevant that is. It could be implemented well in Fairbanks and the fact that it may
not have worked well in another location does not make it technologically infeasible for this
location.

Page 85-86: While qualitative assessments are helpful to provide context, a quantitative
assessment will be necessary to evaluate the measures as BACM and MSM.

Page 88: There are references to Fairbanks in the conclusion for Measure 17, but the analysis
refers to AAC code.

Page 89: There appears to be missing text in the Background section related to Method 9.

Page 91: Measure 23 could consider the solution that the decals could be reflective and would be
seen by vehicle headlights. Measure 23 could also consider that the decals are used by neighbors
to determine who is or is not in compliance. This may be helpful as citizen compliance assistance
efforts could supplement the Borough enforcement program.

Page 98-100: Measure 40 needs to include a discussion of all the areas listed on page 22. In
addition, if a date certain measure or if Measure 29 were instituted, Measure 40 would
essentially be achieved.

Page 114: Measure RS describes a similar rule in Utah but lists “none” under implementing
jurisdictions. Please make consistent.
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ULS Heating Oil

Page vii and Page 16: Please check your information on the percentage of households who have
a central oil fired furnace. Please consult ADEC’s contractor for the emissions inventory and
home heating surveys about (1) the percentage of homes that heat only with an oil furnace, and
(2) home with a central oil burner and a wood stove. We have seen different numbers than
presented here.

Page 13: Please check the labels for Fairbanks HS #2 and Fairbanks HS #1. They may be
switched.

Page 14: The statement that there is “a clear explanation” may not be correct, or at minimum is
an overstatement. The difference in price between HS#1 and ULSD has varied over time, and the
report did not include an explanation for the variations.

Page 14: The third paragraph assumes that the capital costs of shipping ULS would be more than
exists today. However, all heating oil is shipped, regardless of sulfur content, and there is no
justification for the report for why shipping ULS would be higher than for HS. Additionally, it is
possible that the shipping cost per unit could go down marginally if only one product is being
supplied to Fairbanks and/or if the quantity supplied increases.

Page 21: The text and Table 7 present inconsistent information. For instance, the text says that
the discounted net-present value of scenario 2 is $10,232 while the table says it is $5,768.56.
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GVEA

Golden Valley Fleate Assochinson
L
November 28, 2018 Certified Mail
Return Receipt Requested
7017 1450 0002 1773 7925

Denise Koch, Director

Division of Air Quality

Department of Environmental Conservation
410 Willoughby Avenue, Suite 303

PO Box 111800

Juneau, AK 99811-1800

RE: Best Available Control Technology (BACT) Proposal from Golden Valley Electric
Association (GVEA) for the North Pole Power Plant and Zehnder Facility.

Dear Ms. Koch,

At the request of the Alaska Department of Environmental Conservation (ADEC), Golden Valley
Electric Association (GVEA) has considered alternative Best Available Control Technology
(BACT) proposals and in this communication is providing updated and supplemental
information. GVEA hopes this additional information is beneficial to ADEC as the Serious PM; 5
State Implementation Plan (SIP) is finalized.

Introduction

Due to geography, our northern latitude, climatology, and types of emissions within the
Fairbanks North Star Borough (FNSB), concentrations of PM; 5 often exceed the maximum
levels set by the Clean Air Act; resulting in the area being designated as being in non-
attainment of the National Ambient Air Quality Standards (NAAQS) for the 24-hour PM2 5
standard in 2009. As original attainment goals were not met, the area was reclassified as a
Serious non-attainment area (NAA) and ADEC is working to finalize and submit to EPA an
approvable Serious SIP that will outline methodologies for reaching attainment.

GVEA operates two stationary sources within the NAA, the North Pole Power Plant and the
Zehnder Facility. With the Serious designation, ADEC requested stationary sources conduct a
voluntary BACT analyses for emissions of PMaz s or its precursors (SO2, NOy, VOCs and NH3)
that have the potential to be emitted at 70 or more tons per year. GVEA prepared and
submitted BACT analyses for both the North Pole and Zehnder plants that analyzed NOx and
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SO, BACT. All NOx and SO, control options evaluated were deemed infeasible by GVEA.
Subsequently, ADEC proposed modifications to GVEA's calculations and presented these in
draft BACT documents early in 2018. For NOxBACT, ADEC's determination included Selective
Catalytic Reduction (SCR) and water injection for the two simple cycle gas turbines at both
North Pole and Zehnder, and SCR for the combined cycle turbine at North Pole. For SO»
BACT, ADEC's determination included ULSD for the two simple cycle gas turbines at both North
Pole and Zehnder.

In the March 2018 draft documents, ADEC included a draft NOy precursor demonstration which
will show that NOx emissions are not a significant contributor to secondary PM_ 5
concentrations. ADEC has communicated a high degree of confidence the NOy precursor
demonstration will be accepted and the implementation of NOx controls will not be required. As
such GVEA is not addressing any new BACT considerations related to NOy controls and is
focusing on alternative proposals for SO, BACT at both plants’.

Alternative BACT Request

ADEC has been sympathetic to concerns raised by the stationary sources that potential
community burden in capital investment for SO controls is unusually high compared to the
potential benefit to PM25 concentrations at ground level; concentrations which are highly
influenced by home heating and especially wood burning. ADEC has asked GVEA to consider
alternative BACT proposals including the option of paying into an offset fund with the caution
that creative and alternative proposals would have to be measurable and enforceable. Though
an offset fund could be an options, there are two reasons GVEA does not see contributions to
an offset fund as a viable option. First, GVEA does not see a way at this time to equitably
incorporate offset fund payments into our member rates. Second, with no assurances that
further investments into BACT controls would not be necessary if attainment goals are not met,
the potential for investment into both an offset fund and BACT is a deterrent.

GVEA has identified modifications in combustion fuel and operating hours as options available
to reduce SO, emissions at GVEA's two affected facilities and presents three proposed
alternatives in order of descending preference below.

Alternative SO2BACT Option 1
Existing Fuels and Good Combustion Practices for North Pole and Zehnder

Current Fuel Supplies

GVEA currently receives all fuel from Petro Star Inc. (PSI) with the majority coming from the
local North Pole Refinery adjacent to the North Pole Power Plant. In 2017 the combined cycle
turbine at North Pole (EU ID 5) began receiving a Light Straight Run (LSR) naphtha product
directly from the Petro Star North Pole Refinery (PSI) via pipeline. The sulfur content of this fuel

1 At this time, GVEA has no comment on ADEC's modifications to the NOx control calculations.
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was specified to be below 30 ppm and extensive testing conducted in 2018 showed a maximum
sulfur content of 27 ppm. Less than two percent of the fuel received is composed of other
naphtha fuels that have sulfur contents less than 50 ppm. Assuming a maximum fuel sulfur
content of 50 ppm would conservatively change the potential SO, emissions from this unit and
the proposed second LM6000 (EU ID 6) from 6 to 10.1 tons per year (TPY). Tables 1-2 and 1-5
in GVEA's North Pole BACT analysis would be affected by this change and are included in
Attachment 1.

High sulfur diesel (HSD) is trucked from the pipe rack at PSI's North Pole facility across the
street to a 50,000 gallon holding tank that supplies the two GE Frame 7 gas turbines at the
North Pole Plant (EU IDs 1 and 2). Similarly, HSD is trucked from PSI North Pole to the Zehnder
Plant GE Frame 5's (EU IDs 1 and 2). The large maijority of the fuel is No. 2 HSD that is
blended with No. 1 in the winter to lower the pour point. No. 1 HSD is received on rare
occasions. ULSD is trucked from PSl's Valdez refinery for use as a starting fuel and is used in
smaller quantities. During times when the North Pole refinery is down for planned maintenance
outages, additional ULSD is trucked to Fairbanks for production fuel.

BACT Capital Cost Assumptions

GVEA's original BACT and ADEC's proposed BACT evaluated switching to ULSD to reduce
SOz emissions. These analyses included capital costs for bulk fuel storage to maintain reliability
and security of fuel supply; these costs were apportioned between the North Pole and Zehnder
plants.

If GVEA were to use ULSD for both starting and production fuel in the Frame 7's and Frame 5's,
as considered for SO, BACT, the addition of bulk fuel storage would be required to guarantee
availability of fuel for the generation units since there is no locally refined source of ULSD?. Fuel
can be imported from the Valdez area using trucks, or from the Anchorage area using trucks or
rail. Both transportation corridors are subject to disruptions from avalanches, flooding, snow
storms, forest fires, or earthquakes that could delay fuel delivers. For example, a video clip
available online® shows a massive avalanche caused ice dam that closed the single road
connecting Valdez in January 2014, an avalanche accompanying record snow fall closed the
road to Valdez in December 6, 2017, the 2002 Denali Fault earthquake (7.9 on the Richter
scale) damaged more than 20 miles of the roadbed between Fairbanks and Valdez*, and
flooding in 2006 closed the Parks Highway near Anchorage for several days®.

During the short annual PSI maintenance outages (occurring during summer months) GVEA
has experienced near outages of fuel when it is delivered solely through long haul trucking,

2 GVEA uses "neat" fuel for generation that does not contain the additives that are added to most fuel currently
stored locally.

3 https://www.youtube.com/watch?v=X3XzRHLYEOQY video footage of avalanche ice dam isolating
Valdez.

4 https://www.fhwa.dot.gov/publications/publicroads/03nov/05.cfm Denali Fault earthquake.

5 https://www.matsugov.us/news/4-a-m-flood-and-road-updates Parks highway closure for flooding.
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largely because the long haul (700 miles round trip versus .5 miles) complicates the timing of
truck offloading. This experience with supply issues, and the potential for transportation
disruption, raises concerns with the reliability of year round long hauled fuel supplies on a "just
in time" basis from either Valdez or Anchorage, and particularly during the coldest winter
months. In 2017, GVEA hired PDC Engineering of Fairbanks to assist in developing a concept
design and cost estimate for a bulk fuel tank farm and terminal facility adjacent to the North Pole
Power Plant. The technical memo presenting the conceptual study is included as Attachment 2.

As part of the BACT analyses, GVEA sought input from Delma Bratvold, an Energy Analyst with
Leidos Engineering, to help extrapolate the PDC concept design. Ms. Bratvold has a long
history of assisting GVEA with strategic fuel evaluations and her BACT specific summary is
included as Attachment 3, presenting the estimated costs of strategic bulk fuel storage for both
the North Pole Plant and Zehnder Facilities based on both potential to emit (PTE) run hours and
historic run hours.

Fuel Cost Assumptions

In preparing the original BACT analyses, GVEA used actual fuel costs incurred from August
2015 through April 2016 to obtain a cost differential of $0.2668 per gallon between ULSD and
No. 2 HSD. Attachment 4 shows updated pricing data for fuel received between January 2017
and October 2018 and shows an updated weighted average cost differential of $0.424 per
gallon between No. 2 HSD and ULSDé.

Cost Effectiveness

Appling the updated incremental fuel pricing increases the cost effectiveness of SO, removal for
all primary generating units. Table 1 summarizes the cost effectiveness of switching to ULSD
for the primary generating units and compares the iterations in calculations, from GVEA's
original, the ADEC's to GVEA's updated. The updated cost effectiveness tables from the BACT
analyses are included in Attachment 57.

6 A digital version of Attachment 4 is included on the enclosed DVD.

" Tables referenced in this correspondence refer to similarly numbered tables in GVEA's original BACT
analyses. ADEC returned to GVEA proposed modifications to the BACT tables as Excel files following
ADEC's preliminary review. GVEA's most current updates are applied to ADEC's version. Updates
described here are attached in hard copy and included on the accompanying DVD.
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Table 1. Cost Effectiveness, $/Ton of SO, removal’
GVEA's 2017 BACT ADEC's Cost GVEA's 2018
Cost Effectiveness Effectiveness Alternative BACT Cost
($/Ton) 2 ($/Ton) 3 Effectiveness ($/Ton) 4
North Pole
EUID 1 $10,025 $9,139 $13,942
EUID 2 $10,204 $9,233 $14,037
EU ID 5/6 $9,282,151 $9,282,151 $4,844,020 5
Zehnder
EUID 1/2 $9,701 $9,050 6 $14,250

! Capital costs of $30,425,000 to install fuel storage are apportioned between North Pole and Zehnder and the cost
effectiveness calculations for both plants are based on the Potential to Emit. The cost effectiveness based on
actual emissions and on the conversion of SO2 to PM2.5 is significantly higher.

2 Tables 5-4, 5-5, and 5-6 in GVEA's original BACT for North Pole and Table 5-4 in the original BACT for Zehnder.

3 Tables 5-4, 5-5, and 5-6 in ADEC's modified BACT tables for North Pole and Table 5-4 for ADEC's modified Zehnder
BACT calculations

4 Updated Tables 5-4, 5-5, and 5-6 are included in Attachment 5. The Excel file is included on the enclosed DVD.

5 As shown on included tables and discussed above, increasing the naphtha fuel from 30 ppm to 50 ppm sulfur
content increases the potential annual SO, emissions from 6 to 10.1 tons and decreases the cost effectiveness.

6 ADEC's proposed cost effectiveness for Zehnder was based on avoiding 597 tons SO, per year. Condition 9 of
Permit No. AQ0109TVPO3 already places an Owner Requested Limit (ORL) on SO, Emissions of 580 tons per rolling
12-month period for the Zehnder Facility. Considering the ORL, the cost effectiveness is $9,340 per ton removed.

With a cost effectiveness above $13,000 per ton of SO, removed, GVEA contends that
switching to ULSD is not economically feasible and BACT would be the existing fuels and good
combustion practices for all units at North Pole and Zehnder.

ADEC has suggested No. 1 HSD with a sulfur content of 900 ppm be considered as an
alternative to No. 2 HSD. Currently, No. 1 HSD produced locally by PSl is not available in large
enough quantities to be used as a production fuel. PSI is undertaking engineering studies to
identify ways to expand their local production of No. 1 HSD, however they have indicated there
will be competing demands; the military use is forecast to increase by 50%, and there is the
projected conversion of home heating to No. 1 HSD. Production fuel for GVEA would be a non-
dedicated supply and last on the priority list behind the military and home heating demands.
PSI has indicated they would likely import fuel from Valdez to meet GVEA's full demands. To
have a guaranteed fuel supply, this would place GVEA in a situation similar to importing ULSD
with similar pricing and reliability constraints. To fully switch to No. 1 HSD would have a cost
effectiveness similar to ULSD.
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Alternative SO2 BACT Option 2
North Pole - No. 1 HSD (EU IDs 1&2) on Air Quality Stage 1 and 2 Curtailment Days
Zehnder - Existing Fuels and Good Combustion Practices

North Pole Power Plant Option 2
GVEA wishes to be a constructive contributor to improving regional PM. s concentrations with
practical solutions that do not unfairly burden our cooperative members with negligible benefit.

As such, GVEA proposes as SO, BACT for North Pole EU ID's 1 and 2, the continued use of
No. 2 HSD during normal operating days, with a switch to receiving No. 1 HSD (when available)
when the units operate on air quality curtailment days (during Stage 1 and Stage 2 air quality
alerts for the North Pole area). It will take an estimated 5 to10 operating hours to fully transition
fuel. With the recent addition of Healy Unit 2 to the generation fleet, which economically
produces electricity outside the NAA, GVEA anticipates the actual operation of EU ID's 1 and 2
to be reduced. New Tables 5-4a and 5-5a in Attachment 6 evaluate the cost effectiveness of
targeted operation on No. 1 HSD, assuming 10% of the time, at $1,904 per ton of SO avoided.

GVEA proposes as SO, BACT for EU ID's 5 and 6, the continued use of the current or
equivalent fuels with a sulfur content of 50 ppm or less.

Zehnder Facility Option 2

GVEA proposes as SO, BACT the existing fuels and good combustion practices for all units at
Zehnder. Condition 9 of Permit No. AQ0O109TVPO03 already places an Owner Requested Limit
(ORL) on SO, Emissions of 580 tons per rolling 12-month period for the Zehnder Facility®. EU
ID's 1 and 2 are the least economical units to run and are run only when absolutely necessary.
Attachment 7 shows the 2017 actual operating hours and emissions for the Zehnder Facility as
presented in the March 2018 assessable emissions estimates. These emissions are
representative of operations from 2012 through 2018 (year to date) where the total SO-
emissions have been slightly over 30 tons per year. As mentioned above, with the addition of
Healy Unit 2 the Zehnder Units are modeled to run even fewer hours.

8 |f the ORL was reduced to 350 tons per year, the cost effectiveness of ULSD as evaluated in Table 1 goes to
$21,989 per ton of SO, reduced.
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Alternative SO2 BACT Option 3
North Pole - No. 1 HSD (EU IDs 1&2) on Air Quality Stage 1 and 2 Curtailment Days
Zehnder - ORL to Remove Zehnder as a Major Source of SO2

North Pole Power Plant Option 3 (same as Option 2)

Similar to Option 2, GVEA proposes to supply No. 1 HSD to EU ID's 1 and 2 when they are
operating during air quality Stage 1 and Stage 2 alerts in the North Pole area. SO, BACT for EU
ID's 5 and 6, would again be the continued use of the current or equivalent fuels with a sulfur
content of 50 ppm or less.

Zehnder Facility Option 3

GVEA recognizes the traditional BACT process evaluates the potential to emit pollutants of
concern, and the Zehnder Facility has the potential to emit many more tons of SO, than it
historically has. The Zehnder units are the least economical to run and are run only when
necessary, however, they are a critical piece to the overall system reliability and their operation
is necessary in cases when other generating units are down, or the transmission Intertie with
the Anchorage area is down.

As a third option, GVEA proposes to take an additional ORL on SO, emissions to limit them to
less than 70 tons per year, thus removing the Zehnder Facility as a major source of SO,. GVEA
proposes to submit the request for permit modification by June 1, 2019 and would structure the
modification to allow for operation in emergency situations. The health and welfare of GVEA's
members are of upmost importance and in consideration of the extreme temperatures and
winter conditions that can be experienced in the FNSB, GVEA must be able to supply electrical
power to members when other sources are unavailable. Attachment 8 shows a guide used
internally to prioritize outage response. For a range of outside temperatures it tabulates the time
to a complete house freeze up after the loss of a heat source. With an external temperature of -
30 F, a house starting with an internal temperature of 70 F can be expected to freeze after
seven hours.

Other Measures

Though not measurable, enforceable, or appropriate for inclusion in the SIP, GVEA is exploring
other alternatives that will help minimize emissions from power generation within the non-
attainment area.

With the successful restart of Healy Unit 2, the consumption of No. 2 HSD in the North Pole and
Zehnder Units has dropped from 12.4 million gallons in 2017, to an estimated 9 million gallons
in 2018, to a projected 5.5 million gallons in 2019. In 2019, total SO2 emissions in the NAA from
GVEA's plants is expected to drop 192 tons over 2017. GVEA has modeled the effect of retiring
Healy Unit 1 and power would be made up with both purchases from the Anchorage area and
generation within the NAA. With the removal of Healy Unit 1, modeling shows an increase in
NAA SO, emissions from the North Pole and Zehnder Plants of 28%. Options for continuing the
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operation of Healy Unit 1 are being evaluated.

GVEA is also exploring options that may assist the Interior Gas Utility (IGU) in providing
economical natural gas to the Fairbanks area. If feasible, GVEA may be able to convert North
Pole EU ID 5 to also burn natural gas, which could help stabilize demand, or help reach some
economies of scale for gas supply.

All the sources within FNSB NAA are integrally related and requirements for one source may
have unintended consequences for another. As GVEA is the sole purchaser of Aurora Energy's
electrical production, any BACT capital investment Aurora makes can potentially affect GVEA's
member rates. Knowing that the exact accounting and correlation between the major source
SO; stack emissions, the at-the-monitor measurements, and the modeling are inconsistent,
GVEA encourages ADEC to pursue a Major Source SO; precursor demonstration and to work
further to explain the sulfate contribution inconsistencies.

Summary

In conclusion, GVEA would like to make meaningful contributions to reducing SO, emissions
without disproportionally burdening our member owners or sacrificing electrical system
reliability. Three BACT options have been presented, in all cases for North Pole's existing EU
ID 5 and proposed EU ID 6 (the combined cycle plants at North Pole) GVEA proposes to burn
the existing or equivalent fuel with a sulfur content of 50 ppm or less.

As a first option, using updated fuel pricing and the actual differential costs between No. 2 HSD
and ULSD, GVEA is submitting updated cost effectiveness calculations for SO reductions at
both the North Pole and Zehnder plants that show costs over $13,000 per ton of SO, reduced.
GVEA proposes as SO, BACT the continued use of current fuels and good combustion
practices for all units at North Pole and Zehnder.

As a second option, to make reductions in SO, emissions during times when they are needed,
For EU ID's 1 and 2, the older simple cycle plants at North Pole, GVEA proposes to continue
burning No. 2 HSD during normal operations, but to take delivery of No. 1 HSD® while operating
during air quality curtailment periods.

As a final option, in addition to receiving No. 1 HSD during curtailment periods at North Pole,
GVEA proposes to take an additional ORL at the Zehnder Facility to reduce annual SO-
emissions to less than 70 tons, except in emergency situations.

% Subject to availability as GVEA would be third in line of preference behind Military demands and proposed home
heating demands.
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Sincerely,
- - r -l.
S et T e e

Naomi Morton Knight, P.E.
Environmental Health & Safety Officer

Attachments/Enclosures:
Attachment 1 - North Pole BACT Section 1 Tables
Attachment 2 - Technical Memo from PDC Regarding Bulk Fuel Storage
Attachment 3 - Leidos Strategic Fuel Evaluation
Attachment 4 - January 2017 through October 2018 Fuel Prices
Attachment 5 - Updated Cost Effectiveness Tables North Pole and Zehnder
Attachment 6 - Tables 5-4a and 5-5a, North Pole EU ID 1 and 2 Cost Effectiveness with

Selective use of No. 1 HSD

Attachment 7 - Zehnder FY2019 Assessable Emissions Summary
Attachment 8 - House Freeze Up Time Estimates.
DVD
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Table 1-2. Significant Emission Unit Potential Emission Inventory

Unit Fuel Rati Maximum Allowable Annual Construction Life Potential issi (tpy)
ID Description Make/Model Type S Capacity Operation Date Span NOy ' PM, 5 s0,* VvoC
1 Simple Cycle Gas Turbine GE Frame 7, Series 7001, Model BR Fuel Oil 60.5 MW 672 MMBtu/hr 8,760 hriyr 1976 10 years 1,600.0 35.3 1,486.4 1.2
2 Simple Cycle Gas Turbine GE Frame 7, Series 7001, Model BR Fuel Oil 60.5 MW 672 MMBtu/hr 7,992 hriyr* 1977 10 years 2,363.1 32.2 1,356.1 1.1
3 Fuel Storage Tank N/A HAGOI/LAGO!/ Fuel Oil° 50,000 Gallons 50,000 Gallons 8,760 hriyr 1995 10 years 0 0 0 0.04
4 Fuel Storage Tank N/A HAGOI/LAGO!/ Fuel Oil° 50,000 Gallons 50,000 Gallons 8,760 hriyr 1995 10 years 0 0 0 0.06
. . GVEA LSR Turbine
5 Combined Cycle Gas Turbine GE LM6000PC Fusl/GVEA nghthas 43 MW 455 MMBtu/hr 8,760 hriyr 2005 10 years 478.3 23.9 10.1 0.8
. . GVEA LSR Turbine
6 Combined Cycle Gas Turbine GE LM6000PC Fusl/GVEA nghthas 43 MW 455 MMBtu/hr 8,760 hriyr N/A 10 years 478.3 23.9 10.1 0.8
7 Emergency Generator Engine Generac 5231150100 Fuel Oil 400 kW 461.6 kW 52 hriyr’ 2005 10 years 0.5 0.04 0.01 0.0
1 Boiler Bryan Steam RV500 Gas Fuel/Propane 5.0 MMBtu/hr 5.0 MMBtu/hr 8,760 hriyr 2005 10 years 3.1 0.2 0.0003 0.2
12 Boiler Bryan Steam RV500 Gas Fuel/Propane 5.0 MMBtu/hr 5.0 MMBtu/hr 8,760 hriyr 2005 10 years 3.1 0.2 0.0003 0.2
Total Potential Emissions 3,969.8 115.7 2,862.6 4.5

" Combined emissions from EU IDs 1, 5, and 6 are limited to 1,600 tpy emissions of NOx on a 12-month rolling basis per Permit AQ0110TVP03, Condition 13. Each emission unit can operate individually up to the potential NOy emissions shown above.
2 EU IDs 1 and 2 can combust No. 1 and No. 2 fuel oil, which (by specification) can have a maximum sulfur content of 0.5 wt. pct. The two emission units may emit no more than 24,500 pounds of SO , per day, combined,
per Permit AQ0110TVPO03, Condition 14. The fuel oil sulfur content specification of 0.5 wt. pct. S is more restrictive. Each unit could be operated individually up to the potential SO , emissions shown above.
3 EU IDs 5 and 6 are limited to a combined 12-month rolling total consumption of 1.5 million gallons of startup fuel per Permit AQ0110TVP03, Condition 16.1. Each unit could be operated individually up to that limit.
4 EU ID 2 is limited to operating no more than 7,992 hours on a 12-month rolling basis per Permit AQ0110TVP03, Condition 12.
° HAGO and Lago are listed for completeness, but those fuels are no longer available due to the closure of the Flint Hills Refinery in North Pole.
© GVEA LSR Turbine Fuel (LSR) is currently being combusted in EU ID 5. This fuel is obtained from directly from the Petro Star Inc. (PSI) refinery via pipeline. PSI is supplying this fuel under a long-term contract with GVEA.
” EU ID 7 is limited to operating no more than 52 hours on a 12-month rolling basis per Permit AQ0110TVP03, Condition 10.

GVEA - North Pole Facility
PM, 5 NAA Serious BACT Analysis Page 3 November 2018
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Table 1-3. Significant Emission Unit Potential NOx Emissions

Sample Calculations:

- Propane heat content is assumed to equal 91.5 MMBtu/10® gallon per AP-42 Table 1.5-1.

Notes:

Turbine Emissions, tpy= (Emission factor, Ib/MMBtu) * (Capacity, MMBtu/hr) * (Operation, hr/yr) / (2,000 Ib/ton)
Engine Emissions, tpy= (Emission factor, Ib/hp-hr) * (Capacity, kW) * (Conversion, 1.341 hp/kW) * (Operation, hr/yr) / (2,000 Ib/ton)
Heater (Boiler) Emissions, tpy= (Emission factor, Ib/10°gal) * (Conversion, 10°gal/91.5 MMBtu) * (Capacity, MMBtu/hr) * (Operation, hr/yr) / (2,000 Ib/ton)

Significant Emission Units Factor NOy Emission Maximum Maximum Regulatory Limits Existing Control Technology Potential NOy

D Description Reference Factor Capacity Operation 9 i Description | Efficiency (pct.) Emissions
1 Simple Cycle Gas Turbine AP-42 Table 3.1-1 0.88 Ib/MMBtu 672 MMBtu/hr 8,760 hriyr NA Regsey';te;""e Unknown 1,600 tpy '
2 Simple Cycle Gas Turbine AP-42 Table 3.1-1 0.88 Ib/MMBtu 672 MMBtu/hr 7,992 hriyr? NA Reg?':e'f;'ve Unknown® 2,363.1 tpy
Fuel Storage Tank NA NA 50,000 Gallons 8,760 hriyr NA NA 0 tpy
4 Fuel Storage Tank NA NA 50,000 Gallons 8,760 hriyr NA NA 0 tpy
5 Combined Cycle Gas Turbi AP-42 Table 3.1-1 0.24 Ib/MMB 455 MMBtu/h 8,760 hr/ Subpart GG Water Injecti 3 478.3 !
ombined Cycle Gas Turbine - able 3.1- . u u/hr A rlyr 146 ppmvd at 15 pet. O, ater Injection 73 .3 tpy

. . Subpart KKKK - 3 1
6 Combined Cycle Gas Turbine AP-42 Table 3.1-1 0.24 Ib/MMBtu 455 MMBtu/hr 8,760 hrlyr 74 ppm at 15 pct. O, or 3.6 I/MWh Water Injection 73 478.3 tpy

Turbocharger
7 Emergency Generator Engine AP-42 Table 3.3-1 0.031 Ib/hp-hr 461.6 KW 52 hriyr® NA and ’i?;:f:;'e’ * 99 0.5 tpy
Operation

" Boiler AP-42 Table 1.5-1 13 |b/1oaga| 5.0 MMBtu/hr 8,760 hriyr NA NA 3.1 tpy
12 Boiler AP-42 Table 1.5-1 13 |b/1oaga| 5.0 MMBtu/hr 8,760 hriyr NA NA 3.1 tpy
Total Potential Emissions 3,969.8 tpy‘

" Combined emissions from EU IDs 1, 5, and 6 are limited to 1,600 tpy NOx emissions on a 12-month rolling basis per Permit AQ0110TVP03, Condition 13. Each unit can operate individually up to the potential emissions shown above.

2 EU ID 2is limited to operating no more than 7,992 hours on a 12-month rolling basis per Permit AQ0110TVP03, Condition 12.

3 AP-42, Table 3.1-1 infers a control efficiency of 73 pct. for water injection. While 77 pct. was listed in recent Emission Unit Inventory submittals, 73 pct. is used in this analysis. Permit AQ0110TVPO03, Condition 13.2 requires water injection for EU IDs 5 and 6.
“ Total potential emissions have been adjusted to reflect ORL restrictions.
° EU ID 7 is limited to operating no more than 52 hours on a 12-month rolling basis per Permit AQ0110TVP03, Condition 10.
© The EU ID 2 regenerative system was rebuilt during 2012-2013 and is expected to be more effective than the regenerative system on EU ID 1 but has not been quantified.

GVEA - North Pole Facility
PM, 5 NAA Serious BACT Analysis
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PM, 5 NAA Serious BACT Analysis

Table 1-4. Significant Emission Unit Potential PM, ; Emissions

May 10, 2019

Sample Calculations:

- Propane heat content is assumed to equal 91.5 MMBtu/10* gallon per AP-42 Table 1.5-1.

Notes:

Turbine Emissions, tpy= (Emission factor, Ib/MMBtu) * (Capacity, MMBtu/hr) * (Operation, hr/yr) / (2,000 Ib/ton)
Engine Emissions, tpy= (Emission factor, Ib/hp-hr) x (Capacity, kW) * (Conversion, 1.341 hp/kW) * (Operation, hr/yr) / (2,000 Ib/ton)
Heater (Boiler) Emissions, tpy= (Emission factor, Ib/1oagal) * (Conversion, 1oagall91 .5 MMBtu) * (Capacity, MMBtu/hr) * (Operation, hr/yr) / (2,000 Ib/ton)

' EU ID 2 is limited to operating no more than 7,992 hours on a 12-month rolling basis per Permit AQ0110TVP03, Condition 12.
2 EU ID 7 is limited to operating no more than 52 hours on a 12-month rolling basis per Permit AQ0110TVP03, Condition 10.

Page 5

Significant Emission Units Factor PM Emission Maximum Maximum o Limits Existing Control Technology Potential PM, 5
ID Description Reference Factor Capacity Operation Y Description | Efficiency (pct.) Emissions
1 Simple Cycle Gas Turbine AP-42 Table 3.1-2a 0.012 Ib/MMBtu 672 MMBtu/hr 8,760 hr/yr NA NA 35.3 tpy
2 Simple Cycle Gas Turbine AP-42 Table 3.1-2a 0.012 Ib/MMBtu 672 MMBtu/hr 7,992 hrlyr' NA Limited Operation | 9 32.2 tpy
3 Fuel Storage Tank NA NA 50,000 Gallons 8,760 hriyr NA NA 0 tpy
4 Fuel Storage Tank NA NA 50,000 Gallons 8,760 hriyr NA NA 0 tpy
5 Combined Cycle Gas Turbine AP-42 Table 3.1-2a 0.012 Ib/MMBtu 455 MMBtu/hr 8,760 hrlyr NA NA 23.9 tpy
6 Combined Cycle Gas Turbine AP-42 Table 3.1-2a 0.012 Ib/MMBtu 455 MMBtu/hr 8,760 hr/yr NA NA 23.9 tpy
Limited Operation
. + Positive
7 Emergency Generator Engine AP-42 Table 3.3-1 0.0022 Ib/hp-hr 461.6 kW 52 hr/yr2 NA Crankcase 99 0.035 tpy
Ventilation
1 Boiler AP-42 Table 1.5-1 0.7 Ib/10°gal 5.0 MMBtu/hr 8,760 hriyr NA NA 0.2 tpy
12 Boiler AP-42 Table 1.5-1 0.7 1b/10°gal 5.0 MMBtu/hr 8,760 hr/yr NA NA 0.2 tpy
Total Potential Emissions 115.7 tpy

August 2017
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Table 1-5. Significant Emission Unit Potential SO, Emissions

May 10, 2019

Sample Calculations:

Molar mass ratio is 32 Ib S/mol : 64 Ib SO,/mol

Stoichiometry: 1 mol S = 1 mol SO,

Mass Balance Emission Factor, Ib/gal = (Molar mass ratio, 2 Ib SO,:11b S) * (wt. pct. S in fuel) * (density of fuel, Ib/gal) / 100%

-Turbine startup fuel is assumed to have an average density of 6.2 Ib/gal. Emergency generator fuel is assumed to equal 7.1 Ib/gal per note (a) of AP-42 Table 3.4-1.

Turbine Emissions (Startup), tpy= (Emission factor, Ib/gal) * (Throughput, gal/yr) / (2,000 Ib/ton)

Engine Emissions, tpy= (Emission factor, Ib/gal) * (Capacity, gal/hr) * (Operation, hr/yr) / (2,000 Ib/ton)

Turbine Emissions (Normal Operation), tpy= (Emission factor, Ib/MMBtu) * (Capacity, MMBtu/hr) x (Operation, hr/yr) / (2,000 Ib/ton)

Heater (Boiler) Emissions, tpy= (Emission factor, Ib/10%gal) * (Conversion, 10°gal / 91.5 MMBtu) * (Capacity, MMBtu/hr) * (Operation, hr/yr) / (2,000 Ib/ton)

wt. pct. S (in diesel) =

- Propane heat content is assumed to equal 91.5 MMBtu/10° gallon per AP-42 Table 1.5-1.

Notes:

(Sulfur compound emission limit, ppmv SO,) * (Conversion, 1.66E-7 Ib SO,/scf / ppm SO,) x (F-factor, 9,190 scf/MMBtu) * (Conversion, 0.0193
MMBtu/lb) * (Conversion, mole SO,/64 Ib SO,) x (Conversion, mole S/mole SO,) * (Conversion, 32 Ib S/ mole S)

Significant Units Factor Maximum Fuel S0, Regulatory Limits Existing Control Technology Potential SO,
ID Description Reference Sulfur Content Factor Capacity Operation 9 v Description  |Efficiency (pct.)| Emissions
1 Simple Cycle Gas Turbine AP-42 Table 3.1-2a 0.50 wt. pet. s' 0.51 Ib/MMBtu 672 MMBtu/hr 8,760 hriyr Permit AQ0110TVP03 NA 1,486.4 tpy1
Combined emission limit of Limited
2 Simple Cycle Gas Turbine AP-42 Table 3.1-2a 0.50 wt. pet. S’ 0.51 Ib/MMBtu 672 MMBtu/hr 7,992 hriyr? 24,500 Ib/day’ Operation 9 1,356.1 tpy'
3 Fuel Storage Tank NA NA NA 50,000 Gallons 8,760 hriyr NA NA 0 tpy
4 Fuel Storage Tank NA NA NA 50,000 Gallons 8,760 hriyr NA NA 0 tpy
Low Sulfur Fuel
AP'(‘:]ZO Ii’f;j;za 0.005 wt, pct. S° 0.005 Ib/MMBtu 8,760 hriyr Subpart GG (0.05 pct by N/A 10.1 tpy
! ! P. 455 MMBtu/hr 150 ppmvd at 15 pet. O, or weight)
5 Combined Cycle Gas Turbine Mass Balance 0.8 wt. pet. S
4 .8 wt. pct. 4
(startup) 0.3 wt. pct. S 0.037 Ib/gal 1,500,000 gallyr NA NI/A
Total 10.1 tpy
Low Sulfur Fuel
AP-42 Table 3.1-2a 3 Subpart KKKK
(non-startup) 0.005 wt. pct. S 0.005 Ib/MMBtu 8,760 hr/yr 0.9 Ib/MWh emissions (0.05 pet by N/A 10.1 tpy
] ] 455 MMBtu/hr weight)
6 Combined Cycle Gas Turbine Mass Balance Subpart KKKK
4 4
(startup) 0.3 wt. pct. S 0.037 Ib/gal 1,500,000 gal/yr 0.06 1bSO,/MMBu fuel NA N/A
Total 10.1 tpy
7 Emergency Generator Engine Mass Balance 0.1 wt. pet. S° 0.014 Ib/gal 32 gal/hr® 52 hriyr’ NA Ol;;:rg:gn 99 0.01 tpy
Low Sulfur Fuel
11 Boiler AP-42 Table 1.5-1 0.012 wt. pet. S° 0.0012 1b/10°gal 5.0 MMBtu/hr 8,760 hriyr NA (propane - 120 Unknown 0.0003 tpy
ppmv)
Low Sulfur Fuel
12 Boiler AP-42 Table 1.5-1 0.012 wt. pet. st 0.0012 |b/1oaga| 5.0 MMBtu/hr 8,760 hr/yr NA (propane - 120 Unknown 0.0003 tpy
ppmv)
Total Potential Emissions| 2,862.6 tpy’

" EU IDs 1 and 2 can combust No. 1 and No. 2 fuel oil, which (by specification) can have a maximum sulfur content of 0.5 wt. pct. The two emission units may emit no more than 24,500 pounds of SO, per day, combined,

per Permit AQ0110TVPO03, Condition 14. The fuel oil sulfur content specification of 0.5 wt. pct. S is more restrictive. Each unit could be operated individually up to the potential SO, emissions shown above.
2 EUID 2is limited to operating no more than 7,992 hours on a 12-month rolling basis per Permit AQ0110TVP03, Condition 12.

3 The normal operating fuel for EU IDs 5 and 6 is LSR Naphtha obtained from PSI under a long-term contract. The sulfur content of the LSR is limited to no more than 30 ppmw by the terms of that contract, a small percentage (<2%) of fuel may be made up with other

naphtha blends with sulfur content no more than 50 ppmw. A conservative fuel sulfur content of 50 ppm is used for calculating SO, emissions from EU IDs 5 and 6.

4 EUID 5 is a "base-load” unit that is operated continuously for extended periods of time. EU ID 6, if constructed, will be operated in the same manner. As a result, startups on No. 1 or No. 2 fuel oil are infrequent, so potential emissions from startups are not included.

5
6
7
8
9

GVEA - North Pole Facility
PM, 5 NAA Serious BACT Analysis

EU ID 7 is limited to a fuel sulfur content of 0.1 wt. pct per Permit AQ0110TVP03, Condition 9.
The engine specification datasheet indicates a maximum fuel throughput of 32 gal/hr.
EU ID 7 is limited to operating no more than 52 hours on a 12-month rolling basis per Permit AQ0110TVP03, Condition 10.
EU IDs 11 and 12 are limited to a fuel sulfur content of 0.012 wt. pct. per Permit AQ0110TVP03, Condition 11.
Total potential emissions have been adjusted to reflect annual operating hour restrictions.

Page 6
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Table 1-6. Significant Emission Unit Potential VOC Emissions

Sample Calculations:

Turbine Emissions, tpy= (Emission factor, Ib/MMBtu) * (Capacity, MMBtu/hr) * (Operation, hr/yr) / (2,000 Ib/ton)
Engine Emissions, tpy= (Emission factor, Ib/hp-hr) * (Capacity, kW) * (Conversion, 1.341 hp/kW) * (Operation, hr/yr) / (2,000 Ib/ton)

Heater (Boiler) Emissions, tpy= (Emission factor, |b/1osgal) * (Conversion, 1osga|/91,5 MMBtu) * (Capacity, MMBtu/hr) * (Operation, hr/yr) / (2,000 Ib/ton)

- Propane heat content is assumed to equal 91.5 MMBtu/10® gallon per AP-42 Table 1.5-1.

Notes:

"EU ID 2 is limited to operating no more than 7,992 hours on a 12-month rolling basis per Permit AQ0110TVP03, Condition 12.

2 EU ID 7 is limited to operating no more than 52 hours on a 12-month rolling basis per Permit AQ0110TVP03, Condition 10.

GVEA - North Pole Facility
PM, 5 NAA Serious BACT Analysis

Page 7

Significant ission Units Factor voc Regulatory Limits Control Tech y Potential VOC

ID Description Reference Factor Capacity Operation 9 i Description | Efficiency (pct.) Emissions

1 Simple Cycle Gas Turbine AP-42 Table 3.1-2a 0.00041 Ib/MMBtu 672 MMBtu/hr 8,760 hriyr NA NA 1.2 tpy

2 Simple Cycle Gas Turbine AP-42 Table 3.1-2a 0.00041 Ib/MMBtu 672 MMBtu/hr 7,992 hrlyr' NA Ol;)lgl"g?ign | 9 1.1 tpy

3 Fuel Storage Tank TANKS 4.0.9d - 50,000 Gallons 8,760 hriyr NA NA 0.04 tpy

4 Fuel Storage Tank TANKS 4.0.9d - 50,000 Gallons 8,760 hriyr NA NA 0.06 tpy

5 Combined Cycle Gas Turbine AP-42 Table 3.1-2a 0.00041 Ib/MMBtu 455 MMBtu/hr 8,760 hr/yr NA NA 0.8 tpy

6 Combined Cycle Gas Turbine AP-42 Table 3.1-2a 0.00041 Ib/MMBtu 455 MMBtu/hr 8,760 hr/yr NA NA 0.8 tpy

7 Emergency Generator Engine AP-42 Table 3.3-1 0.003 Ib/hp-hr 461.6 kW 52 hriyr® NA O';Z,g:gn | 99 0.0 tpy

11 Boiler AP-42 Table 1.5-1 0.8 Ib/10°gal 5.0 MMBtu/hr 8,760 hr/yr NA NA 0.2 tpy

12 Boiler AP-42 Table 1.5-1 0.8 Ib/10°gal 5.0 MMBtu/hr 8,760 hr/yr NA NA 0.2 tpy
Total Potential Emissions 4.5 tpy

May 10, 2019

August 2017
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BLAN « DEfICE GO TECHNICAL MEMORANDUM

Client # PO 201751812 Date June 28, 2017
David Sandberg, EIT,
PDC # 17099FB Prepared by Karen Brady, PE
Project Name North Pole Fuel Storage Facility Reviewed by Keith Hanneman, PE
Subject Concept Design Alternative Site Layout
Topic Discussion
Summary The proposed Bulk Fuel Tank Farm and Terminal Facility at the GVEA site in North

Pole will provide a dependable fuel source for GVEA’s critical power generation
operations. The purpose of this technical memorandum is to present the
requirements for the facility along with alternatives (including costs) for the site
arrangement and recommendation.

The various functions of this facility would include storing fuel for the existing power
generating systems, with the ability to load and unload fuel from tanker trucks and
to unload rail cars on site. It will also provide GVEA with the ability to receive both
ultra-low sulfur diesel (ULSD) and QB naphtha from Petro Star to fill the tanks. The
facility arrangement will accommodate Interior Gas Utility’s (IGU) future needs for
liquid natural gas storage, regasification for distribution and GVEA power use.
Additionally, it will provide space for a Petro Star rail loading and unloading rack
with driveway access to H&H Road and Old Richardson Highway through the GVEA
138 kV right-of-way.

This memo was developed based on information provided from the following:

e PDC Engineers has developed the site arrangements and general coordination
between the various stake holders including GVEA, Petro Star, Alaska Railroad,
and Interior Gas Utility (IGU).

e (Great Northern Engineers (GNE) has developed the design criteria and details for
the fuel tanks, containment, controls, pumping, and fuel piping. The costs
associated with these items were estimated by GNE.

e Shannon & Wilson has provided a soils analysis and general recommendations
based on historical data and recent borings.

e CHI has provided thermal exclusion zones for the future IGU storage facilities.

e HMS, Inc. provided the overall estimate for the three alternatives incorporating
the fuel infrastructure pricing that GNE provided, along with additive alternates.

Following the review of these concepts with GVEA and consensus on the preferred
alternative, the design team may be given notice to prepare construction documents.

P:\2017\17099FB-GVEA_3M_NPGC\5Rprts\Narrative\17y06m28d_Tech Memo_GVEA Fuel Storage.docx

ANCHORAGE FAIRBANKS JUNEAU PALMER SOLDOTNA
2700 Gambell Street, Suite 500 1028 Aurora Drive 6205 Glacier Highway 125 W. Evergreen Avenue, 170 E. Corral Avenue, Suite 2
Anchorage, AK 99503 Fairbanks, AK 99709 Juneau, AK 99801 Suite 102 Soldotna, AK 99669
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General Facility
Requirements

The major components of this facility are summarized below. For further details see
the attached Basis of Design.

Fuel Storage
Tanks

The overall volume for fuel storage is being evaluated by others. Based on the initial
evaluation this concept is to provide a total of 3 million gallons (MMG) storage in two
tanks. GVEA will have the ability to store either ULSD or QB Naphtha with one tank
having a fixed roof and the other a floating roof (as required for QB Naptha).

Based on soils information there is approximately 6 to 10 feet of silt overlying
alluvial sands and gravels that would need to be removed and replaced with gravel
following deep dynamic compaction beneath the proposed tank foundations.

The tanks would be constructed within a 6- to 7-foot-high containment dike that
would hold 110% of the capacity of a single tank plus precipitation and freeboard.
They would be surrounded by a 7-foot-tall security fence that would have gated
vehicle access.

Fire Suppression

The fuel tanks would be protected from fire with a fire suppression system, as
required by the Fire Marshall since each diesel tank will exceed 1,500 SF of surface
area (a much smaller 364,000-gallon tank about 44 feet in diameter would have
1,500 SF surface area). This system would consist of aqueous film forming foam
(AFFF) water supply lines originating from a room in the Pump Building that would
route to shell mounted foam chambers on each tank.

This automated foam system, which will respond when triggered by an alarm, will be
housed in the pump building. Additional firefighting infrastructure will be installed
around the tank farm, truck rack and rail facility.

Truck Unloading/
Loading

The truck unloading/loading facility would allow for filling or receiving fuel from
two A-train double fuel tanker trucks simultaneously at two stations at a maximum
rate of 600 gpm per station. It will be a paved surface with a concrete drive-on lane
provided with spill containment and drive-off protection. Surface water will be
routed to an oil/water separator which would discharge clean water to surface and
oily water to the City of North Pole’s industrial wastewater line along H&H Road.

Railroad
Unloading

A rail spur would be constructed to support the proposed rail rack. This would
provide two spurs, with a combined capability of receiving up to 20 23,500-gallon
tanker cars. These are the same size cars used for rail distribution at the Flint Hills
Terminal Facility. The volume will vary with the site layout, from 423,000 to 470,000
gallons. The rail rack would support unloading ULSD from two rail tanks
simultaneously at a maximum rate of 600 gpm. Containment would be provided for
potential spills to hold the volume of one car (23,500 gallons).

In order for the rail cars to be positioned for unloading, a Trackmobile would be
provided along with a 30°x45’ CMU structure for housing it at the end of the spur.
The trackmobile would be operated by GVEA. A small, heated, wood-framed
structure would be provided for operators unloading train cars to warm up in during
the winter.




PUBLIC NOTICE DRAFT May 10, 2019
17099FB- GVEA Fuel Storage Facility
Concept Design Tech Memo

June 28, 2017
Page 3

The cost of the rail tracks is included in the estimates for this project and is broken
into GVEA, IGU, and Petro Star Rail facilities.

Fuel Metering and
Quality Assurance

Liquid metering systems will be provided for all fuels entering and leaving GVEA
custody. Meters will be used to deliver a determined flow rate and comply with
standard local and federal codes for fuel handling.

Instrumentation will be Ovation or at least compatible with the existing Ovation
Terminal Management System. Meters will be periodically tested with a prover
system to ensure they accurately record the quantity of fuels transferred.

Fuels quality can be assured through on-site laboratory analysis. The fuels quality
control lab will be located in the control building and have the necessary equipment
to verify all fuel cargo and inventory meet the standards required, particularly for
low sulfur fuel.

Buildings

A 30’x40’ pump house building would be provided to house four centrifugal pumps
along with small transfer pumps associated with tank fill/suction, and supply to the
fuel transfer facility. It would also contain a pair of filter trains for particulate and
water removal for fuels entering and leaving the storage tanks. The building would
house two oil water separators. One to treat surface water from the tank containment
and unloading facilities. The other to treat water removed from the storage tanks. This
building would also house the AFFF support system. The building would be
approximately 1,200 sf constructed of CMU block. It would be heated to maintain a
comfortable working temperature during the winter utilizing heat from the control
building.

The 30'x40’ control building would house controls, a single office space, storage
dedicated to the maintenance and operation of this facility, and a bathroom. This will
be the central point of operation of the facility but will integrate with the facility
operations by means of a packaged terminal management system. This building would
be similar size and construction to the pump house building.

Exterior Fuel
Piping

The fuel piping would be ASTM A53 Gr. B, Sch. 40 steel pipe rated for an ANSI Class
150 system. It would be fabricated and installed in accordance with ASME B31.3
standards for welding and non-destructive examination requirements.

Piping systems shall be buried where appropriate, adequately supported when
above ground, and designed to withstand the maximum stresses in accordance with
ASME required load combinations such as pressure, thermal expansion, gravity loads
and seismic loading.

All piping will include a three-coat exterior field coating consisting of an appropriate
epoxy system with a urethane topcoat to prevent chalking and UV degradation.

Security

Physical security would be provided at the facility with a 7-foot chain link fence
topped with razor wire to surround the fuel tanks, rail and truck facilities. Access
would be provided to vehicles with electronic proximity readers. Building access
would also utilize electronic proximity readers and Best type “TC” keying standard.
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Tanks will be located to provide separation distances and vegetated buffers. CCTV
surveillance would be provided through video monitoring at vehicle gates, building
entrances, perimeter fence, pump control rooms, truck unloading area, and rail area.
Intrusion detection would be provided using infrared sensors for motion detection in
addition to magnetic switches at doors.

Alarming and monitoring will be provided from a central panel to dispatch local
police to potential trespassers should an alarm get triggered.

Access Road

A new paved access road to the power plant would allow GVEA to enter the NPEP
and NPG property off of H&H Road without going through Petro Star or Flint Hills.
The alignment would be south of the existing traveled way to provide a corridor for
the fuel piping between the road and the existing infrastructure. It will be a 30-foot
wide, paved, and have gated access off of H&H road. This road would also allow
access fuel storage in Alternatives 1A and 1B.

Interior Gas
Utility Shared Use
of Land East of
H&H Road

GVEA has committed to shared use of their land east of H&H with IGU to support IGU
development of LNG offloading, storage, and re-gasification to support GVEA power
generation and IGU’s distribution system. To make sure that the alternatives
developed for the GVEA fuels were compatible with code/safety requirements, CHI
Engineering performed a planning level analysis on the storage volumes required for
the following scenarios as discussed during the project kick-off meeting:

1. Short Term: 3 years to support IGU growth into Phases 1-3
a. Distribution 100 psi maximum - odorized
b. 150,000 gallon storage (three 75,000 gallon horizontal tanks to provide
(N+1))
c. 5 day storage needed for residential
2. Long Term: After 3 years to meet long-term growth for IGU into Phase 1-3 and
GVEA power generation
a. May want to increase residential to 7 day supply or 300,000 gallons
b. 700,000 gallons of LNG storage (7 day supply at 100,000 gallons per day) as
previously discussed by GVEA as potential.
c. 1,000,000 gallons of LNG storage for combined GVEA and residential.
3. Ultimate Plan
a. IGU isrequired to provide 5 days of storage for firm customers and will work
with GVEA on shared storage. As additional IGU customers are added, the
storage will increase. Ultimate storage quantity is undefined at this time so it
is important to have room for expansion.

Based on the above storage volumes, the offsets required for the 10,000 kBTU/hr/
square foot LNG thermal exclusion zone to property lines or facilities that are not
under IGU’s control are:
e Short Term 75k Gallon horizontal tanks and LNG unloading station: 184-foot
radius
e 1.0 MMG Single Containment: 439’ radius
1.0 MMG Full Containment: 134’ radius
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In addition to the tanks, the IGU use will include the “balance of plant,” which
includes:

Two low-pressure vaporization trains for distribution

One high-pressure vaporization train for GVEA powerplant needs
Truck unloading stations for unloading two trucks simultaneously.
Plant control building

boil-off system

control and hazard detection systems

send-out metering

pressure regulation and odorization

fire protection

plant utilities

hazard detection systems.

The planning also included parallel rail spurs to stage railcars for LNG ISO tank
offloading. The offset for the railcar unloading to property line and buildings for the
10,000 kBTU/hr/square foot LNG thermal exclusion zone was assumed to be

125 feet but needs detailed coordination with the ARRC before being finalized.

At this planning level, it appears there is sufficient space along the H&H side of the
large trapezoidal parcel for the short-term horizontal storage and the balance of
plant while allowing room for the future 1MMG single containment storage tank.
This is the preferred configuration by IGU as it reduces their development costs.

The final determination of space requirements will require performing a Facility
Plan study for the IGU operations at this site. In case the Facility Plan shows that the
truck unloading facility or short-term horizontal storage will not fit, the triangle
parcel north of the GVEA fuel lines should be reserved for this potential use.

City of North Pole
Water Source
Protection

The City of North Poles water supply wells are located approximately 34 of a mile
from the proposed fuel facility. Groundwater modeling that was performed for the
ADEC Approval to Construct the wells shows that the boundary for the 2-year area of
influence crosses through the proposed site. This is shown in the Site Layouts C1-C3.

There are two boundary lines shown on the drawing. The minimum area crosses
through the parcel of land east of H&H Road. This assumes that the ground is free of
permafrost. The maximum area boundary is located just west of H&H Road.
Construction of the fuel storage facility within the area of influence will likely require
mitigation to show the City that the wells are protected from potential spills.
Additional coordination with ADEC, the City, soil investigation, and groundwater
modeling would be needed for placement of tanks within this area. Also, additional
soil testing may be required to verify if permafrost is present within the area of
influence.

Alternatives

Three alternatives were developed to evaluate the best use of space. The alternatives
are described below and shown in attached Site Layouts C1-C3. The cost breakdowns
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are also attached. Based on the estimates, there is only a 2% difference in cost
associated with the alternatives; therefore they should be considered equal at this
stage. There is a 50% contingency included in the costs for budgeting.

Alternative 1

Fuel Storage Tanks West of H&H Road

The Tank Farm is sited west of H&H Road and located inside a perimeter that is
already fenced. Pump and control buildings are located adjacent to tank farm. The
rail facility is located east of H&H. The future peaker plant may be located north of
the future rail facility, and future fuels expansion would be possible adjacent to Old
Richardson Hwy.

There are two variations with this alternative. In Alternate 1A the truck facility
would be located adjacent to the fuel facility on the west side of H&H Road and
would require the purchase of additional land from Flint Hills. In Alternative 1B the
tanks would be rotated 90° to keep them within the limits of GVEA property and the
truck facility would be located on the east side of H&H Road.

e Cost: $26,800,000
e Pros
0 Tanks (and truck facility in Alt 1A) would be located away from future IGU
infrastructure reducing impacts associated with those unknowns
0 Maintains all future items east of H&H Road
0 Fuel storage tanks would be located outside of the 2-year area of influence
for the City of North Poles water supply wells.
e Cons
0 Property must be acquired from Flint Hills Resources (FHR) for Alt 1A
0 Noroom for future fuels storage west of H&H
0 Cold storage tent demolition required for construction of the tanks
0 Potential demolition of existing FHR structures and obstructions
requirement (foundations, abandoned piping, conduit, pavement, etc.)

Alternative 2

Fuel Storage Tanks East of H&H Road

Tank Farm is sited east of H&H Road, north of rail facilities. Pump and control
buildings are located in-between the tank farm and H&H. The future peaker plant
may be located west of H&H, closer to the North Pole Expansion Plant, and future
fuels expansion would be possible adjacent to Old Richardson Hwy.

e Cost: $26,500,000
e Pros
0 All existing and future power generation occurs west of H&H Road; would
allow for future Peaker Plant to be near other turbine plants
0 No additional property acquisition from FHR required
0 One less pipe crossing H&H Road
0 Room for additional fuels storage. If the tank farm needed additional capacity
in future the tanks would be grouped together and could share spill
containment/drainage, fire suppression, piping, etc.
0 Cold Storage Building demolition not required for fuel storage construction
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e (Cons
0 Less efficient tank farm dimensions to fit site
0 Truncated north GVEA rail spur to site Tank Farm (2 less rail cars)
0 More congestion sharing space with Petro Star & IGU
0 Potentially increased soils improvement requirement
0 Mitigation will likely be required to protect City of North Poles water supply
wells.
Alternative 3 Fuel Storage Tanks Adjacent to Old Richardson Highway
Similar to Alternative 2, Tank Farm is sited east of H&H Road, north of rail facilities.
Pump and control buildings are located in-between the tank farm and H&H. Future
peaker plant may be located west of H&H, closer to the North Pole Expansion Plant,
and more convenient future fuels expansion would be possible to the west of the
Tank Farm.
e Cost: $27,400,000
e Pros
o0 Similar to Alternative 2, as all power generation occurs west of H&H Road
and Cold Storage does not require demolition for fuel storage
construction,but allows easier access for future construction equipment if
additional tanks were added and is more flexible if desired tank size
increases.
o0 Simplifies access to Petro Star Rail Facility
0 Does not bottleneck future development of GVEA land from the west
e Cons
0 Less efficient tank farm dimensions to fit site
0 Greater earthwork requirement for deeper overburden on east side of site
0 Potentially increased soils improvement requirement
0 Greater length of piping than Alternative 2
0 Mitigation will likely be required to protect the City of North Poles water
supply wells.
Recommendation Each alternative is technically viable; however Alternative 1 would keep the fuel

storage tanks out of the City of North Poles 2-year Area of Influence which would
simplify the permitting process.

Alternative 1A would keep all future facilities east of H&H allowing for the need,
sizing, and layout to be further developed with little impact to the storage facility.
The other alternatives do not have any significant operational or future expansion
benefits. There is also a chance that the peaker plant may not be installed in North
Pole. In the event that GVEA wants it to be closer to the other generation facilities in
North Pole there is a possibility of that to be installed east to of the Old Turbine
Building.
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Client # PO 201751812 Date June 28, 2017

David Sandberg, EIT, Karen
PDC # 17099FB Prepared by Brady, PE
Project Name North Pole Fuel Storage Facility Reviewed by Keith Hanneman, PE
Subject Basis Of Design
Topic Discussion
Introduction The purpose of this technical memorandum is to present the basis of design for the

proposed North Pole Fuel Storage Facility.

Design Criteria e API-650 Standard, Welded Tanks for Alaska Railroad - Technical Standards

0Oil Storage for Roadway, Trail, and Utility
e ASME B31.3, Process Piping Facilities in the ARRC Right of Way
e NFPA59A e MUTCD 2016 Edition - Manual on
e 20121IFC Uniform Traffic Control Devices
e ADEC e (City of North Pole standards and
e 20151IBC ordinances
e AASHTO e 49CFR Part 193 Liquefied Natural
e ADOT&PF Driveway Standards Gas Facilities: Federal Safety

Standards

Fuel Storage Tanks Size
e Two (2) 36,000 bbl welded steel tanks, for a total storage capacity of 3 million
gallons
e (Constructed in accordance with the API-650 Standard, Welded Tanks for Oil
Storage
e 85 feet in diameter and 40 feet tall.
e 36-foot nominal fill height

Configuration

e One (1) internal floating-roof tank for storing more volatile QB Naphtha which
Petro Star currently supplies to GVEA. This will prevent vapor emissions from
exiting the tank for product conservation and air quality and safety.

e One (1) external fixed-roof tank will store ULSD,

e The construction scope for the tanks would include fabrication, delivery,
erection, non-destructive examination, internal appurtenances, hydrostatic
testing, and field coating of the tank interior bottom and exterior.

o The tanks would be entirely field fabricated, although shell plates could be rolled,
sandblasted and primed prior to delivery to the job site. Field striping of shell
welds and final coatings would be performed after erection.

o The Contractor would erect the tanks on the already completed foundations and
corrosion protection beds.

P:\2017\17099FB-GVEA_3M_NPGC\5Rprts\Narrative\17y06m28d_Basis Of Design_GVEA Fuel Storage.docx
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e Appurtenances for the tanks would consist of cargo and service nozzles, water
draw-off system, auto gauge level controls, level switches for overfill prevention
and pump protection, pressure/vacuum conservation venting, shell mounted AFFF
supports, and double block and bleed plug valves on cargo and service tank
nozzles.

Foundations

e Soil conditions and geotechnical engineer’s recommendation, based on the tank
loads, will govern. (See attached “Geotechnical Findings Report.”)

e Asis common in the Fairbanks area, proposed sites have significant liquefaction
hazard, primarily loss of shear strength and settlement during seismic events,
due to unconsolidated alluvial deposits at depth.

e Site preparation for all structures will require removal of surficial silty frost
susceptible soils and replacement with compacted structural fills.

e Ground improvement will include the entire structure footprint and extend out
beyond the outside edge of all foundations a minimum of 25 feet.

e Depth of ground improvement is between 30 to 35 feet below grade.

e Deep dynamic compaction (DDC) is recommended for ground improvement.

o Consider future site expansion/development when defining limits of ground
improvement.

e Consider ground improvement during periods of low groundwater to maximize
depth of improvement (spring, typically).

e Excavation for tank foundations assumes 10 feet of native soils will be removed
and NFS structural backfill imported, per geotechnical report.

e Tank foundations would be nominally 5 feet deep concrete ring wall and be
constructed in a typical stem ring wall/footer configuration.

e Tank foundation will have significant amounts of steel reinforcement (typical)

e Tank stem walls will be nominally 16 to 20 inches thick with footers that are
approximately 6 feet wide (typical)

e Given the ratio of the height to diameter tank anchoring to the foundation is
likely not required.

Setbacks

¢ Minimum distance to nearest property line that is or can be built upon including
the opposite side of a public way: 1/2 tank diameter or 42.5 feet

e Minimum shell-to-shell tank spacing: 1/6 times sum of adjacent tank diameters
or 28.5 feet

e Setback from tank and rail car loading/offloading to tanks, buildings, property
lines: 25 feet

e Minimum distance from nearest side of any public way or from nearest
important building on the same property: 14.17’

e (Construction and maintenance clearances: Minimum 20 feet clear between the
tank shell and inside toe of the adjacent dike walls is desirable.

e Homeland Security does not have criteria that apply to this facility. However, the
site arrangement will be sent for review.
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General setbacks used for the alternatives match those used by Flint Hills on the
adjacent property.

Containment

The tanks would be constructed within an earthen containment dike that is
capable of holding a minimum of 110% of the largest tank volume in the event of
arelease, with an allowance for local precipitation and freeboard.

The containment area would allow for controlled drainage via a subgrade
collection system consisting of catch basins, perforated pipe within the porous
backfill, and heat traced arctic pipe routed to a central Oily Water Separator
(OWS) which also will handle oily water from the rail and truck loading racks
before discharging into the city sewer system.

The berm is assumed to be constructed to approximately 6-7 feet above tank
farm finished grade.

The berm would have a minimum 3-4 foot flat top (10 feet desirable for ease of
construction and maintenance) where the containment liner membrane would
be anchored.

This berm would have an outside toe to toe dimension of approximately 28 feet
ata 2H:1V slope, which is suitable to maintain vegetation

The containment dike will be underlain with a geo-membrane that is impervious
to the petroleum products being stored. The geo-membrane liner will be seam
welded and would be installed with a layer of bedding sand and geotextile
protective fabric on either side to prevent tearing or puncturing the liner during
installation or compaction efforts. The liner would be continuous underneath the
tank ring wall foundations.

Tank foundations would be constructed with a separate membrane underneath
and within them. This would contain a tank bottom leak inside the foundation
system without impacting the rest of the site.

A leak detection system within the foundation containment will allow for
notification if a tank leak has occurred.

Excavation for areas not directly underneath tanks is assumed to require the
removal of 4 feet of native soils. A geotextile liner will be installed with a
minimum 12 inches of bedding material above and below it for protection

Corrosion Protection

Sacrificial anode grid system installed in the bedding beneath each tank to
protect the underside from corrosion by means of an impressed current system
that requires an external power supply and a rectifier. This is the most common
system utilized for tanks of this size and type

Tanks will be externally coated with a three component coating system
consisting of prime, intermediate, and top coat. The first two coats are assumed
to be a polyamide epoxy and the top coat, polyurethane to prevent chalking of
the epoxy when exposed to UV light for extended periods of time.

Testing

The tanks would be hydrostatically tested with water in accordance with API 650
prior to turn over to the Owner.
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e This water will require a permit from ADEC and the City in order to discharge it
to the city sewer system.
Rail Offloading Rate

e 600 gallons of ULSD per minute per railcar
e Ability to unload two rail cars simultaneously

Rail Spurs

Based on 55’-7-1/8” Tanker Cars (23,500 gallons per car) used at FHR
No. 11 switch from main railroad track

No. 9 switches on rail spurs

Parallel rail spurs to stage railcars for the offloading process.

Gated at eastern end of primary GVEA rail spur

Capacity for 20 railcars in Alternatives 1 & 3

Reducedcapacity 18 railcars in Alternative 2

Rail Unloading Rack

e Heated building for personnel and fuels equipment and metering/operations

e Design spill containment: 30,000 gallons

e Trackmobile used to stage railcars during unloading operations

e Heated building at west end of rail spur for Track mobile storage and
maintenance

e (Capacity of 470,000 gallons of fuel per delivery in Alternatives 1 & 3

e (Capacity of 423,000 gallons of fuel per delivery in Alternative 2

Piping

e One directional flow from unloading rack

e Process piping will run between the rail spur with inlet points directed to each of
the two rail spur lines.

e Avoid running pipes beneath rails if possible

e Multiple 10-inch pipelines from rail rack to filtration equipment for redundancy.

o All fuel received will pass through filtration equipment consisting of particulate
filters prior to entering the storage tanks.

Oily Water Collection System

e System of sumps beneath rail unloading rack will collect spills and pass through
a central OWS which also will handle oily water from tank farm and truck loading
racks before discharging into the industrial wastewater line along H&H Road.

Trackmobile Building (New)

e The Trackmobile building will be an approximately 30°x45’ structure with a
concrete slab on grade capable to support the weight of the Trackmobile unit.

e The walls will be CMU block.

e Eave height will be approximately 18 feet to allow for an approximate
14’'Wx16’H overhead door.

e Roofto be wood trusses on 3:12 pitch.
¢ Install 2-ton underhung trolley
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* Building heat to come from shared heat of Control Room Building and Pump
House Building
GVEA Rail Facility Warm-Up Hut (New)
e Warm-up hut to be 8'x12’ wood framed building with concrete slab on grade
floor
e Walls to be supported by thickened edge slab
e Eave height will be approximately 8’
e Roof will consist of wood trusses with 4:12 pitch
e Building will have single man door and three windows on non-door walls
¢ Building to have electric heat
Truck Loading and General Description
Unloading e Designed to accommodate two (2) “A-Train” double fuel tanker truck
configurations for both fuel loading/unloading simultaneously at 600 GPM each

e 40 foot minimum turning radius

e Two fueling positions for ULSD. Naphtha will not be sent or received by truck.

e Currently we have the costs captured to:

1) Offload two tankers simultaneously.
2) Load two tankers simultaneously
3) Offload and load two tankers simultaneously with the same product.

e Located adjacent to a concrete drive-on lane, that is depressed in its center to
provide the code required containment during transfers.

e This concrete slab would be heat traced to allow removal of ice in winter. Waste
heat with heating source will be used.

e Sump will connect to oily water collection system, pass through a central OWS,
which also connects to the tank farm and the rail rack, and then discharge into
the industrial wastewater line along H&H Road.

e The truck loading rack would not be covered and no structure is included.

e The system would contain the necessary primary and secondary shutoff valves,
metering, overfill prevention system, drive-off protection, and terminal
management system.

e Each loading station on the truck loading rack would consist of a meter with a
totalizer and reset.

e A flow control valve would be used to control the flow into the tanker trucks to a
set point and would provide the dead-man shutoff point.

Loading

Loading product will be drawn from the respective tank, through a service
header pipeline and into the suction of the diesel supply pumps located in the
pump building. The fuel will be pumped to the Truck Loading Rack.

The system would also include an overfill prevention system. We have assumed
that vapor recovery is not required, and do not believe that it is due to the
relatively small throughput planned for the facility

Two loading arms

Offloading
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e Offloading would consist of a 4-inch hose feeding an 8-inch pipeline that leads
into the suction of the offloading pump in the pump building.
Waste Heat e To add efficiencies into this project, waste heat from NPEP will be used to heat

structures and the truck loading slab, with secondary source to be used when the
turbines are not in operation.

Facility Buildings Pump House/Filtration Building

30’x40’ CMU block with metal roof, insulated and heated

Waste heat used as primary heat source with backup secondary source
Clearance to other structures: Minimum 25 feet from loading/unloading racks
and 14.17 feet from the tanks

Parking for maintenance staff

Foundation designed to contain fuel releases and drain them to a common
collection area with the associated alarms to notify the facility operators.
Overhead door

Four (4) large centrifugal pumps, along with smaller transfer pumps with a
combined horsepower of nominally 250 HP.

Steel piping, small volume product recovery system, valves, and vessels

A pair of filter trains located within the building to provide particulate and water
removal as needed for incoming and outgoing fuel.

Overhead crane rail for equipment maintenance

Structural access walkways

Lighting and Equipment power

Ventilation

AFFF fire suppression system equipment

Controls suitable for use in a hazardous environment

All other associated services necessary to ensure safe and reliable function and
access for maintenance and operations.

Control Building (Controls, AFFF, Maintenance, and Storage Building)

30’x40’ CMU block with metal roof, insulated and heated

Waste heat used as primary heat source with backup secondary.

Clearance to other structures: Minimum 25 feet from loading/unloading racks
and 14.17 feet from the tanks

Parking for office and maintenance staff

Single office shared fuels control room

Single unisex bathroom

Water, sewer, and electrical service

Heated fueling support equipment storage with overhead door

Mechanical room

Concrete foundation that is designed to suit the soil conditions and is based on
the outcome of the geotechnical soils report. Spread Footing and stem wall on
improved ground located below frost line is typical.

The offices would be finished in typical office environment fashion and in
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accordance with the occupancy requirements determined by the International
Building Code, and will contain document storage

The shop and storage areas of the building would consist of relatively unfinished
interiors typical of maintenance and storage shops in arctic environments, and
will contain spare parts associated with the facility

The fuel quality control lab would have the necessary ventilation hoods, and the
necessary lab equipment would be adequately supported by the building
infrastructure, i.e. power, lighting, heat, and ventilation.

Fuel Metering and
Quality Assurance

Liquid metering systems will be provided for all fuels entering and leaving GVEA
custody. Meters will be used to deliver a determined flow rate and comply with
standard local and federal codes for fuel handling.

Instrumentation will be Ovation or compatible with Ovation as part of the
Terminal Management System. Meters will be periodically tested with a prover
system to ensure they accurately record the quantity of fuels transferred.

Fuels quality will be assured through on-site laboratory analysis. The fuels
quality control lab will be located in the control building and have the necessary
equipment to verify all fuel cargo and inventory meet the standards required,
particularly for low sulfur fuel.

Fuel Piping

See attached pipe schedule.

All fuel piping will be ASTM A53 Gr. B, Sch. 40 steel pipe rated for an ANSI Class

150 system.

Piping will be fabricated and installed in accordance with ASME B31.3 standards

for welding and NDE requirements.

All piping will include a three (3) coat exterior field coating consisting of an

appropriate epoxy system with a urethane topcoat to prevent chalking and UV

degradation where exposed.

Cathodic protection will be provided. The selection will take into account the

proximity of existing piping and its interaction. This will likely be a passive

anode system.

Piping systems shall be buried where appropriate, adequately supported when

aboveground, and designed to withstand the maximum stresses in accordance

with ASME required load combinations such as pressure, thermal expansion,

gravity loads and seismic loading.

Pipe Slopes -

0 Fuel piping will be graded to slope towards drain points for defueling lines
for maintenance where possible.

0 Offloading piping will be sloped towards pump to allow for system clearing
between cargo deliveries.

0 AFFF piping shall be sloped to meet code with low point drains.

Security Access Control - Physical and Electronic

Chain link fence with minimum fabric height of 7 feet around tank farm, rail and
truck facility. All perimeter fence shall be topped with razor wire.
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Crash barriers as required by industry best practices

Powered gates will be provided at all access points to tank farm, truck and rail
facility, and North Pole Expansion Plant Campus

Personnel gates

Door Hardware - Best type “TC” keying standard

Electronic access at building entrances: Proximity - close read which is currently
used at GVEA.

Electronic access at vehicle gates: Proximity - large gap read range which is
currently used at GVEA.

Electronic access at locations where additional verification level is desired:
Proximity with PIN to open the door without an alarm.

CCTV Surveillance

4 Megapixel video monitoring at vehicle gates, building entrances, pump control
rooms, perimeter fence, truck loading area, and at the tank farm near controls
and valves

3-7 day local video storage if central connection disrupted

Centralized security monitoring office located in the Illinois Street headquarters
campus with redundant monitoring available at North Pole Expansion Plant.
Central storage facility that is expandable

Duration of video saved: 30 days

Intrusion Detection

Perimeter motion detection (infrared)

Wide gap balanced magnetic switches used at gates and overhead doors which
are less susceptible to spoofing

Magnetic door contracts for interior applications

Motion detection (Infrared) used as backup for magnetic door contracts

Alarming and Monitoring

Central alarm

Central logging

Remote alarm monitoring; since the facility is monitored remotely, this is
preferred to dispatch police to detain potential trespassers.

Electrical e

The largest facility loads will be the fuel transfer pumps located in the pump
building.

Facility lighting would be installed to provide illumination necessary for
operators to have safe access for maintenance and routine functions.

All lighting would likely utilize LED fixtures and will strictly adhere to dark-sky
requirements and airport regulations.

Below-grade conduit runs will be routed from the tank farm electrical to a main
distribution point at a location to be determined.

Hazardous Area Classification will need to be defined and the device ratings
would comply with the NEC regulations relative to their locations.
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Controls e

Controls shall be integrated into the facility operations by means of a packaged
Terminal Management System (TMS) compliant with the current Ovation system
in operation at GVEA.

Any auxiliary controls required to control functions unique to the fuels facility is
assumed to be compatible with the existing Ovation system.

Electrical controls required for the tank farm include data transmission from the
tank auto gauge system, level and pump flow switches, and alarms.

Additional tank alarms will consist of a high-high level alarm, low level alarm and
level indication based on the gauging system.

The conduit, devices and wiring required for the installation will be listed
intrinsically safe in accordance with NEC requirements.

Fire Suppression

Fire Marshal requires that any diesel tank that exceeds 1500 SF (a 364,000
gallon tank about 44 feet diameter) of fuel surface area requires an AFFF system.
Aqueous Film Forming Foam (AFFF) system will be supplied and housed in the
Control Building.

The system will be automated.

The AFFF system would consist of foam water supply pipelines that originate in
the AFFF room of the Control Building and are routed to shell mounted foam
chambers on each tank.

The AFFF supply manifold, located in the AFFF building, would be designed for
the future expansion and have provisions for the new supply lines to any new
tanks.

The pipe would be painted galvanized steel. All piping would be constructed in
accordance with industry standards for welding and NDE requirements.

The piping would be supported from the tank shell as required with welded tabs
installed by the tank fabricator.

All piping would also include a three-coat exterior field coating consisting of an
appropriate epoxy system with a urethane topcoat to prevent chalking and UV
degradation.

The perimeter AFFF system would consist of foam water supply pipelines that
originate in the pump house building and are routed around the perimeter of the
tank farm on the outside of the dike.

Hose connection points are located nominally every 200’ to allow for fire
department connection in fighting tank fires from outside the containment area.
The piping would be supported on vertical supports as required along the dike.

Access Road

New access road would allow GVEA to enter the NPEP and NPG from H&H Road
without having to drive through Flint Hills or Petro Star.

Required to be built for Alternatives 1A and 1B

Not necessary to construct fuel storage for Alternatives 2 and 3

Alignment chosen will provide room for a piping corridor between the road and
existing infrastructure on the north.

30-foot-wide paved access road west of H&H to GVEA North Pole Expansion
Plant
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e Connects H&H to northwest corner of North Pole Expansion Plant yard
e (Gated at H&H Road

Future Peaker Plant e Future Peaker Plant has been considered in all conceptual site layouts.

Potential Location

e North Pole Generation Campus and Illinois St. Campus have been considered for
Peaker plant location.

Sizing

e Peaker plant size based on Four (4) Wartsild units

e Future peaker plant expansion based on another Four (4) Wartsila units

e Additional space allocated for future Peaker Plant expansion

e Substation size is based on other substations located nearby

Fuel Consumption Rates
e ULSD: 580 gallons/hr/Wartsild unit
e Natural Gas: 70,000 scf/hr @ 85 psig + 6 gallons ULSD /hr/Wirtsil4 unit

IGU LNG Storage Needs
e Short Term (3 years for phases 1-3):..ccoverrenreeneens 150k Gallon Storage
e Long Term (>3 years to meet long term growth):..700k Gallon Storage
e Ultimate: 1.0 MMG Storage
Offsets to Property Line and Buildings for 10,000 BTU/hr/square foot LNG Tank
Thermal Exclusion Zone
e Short Term 75k Gallon horizontal tanks with N+1 Availability: 184-foot radius
e 1.0 MMG Single Containment: .......coceeereeereesseesseeeseeens 439’ radius
e 1.0 MMG Full Containment: .....coenersenmessseseessessesnnees 134’ radius
Future Rail Unloading Facility
e Parallel rail spurs to stage railcars for the LNG offloading process.
e (Gated at southern end of primary IGU rail spur
e Shared road crossing with GVEA and Petro Star rail facilities
e Offset from railcar to property line and buildings for 10,000 BTU /hr/square foot
LNG tank thermal exclusion zone: 184 feet
Petro Star Pipelines
e Existing Naphtha to GVEA
e 10-inch steel pipeline from Petro Star to GVEA Fuel Forwarding building
e Future pipeline to Petro Star Rail Loading Facility
Future Rail Loading
e Parallel rail spurs to stage railcars for loading and unloading 20 rail cars
e (ated at eastern end of primary Petro Star rail spur
e Shared road crossing with GVEA and IGU rail facilities
Soils and e Relatively flat terrain
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Topography e 2-10 feet of silty soils underlain with sandy gravel and gravels at depth.
e High groundwater table, 2-12 feet BGS
e High potential for liquefaction settlement during seismic event
e No permafrost encountered in preliminary soils exploration
Attachments:

1. Piping Schedule by GNE
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Design Fl Dual FI
Line No. Service Description From To Size (in) Schedule ANSI Class esign Flow Velocity (ft/s) [ _. ua. ow
Rate (gpm) Direction (Y/N)
FA-010 ULSD Truck Offload Truck Load Rack Pump Bldg 10 Std 150 1200 4.89 N
FA-020 ULSD Truck Loading Pump Bldg Truck Load Rack 6 Std 150 600 6.79 N
FA-030 ULSD Truck Loading Pump Bldg Truck Load Rack 6 Std 150 600 6.79 N
FA-040 ULSD GVEA RR Offload GVEA Rail Rack Pump Bldg 10 Std 150 1200 4.89 N
Cargo from Petro -
FA-050 ULSD Star Petro Star Facility Pump Bldg 10 Std 150 2000 8.15 N
Cargo from Petro .
FA-060 Naptha Star Petro Star Facility Pump Bldg 10 Std 150 2000 8.15 N
FA-070 ULSD Cargo to Tank 1 Pump Bldg Tank 1 10 Std 150 1200 4.89 N
FA-080 ULSD Service from Tank 1 Tank 1 Pump Bldg 8 Std 150 1200 7.64 N
FA-090 ULSD Cargo to Tank 2 Pump Bldg Tank 2 10 Std 150 1200 4.89 N
FA-100 ULSD Service from Tank 2 Tank 2 Pump Bldg 8 Std 150 1200 7.64 N
FA-110 Naptha Cargo to Tank 2 Pump Bldg Tank 2 10 Std 150 1200 4.89 N
FA-120 Naptha Service from Tank 2 Tank 2 Pump Bldg 8 Std 150 1200 7.64 N
Service to Fuel
FA-130 ULSD erviceto Fue Pump Bldg Fuel Transfer Bldg 4 std 150 400 10.19 N
Transfer Bldg
Service to Peaker
FA-140 uLsbD Plant Pump Bldg Peaker Plant 4 Std 150 400 10.19 N
Service to Fuel Fwd Fuel F di
FA-150 Naptha erviceto Fuelrw Pump Bldg uel Fowarding 3 std 150 250 11.32 N
Bldg Bldg
*Petro Star RR
FA-160 ULSD etro Star Petro Star Rail Rack | Petro Star Facility 10 std 150 1200 4.89 v
Load/Offload
**Service to Fuel Fuel F di
FA-170 Naptha erVICe IO FUT | potro Star Facility | oo o areing 3 std 150 250 11.32 N
Fwd Bldg Bldg
* This pipeline is NIC
** This pipeline is exsting and may be tied into outside of Fuel Forwarding Bldg

Sheet 1 of 1



GeotechypjcalKing}{ngs Report
PUBLIC NOTICE DRAFT e e Ferer

North Pole, Alaska

June 2017

Submitted To:

PDC Engineers, Inc.
1028 Aurora Drive
Fairbanks, Alaska 99709

By:

Shannon & Wilson, Inc.
2355 Hill Road
Fairbanks, Alaska 99709
AECC125

Phone: (907) 479-0600
Fax: (907) 479-5691

31-1-20006-001R1



PUBLIC NOTICE DRAFT

1.0

2.0

3.0

4.0

5.0

6.0

7.0

May 10, 2019

TABLE OF CONTENTS
Page
INTRODUCTION ... .oiitiieitteie ettt ettt sttt ettt este e s e beeneesseensesneesseenseennees 1
1.1 Project Understanding ...........c.eoeveeiieiieeiiienieeieeeie ettt sttt 1
1.2 SCOPE OF SETVICES ..veeeueiieeiiieeiieeeieeeeeeeetee et e e rteeetteeeteeesaeeesbeeesaseeesnseeeesseesnnseeens 2
FIELD EXPLORATION AND LABORATORY ANALYSES.....cceiiieieeneneneeeeee 3
2.1 Field Exploration and Drilling Methods ..........c.ccoevuieeiiiieeiiieiieceeee e, 3
2.2 Geotechnical Laboratory TeStING .........cccevieeiieriiiiieiie ettt 4
SITE CONDITIONS ...ttt ettt st e et esaeebeeneesaeeseeneesneenneas 4
3.1 GEOlOZICAl SN .....eeeiieiiieiie ettt ettt et et e et e e eteesaaeenbeennnas 4
3.2 SCISIMICTLY ..veeeivieeeiiee ettt e ettt e ette et e et e e etaee e aeeeabeeesseeesseeessseeeenseeessseeessseeensseennnseeans 5
33 SUrface CONAILIONS ....eveeuiiiiiiriieieeieeit ettt sttt sttt 5
34 Subsurface ConAItIONS........cc.eeiiiiiiiiiiieiee ettt e 5
EARTHQUAKE HAZARDS ANALYSIS ...ttt 6
4.1 Earthquake Ground MOtION...........cccviiiiiiieiiieeciieesee e e e 6
4.2 Geologic Hazard ANALYSES ........cccievieiiiieiieeiieniie ettt ettt s 7
4.3 Liquetaction ANAlYSES......cccuiiiiiieeiiieeiie ettt ettt e et saee e e e reeenaeas 7
4.4 Lateral SPreading ........coccvveiiiiiieiiieiie ettt 8
DISCUSSION ...ttt ettt et e st e bt et e s et e beenteeseenbeeneesseensesneesseenseeneenses 9
5.1 Ground IMPrOVEMENT .........eeiuiieiiieiieeiieriie ettt et ete et ettt e eeteebeeseaeeseesabeesseennnes 9
5.2 Ground Vibration MONIOTING ......ccveeeruvieeiiieeiieeeieeeeeeereeeereeesaeeeseveeeeaeeessseeenens 10
GEOTECHNICAL CONSIDERATIONS FOR SITE DEVELOPMENT........cccccccvevenene. 11
(O] 50 1 1\ PR SRSP 11
FIGURE
1 Site Plan and Approximate Boring Locations
APPENDICES

A Soil Classification and Boring Logs

B Geotechnical Laboratory Data

C Project Photographs

D Important Information About Your Geotechnical/Environmental Report



PUBLIC NOTICE DRAFT May 10, 2019

GEOTECHNICAL FINDINGS REPORT
GVEA FUEL STORAGE FACILITY
NORTH POLE, ALASKA

1.0 INTRODUCTION

This report presents the results of our concept phase geotechnical services for the proposed fuel
storage facility project in North Pole, Alaska. The purpose of our services was to explore
subsurface conditions and provide a report of our geotechnical findings to assist in evaluation of
conceptual site development plans.

Our services were performed consistent with our proposal dated February 17, 2017. Per your
June 26, 2017 request, we have revised our report submitted on June 2, 2017 to include
additional ground improvement discussion. This report was prepared for the exclusive use of
PDC Engineers, Inc. and their representatives for the fuel storage tank project.

1.1  Project Understanding

We understand GVEA plans to construct a fuel-storage facility to support their power-generation
plant in North Pole. GVEA requested a concept phase preliminary assessment of available land
and development of three siting options. Future detailed design phases will be conducted to
provide detailed exploration of the selected site and concept, and to prepare a final design of the
fuel facility. This report presents the results of our concept phase preliminary explorations and a
discussion of potential geotechnical site development and design concerns.

We understand two parcels are being considered for the fuel-storage facility site: the 33.8-acre Lot 2
of H&H Industrial Subdivision, and the southeast portion of Lot F1A of the ASLS 2003-50
Subdivision. Based on our previous discussions with GVEA, we also understand the southwest
corner of Lot 2 has been considered a primary area of focus for this fuel storage development. We
also understand these sites may include a future gasification plant and an additional power plant, as
part of an energy campus.

The proposed fuel storage development is planned to include 3 million gallons of fuel storage, a
surrounding catch basin, unloading area, and connection to the existing GVEA facility. The intent of
this phase of services is to evaluate concepts plans and for site development, as well as to develop a
preliminary geotechnical evaluation of likely geotechnical requirements for site development.

Our services are based on:
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e The limitations of our approved scope, schedule, and budget.

e Our understanding of the project and information provided by Enterprise Engineering,
Inc.

e The results of testing performed on samples we collected from the explorations.

The explorations were performed to evaluate geotechnical conditions at the project area. Our
observations are specific to the locations, depths, and dates noted on the boring logs, and may
not be applicable to all areas of the site. No amount of explorations or testing can precisely
predict the characteristics, quality, or distribution of subsurface and site conditions. Potential
variation includes, but is not limited to:

e The conditions between and below explorations may be different.

e The passage of time or intervening causes (natural and manmade) may result in changes
to site and subsurface conditions.

e Groundwater levels and flow directions may fluctuate due to seasonal variations.

e Penetration test results in frozen or gravelly soils may be unrealistic. Actual soil density
may be lower than estimated if the test was performed on a gravel or cobble.

e Contaminant concentrations may change in response to natural conditions, chemical
reactions, and/or other event.

e The presence, distribution, and concentration of contaminants may vary from our
sampling locations. Our tests may not represent the highest contaminant concentrations
at the site.

If conditions different from those described herein are encountered during construction, we
should review our description of the subsurface conditions and reconsider our recommendations
and conclusions.

1.2 Scope of Services

Our scope of services included site subsurface explorations, geotechnical laboratory testing of
select soil samples, preliminary liquefaction analyses, and preparation of this findings report.

The authorized scope of services was based on your objectives, schedule, and budget. Our scope
of services did not include an environmental site assessment or wetland delineation for the
project site, or for any of the contaminated sites near the proposed facility. It also did not include
research or evaluating the presence of cultural resources at or around the site. If a service is not
specifically indicated in this report, do not assume that it was performed.
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2.0 FIELD EXPLORATION AND LABORATORY ANALYSES

Our field work consisted of drilling and sampling 5 exploratory borings, designated 17-01
through 17-05, within the proposed project area. Boring 17-01 through 17-04 were located on
Lot 2 of H&H Subdivision and boring 17-05 was located on Lot F1A of the ASLS 2003-50
Subdivision. Field explorations were conducted between May 15, 2017 and May 18, 2017. We
subcontracted Homestead Drilling of Fairbanks (Homestead) to perform the exploratory drilling.

Peter Grey, a geotechnical staff member with our firm, observed drilling operations, logged
subsurface conditions, and collected geotechnical soil samples for soil classification and
laboratory testing. The approximate location of the borings are shown in Figure 1; boring logs
are presented in Appendix A.

2.1  Field Exploration and Drilling Methods

Homestead advanced the borings using a Mobile B61 track-mounted and Mobile B61 truck-
mounted drill rig both of which were equipped with continuous-flight hollow-stem augers.
Homestead advanced and sampled the borings to 61.5 feet below the ground surface (bgs). As
the borings progressed, we generally collected a grab sample from the surface to 2 feet bgs, and
split-spoon samples at 2.5-foot intervals to 20 feet bgs, 5 foot intervals to 50 feet, and 10 foot
intervals thereafter, using a 2'2-inch inside-diameter split-spoon sampler.

The split-spoon samples were obtained by driving the sampler into the soils at the base of the
auger using a 340-pound automatic hammer falling 30 inches onto the drill rods. The number of
blows required to advance the sampler 6 inches is recorded over three intervals, resulting in 18
inches of penetration. For each sample, the number of blows required to advance the sampler the
final 12 inches is termed the penetration resistance, a measure of the relative consistency of
unfrozen fine-grained soils and relative density of unfrozen granular soils. We classified soil
samples recovered using these techniques in the field, sealed them in airtight containers, and
returned them to our laboratory for testing.

We performed field screening of split-spoon samples above the groundwater table using a hand-
held photoionization detector (PID). Soil observations and PID readings are included in the
boring logs presented in Appendix A.

The explorations were performed to evaluate subsurface conditions at the site for the proposed
fuel facility and associated structures. Our observations are specific to the locations, depths, and
dates noted on the logs, and may not be applicable to all areas of the site.
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2.2 Geotechnical Laboratory Testing

We visually reviewed field soil classifications in our laboratory and selected samples for testing.
We performed moisture-content analyses on frozen samples and samples collected above the
water table, and grain-size distribution analyses on select samples. Moisture-content results are
plotted on the boring logs in Appendix A. Grain-size distribution curves are shown in Appendix
B. Photographs of samples we collected are presented in Appendix C.

3.0 SITE CONDITIONS
3.1  Geological Setting

North Pole is within the Tanana Lowlands physiographic province, which forms a large arcuate
band of alluvial sediments between the Alaska Range and the Yukon-Tanana Uplands. The
Lowlands consist of vegetated floodplains and low benches cut by the Tanana River, and sloughs
and oxbow lakes representing former channel positions of the Tanana or Chena Rivers. Soils in
the Lowlands consist of interbedded alluvial sand and gravel covered by silty overbank deposits.
The thickness of the alluvial sediments overlying bedrock in the project area is unknown.

Although the depth of alluvial sediments has not been well established in North Pole, it has been
established to be as great as 400 feet to 500 feet in the Fairbanks area. We anticipate the
thickness of alluvial deposits in North Pole would be similar to Fairbanks. Former slough
channels are commonly filled with organic silt and peat deposits. These deposits are laterally
discontinuous and vary in thickness. The portion of the Tanana Lowlands in which the site is
located has not been glaciated.

The North Pole area is in a subarctic zone underlain by discontinuous permafrost. Permafrost is
defined as ground that has remained at a temperature of 32 degrees Fahrenheit or less for two or
more years. Although the depth of permafrost has not been well established in North Pole, the
maximum depth of permafrost measured in the Fairbanks area is in excess of 250 feet. We
anticipate the depth of permafrost in North Pole would be similar to Fairbanks. The thickness of
the “active layer,” the portion of the ground at or near the surface that undergoes an annual
freeze-thaw cycle, is largely dependent on the type of ground cover and snow depth. Seasonal
frost-penetration commonly exceeds 10 feet beneath roads or parking areas kept free of snow
during winter. In areas covered by thick mats of tundra or organic material, the thickness of the
active zone is often 2 feet or less.
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3.2  Seismicity

The North Pole area lies between two right-lateral shear systems: the Denali Fault System
approximately 60 miles to 80 miles south of Fairbanks, and the Kaltag and Tintina Fault
Systems, approximately 80 miles north. The shear along these systems is believed to be the
result of crustal adjustments in the North American Plate due to convergence with the Pacific
Plate along the Gulf of Alaska.

Within the past century, the area has been subjected to four large earthquakes. On July 22, 1937,
a magnitude 7.3 (Ms) event occurred about 23 miles southeast of Fort Wainwright. This event,
widely felt throughout central Alaska, produced extensive ground failures in the epicentral area
(Page, and others, 1995). Two other earthquakes were an October 15, 1947, M; 7.2 event about
41 miles south-southwest of Fairbanks, and an August 27, 1904, M 7.3 event about 17 miles
southwest. A November 3, 2002, M 7.9 event on the Denali Fault, approximately 90 miles
south of Fairbanks, was felt widely throughout central and southern Alaska, and resulted in
minor liquefaction in the Fairbanks area. The peak horizontal ground acceleration of this event
recorded on bedrock at the UAF campus was 0.09g.

3.3 Surface Conditions

The Lot 2 parcel is located east of H&H Road and historic photos and studies indicate previous
development activity from farmland in the 1970s to initial site development for a refinery in the
early 1980s. We evaluated aerial images, and past studies, and portions of the parcel have been
cleared and fill materials were placed, but structures were not constructed and vegetation
including birch, aspen, and spruce trees and scrub brush has regrown. We also note an
abandoned slough that runs approximately from north to south in the middle of the lot.

The Lot F1A parcel is located west of H&H Road and is has been developed by previous owners.
The site is generally flat, and includes structures, paving, and landscaped areas.

3.4 Subsurface Conditions

We observed similar conditions in some of our borings. We observed approximately 6 feet to 9.5
feet of silty, frost susceptible soils overlying alluvial sands and gravels to the depths explored. In
Boring 17-02, we observed gravel with silt from approximately 2 feet bgs to 4.5 feet bgs that we
believe is imported fill material.
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We observed groundwater at depths ranging of approximately 3.5 feet bgs to 12 feet bgs at the
time of drilling. We did not observe permafrost during exploration; a layer of remnant seasonal
frost was observed from approximately 2 feet bgs to 4.5 feet bgs at the time of drilling.

4.0 EARTHQUAKE HAZARDS ANALYSIS

The project is in a seismic area where major earthquakes can and have occurred. Earthquake-
induced geologic hazards that may affect a site include ground-surface fault rupture, and
liquefaction and associated effects (e.g., loss of shear strength, bearing-capacity failures, loss of
lateral support, ground oscillation, and lateral spreading). An associated effect of earthquake
shaking is densification of the soils and potential ground settlement. Due to the presence of
relatively loose soils and a shallow water table, the primary seismic hazard at the site is
liquefaction. In borings drilled for the project, several samples from below the water table had
uncorrected penetration resistance values (blow counts) of less than 20; some had blow counts of
less than 10.

It has been our experience that soils in the Fairbanks area with blow counts as low as these are
susceptible to liquefaction and dynamically induced densification if subjected to earthquake
ground motions implied by the 2015 IBC. Densification of granular soils above and below the
water table during earthquake shaking could result in significant ground settlement at the site.
Associated effects of liquefaction may include a loss of soil shear strength, potential bearing-
capacity failures, and lateral spreading. Our preliminary analysis of earthquake ground motions
and earthquake-induced geologic hazards that may affect the site are described below.

4.1  Earthquake Ground Motion

Structural design performed in seismic regions for essential facilities generally requires a site-
specific seismic analysis. For this concept phase study, we based our analyses on published
seismic parameters. A site specific seismic analysis is being conducted for this project based on
150-foot-deep shear wave velocity testing conducted for the GVEA power plant, and will be
presented as part of our final studies.

We developed seismic ground motions for the liquefaction analyses in general accordance with
the 2015 NEHRP Provisions. The 5 percent damped design spectral response acceleration is
defined as two-thirds of the site-adjusted maximum considered earthquake (MCE). The MCE
was determined using maps for Site Class B published by the U.S. Geological Survey for ground
motions with a two percent chance of occurrence in 50 years. We adjusted these values
assuming Site Class D conditions at the site; sample penetration resistance values from our
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explorations suggest that Site Class D soil conditions prevail at the site without regard for
liquefaction. The mapped MCE geometric mean peak ground acceleration (PGAwm) was derived
using 2010 ASCE 7 (with 2013 errata).

The following table summarizes earthquake ground motion parameters for this site.

Description Parameter | Value
Site Class D
Mgpped spectral acceler.ations for 0.2 seconds S 0.99¢
(Site Class B, 5% damping) s
Mgpped spectral acceler.ations for 1 second S 0.38
(Site Class B, 5% damping) ! &
S, adjusted for site class Sums 1.09g
S; adjusted for site class Smi 0.73¢g
Design spectral response acceleration at short periods Sbs 0.73g
Design spectral response acceleration at 1-second period Spi 0.49¢
Peak ground acceleration PGAM 0.48g

4.2  Geologic Hazard Analyses

Earthquake-induced geologic hazards that we reviewed include landsliding, fault rupture, and
liquefaction and its associated effects (e.g., loss of shear strength, bearing capacity failures, loss
of lateral support, ground oscillation, lateral spreading, and settlement). In our opinion, due to
the flat topography at the site, the risk of landsliding is low.

Seismicity in the Fairbanks-North Pole area has historically been concentrated in clusters or
bands with a northeast-southwest trend that indicates active faulting, although no faults with
Holocene displacement have been recognized in the area. An assessment of geologic maps
reveals no conclusive evidence of faulting or fault-related geomorphic structures in the area;
however, the absence of obvious fault-related geomorphic structures does not preclude the
possibility of active faults in the area. In our opinion, the risk for surface-fault rupture at the
project site is low.

4.3  Liquefaction Analyses

Liquefaction of loose, saturated, cohesionless soils occurs when excess pore pressures are
generated as a result of earthquake shaking. Additionally, densification of the granular soils
above and below the water table could occur when subject to earthquake shaking, resulting in
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ground settlement at the site. The most widely used methods to evaluate liquefaction potential
are empirical and based on correlations between Standard Penetration Test (SPT) resistance (N-
value), PGA, and earthquake magnitude. We assumed a magnitude 7.3 for our analyses based on
recent earthquakes that have occurred near the area and a peak ground acceleration (PGAwm) of
0.48g in the analyses.

We used three empirical procedures to evaluate liquefaction potential at this site:

e Youd and others (2001)
e Cetin and others (2004)
e Idriss and Boulanger (2014)

In these procedures, the N-value (blow count) is correlated to the liquefaction resistance of the
soil (expressed as cyclic resistance ratio). The soil resistance is compared to the earthquake-
induced loading (expressed as cyclic stress ratio), and a corresponding factor of safety (FS)
against liquefaction is calculated.

In accordance with Section C11.8.3 in ASCE 07, we considered the soil to be potentially
liquefiable if the calculated factor of safety is less than or equal to 1. The primary effect of
liquefaction at the site is a reduction in the soil shear strength, settlement, and a reduction in
bearing capacity.

We used the relationships by Tokimatsu and Seed (1987) and Ishihara and Yoshimine (1992),
relating earthquake ground motion and penetration resistance with volumetric strain, to estimate
the potential for free-field ground settlement in the borings we considered in the liquefaction
analyses.

Using these relationships, in conjunction with the three procedures used to evaluate liquefaction
potential in the borings we advanced at the site, we estimate 6 to 8 inches or more of free-field
settlement could occur at the ground surface. In our opinion, the ground settlement may not
occur uniformly over the project area and could be differential across the site.

44  Lateral Spreading

Liquefaction in gently sloping ground or ground adjacent to a free face can result in permanent
lateral ground displacement in a phenomenon known as lateral spreading. Lateral spreading
ground movement can occur toward a free face during or after seismic shaking in saturated, loose
to medium dense, granular soil. Because the proposed structure is more than several hundred
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feet from the nearest body of water, we believe the risk of lateral spreading for the project site is
low.

5.0 DISCUSSION

We observed silty frost susceptible soils overlying alluvial sands and gravels to the depths
explored. These silty soils are potentially compressible and frost-susceptible, and may contain
organic slough deposits. Site development for structures will require replacing these soils down
to relatively clean sands and gravels to improve bearing conditions and reduce the potential for
consolidation- related settlement.

Our analyses show potential for widespread liquefaction in the soil mass below the groundwater
table during the design earthquake. As a result, 6 inches to 8 inches or more of total and
differential ground settlement along with reduction in soil strength could occur. We understand
the project is an essential facility and ground improvement will be required to mitigate the
liquefaction hazards. Soil improvement has two objectives: 1) to reduce potential dynamic
settlement; and 2) improve soil shear strength during a seismic event and reduce the potential for
a bearing-capacity failure during liquefaction.

5.1 Ground Improvement

Our approach to ground improvement is to densify the soil sufficiently both above and below the
water table to reduce settlement and increase residual soil strength during a design seismic event.
The increased residual soil strength will reduce the potential for a punching-type bearing-
capacity failure and liquefaction-induced settlement.

In our opinion, deep dynamic compaction (DDC) and vibro-compaction ground improvement are
both appropriate techniques that could be used to densify and improve soil conditions at this site.

DDC produces low frequency vibrations that could exceed peak particle velocities of 0.75 inches
per second at distances of 75 feet or more from the improvement area. Vibrocompaction
produces higher frequency vibrations which may produce peak particle velocities of 0.75 inches
per second, or more, up to 30 feet from the point of ground improvement. Vibrocompaction
ground improvement can be 3 to 5 times more expensive than DDC. If existing structures and
improvements are 100 feet to 150 feet or more from the proposed site(s), DDC may be an
appropriate method of ground improvement.

The soil improvement we recommend considering has two components: 1) excavating the
surficial silty soils and replacing with a relatively thick section of compacted sand and gravel



PUBLIC NOTICE DRAFT May 10, 2019

(i.e., structural fill) beneath foundation systems; and 2) densifying the soils below the water table
using DDC techniques.

DDC, as referred to in this report, is a ground-improvement technique whereby a large
tamper/weight (usually 6 tons to 40 tons) is dropped from a specified height (usually 30 feet to
120 feet) to compact materials in-place. We believe ground improvement may be performed
using DDC techniques, based on our successful experience with DDC on multiple projects in
similar soil conditions.

DDC soil improvement has been used for several projects in Fairbanks, including the FTW373A
Warm Storage Hangar on Fort Wainwright, Hangar 6 on Fort Wainwright, the Carlson Center,
the Bureau of Land Management (BLM) building on University Avenue, the FTW357 GSAB
Hangar, and the FTW348A AAC Hangar. Soil improvement using vibro-compaction was
completed for the University of Fairbanks Combined Heat and Power Plant, the Fairbanks
Memorial Hospital Surgery Addition, Bassett Hospital on Fort Wainwright and the Alaska
Department of Fish and Game Sport Fish Hatchery in Fairbanks.

5.2  Ground Vibration Monitoring

Visual pre-and post-condition surveys and vibration monitoring during ground improvement is
recommended. At a minimum, vibration monitoring and pre-and-post condition surveys are
recommended for building structures and utilities within a 150-foot radius of the proposed
ground improvement areas, if anticipated ground vibrations exceed 2 inches per second when the
frequency is 40 Hz or greater, or 0.75 inches per second when the frequency is less than 40 Hz at
structures of concern.

Our experience suggests the frequency of DDC-induced ground motions, generated by a 15-ton
weight dropped 50 feet, ranged from 5 to 18 Hz, and were typically less than 10 Hz. Recorded
vibrations were about 0.75 inches per second 55 feet from the source, 0.5 inches per second 75
feet from the source, and 0.2 inches per second 150 feet from the source. We anticipate similar
vibration levels and frequency for DDC-induced ground motions for this project; however,
vibrations are dependent on several factors including depth to groundwater, density of soils, and
soil type. We recommend intermittently monitoring ground vibrations within 150 feet of the
improvement area to assess frequency and vibration levels and verify thresholds are not
exceeded outside the 150-foot radius.
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6.0 GEOTECHNICAL CONSIDERATIONS FOR SITE DEVELOPMENT

The following key geotechnical site development and design considerations have been identified

during this concept phase study.

The proposed sites have a significant seismic liquefaction hazard; primarily loss of shear
strength and settlement during design seismic events.

Site preparation for all structures will require removal of surficial silty frost susceptible
soils and replacement with compacted structural fills.

Ground improvement will be required for all essential facilities. Ground improvement
will include the entire structure footprint and extend out beyond the outside edge of all
foundations a minimum of 25 feet. The depth of required improvement, based on the
initial subsurface findings, is about 30 to 35 feet below grade.

Considerations should be given to performing ground improvement for future planned
structure sites as well as initial site development. Future developments near initial
planned developments could require more costly ground improvement techniques.

Site preparation and DDC ground improvement should be performed during periods of
low groundwater to maximize the depth of ground improvement. Low groundwater
typically occurs in the spring.

7.0 CLOSING

This geotechnical findings report was prepared for the exclusive use of PDC Engineers, Inc. and
their representatives for the design of the GVEA Fuel Storage Facility in North Pole, Alaska.
This report should not be used without our approval if any of the following occurs:

Conditions change due to natural forces or human activity under, at, or adjacent to the
site.

Assumptions stated in this report have changed.

Project details change or new information becomes available such that our conclusions
and recommendations may be affected.

If the site ownership or land use has changed.

More than one year has passed since the date of this report.

If any of these occur, we should be retained to review the applicability of our recommendations.
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Shannon & Wilson, Inc., has prepared the document *““Important Information About Your
Geotechnical/Environmental Report™ in Appendix D to assist you and others in understanding
the uses and limitations of our reports. Please read this document to learn how you can lower
your risks for this project.

Geotechnical Findings:
SHANNON & WILSON, INC.

Stephen Adamczak, Jr. P.E.
Vice President
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APPENDIX A

SOIL BORING LOGS AND SOIL CLASSIFICATION
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TABLE A-1
SUMMARY OF FROZEN SOIL CLASSIFICATION SYSTEM
Description Designation

Segregated ice is not | Friable, poorly bonded Nf
visible by eye Material is easily broken up

Well bonded — Soil No excess ice Nbn

particles strongly held Excess ice Nbe

together by ice
Segregated ice is Individual ice crystals or inclusions Vx
Zﬁ:ﬂﬂlei?;}fi’;gﬁss Ice coatings on soil particles Ve

Stratified or distinctly oriented ice formations Vs

Randomly or irregularly oriented ice Vr

formations
Ice greater than 1 inch | Ice with soil inclusions ICE + soil type
thick Ice without soil inclusions ICE

Note:

Based on Linell, K.A. and C.W. Kaplar, 1966, Description and Classification of Frozen Soils, U.S. Army Cold Regions
Research Engineering Laboratory, Technical Report 150, Hanover, N.H.
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PARTICLE SIZE DEFINITIONS ~

>

sh & Wi Inc. (S&W) ’ DESCRIPTION | SIEVE NUMBER AND/OR APPROXIMATE SIZE
annon ilson, Inc. , uses a Soi
identification system modified from the Unified FINES < #200 (0.075 mm = 0.003 in.)
Soil Classification System (USCS). Elements of
the USCS and other definitions are provided on SANDFine #200 to #40 (0.075 to 0.4 mm; 0.003 to 0.02 in.)
this and the following pages. Soil descriptions Medium #40 to #10 (0 40 2 mm: 0.02 to 0.08 in )' '
are based on visual-manual procedures (ASTM Coarse #10 to #4 (2 t0 4.75 mm: 0.08 to 0.187 ih.)
D2488) and laboratory testing procedures '
(ASTM D2487), if performed. GRAVEL
Fine #4 to 3/4 in. (4.75to 19 mm; 0.187 to 0.75in.)
S&W INORGANIC SOIL CONSTITUENT DEFINITIONS Coarse | 3/4to3in. (19 to 76 mm)
COARSE-GRAINED
CONSTITUENT® | F O o) toas 1, e COBBLES |3 to 12in. (76 to 305 mm)
ess than 50% fines
Silt, Lean Clay, BOULDERS | > 12 in. (305 mm)
Major Elastic Silt, or Sand or Gravel*
Fat Clay* RELATIVE DENSITY / CONSISTENCY
y
(&%ﬂ%gg) 30% or more More than 12% COHESIONLESS SOILS COHESIVE SOILS
Precedes mrgljor coarse-grained: . _fine-grained: , N. SPT RELATIVE N SPT RELATIVE
constituent Sa":’g'o /ort G; :‘;e"y s”;{/o'tr C:;f; hd BLOWS/FT. DENSITY BLOWS/FT. CONSISTENCY
o [0 () o [0 ()
coarse-grained: fine-grained: <4 Very loose <2 Very soft
Mi with Sand or with Silt or 4-10 Loose 2-4 Soft
Fonovcfs‘?; aor L with Gravel* _ | with Clay® __ _ 10-30 Medium dense 4-8 Medium stiff
constitu eth 30% or more total 30-50 Dense 8-15 Stiff
coarse-grained and| 15% or more of a > 50 Very dense 15-30 Very stiff
lesser coarse- second coarse- > 30 Hard

grained constituent
is 15% or more:
with Sand or
with Gravel®

grained constituent:
with Sand or
with Gravel®

WELL AND BACKFILL SYMBOLS

'All percentages are by weight of total specimen passing a 3-inch sieve.

®The order of terms is: Modifying Major with Minor.
®Determined based on behavior.

“Determined based on which constituent comprises a larger percentage.

*Whichever is the lesser constituent.

MOISTURE CONTENT TERMS
Dry  Absence of moisture, dusty, dry
to the touch
Moist Damp but no visible water
Wet Visible free water, from below
water table

STANDARD PENETRATION TEST (SPT)
SPECIFICATIONS

Bentonite
Cement Grout

Bentonite Grout
Bentonite Chips
Silica Sand

Perforated or
Screened Casing

VAYEIAY)
N X
S NA
DA

N
V)
N

Surface Cement
Seal

Asphalt or Cap
Slough

Inclinometer or
Non-perforated Casing

Vibrating Wire
Piezometer

PERCENTAGES TERMS "2

Trace <5%
Few 5to 10%
Little 15 to 25%

Some 30 to 45%

Mostly 50 to 100%

'Gravel, sand, and fines estimated by mass. Other constituents, such as
organics, cobbles, and boulders, estimated by volume.

zReprinted, with permission, from ASTM D2488 - 09a Standard Practice for
Description and Identification of Soils (Visual-Manual Procedure), copyright
ASTM International, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
A copy of the complete standard may be obtained from ASTM International,

www.astm.org

Hammer: 140 pounds with a 30-inch free fall.
Rope on 6- to 10-inch-diam. cathead
2-1/4 rope turns, > 100 rpm
NOTE: If automatic hammers are
used, blow counts shown on boring
logs should be adjusted to account for
efficiency of hammer.

Sampler: 10 to 30 inches long
Shoe I.D. = 1.375 inches
Barrel I.D. = 1.5 inches
Barrel O.D. =2 inches

N-Value: Sum blow counts for second and third

6-inch increments.
Refusal: 50 blows for 6 inches or
less; 10 blows for 0 inches.

NOTE: Penetration resistances (N-values) shown on
boring logs are as recorded in the field and
have not been corrected for hammer
efficiency, overburden, or other factors.

Geotechnical Findings Report
GVEA Fuel Storage Facility
North Pole, Alaska

June 2017

SOIL DESCRIPTION
AND LOG KEY

31-1-20006-001R1

SHANNON & WILSON, INC.

Geotechnical and Environmental Consultants

FIG. A1
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UNIFIED SOIL CLASSIFICATION SYSTEM (USCS)
(Modified From USACE Tech Memo 3-357, ASTM D2487, and ASTM D2488)
MAJOR DIVISIONS GROUFIGRAPHIC | TYPICAL IDENTIFICATIONS
.
GW Well-Graded Gravel; Well-Graded
Gravel with Sand
Gravel
(less than 5% .
Gravels fines) GP g?g\rlleyl ?Virte'\nggr%ravel, Poorly Graded
(more than 50%
; of coarse J
raction retaine . . .
on No. 4 sieve) Silty or Clayey GM Silty Gravel; Silty Gravel with Sand
Gravel
(more than 12% .
COARSE- ; Clayey Gravel; Clayey Gravel with
GRAINED fines) Ge Sand e
SOILS
(more than 50%
retained on No. SW Well-Graded Sand; Well-Graded Sand
200 sieve) with Gravel
Sand
(less than 5%
fines) sp Poorly Graded Sand; Poorly Graded
Sands Sand with Gravel
(50% or more of
coarse ’f:atjvtion‘l
passessietvg) 0. Silty or SM Silty Sand; Silty Sand with Gravel
Clayey Sand
(more than 12%
fines) sSC Clayey Sand; Clayey Sand with Gravel
ML Silt; Silt with Sand or Gravel; Sandy or
Gravelly Silt
) Inorganic
Sl.lts.an’d Clays CL Lean Clay; Lean Clay with Sand or
(liquid limit less Gravel; Sandy or Gravelly Lean Clay
than 50)
[—_—— =1 Organic Silt or Clay; Organic Silt or
FINE-GRAINED Organic OL | — — Claywith Sand or Gravel; Sandy or
SOILS I — — Gravelly Organic Silt or Clay
(50% orhm%e T
passes the INo. Elastic Silt; Elastic Silt with Sand or
200 sieve) MH Gravel; Sa’ndy or Gravelly Elastic Silt
Silt qc Inorganic
lits and Liays CcH / Fat Clay; Fat Clay with Sand or Gravel;
(liquid limit 50 or Sandy or Gravelly Fat Clay
more) A
/ Organic Silt or Clay; Organic Silt or
Organic OH / Clay with Sand or Gravel; Sandy or
/ Gravelly Organic Silt or Clay
gé%';l.\lf\ﬁé Primarily organic matter, dark in pT IS Peator other highly organic soils (see
oILS color, and organic odor O] ASTM D4427)
ANNN

NOTE: No. 4 size =4.75 mm = 0.187 in.; No. 200 size = 0.075 mm = 0.003 in.

NOTES

1. Dual symbols (symbols separated by a hyphen, i.e., SP-SM, Sand

with Silt) are used for soils with between 5% and 12% fines or when
the liquid limit and plasticity index values plot in the CL-ML area of
the plasticity chart. Graphics shown on the logs for these soil types
are a combination of the two graphic symbols (e.g., SP and SM).

2. Borderline symbols (symbols separated by a slash, i.e., CL/ML,

Lean Clay to Silt; SP-SM/SM, Sand with Silt to Silty Sand) indicate
that the soil properties are close to the defining boundary between

two groups.
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2013 BORING CLASS3 31-1-20006-001.GPJ SHAN WIL.GDT 6/1/17

PLUBLICNOTICEDRAET

Mo 10 2010
7

J
ACRONYMS AND ABBREVIATIONS

ATD
Diam.
Elev.
ft.
FeO
gal.
Horiz.
HSA
I.D.
in.
Ibs.
MgO
mm
MnO
NA
NP
0.D.
ow
pcf
PID
PMT
ppm
psi
PVC
rpm
SPT
USCS

VWP
Vert.
WOH
WOR
Wit.

At Time of Drilling
Diameter

Elevation

Feet

Iron Oxide

Gallons

Horizontal

Hollow Stem Auger

Inside Diameter

Inches

Pounds

Magnesium Oxide
Millimeter

Manganese Oxide

Not Applicable or Not Available
Nonplastic

Outside Diameter
Observation Well

Pounds per Cubic Foot
Photo-lonization Detector
Pressuremeter Test

Parts per Million

Pounds per Square Inch
Polyvinyl Chloride
Rotations per Minute
Standard Penetration Test
Unified Soil Classification System
Unconfined Compressive Strength
Vibrating Wire Piezometer
Vertical

Weight of Hammer
Weight of Rods

Weight

STRUCTURE TERMS'

GRADATION TERMS
Poorly Graded Narrow range of grain sizes present or, within
the range of grain sizes present, one or more
sizes are missing (Gap Graded). Meets
criteria in ASTM D2487, if tested.
Well-Graded Full range and even distribution of grain sizes
present. Meets criteria in ASTM D2487, if
tested.
CEMENTATION TERMS'
Weak Crumbles or breaks with handling or slight
finger pressure.
Moderate Crumbles or breaks with considerable finger
pressure.
Strong Will not crumble or break with finger
pressure.
PLASTICITY?
APPROX.
PLASITICITY
DESCRIPTION VISUAL-MANUAL CRITERIA INDEX
RANGE
Nonplastic A 1/8-in. thread cannot be rolled <4
at any water content.
Low A thread can barely be rolled and 4 to 10
a lump cannot be formed when
drier than the plastic limit.
Medium A thread is easy to roll and not 10 to 20
much time is required to reach
the plastic limit. The thread
cannot be rerolled after reaching
the plastic limit. A lump
crumbles when drier than the
plastic limit.
High It takes considerable time rolling > 20
and kneading to reach the plastic
limit. A thread can be rerolled
several times after reaching the
plastic limit. A lump can be
formed without crumbling when
drier than the plastic limit.
ADDITIONAL TERMS
Mottled Irregular patches of different colors.
Bioturbated Soil disturbance or mixing by plants or
animals.
Diamict Nonsorted sediment; sand and gravel in silt
and/or clay matrix.
Cuttings Material brought to surface by drilling.
Slough Material that caved from sides of borehole.
Sheared Disturbed texture, mix of strengths.
PARTICLE ANGULARITY AND SHAPE TERMS'
Angular Sharp edges and unpolished planar surfaces.
Subangular Similar to angular, but with rounded edges.
Subrounded Nearly planar sides with well-rounded edges.
Rounded Smoothly curved sides with no edges.
Flat Width/thickness ratio > 3.
Elongated Length/width ratio > 3.

Interbedded

Laminated

Fissured
Slickensided

Blocky

Lensed

Homogeneous

Alternating layers of varying material or
color with layers at least 1/4-inch thick;
singular: bed.

Alternating layers of varying material or
color with layers less than 1/4-inch thick;
singular: lamination.

Breaks along definite planes or fractures
with little resistance.

Fracture planes appear polished or
glossy; sometimes striated.

Cohesive soil that can be broken down
into small angular lumps that resist further
breakdown.

Inclusion of small pockets of different
soils, such as small lenses of sand
scattered through a mass of clay.

Same color and appearance throughout.

'Reprinted, with permission, from ASTM D2488 - 09a Standard Practice for
Description and Identification of Soils (Visual-Manual Procedure), copyright ASTM
International, 100 Barr Harbor Drive, West Conshohocken, PA 19428. A copy of
the complete standard may be obtained from ASTM International, www.astm.org.

’Adapted, with permission, from ASTM D2488 - 09a Standard Practice for
Description and Identification of Soils (Visual-Manual Procedure), copyright ASTM
International, 100 Barr Harbor Drive, West Conshohocken, PA 19428. A copy of
the complete standard may be obtained from ASTM International, www.astm.org.
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PUBLIC NOTICE DRAFT Mav 10,2019
Total Depth: 61.51t. Northing: Drilling Method: Hollow Stem Auger Hole Diam.: 8.in.
Top Elevation: ~ Easting: Drilling Company: Homestead Dirilling Rod Diam.:

Vert. Datum: NAD 83, Zone 3 Station: Drill Rig Equipment: _B61 Tracked Rig Hammer Type: ___ Automatic

Horiz. Datum:NAD 83, Zone 3 Offset:

Other Comments:

ASTER LOG E ALASKA 31-1-20006-001.GPJ SHAN WIL.GDT 6/997Pxg

*

Sample Not Recovered
Grab Sample
I 3" 0.D. Split Spoon Sample

Y  Ground Water Level ATD

NOTES
1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2. Groundwater level, if indicated above, is for the date specified and may vary.
3. USCS designation is based on visual-manual classification and selected lab testing.

SOIL DESCRIPTION £ | slel 8 o . & | PENETRATION RESISTANCE (blows/foot)
Refer to the report text for a proper understanding of the c | 218 =& So < | A Hammer Wt. & Drop: 300 Ibs / 30 inches
subsurface materials and drilling methods. The stratification °a ; .| E o ® -
lines represent the approximate boundaries between material 3 ) o @ (O} ; o
types, and the transition may be gradual. o ol w o
Gray-brown, Poorly Graded Gravel with ‘i\éc 06| 13
Sand (GP); moist. 0 D
Loose, gray-brown, Sandy Silt (ML); ' -
moist; trace organics. 031 2|
06| 3
04|4a ][
Loose, gray-brown, Silty Sand (SM); 2'2 RN R I
[\ moist; trace organics. PP A -
Loose to medium-dense, gray-brown, pA R I ||}
Poorly Graded Gravel with Silt and Sand b O %
(GP-GM) to Well-Graded Gravel with )o()° NINE
Sand (GW) to Poorly Graded Gravel with OOD ALis
Sand (GP); moist to 12.0 feet, wet below 160 |8
12.0 feet; fractured gravel up to 3 inches Do 7
present in some samples. b QO -
501 1L
o O 8
0Q -
5O LT
o O 9
OO i § .
o OO
)o 0
OO
o OO
)o 0
OO 10
o OO
§ )o 0
8 P
IS :;: O“
% o O
< o% 11:”]:
5 o ()
« )o 0
OO
50
CONTINUED NEXT SHEET o 0
LEGEND

& % Fines (<0.075mm)
@ % Water Content
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Typ: Dym

Rev: IAS

PUBLIC NOTICE DRAFT Mav 10,2019
Total Depth: 61.51t. Northing: Drilling Method: Hollow Stem Auger Hole Diam.: 8.in.
Top Elevation: ~ Easting: Drilling Company: Homestead Dirilling Rod Diam.:

Vert. Datum: NAD 83, Zone 3 Station: Drill Rig Equipment: _B61 Tracked Rig Hammer Type: ___ Automatic

Horiz. Datum:NAD 83, Zone 3 Offset:

Other Comments:

SOIL DESCRIPTION

Refer to the report text for a proper understanding of the
subsurface materials and drilling methods. The stratification
lines represent the approximate boundaries between material
types, and the transition may be gradual.

Depth, ft.

PID, ppm

Samples

Ground

PENETRATION RESISTANCE (blows/foot)
A Hammer Wt. & Drop: 300 Ibs / 30 inches

Water
Depth, ft.

BOTTOM OF BORING
BORING COMPLETED 5/15/2017

61.5

[=]

)
o

o d Symbol

oou
(94

Ou
(94

—

il

1

|l

d

ASTER LOG E ALASKA 31-1-20006-001.GPJ SHAN WIL.GDT 6/997Pxg

LEGEND
*  Sample Not Recovered
Grab Sample
I 3" 0.D. Split Spoon Sample
NOTES

1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions.

2. Groundwater level, if indicated above, is for the date specified and may vary.
3. USCS designation is based on visual-manual classification and selected lab testing.

Y  Ground Water Level ATD

& % Fines (<0.075mm)
@ % Water Content
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Typ: Dym

Rev: IAS

PUBLIC NOTICE DRAFT Mav 10,2019
Total Depth: 61.51t. Northing: Drilling Method: Hollow Stem Auger Hole Diam.: 8.in.
Top Elevation: ~ Easting: Drilling Company: Homestead Dirilling Rod Diam.:

Vert. Datum: NAD 83, Zone 3 Station: Drill Rig Equipment: _B61 Tracked Rig Hammer Type: ___ Automatic

Horiz. Datum:NAD 83, Zone 3 Offset:

Other Comments:

SOIL DESCRIPTION

Refer to the report text for a proper understanding of the
subsurface materials and drilling methods. The stratification|
lines represent the approximate boundaries between material
types, and the transition may be gradual.

Symbol

N

Depth, ft.

Fro

Ground

A Hammer Wt. & Drop: 300 Ibs / 30 inches

PENETRATION RESISTANCE (blows/foot)

Water
Depth, ft.

Brown, Poorly Graded Sand with Silt
(SP-SM); moist; trace gravel.

Gray-brown, Well-Graded Gravel with Silt
and Sand (GW-GM); wet to 3.5 feet;
frozen, Nbn from 3.5 feet to 4.5 feet.
Loose to medium-dense, gray-brown,
Poorly Graded Gravel with Sand (GP);
wet; trace fines.

Loose to medium-dense, gray-brown,
Poorly Graded Sand (SP); wet; trace to
few gravel, trace fines.

17.0

Loose to dense, gray-brown, Poorly
Graded Gravel with Sand (GP); wet;
gravel up to 3 inches present in sample
12; trace fines.

Q4

o O+

\4

c°0
(04

o0

\4

§)

Q%%

§)

Q%%

§)

Q%%

§)

Q%%

§)

Q%%

§)

o

ASTER LOG E ALASKA 31-1-20006-001.GPJ SHAN WIL.GDT 6/997Pxg

CONTINUED NEXT SHEET:

During Drilling

LEGEND
*  Sample Not Recovered
Grab Sample
I 3" 0.D. Split Spoon Sample

Y  Ground Water Level ATD

NOTES
1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2. Groundwater level, if indicated above, is for the date specified and may vary.
3. USCS designation is based on visual-manual classification and selected lab testing.

& % Fines (<0.075mm)
@ % Water Content
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Typ: Dym
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PUBIIC NOTICE DRAEFT

May 10,2019

Total Depth: 61.5ft Northing:
Top Elevation: ~ Easting:
Vert. Datum: NAD 83, Zone 3 Station:
Horiz. Datum:NAD 83, Zone 3 Offset:

Drilling Method:
Drilling Company:

Hollow Stem Auger Hole Diam.: 8in.

Homestead Drilling Rod Diam.:

Drill Rig Equipment:

Other Comments:

B61 Tracked Rig Hammer Type: ___ Automatic

SOIL DESCRIPTION

Refer to the report text for a proper understanding of the
subsurface materials and drilling methods. The stratification|
lines represent the approximate boundaries between materialN
types, and the transition may be gradual.

Fro

Depth, ft.

PID, ppm

Samples

Ground

PENETRATION RESISTANCE (blows/foot)
A Hammer Wt. & Drop: 300 Ibs / 30 inches

Water
Depth, ft.

BOTTOM OF BORING
BORING COMPLETED 5/16/2017

61.5
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LEGEND
*  Sample Not Recovered
Grab Sample
I 3" 0.D. Split Spoon Sample
NOTES

1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions.

2. Groundwater level, if indicated above, is for the date specified and may vary.
3. USCS designation is based on visual-manual classification and selected lab testing.

Y  Ground Water Level ATD

& % Fines (<0.075mm)
@ % Water Content
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Rev: IAS

Typ: Dym

PUBLIC NOTICE DRAFT Mav 10,2019

Total Depth: 61.51t. Northing: Drilling Method: Hollow Stem Auger Hole Diam.: 8.in.

Top Elevation: ~ Easting: Drilling Company: Homestead Dirilling Rod Diam.:

Vert. Datum: NAD 83, Zone 3 Station: Drill Rig Equipment: _B61 Tracked Rig Hammer Type: ___ Automatic

Horiz. Datum: NAD 83, Zone 3 Offset: Other Comments:

SOIL DESCRIPTION £ | slel 8 o . & | PENETRATION RESISTANCE (blows/foot)
Refer to the report text for a proper understanding of the c | 218 =& S2 <& | A Hammer Wt & Drop: 300 Ibs / 30 inches

subsurface materials and drilling methods. The stratification| °a ; - € <} ® -
lines represent the approximate boundaries between material 8 ) E g (O} ; 8

types, and the transition may be gradual.

(SP-SM); moist to 2.0 feet; frozen, Nbn to
Nf from 2.0 feet to 4.5 feet.

Gray-brown, Poorly Graded Sand with Silt o

<11l os| 2

4.5

Loose, gray-brown, Poorly Graded Sand
with Silt (SP-SM); moist.

Loose to dense, gray-brown, Well-Graded 70

Gravel with Sand (GW) to Poorly Graded
Gravel with Sand (GP); moist to 7.0 feet,
wet below 7.0 feet; fractured gravel up to
3 inches present in some samples; trace
fines.

ASTER LOG E ALASKA 31-1-20006-001.GPJ SHAN WIL.GDT 6/997Pxg

CONTINUED NEXT SHEET:

During Drilling ]

LEGEND
*  Sample Not Recovered Y  Ground Water Level ATD
Grab Sample
I 3" 0.D. Split Spoon Sample

NOTES
1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions.

2. Groundwater level, if indicated above, is for the date specified and may vary.
3. USCS designation is based on visual-manual classification and selected lab testing.

& % Fines (<0.075mm)
@ % Water Content
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Typ: Dym

Rev: IAS

PUBIIC NOTICE DRAEFT

May 10,2019

Total Depth: 61.5ft Northing:
Top Elevation: ~ Easting:
Vert. Datum: NAD 83, Zone 3 Station:
Horiz. Datum:NAD 83, Zone 3 Offset:

Drilling Method:
Drilling Company:

Hollow Stem Auger Hole Diam.: 8in.

Homestead Drilling Rod Diam.:

Drill Rig Equipment:

Other Comments:

B61 Tracked Rig Hammer Type: ___ Automatic

SOIL DESCRIPTION

Refer to the report text for a proper understanding of the
subsurface materials and drilling methods. The stratification|
lines represent the approximate boundaries between materialN
types, and the transition may be gradual.

Fro

Depth, ft.

PID, ppm

Samples

Ground

PENETRATION RESISTANCE (blows/foot)
A Hammer Wt. & Drop: 300 Ibs / 30 inches

Water
Depth, ft.

BOTTOM OF BORING
BORING COMPLETED 5/17/2017

61.5
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ASTER LOG E ALASKA 31-1-20006-001.GPJ SHAN WIL.GDT 6/997Pxg

LEGEND
*  Sample Not Recovered
Grab Sample
I 3" 0.D. Split Spoon Sample
NOTES

1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions.

2. Groundwater level, if indicated above, is for the date specified and may vary.
3. USCS designation is based on visual-manual classification and selected lab testing.

Y  Ground Water Level ATD

& % Fines (<0.075mm)
@ % Water Content
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ASTER LOG E ALASKA 31-1-20006-001.GPJ SHAN WIL.GDT 6/997Pxg

Grab Sample
I 3" 0.D. Split Spoon Sample

NOTES
1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2. Groundwater level, if indicated above, is for the date specified and may vary.
3. USCS designation is based on visual-manual classification and selected lab testing.

PUBLIC NOTICE DRAFT Mav 10,2019
Total Depth: 61.51t. Northing: Drilling Method: Hollow Stem Auger Hole Diam.: 8.in.
Top Elevation: ~ Easting: Drilling Company: Homestead Dirilling Rod Diam.:

Vert. Datum: NAD 83, Zone 3 Station: Drill Rig Equipment: _B61 Tracked Rig Hammer Type: ___ Automatic
Horiz. Datum: NAD 83, Zone 3 Offset: Other Comments:
SOIL DESCRIPTION £ | slel 8 o . & | PENETRATION RESISTANCE (blows/foot)
Refer to the report text for a proper understanding of the f} < | €| &| & § 2 < | A Hammer Wt. & Drop:_300 Ibs / 30 inches
subsurface materials and drilling methods. The stratification| °a ; | E <} © -

lines represent the approximate boundaries between material 3 ) o @ (O} ; o

types, and the transition may be gradual. o ol w o
Gray-brown, Sandy Silt (ML); moist to 1.0 o 1G|
foot; frozen, Nbn from 1.0 foot to 2.5 feet;
trace to few organics. 25 - o
Loose, gray-brown, Silty Sand (SM); 11T 2
moist.

3 |||
6.0 3 [[[
Loose to dense, gray-brown, Poorly g
Graded Gravel with Sand (GP); moist to ) - le
7.0 feet, wet below 7.0 feet; gravel up to 3 LbQ (06| 4| |5
inches present in many samples; trace o (M |2
fines. X |8
0Q 5
o OO -
b am
0% 6
o \9 R
)o 0 o
OO 7
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)o 0 -
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bOd | T
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)o 0
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CONTINUED NEXT SHEET Ad
LEGEND -
| *  Sample Not Recovered Y  Ground Water Level ATD O % Fines (<0.075mm)

@ % Water Content
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Rev: IAS

PUBIIC NOTICE DRAEFT

May 10,2019

Total Depth: 61.5ft Northing:
Top Elevation: ~ Easting:
Vert. Datum: NAD 83, Zone 3 Station:
Horiz. Datum:NAD 83, Zone 3 Offset:

Drilling Method:
Drilling Company:

Hollow Stem Auger Hole Diam.: 8in.

Homestead Drilling Rod Diam.:

Drill Rig Equipment:

Other Comments:

B61 Tracked Rig Hammer Type: ___ Automatic

SOIL DESCRIPTION

Refer to the report text for a proper understanding of the
subsurface materials and drilling methods. The stratification|
lines represent the approximate boundaries between materialN
types, and the transition may be gradual.

Fro

Depth, ft.

PID, ppm

Samples

Ground

PENETRATION RESISTANCE (blows/foot)
A Hammer Wt. & Drop: 300 Ibs / 30 inches

Water
Depth, ft.

BOTTOM OF BORING
BORING COMPLETED 5/17/2017

61.5
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LEGEND
*  Sample Not Recovered
Grab Sample
I 3" 0.D. Split Spoon Sample
NOTES

1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions.

2. Groundwater level, if indicated above, is for the date specified and may vary.
3. USCS designation is based on visual-manual classification and selected lab testing.

Y  Ground Water Level ATD

& % Fines (<0.075mm)
@ % Water Content
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PUBLIC NOTICE DRAFT Mav 10,2019
Total Depth: 61.51t. Northing: Drilling Method: Hollow Stem Auger Hole Diam.: 8.in.
Top Elevation: ~ Easting: Drilling Company: Homestead Dirilling Rod Diam.:

Vert. Datum: NAD 83, Zone 3 Station: Drill Rig Equipment: _B61 Tracked Rig Hammer Type: ___ Automatic

Horiz. Datum:NAD 83, Zone 3 Offset:

Other Comments:

ASTER LOG E ALASKA 31-1-20006-001.GPJ SHAN WIL.GDT 6/997Pxg

AV

*  Sample Not Recovered Ground Water Level ATD
Grab Sample

I 3" 0.D. Split Spoon Sample

NOTES
1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2. Groundwater level, if indicated above, is for the date specified and may vary.
3. USCS designation is based on visual-manual classification and selected lab testing.

SOIL DESCRIPTION £ | slel 8 o . &£ | PENETRATION RESISTANCE (blows/foot)
Refer to the report text for a proper understanding of the f} < | €| &| & g 2 < | A Hammer Wt. & Drop:_300 Ibs / 30 inches
subsurface materials and drilling methods. The stratification| °a ; .| E o ® -
lines represent the approximate boundaries between materia 3 ) o @ (O} ; o
types, and the transition may be gradual. o ol w o
Gray-brown, Silt with Sand (ML); moist to GI
1 foot; frozen, Nbn from 1 foot to 2.5 feet; 13
trace organics. 25 -
Loose, gray-brown to gray, Silt with Sand or 2
(ML) to Silty Sand (SM); moist; trace
organics to 4.5 feet. 0.8 3a
0.7 | 3b
- 7.5 m
Loose to medium-dense, gray-brown, zO" 1] a
Poorly Graded Gravel with Silt and Sand D Ly
(GP-GM) to Poorly Graded Gravel with LQ i é
Sand (GP); moist to 9.5 feet, wet below o(Nqoz2]| s =
9.5 feet. b, o -
0Q |8
0 O" 6
)o 0 -
0Q
o O" -
)o 0 A
OO
0 O" Ie
)o 0 8____
OO
J OO Ga_ i
21.0 P~ |a
Loose, gray-brown, Poorly Graded Sand N =
(SP); wet; trace fines. 230
Medium-dense to dense, gray-brown, ’ ‘z\éa
Poorly Graded Gravel with Sand (GP); Do
wet; coarse, subangular to subrounded b O 10]1[
gravel; trace fines. o (M
)o O
g
S 0Q
S o ()
" )o O
2 el
n;é )o O
OO
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)o O
CONTINUED NEXT SHEET Q
LEGEND
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@ % Water Content
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Rev: IAS

PUBIIC NOTICE DRAEFT

May 10,2019

Total Depth: 61.5ft Northing:
Top Elevation: ~ Easting:
Vert. Datum: NAD 83, Zone 3 Station:
Horiz. Datum:NAD 83, Zone 3 Offset:

Drilling Method:
Drilling Company:

Hollow Stem Auger Hole Diam.: 8in.

Homestead Drilling Rod Diam.:

Drill Rig Equipment:

Other Comments:

B61 Tracked Rig Hammer Type:

Automatic

SOIL DESCRIPTION

Refer to the report text for a proper understanding of the
subsurface materials and drilling methods. The stratification|
lines represent the approximate boundaries between materialN
types, and the transition may be gradual.
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PID, ppm
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PENETRATION RESISTANCE (blows/foot)
A Hammer Wt. & Drop: 300 Ibs / 30 inches
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ASTER LOG E ALASKA 31-1-20006-001.GPJ SHAN WIL.GDT 6/997Pxg

LEGEND
*  Sample Not Recovered
Grab Sample
I 3" 0.D. Split Spoon Sample
NOTES

1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions.

2. Groundwater level, if indicated above, is for the date specified and may vary.
3. USCS designation is based on visual-manual classification and selected lab testing.

Y  Ground Water Level ATD

& % Fines (<0.075mm)
@ % Water Content

Geotechnical Findings Report
GVEA Fuel Storage Facility
North Pole, Alaska

LOG OF BORING 17-05

June 2017 31-1-20006-001R1
SHANNON & WILSON, INC. FIG. A-6
Geotechnical and Environmental Consultants Sheet 2 of 2
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APPENDIX B

GRAIN SIZE DISTRIBUTIONS
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APPENDIX B

GRAIN SIZE DISTRIBUTIONS

FIGURES

B-1 Grain Size Distribution; Boring 17-01
B-2 Grain Size Distribution; Boring 17-02
B-3 Grain Size Distribution; Boring 17-03
B-4 Grain Size Distribution; Boring 17-04
B-5 Grain Size Distribution; Boring 17-05
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SIEVE ANALYSIS HYDROMETER ANALYSIS
SIZE OF MESH OPENING IN INCHES | NO. OF MESH OPENINGS PER INCH, U.S. STANDARD GRAIN SIZE IN MILLIMETERS
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GRAIN SIZE IN MILLIMETERS
COARSE FINE COARSE | MEDIUM | FINE
COBBLES FINES: SILT OR CLAY
GRAVEL SAND
BORINGAND  |DEPTH| us.cs. COBBLE|GRAVEL| SAND | FINES | NAT. | TEST |REVIEW| ASTM . s
SAMPLE NO. (feet) | SYMBOL SOIL CLASSIFICATION % % % %  |wcC%| BY BY | st Geotechnical Findings Report
@ 17-01, 4b 82| sSM |sittySand 88 | 122 | 95 | stD | AMv | c136 GVEA Fuel Storage Facility
o North Pole, Alaska
W 17-01, S-5* 10.0 | GP-GM | Poorly Graded Gravel with Silt and Sand 62 31 68 | 48 | ALW | Amv | c136
A 17-01, S-7* 15.0 GW  [Well-Graded Gravel with Sand 51 44 4.1 ALW [ AMV [ C136
GRAIN SIZE DISTRIBUTION
BORING 17-01
June 2017 31-1-20006-001R1
SHANNON & WILSON, INC. FIG. B-1
and ¢ Sheet 1 of 1
* Sample specimen weight did not meet required minimum mass for ASTM test method.

ZV/L/9 LAD T NVHS D 100-9000¢-b-+E NIV vSD OLHSWY

PDC Engineers, Inc.
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SIEVE ANALYSIS HYDROMETER ANALYSIS
SIZE OF MESH OPENING IN INCHES | NO. OF MESH OPENINGS PER INCH, U.S. STANDARD GRAIN SIZE IN MILLIMETERS
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GRAIN SIZE IN MILLIMETERS
COARSE FINE COARSE | MEDIUM | FINE
COBBLES FINES: SILT OR CLAY
GRAVEL SAND
BORING AND DEPTH| U.S.C.S. COBBLE|GRAVEL | SAND | FINES | NAT. TEST |REVIEW| ASTM . . .
SAMPLE NO. (feet) | SYMBOL SOIL CLASSIFICATION % % % % |wc.%| BY BY | s Geotechnical Findings Report
@ 17-02, S-2* 2.5 | GW-GM | Well-Graded Gravel with Silt and Sand 61 32 | 67|69 | EB | AMV | Cc136 GVEA Fuel Storage Facility
) North Pole, Alaska
W 17-02, S-5* 10.0| GP |Poorly Graded Gravel with Sand 53 43 | 44 EB | AMV | C136

ZV/L/9 LAD T NVHS D 100-9000¢-b-+E NIV vSD OLHSWY

GRAIN SIZE DISTRIBUTION
BORING 17-02

June 2017 31-1-20006-001R1
SHANNON & WILSON, INC. FIG. B-2
hnical and & ¢ Sheet 1 of 1

* Sample specimen weight did not meet required minimum mass for ASTM test method. PDC Engineers, Inc.
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SIEVE ANALYSIS

HYDROMETER ANALYSIS
SIZE OF MESH OPENING IN INCHES | NO. OF MESH OPENINGS PER INCH, U.S. STANDARD GRAIN SIZE IN MILLIMETERS
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GRAIN SIZE IN MILLIMETERS
COARSE FINE COARSE | MEDIUM | FINE
COBBLES FINES: SILT OR CLAY
GRAVEL SAND
BORING AND DEPTH| U.S.C.S. COBBLE|GRAVEL| SAND | FINES | NAT. TEST |REVIEW| ASTM A . :
SAMPLE NO. (feet) | SYMBOL SOIL CLASSIFICATION % % % % |wc.%| BY BY | s Geotechnical Findings Report
@ 17-03, S-3 5.0| SP-SM |Poorly Graded Sand with Silt 0 94 | 59 | 107 | ALw | AMv | c136 GVEA Fuel Storage Facility
) North Pole, Alaska
W 17-03, S-7* 15.0 GW  [Well-Graded Gravel with Sand 62 35 3.6 ALW AMV C136
GRAIN SIZE DISTRIBUTION
BORING 17-03
June 2017 31-1-20006-001R1
SHANNON & WlLSON, INC. FIG. B-3
and ¢ Sheet 1 of 1
* Sample specimen weight did not meet required minimum mass for ASTM test method.

ZV/L/9 LAD T NVHS D 100-9000¢-b-+E NIV vSD OLHSWY

PDC Engineers,

Inc.
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SIEVE ANALYSIS HYDROMETER ANALYSIS
SIZE OF MESH OPENING IN INCHES | NO. OF MESH OPENINGS PER INCH, U.S. STANDARD GRAIN SIZE IN MILLIMETERS
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GRAIN SIZE IN MILLIMETERS
COARSE FINE COARSE | MEDIUM | FINE
COBBLES FINES: SILT OR CLAY
GRAVEL SAND
BORINGAND  |DEPTH| U.S.C5S. COBBLE|GRAVEL| SAND | FINES | NAT. | TEST |REVIEW| ASTM : -
SAMPLE NO. (fest) | SYMBOL SOIL CLASSIFICATION % % % % |wC.%| BY BY | sm Geotechnical Findings Report
@ 17-04, 3a* 50| SM |Silty Sand 0 84 | 156 | 137 | EJB | AMV | c136 GVEA Fuel Storage Facility
) North Pole, Alaska
W 17-04, 3b* 58| GP |Poorly Graded Gravel with Sand 66 30 | 38 | 27 | EJB | AMV | c136
A 17-04, S-4* 75 GP | Poorly Graded Gravel with Sand 63 33 4.0 EJB AMV [ C136
GRAIN SIZE DISTRIBUTION
@ 17-04, S-5* 10.0| GP |Poorly Graded Gravel with Sand 53 43 | 40 EJB | AMV | C136

BORING 17-04

June 2017 31-1-20006-001R1
SHANNON & WILSON, INC. FIG. B-4
hnical and & ¢ Sheet 1 of 1

ZV/L/9 LAD T NVHS D 100-9000¢-b-+E NIV vSD OLHSWY

* Sample specimen weight di

id not meet required minimum mass for ASTM test method.

PDC Engineers, Inc.
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SIEVE ANALYSIS HYDROMETER ANALYSIS
SIZE OF MESH OPENING IN INCHES | NO. OF MESH OPENINGS PER INCH, U.S. STANDARD GRAIN SIZE IN MILLIMETERS
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GRAIN SIZE IN MILLIMETERS
COARSE FINE COARSE | MEDIUM | FINE
COBBLES FINES: SILT OR CLAY
GRAVEL SAND
EHON [ha| e soLcussmeon opelmy=] o0 [P T | Geotechnica Fndings Repor
@ 1705, 3b 55 ML |Siltwith Sand 19 | 811 | 321 | EJB | AMV | C136 GVEA Fuel Storage Facility
o North Pole, Alaska
W 17-05, S-4* 7.5| GP-GM | Poorly Graded Gravel with Silt and Sand 61 32 | 71| 53 | ALw | AMv | c136
A 17-05, S-5* 10.0 GP | Poorly Graded Gravel with Sand 62 34 4.4 ALW [ AMV [ C136

GRAIN SIZE DISTRIBUTION

BORING 17-05

June 2017 31-1-20006-001R1
SHANNON & WILSON, INC. FIG. B-5
hnical and & ¢ Sheet 1 of 1

* Sample specimen weight di

id not meet required minimum mass for ASTM test method.

PDC Engineers, |

nc.
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Photograph 1: Drill rig set up at boring location 17-01. ] Ehotograph 4: Sample S-8, boring 17-01, 17.5 feet bgs to 19.0 feet
gs.

Photograph 2: Sample S-2, boring 17-01, 2.5 feet bgs to 4.0 feet
bgs.

Photograph 5: Sample S-13, boring 17-01, 40.0 feet bgs to 41.5 feet
bgs.

Photograph 3: Sample S-4a and S4-b, boring 17-01, 7.5 Photograph 6: Sample S-16,
feet bgs to 9.0 feet bgs. bgs.

-~
boring 17-01, 60 feet bgs to 61.5 feet
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Photograph 8: Sample S-2, boring 17-02, 2.5 feet bgs to 4.0 feet
bgs. Photograph 11: Sample S-12, boring 17-02, 35.0 feet bgs to 36.5
feet bgs.

Photograph 9: Sample 3, boring 17-02, 7.5 feet bgs to 9.0 feet bgs. Photograph 12: Sample S-16, boring 17-02, 60.0 feet bgs to 61.5
feet bgs.
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Photograph 16: Sample S-13, boring 17-03, 40.0 feet bgs to 41.5
feet bgs.

Photograph 14: Sample S-2, boring 17-03, 2.5 feet bgs to 4.0 feet
bgs.

Photograph 15: Sample S-10, boring 17-01, 25.0 feet bgs to 26.5 Photograph 18: Drill rig set up at boring 17-04.
feet bgs.
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Photograph 19: Sample S-1 (grab), boring 17-04, 0.5 feet bgs to 2.0 Photograph 22: Sample S-10, boring 17-04, 25.0 feet bgs to
feet bgs. 26.5 feet bgs.

| ’
Photograph 20: Sample S-3a and S-3b, boring 17-04, 5.0 feet bgs Photograph 23: Sample S-15, boring 17-04, 50.0 feet bgs to
to 6.5 feet bgs. 51.5 feet bgs.

Photograph 21: Sample S-5, boring 17-04, 10.0 feet bgs to
11.5 feet bgs.
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Photograph 25 Sample S-2, boring 17- 05 2.5 feet bgs to Photograph 28: Sample.S 9a and S-9b, boring 17-05, 20.0
4.0 feet bgs. feet bgs to 21.5 feet bgs.

Photograph 26: Sample S-, boring 17-05, 7.5 feet bgs to Photograph 29: Sample S-13, boring 17-05, 40 feet bgs to
9.0 feet bgs. 41.5 feet bgs.

Photograr;h 27: Sample S-6, boring 17-05, 12.5 feet bgs to Photograph 27: Sample S-16, boring 17-05, 60.0 feet bgs to
14.0 feet bgs. 61.5 feet bgs.
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IMPORTANT INFORMATION ABOUT YOUR
GEOTECHNICAL / ENVIRONMENTAL REPORT
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Attachment to and part of Report: 31-1-20006-001R1

Date: June 2017

PDC Engineers, Inc.
Attn: Mr. Keith Hanneman, P.E.

Geotechnical Findings Report, GVEA Fuel
Storage Facility

To:

Re:

IMPORTANT INFORMATION ABOUT YOUR GEOTECHNICAL/ENVIRONMENTAL
REPORT

CONSULTING SERVICES ARE PERFORMED FOR SPECIFIC PURPOSES AND FOR SPECIFIC CLIENTS.

Consultants prepare reports to meet the specific needs of specific individuals. A report prepared for a civil engineer may not be
adequate for a construction contractor or even another civil engineer. Unless indicated otherwise, your consultant prepared your report
expressly for you and expressly for the purposes you indicated. No one other than you should apply this report for its intended
purpose without first conferring with the consultant. No party should apply this report for any purpose other than that originally
contemplated without first conferring with the consultant.

THE CONSULTANT'S REPORT IS BASED ON PROJECT-SPECIFIC FACTORS.

A geotechnical/environmental report is based on a subsurface exploration plan designed to consider a unique set of project-specific
factors. Depending on the project, these may include: the general nature of the structure and property involved; its size and
configuration; its historical use and practice; the location of the structure on the site and its orientation; other improvements such as
access roads, parking lots, and underground utilities; and the additional risk created by scope-of-service limitations imposed by the
client. To help avoid costly problems, ask the consultant to evaluate how any factors that change subsequent to the date of the report
may affect the recommendations. Unless your consultant indicates otherwise, your report should not be used: (1) when the nature of
the proposed project is changed (for example, if an office building will be erected instead of a parking garage, or if a refrigerated
warehouse will be built instead of an unrefrigerated one, or chemicals are discovered on or near the site); (2) when the size, elevation,
or configuration of the proposed project is altered; (3) when the location or orientation of the proposed project is modified; (4) when
there is a change of ownership; or (5) for application to an adjacent site. Consultants cannot accept responsibility for problems that
may occur if they are not consulted after factors which were considered in the development of the report have changed.

SUBSURFACE CONDITIONS CAN CHANGE.

Subsurface conditions may be affected as a result of natural processes or human activity. Because a geotechnical/environmental report
is based on conditions that existed at the time of subsurface exploration, construction decisions should not be based on a report whose
adequacy may have been affected by time. Ask the consultant to advise if additional tests are desirable before construction starts; for
example, groundwater conditions commonly vary seasonally.

Construction operations at or adjacent to the site and natural events such as floods, earthquakes, or groundwater fluctuations may also
affect subsurface conditions and, thus, the continuing adequacy of a geotechnical/environmental report. The consultant should be kept
apprised of any such events, and should be consulted to determine if additional tests are necessary.

MOST RECOMMENDATIONS ARE PROFESSIONAL JUDGMENTS.

Site exploration and testing identifies actual surface and subsurface conditions only at those points where samples are taken. The data
were extrapolated by your consultant, who then applied judgment to render an opinion about overall subsurface conditions. The actual
interface between materials may be far more gradual or abrupt than your report indicates. Actual conditions in areas not sampled may
differ from those predicted in your report. While nothing can be done to prevent such situations, you and your consultant can work
together to help reduce their impacts. Retaining your consultant to observe subsurface construction operations can be particularly
beneficial in this respect.
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A REPORT'S CONCLUSIONS ARE PRELIMINARY.

The conclusions contained in your consultant's report are preliminary because they must be based on the assumption that conditions
revealed through selective exploratory sampling are indicative of actual conditions throughout a site. Actual subsurface conditions can
be discerned only during earthwork; therefore, you should retain your consultant to observe actual conditions and to provide
conclusions. Only the consultant who prepared the report is fully familiar with the background information needed to determine
whether or not the report's recommendations based on those conclusions are valid and whether or not the contractor is abiding by
applicable recommendations. The consultant who developed your report cannot assume responsibility or liability for the adequacy of
the report's recommendations if another party is retained to observe construction.

THE CONSULTANT'S REPORT IS SUBJECT TO MISINTERPRETATION.

Costly problems can occur when other design professionals develop their plans based on misinterpretation of a
geotechnical/environmental report. To help avoid these problems, the consultant should be retained to work with other project design
professionals to explain relevant geotechnical, geological, hydrogeological, and environmental findings, and to review the adequacy of
their plans and specifications relative to these issues.

BORING LOGS AND/OR MONITORING WELL DATA SHOULD NOT BE SEPARATED FROM THE REPORT.

Final boring logs developed by the consultant are based upon interpretation of field logs (assembled by site personnel), field test
results, and laboratory and/or office evaluation of field samples and data. Only final boring logs and data are customarily included in
geotechnical/environmental reports. These final logs should not, under any circumstances, be redrawn for inclusion in architectural or
other design drawings, because drafters may commit errors or omissions in the transfer process.

To reduce the likelihood of boring log or monitoring well misinterpretation, contractors should be given ready access to the complete
geotechnical engineering/environmental report prepared or authorized for their use. If access is provided only to the report prepared
for you, you should advise contractors of the report's limitations, assuming that a contractor was not one of the specific persons for
whom the report was prepared, and that developing construction cost estimates was not one of the specific purposes for which it was
prepared. While a contractor may gain important knowledge from a report prepared for another party, the contractor should discuss
the report with your consultant and perform the additional or alternative work believed necessary to obtain the data specifically
appropriate for construction cost estimating purposes. Some clients hold the mistaken impression that simply disclaiming
responsibility for the accuracy of subsurface information always insulates them from attendant liability. Providing the best available
information to contractors helps prevent costly construction problems and the adversarial attitudes that aggravate them to a
disproportionate scale.

READ RESPONSIBILITY CLAUSES CLOSELY.

Because geotechnical/environmental engineering is based extensively on judgment and opinion, it is far less exact than other design
disciplines. This situation has resulted in wholly unwarranted claims being lodged against consultants. To help prevent this problem,
consultants have developed a number of clauses for use in their contracts, reports, and other documents. These responsibility clauses
are not exculpatory clauses designed to transfer the consultant's liabilities to other parties; rather, they are definitive clauses that
identify where the consultant's responsibilities begin and end. Their use helps all parties involved recognize their individual
responsibilities and take appropriate action. Some of these definitive clauses are likely to appear in your report, and you are
encouraged to read them closely. Your consultant will be pleased to give full and frank answers to your questions.

The preceding paragraphs are based on information provided by the
ASFE/Association of Engineering Firms Practicing in the Geosciences, Silver Spring, Maryland



PUBLIC NOTICE DRAFT May 10, 2019

Memo to PDC

Reference: GVEA LNG Siting Study

The following are the pertinent issues associated with siting the LNG facilities to service both GVEA and

IGU.

10.

| is very difficult to provide much detail for an LNG plant layout without the actual design basis
for the facility.

| know that there is a preference for single containment storage, because the initial cost is less
than full containment. However, Full containment offers many advantages, especially in the
planning stages. Therefore, we have performed an initial screening for thermal exclusion for an
unconfined LNG storage tank failure, which, in our opinion is what is necessary for preliminary
siting.

We have offered a site plan for single containment, with a high dike that meets the NFPA X-Y
rule.

However, the actual layout and configuration of the plant LNG transfer facilities, and their
design spill determinations, will be required to determine the thermal exclusion and vapor
dispersion requirements.

Generally we like to locate design spill containment structure as close to the center of the center

of the site as possible to provide the most flexibility for thermal exclusion and vapor dispersion.
All LNG transfer activities must be identified and the design LNG spills determined in accordance
with the published PHMSA FAQ’s

a. Proposed Trucks per day and method of transfer. Unloading only, or filling and

unloading?
b. Proposed rail cars, of what size, per day and method of transfer. Unloading only, or
filling and unloading?

c. Proposed production rates for each customer of the facility.

d. Is container filling or unloading foreseen?
Any kind of crossing of the existing pipeline ROW should be avoided for a variety of reasons, but
mainly cost and schedule.
Snow management must be determined in any site plan, as well the allowance for the
accumulation of ice and snow in the spill impoundment systems.
The configuration of any rail facilities should include a single track, and make it as long as
necessary, with one security controlled gate. Most of the facilities | am accustomed to in secure
facilities have the tack running in a circle, with a minimum of switches. The prime mover for the
cars should never pass the transfer area, or the area must be purged a non-classified electrical
area before each transit. (At least | think this is the current DOT thinking)
The general technical terms of the potential ownership transaction should be included in the
basis of design, flow rates, pressures, and temperature. We are concerned with the complexities
of contracting between public utility companies, as they may affect the configuration of the
facilities.
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ALTERNATIVE 1 COST SUMMARY

May 10, 2019

BASE BID
CIVIL WORK (PROVIDED BY GNE) S 1,309,250
TANK CONSTRUCTION (PROVIDED BY GNE) S 3,943,000
STRUCTURAL WORK (PROVIDED BY GNE) S 160,000
MECHANICAL/PIPING WORK (PROVIDED BY GNE) S 1,120,500
ELECTRICAL WORK (PROVIDED BY GNE) S 457,000
SITE WORK S 110,370
SITE MECHANICAL S 408,153
SITE COMMUNICATIONS S 50,436
30'0"'X40'0" PUMPHOUSE S 790,141
30'0''X40'0" CONTROL BUILDING S 603,915
CONSTRUCTION SUBTOTAL S 8,952,765
DESIGN FEE AND CA 11% S 984,804.15
PERMITTING/PLAN REVIEWS S 20,000
SUBTOTAL S 9,957,569
CONTINGENCY 50% $ 4,978,784.58
SUBTOTAL S 14,936,354
ALTERNATES

1 ACCESS ROAD - H&H TO GVEA YARD S 356,912

2 TRUCK LOADING FACILITY (PROVIDED BY GNE) S 1,266,406

3 TRACK MOBILE AND SHELTER S 877,500

4 GVEA RAIL RACK, PIPING, TRACK AND SWITCHING S 2,201,750

5 PETRO STAR RAIL RACK, PIPING, TRACK AND SWITCHING S 1,361,750

6 IGU RAIL SPUR TRACK AND SWITCHING S 1,087,500
DESIGN FEE AND CA 11% S 786,699.94
CONTINGENCY 50% $ 3,969,258.77
CONSTRUCTION SUBTOTAL $ 11,907,776
CONSTRUCTION TOTAL INCLUDING ALTERNATES S 26,844,130
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6/26/2017
GOLDEN VALLEY ELECTRIC ASSOC. (GVEA) GNE #17013
PETROLEUM TERMINAL FACILITY Revision G
3MM GAL TOTAL STORAGE
OPTION #1
Taskl Sub | Task Description Units Oty Unit Cost Total
1 Civil Work
1.01 [JExcavation for Tank Farm: tank foundations, containment dike CcY 16,500 $6.00 $99,000.00
1.02 |install geomembrane liner under containment area and within tank ringwalls SF 106,000 $2.25 $238,500.00
1.03 |Liner Bedding, NFS Backfill, Berm and Compaction CY 19,750 $28.00 $553,000.00
1.04 |Install Subsurface Drainage System. Catch Basins & OWS LS 1 $75,000.00 $75,000.00
1.05 [Trenching, Bedding, Compaction for POL Pipeline Installation LF 2,750 $125.00 $343,750.00
Task 1 Subtotal $1,309,250.00
2 Tank 1010 and 1020 Construction (1.5MM Gal ea)
2.01 [Tank Foundation Ringwalls - 85' Dia x 5' Deep EA 2 $122,500.00 $245,000.00
2.02 |Tank CP Anode Grid under tanks EA 2 $61,500.00 $123,000.00
2.03 |Tank Fabricate, Erection 85' Dia. X 40, Fixed Cone Roof EA 1 $1,575,000.00 $1,575,000.00
2.04 [Tank Fabricate, Erection 85' Dia. X 40, Internal Floating Roof EA 1 $1,650,000.00 $1,650,000.00
2.05 |Field Coatings, Hydro, Appurtenances EA 2 $175,000.00 $350,000.00
Task 2 Subtotal $3,943,000.00
3 Structural Work
3.01 |Platform/Handrails/Stairs/Pipe Supports/Catwalks within Diked area LS 1 $95,000.00 $95,000.00
3.02 |Pipe Supports along external pipe routes LS 1 $65,000.00 $65,000.00
Task 3 Subtotal $160,000.00
4 Mechanical / Piping Work
4,01 ]10" Cargo piping from Pumphouse to Tanks - A/G LF 550 $95.00 $52,250.00
4,02 8" Service piping from Pumphouse to Tanks - A/G LF 550 $85.00 $46,750.00
4.03 10" Service piping from Pumphouse to Truck Load/Offload - B/G LF 1,000 $95.00 $95,000.00
4.04 6" Service piping from Pumphouse to Truck Load/Offload - B/G LF 2,000 $76.00 $152,000.00
4.05 10" Cargo piping from Rail Car Offload to Pump House - B/G LF 1,650 $95.00 $156,750.00
o | 4.06 10" Service piping from Pump House to Rail Car Loading- B/G (Petrostar) LF 1,650 $95.00 $156,750.00
4.07 4" Service piping from Pump House to GVEA Transfer Bldg - B/G LF 1,800 $55.00 $99,000.00
4.08 4" Service piping from Pump House to Peaker Plant - B/G LF 1,150 $55.00 $63,250.00
4.09 3" Service to Fuel Forwarding Bldg - A/G LF 950 $50.00 $47,500.00
4.10 10" Cargo pipelines from Petrostar to Pump House - A/G LF 750 $95.00 $71,250.00
4.11 600 gpm Pumps for Cargo/Service, Valves and Appurtenances EA 5 $22,500.00 $112,500.00
4.12 |Filter Vessels, Coalescing Elements, Meters, Flow Control Devices LS 1 $225,000.00 $225,000.00
4.13 JAFFF Piping from Pump to Foam Chambers and 4" Perimeter Line LF 1,650 $40.00 $66,000.00
4.14 JAFFF Pump, Control Panel, RBFP, Concentrate Tank, Etc LS 1 $85,000.00 $85,000.00
4.15 |Foam Chambers EA 2 $2,500.00 $5,000.00
— | 4.16 [water Line Extension and Hydrants LS 1 $0.00 $0.00
— | 4.17 ]Supplemental Water Storage Tank EA 1 $0.00 $0.00
Task 4 Subtotal $1,434,000.00
5 Rail Car Offloading/Loading Rack
— 5.01 [Civil Excavation, NFS Fill, Compaction, Rail Extension LS 1 $0.00 $0.00
5.02 |Six Position Spill Containement, Bottom Unloading Arms, Metering, Valves LS 1 $225,000.00 $225,000.00
o | 5.03 |Six Position Rail Car Rack for Loading, Loading Arms, Platforms (Petrostar) LS 1 $275,000.00 $275,000.00
Task 5 Subtotal $500,000.00
6 Truck Loading Rack (TLR)
6.01 JLoading Arm, Rest, Connection, 2 Arms LS 1 $85,000.00 $85,000.00
6.02 |Terminal Management System LS 1 $105,000.00 $105,000.00
6.03 |Piping, Valves, meter, strainer LS 1 $84,500.00 $84,500.00
6.04 JFoundation and Heated Lane Containment Slab LS 1 $65,000.00 $65,000.00
6.05 |Structural Pipe Supports LS 1 $20,000.00 $20,000.00
— | 6.06 [Vapor combustion system foundation and equipment LS 1 $0.00 $0.00
— | 6.07 [Vapor recovery piping LS 1 $0.00 $0.00
— | 6.08 [Firewater and Foam System LS 1 $0.00 $0.00
— ] 6.09 [JAdditive System LS 1 $0.00 $0.00
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6/26/2017

GOLDEN VALLEY ELECTRIC ASSOC. (GVEA) GNE #17013
PETROLEUM TERMINAL FACILITY Revision C

3MM GAL TOTAL STORAGE
OPTION #1
Taskl Sub Task Description Units Qty Unit Cost Total
6.1 [Scully System LS 1 $75,000.00 $75,000.00
6.11 [Truck Offload Hose, 6" Piping, Valves, Strainer, Connection, etc. LS 1 $35,000.00 $35,000.00
Task 6 Subtotal $469,500.00
7 Electrical Work

7.01 [Power within Tank Farm for CP, MOV's, Lighting, Earth Electrode System LS 1 $215,000.00 $215,000.00
7.02 |EFSO and Fire Alarm System within Tank Farm LS 1 $32,000.00 $32,000.00
7.03 |Heat Trace for drainage piping LS 1 $35,000.00 $35,000.00
7.04 JTank instruments and conduit routing LS 1 $75,000.00 $75,000.00
7.05 [New indication panel and computer equipment in control room, TMS LS 1 $60,000.00 $60,000.00
7.06 |Integration of signals to Ovation System, Programming, Commissioning LS 1 $40,000.00 $40,000.00
Task 7 Subtotal $457,000.00

Construction Cost Subtotal Tasks 1-7 $8,272,750.00

Subtotal Minus Alternate Scope Cost $7,841,000.00
Permitting/Plan Review Fees $15,000.00

Contingency (10%) $784,100.00

GRAND TOTAL $8,640,100.00

Assumptions/ Notes:
1. Not currently in Fuel System Scope, listed for reference only.
2. Alternate scope of work to accommodate Petrostar.
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ALTERNATIVE 2 COST SUMMARY

May 10, 2019

BASE BID
CIVIL WORK (PROVIDED BY GNE) S 1,340,500
TANK CONSTRUCTION (PROVIDED BY GNE) S 3,943,000
STRUCTURAL WORK (PROVIDED BY GNE) S 160,000
MECHANICAL/PIPING WORK (PROVIDED BY GNE) S 1,129,675
ELECTRICAL WORK (PROVIDED BY GNE) S 457,000
SITE WORK S 110,370
SITE MECHANICAL S 352,749
SITE COMMUNICATIONS S 51,662
30'0''X40'0" PUMPHOUSE S 787,021
30'0""X40'0" CONTROL BUILDING S 603,915
CONSTRUCTION SUBTOTAL S 8,935,892
DESIGN FEE AND CA 11% S 982,948.12
PERMITTING/PLAN REVIEWS S 20,000
SUBTOTAL S 9,938,840
CONTINGENCY 50% $ 4,969,420.06
SUBTOTAL S 14,908,260
ALTERNATES

1 ACCESS ROAD - H&H TO GVEA YARD S 348,852

2 TRUCK LOADING FACILITY (PROVIDED BY GNE) S 1,216,365

3 TRACK MOBILE AND SHELTER S 877,500

4 GVEA RAIL RACK, PIPING, TRACK AND SWITCHING S 2,137,625

5 PETRO STAR RAIL RACK, PIPING, TRACK AND SWITCHING S 1,297,625

6 IGU RAIL SPUR TRACK AND SWITCHING S 1,087,500
DESIGN FEE AND CA 11% S 766,201.34
CONTINGENCY 50% S 3,865,834.02
CONSTRUCTION SUBTOTAL $ 11,597,502
CONSTRUCTION TOTAL INCLUDING ALTERNATES S 26,505,762
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6/26/2017
GOLDEN VALLEY ELECTRIC ASSOC. (GVEA) GNE #17013
PETROLEUM TERMINAL FACILITY Revision G
3MM GAL TOTAL STORAGE
OPTION #2
Taskl Sub | Task Description Units Oty Unit Cost Total
1 Civil Work
1.01 [JExcavation for Tank Farm: tank foundations, containment dike CcY 16,500 $6.00 $99,000.00
1.02 |install geomembrane liner under containment area and within tank ringwalls SF 106,000 $2.25 $238,500.00
1.03 |Liner Bedding, NFS Backfill, Berm and Compaction CY 19,750 $28.00 $553,000.00
1.04 |Install Subsurface Drainage System. Catch Basins & OWS LS 1 $75,000.00 $75,000.00
1.05 [JTrenching, Bedding, Compaction for POL Pipeline Installation LF 3,000 $125.00 $375,000.00
Task 1 Subtotal $1,340,500.00
2 Tank 1010 and 1020 Construction (1.5MM Gal ea)
2.01 [Tank Foundation Ringwalls - 85' Dia x 5' Deep EA 2 $122,500.00 $245,000.00
2.02 |Tank CP Anode Grid under tanks EA 2 $61,500.00 $123,000.00
2.03 |Tank Fabricate, Erection 85' Dia. X 40, Fixed Cone Roof EA 1 $1,575,000.00 $1,575,000.00
2.04 [Tank Fabricate, Erection 85' Dia. X 40, Internal Floating Roof EA 1 $1,650,000.00 $1,650,000.00
2.05 |Field Coatings, Hydro, Appurtenances EA 2 $175,000.00 $350,000.00
Task 2 Subtotal $3,943,000.00
3 Structural Work
3.01 |Platform/Handrails/Stairs/Pipe Supports/Catwalks within Diked area LS 1 $95,000.00 $95,000.00
3.02 |Pipe Supports along external pipe routes LS 1 $65,000.00 $65,000.00
Task 3 Subtotal $160,000.00
4 Mechanical / Piping Work
4.01 10" Cargo piping from Pumphouse to Tanks - A/G LF 675 $95.00 $64,125.00
4.02 8" Service piping from Pumphouse to Tanks - A/G LF 675 $85.00 $57,375.00
4.03 10" Service piping from Pumphouse to Truck Load/Offload - B/G LF 150 $95.00 $14,250.00
4.04 6" Service piping from Pumphouse to Truck Load/Offload - B/G LF 300 $76.00 $22,800.00
4.05 10" Cargo piping from Rail Car Offload to Pump House - B/G LF 975 $95.00 $92,625.00
o | 4.06 10" Service piping from Pump House to Rail Car Loading- B/G (Petrostar) LF 975 $95.00 $92,625.00
4.07 4" Service piping from Pump House to GVEA Transfer Bldg - B/G LF 2,550 $55.00 $140,250.00
4.08 4" Service piping from Pump House to Peaker Plant - B/G LF 975 $55.00 $53,625.00
4.09 3" Service to Fuel Forwarding Bldg - A/G LF 1,700 $50.00 $85,000.00
4.10 10" Cargo pipelines from Petrostar to Pump House - A/G LF 2,050 $95.00 $194,750.00
4.11 600 gpm Pumps for Cargo/Service, Valves and Appurtenances EA 5 $22,500.00 $112,500.00
4.12 |Filter Vessels, Coalescing Elements, Meters, Flow Control Devices LS 1 $225,000.00 $225,000.00
4.13 JAFFF Piping from Pump to Foam Chambers and 4" Perimeter Line LF 1,750 $40.00 $70,000.00
4.14 JAFFF Pump, Control Panel, RBFP, Concentrate Tank, Etc LS 1 $85,000.00 $85,000.00
4.15 |Foam Chambers EA 2 $2,500.00 $5,000.00
— | 4.16 [water Line Extension and Hydrants LS 1 $0.00 $0.00
— | 4.17 ]Supplemental Water Storage Tank EA 1 $0.00 $0.00
Task 4 Subtotal $1,314,925.00
5 Rail Car Offloading/Loading Rack
— 5.01 [Civil Excavation, NFS Fill, Compaction, Rail Extension LS 1 $0.00 $0.00
5.02 |Six Position Spill Containement, Bottom Unloading Arms, Metering, Valves LS 1 $225,000.00 $225,000.00
o | 5.03 |Six Position Rail Car Rack for Loading, Loading Arms, Platforms (Petrostar) LS 1 $275,000.00 $275,000.00
Task 5 Subtotal $500,000.00
6 Truck Loading Rack (TLR)
6.01 JLoading Arm, Rest, Connection, 2 Arms LS 1 $85,000.00 $85,000.00
6.02 |Terminal Management System LS 1 $105,000.00 $105,000.00
6.03 |Piping, Valves, meter, strainer LS 1 $84,500.00 $84,500.00
6.04 JFoundation and Heated Lane Containment Slab LS 1 $65,000.00 $65,000.00
6.05 |Structural Pipe Supports LS 1 $20,000.00 $20,000.00
— | 6.06 [Vapor combustion system foundation and equipment LS 1 $0.00 $0.00
— | 6.07 [Vapor recovery piping LS 1 $0.00 $0.00
— | 6.08 [Firewater and Foam System LS 1 $0.00 $0.00
— ] 6.09 [JAdditive System LS 1 $0.00 $0.00
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May 10, 2019

6/26/2017
GOLDEN VALLEY ELECTRIC ASSOC. (GVEA) GNE #17013
PETROLEUM TERMINAL FACILITY Revision C

3MM GAL TOTAL STORAGE
OPTION #2
Taskl Sub Task Description Units Qty Unit Cost Total

6.1 [Scully System LS 1 $75,000.00 $75,000.00

6.11 [Truck Offload Hose, 6" Piping, Valves, Strainer, Connection, etc. LS 1 $35,000.00 $35,000.00

Task 6 Subtotal $469,500.00

7 Electrical Work

7.01 JPower within Tank Farm for CP, MOV's, Lighting, Earth Electrode System LS 1 $215,000.00 $215,000.00

7.02 |EFSO and Fire Alarm System within Tank Farm LS 1 $32,000.00 $32,000.00

7.03 [Heat Trace for drainage piping LS 1 $35,000.00 $35,000.00

7.04 JTank instruments and conduit routing LS 1 $75,000.00 $75,000.00

7.05 [New indication panel and computer equipment in control room, TMS LS 1 $60,000.00 $60,000.00

7.06 JIntegration of signals to Ovation System, Programming, Commissioning LS 1 $40,000.00 $40,000.00

Task 7 Subtotal $457,000.00

Construction Cost Subtotal Tasks 1-7

$8,184,925.00

Subtotal Minus Alternate Scope Cost

$7,817,300.00

Permitting/Plan Review Fees $15,000.00
Contingency (10%) $781,730.00
GRAND TOTAL $8,614,030.00

Assumptions/ Notes:
1. Not currently in Fuel System Scope, listed for reference only.
2. Alternate scope of work to accommodate Petrostar.
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ALTERNATIVE 3 COST SUMMARY

May 10, 2019

BASE BID
CIVIL WORK (PROVIDED BY GNE) S 1,340,500
TANK CONSTRUCTION (PROVIDED BY GNE) S 3,943,000
STRUCTURAL WORK (PROVIDED BY GNE) S 160,000
MECHANICAL/PIPING WORK (PROVIDED BY GNE) S 1,457,550
ELECTRICAL WORK (PROVIDED BY GNE) S 457,000
SITE WORK S 110,370
SITE MECHANICAL S 439,507
SITE COMMUNICATIONS S 50,123
30'0""X40'0" PUMPHOUSE S 787,021
30'0''X40'0" CONTROL BUILDING S 603,915
CONSTRUCTION SUBTOTAL S 9,348,986
DESIGN FEE AND CA 11% $ 1,028,388.46
PERMITTING/PLAN REVIEWS S 20,000
SUBTOTAL S 10,397,374
CONTINGENCY 50% $ 5,198,687.23
SUBTOTAL $ 15,596,062
ALTERNATES

1 ACCESS ROAD - H&H TO GVEA YARD S 348,852

2 TRUCK LOADING FACILITY (PROVIDED BY GNE) S 1,356,132

3 TRACK MOBILE AND SHELTER S 877,500

4 GVEA RAIL RACK, PIPING, TRACK AND SWITCHING S 2,121,000

5 PETRO STAR RAIL RACK, PIPING, TRACK AND SWITCHING S 1,281,000

6 IGU RAIL SPUR TRACK AND SWITCHING S 1,087,500
DESIGN FEE AND CA 11% S 777,918.20
CONTINGENCY 50% $ 3,924,950.90
CONSTRUCTION SUBTOTAL $ 11,774,853
CONSTRUCTION TOTAL INCLUDING ALTERNATES S 27,370,914
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6/26/2017
GOLDEN VALLEY ELECTRIC ASSOC. (GVEA) GNE #17013
PETROLEUM TERMINAL FACILITY Revision G
3MM GAL TOTAL STORAGE
OPTION #3
Taskl Sub | Task Description Units Oty Unit Cost Total
1 Civil Work
1.01 [JExcavation for Tank Farm: tank foundations, containment dike CcY 16,500 $6.00 $99,000.00
1.02 |install geomembrane liner under containment area and within tank ringwalls SF 106,000 $2.25 $238,500.00
1.03 |Liner Bedding, NFS Backfill, Berm and Compaction CY 19,750 $28.00 $553,000.00
1.04 |Install Subsurface Drainage System. Catch Basins & OWS LS 1 $75,000.00 $75,000.00
1.05 [JTrenching, Bedding, Compaction for POL Pipeline Installation LF 3,000 $125.00 $375,000.00
Task 1 Subtotal $1,340,500.00
2 Tank 1010 and 1020 Construction (1.5MM Gal ea)
2.01 [Tank Foundation Ringwalls - 85' Dia x 5' Deep EA 2 $122,500.00 $245,000.00
2.02 |Tank CP Anode Grid under tanks EA 2 $61,500.00 $123,000.00
2.03 |Tank Fabricate, Erection 85' Dia. X 40, Fixed Cone Roof EA 1 $1,575,000.00 $1,575,000.00
2.04 [Tank Fabricate, Erection 85' Dia. X 40, Internal Floating Roof EA 1 $1,650,000.00 $1,650,000.00
2.05 |Field Coatings, Hydro, Appurtenances EA 2 $175,000.00 $350,000.00
Task 2 Subtotal $3,943,000.00
3 Structural Work
3.01 |Platform/Handrails/Stairs/Pipe Supports/Catwalks within Diked area LS 1 $95,000.00 $95,000.00
3.02 |Pipe Supports along external pipe routes LS 1 $65,000.00 $65,000.00
Task 3 Subtotal $160,000.00
4 Mechanical / Piping Work
4,01 10" Cargo piping from Pumphouse to Tanks - A/G LF 1,500 $95.00 $142,500.00
4,02 |8" Service piping from Pumphouse to Tanks - A/G LF 1,500 $85.00 $127,500.00
4.03 10" Service piping from Pumphouse to Truck Load/Offload - B/G LF 150 $95.00 $14,250.00
4.04 6" Service piping from Pumphouse to Truck Load/Offload - B/G LF 300 $76.00 $22,800.00
4.05 10" Cargo piping from Rail Car Offload to Pump House - B/G LF 800 $95.00 $76,000.00
o | 4.06 10" Service piping from Pump House to Rail Car Loading- B/G (Petrostar) LF 800 $95.00 $76,000.00
4.07 4" Service piping from Pump House to GVEA Transfer Bldg - B/G LF 2,750 $55.00 $151,250.00
4.08 4" Service piping from Pump House to Peaker Plant - B/G LF 1,150 $55.00 $63,250.00
4.09 3" Service to Fuel Forwarding Bldg - A/G LF 1,900 $50.00 $95,000.00
4.10 10" Cargo pipelines from Petrostar to Pump House - A/G LF 3,300 $95.00 $313,500.00
4.11 600 gpm Pumps for Cargo/Service, Valves and Appurtenances EA 5 $22,500.00 $112,500.00
4.12 |Filter Vessels, Coalescing Elements, Meters, Flow Control Devices LS 1 $225,000.00 $225,000.00
4.13 JAFFF Piping from Pump to Foam Chambers and 4" Perimeter Line LF 2,500 $40.00 $100,000.00
4.14 JAFFF Pump, Control Panel, RBFP, Concentrate Tank, Etc LS 1 $85,000.00 $85,000.00
4.15 |Foam Chambers EA 2 $2,500.00 $5,000.00
— | 4.16 [water Line Extension and Hydrants LS 1 $0.00 $0.00
— | 4.17 ]Supplemental Water Storage Tank EA 1 $0.00 $0.00
Task 4 Subtotal $1,609,550.00
5 Rail Car Offloading/Loading Rack
— 5.01 [Civil Excavation, NFS Fill, Compaction, Rail Extension LS 1 $0.00 $0.00
5.02 |Six Position Spill Containement, Bottom Unloading Arms, Metering, Valves LS 1 $225,000.00 $225,000.00
o | 5.03 |Six Position Rail Car Rack for Loading, Loading Arms, Platforms (Petrostar) LS 1 $275,000.00 $275,000.00
Task 5 Subtotal $500,000.00
6 Truck Loading Rack (TLR)
6.01 JLoading Arm, Rest, Connection, 2 Arms LS 1 $85,000.00 $85,000.00
6.02 |Terminal Management System LS 1 $105,000.00 $105,000.00
6.03 |Piping, Valves, meter, strainer LS 1 $84,500.00 $84,500.00
6.04 JFoundation and Heated Lane Containment Slab LS 1 $65,000.00 $65,000.00
6.05 |Structural Pipe Supports LS 1 $20,000.00 $20,000.00
— | 6.06 [Vapor combustion system foundation and equipment LS 1 $0.00 $0.00
— | 6.07 [Vapor recovery piping LS 1 $0.00 $0.00
— | 6.08 [Firewater and Foam System LS 1 $0.00 $0.00
— ] 6.09 [JAdditive System LS 1 $0.00 $0.00

GNE #17013

Construction Cost Estimate
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e 6/26/2017

GOLDEN VALLEY ELECTRIC ASSOC. (GVEA) GNE #17013
PETROLEUM TERMINAL FACILITY Revision C

3MM GAL TOTAL STORAGE
OPTION #3
Taskl Sub Task Description Units Qty Unit Cost Total
6.1 [Scully System LS 1 $75,000.00 $75,000.00
6.11 [Truck Offload Hose, 6" Piping, Valves, Strainer, Connection, etc. LS 1 $35,000.00 $35,000.00
Task 6 Subtotal $469,500.00
7 Electrical Work

7.01 JPower within Tank Farm for CP, MOV's, Lighting, Earth Electrode System LS 1 $215,000.00 $215,000.00
7.02 |EFSO and Fire Alarm System within Tank Farm LS 1 $32,000.00 $32,000.00
7.03 |Heat Trace for drainage piping LS 1 $35,000.00 $35,000.00
7.04 JTank instruments and conduit routing LS 1 $75,000.00 $75,000.00
7.05 [New indication panel and computer equipment in control room, TMS LS 1 $60,000.00 $60,000.00
7.06 |Integration of signals to Ovation System, Programming, Commissioning LS 1 $40,000.00 $40,000.00
Task 7 Subtotal $457,000.00

Construction Cost Subtotal Tasks 1-7 $8,479,550.00

Subtotal Minus Alternate Scope Cost $8,128,550.00
Permitting/Plan Review Fees $15,000.00

Contingency (10%) $812,855.00

GRAND TOTAL $8,956,405.00

Assumptions/ Notes:
1. Not currently in Fuel System Scope, listed for reference only.
2. Alternate scope of work to accommodate Petrostar.

GNE #17013
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BACT Analysis of Zehnder and North Pole Power Plants: Use of Low Sulfur Fuels
Delma Bratvold
Energy Analyst
Leidos Engineering
July 2017

The North Pole Power Plant (NPPP) has two GE Frame 7 combustion turbines (GT1 and GT2) and the
Zehnder Power Plant has two GE Frame 5 combustion turbines. In 2016, high sulfur diesel comprised
85% of the fuel burned in the North Pole Plant and 98% of the fuel burned in the Zehnder Plant.
However, the turbines at both of these plants are capable of burning 100% ultra low sulfur diesel
(ULSD). An analysis of the capital investment required for burning 100% ULSD at both the North Pole
Power Plant and the Zehnder Power Plant is described below.

1 Needed ULSD Storage Volume

Two scenarios of ULSD storage volume are considered. In the first scenario, the needed storage volume
is based on maximum permitted operation of both the NPPP and the Zehnder Plant. In the second
scenario, storage volume is based on historic maximum fuel energy use at these plants.

ULSD is produced in Alaska at two refineries: one is 350 miles away in Valdez; the other is 530 miles
away in Kenai. Both of these refineries have, or are in the process of establishing bulk storage at marine
terminals in Anchorage, which is 370 miles from away. Both refineries are likely to transport bulk ULSD
to North Pole through their Anchorage terminals to allow rail transport, which is not directly available
from the refineries themselves. The quantities of ULSD required for NPPP and Zehnder operation are
preferentially transported by rail rather than truck due to: difficult winter road conditions; periodic
regional shortages of truck drivers; and economies of scale in transport by 30,000 gallon railcars versus
tank trucks with a maximum load of around 9,000 gallons.

With no delays, rail transport from Anchorage to North Pole is 3 days one way, and 7 days round trip
including fuel loading and off-loading. Shipments are assumed to arrive twice a week, and at any one
time, half the railcars will be headed towards or in North Pole and the other half will be headed towards
or in Anchorage. This requires an operational storage volume equivalent to 3 % days of fuel. The longer
transport chain for ULSD from Anchorage compared to high sulfur diesel produced in North Pole poses
additional delivery risk which is mitigated with North Pole fuel storage capacity that allows for
reasonable delivery delays. The Alaska Railroad has stated that in the event of destruction of one of the
higher rail bridges between Anchorage and North Pole (e.g., such as due to an avalanche), bridge
replacement may take up to 4 days. Thus, fuel storage capacity should be equivalent to a total of 7 /4
days of fuel (i.e., 3 % days for operational fuel plus 4 additional days for reasonable delivery delays).

Under the first scenario, with maximum permitted use of NPPP and Zehnder Power Plant, maximum
permitted levels are calculated based on the number of days for round-trip fuel deliveries, the potential
over-lap in their days of operation, and maximum daily fuel burn rates. The emissions permit for the
Zehnder Power Plant allows operation of both GT1 and GT2 365 days per year. The emission permit for
NPPP GT2 allows a maximum of 7,992 hours per year by, equivalent to 333 days per year. Maximum use
of the NPPP GT1 is limited based on a shared NOx emissions permit, from which maximum operation is
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estimated to be 3,794 hours,! which is equivalent to 158 days per year. Based on the maximum
permitted usage of the NPPP and Zehnder Plants, ULSD storage needs to be adequate for simultaneous
operation of both NPPP units and both Zehnder units on a continuous basis for months at a time.

NPPP GT1 and GT2 each burn 672 MMBtu per hour, equivalent to a combined 32,256 MMBtu per day.
Zehnder GT1 and GT2 each burn 268 MMBtu per hour, equivalent to a combined 12,864 MMBtu per
day. Assuming use of ULSD #1 (winter fuel) with a lower heating value of 124,000 Btu/gallon, the
combined maximum daily use of ULSD at both of these plants is 363,871 gallons. Multiplied by 7 % days
(i.e., 3 % days regular delivery plus 4 days delay), this daily use volume corresponds to 2.73 million
gallons of new storage capacity.

Under the second scenario, storage volume is based on the maximum 3-day fuel energy use at NPPP and
Zehnder over the last decade. A 3-day maximum is used because this duration is approximately equal to
the one-way delivery period. The maximum is used (rather than the average) to assure adequate fuel
supply during winter cold spells. The 3-day maximum since January 2007 occurred in April 2009, when
62,751 MMBtu were consumed at NPP and Zehnder, equivalent to 506,057 gallons of ULSD #1. The
average daily use rate during the 3-day maximum is applied to 7 % days storage, yielding 1.27million
gallons of new storage capacity.

2 Storage and Transport Component Costs

GVEA owns a site in North Pole that is conducive for construction of shared bulk fuel storage for the
NPPP and Zehnder Plant. The complete fuel transport chain from Anchorage is assumed to include rail
delivery to bulk storage in North Pole with new rail siding and offloading equipment; new rail tankcars;
new bulk storage including pipeline transport of ULSD to NPPP GT1 and GT2; and truck loading and
transport of ULSD from North Pole storage to the Zehnder Plant in Fairbanks (approximately 10 miles
each way).? Estimated costs of these components are shown in the table below.

Table 1. Fuel Storage and Transport Capital Costs under Permitted Maximum Use Scenario and Historic
Maximum Use Scenario.

Capital Cost Elements Permitted Historic

Maximum Use Maximum Use
Rail siding, rail/truck loading/offloading $4,500,000 $4,500,000
Rail tank cars (30,000 gallons, $135,000 each) $11,475,000 $5,400,000
Storage construction $14,300,000 $11,000,000
Tanker truck (1 truck @ 9,000 gallons) $150,000 $150,000
TOTAL $30,425,000 $21,050,000

! The NPPP GT1 annual use estimate is calculated from the NOx emissions permit for 1600 tons per year for
combined emissions from NPPP GT1 and the NPEP GT3, the later of which only burns low sulfur fuels. If NPEP GT3
(the more efficient unit) is run 24/7, assuming a burn rate of 455 MMBtu/hr and NOx emission rate of 0.24
Ib/MMBtu, 478 tons NOx will be emitted annually from GT3, leaving 1,122 tons that may be emitted from GT1.
Assuming a NOx emission rate of 0.88 Ib/MMBtu for GE Frame 7 turbines, the GT1 may burn 2,549,327 MMBtu per
year, which at a burn rate of 672 MMBtu/hr corresponds to 3,794 hours.

2 The Zehnder plant already has 100,000 gallons of storage on site, compared to the estimated 103,742 gallons of
ULSD that would be burned daily at this site when operating at maximum capacity.
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Storage construction cost and rail siding, rail/truck loading/offloading costs shown above are based on a
July 2017 estimate developed by PDC Engineers for a 3 million-gallon storage facility in North Pole, AK.2
The PDC estimate was adjusted with volume-proportionate reductions in tank construction, civil, and
structural costs to represent 2.73 and 1.27 million gallons for the “Permitted Maximum Use” and
“Historic Maximum Use” scenarios, respectively. Components in the estimate that are not applicable for
the scope of NPPP and Zehnder fuel storage, rail offloading, and truck loading were removed. Other
components (i.e., electrical, piping, mechanical, etc.) are assumed to not change significantly over this
size range. Rail tank car costs are based on a June 2017 quote from Greenbrier, Inc., and does not
include the cost of car delivery from the Lower 48 to Alaska. Tanker truck cost is based on online listings
for truck sales.

3 This cost estimate was developed for consideration of storage to supply all GVEA liquid fuel power plants during
potential strategic events. No strategic storage investment decision has been made.
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GVEA Fuel Pricing per Gallon

May 10, 2019

Average| Jan-17 Feb-17 Mar-17 Apr-17 May-17 Jun-17 Jul-17 Aug-18 Sep-17 Oct-17 Nov-17 Dec-17 Jan-18 Feb-18 Mar-18 Apr-18 May-18 Jun-18 Jul-18 Aug-18 Sep-18 Oct-18
Isr Naphtha |PSI Base Price - $1.329 $1.071 $1.083 $1.022 $1.004 $0.999 $1.055 $1.056 $1.200 $1.418 $1.561 $1.584 $1.540 $1.494 $1.516 $1.682 $1.641 $1.713 $1.716 $1.779 $1.785
PSI & Federal surcharges * - $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003
Total $/Gallon $1.396 - $1.332 $1.074 $1.086 $1.025 $1.007 $1.002 $1.058 $1.059 $1.203 $1.421 $1.564 $1.587 $1.543 $1.497 $1.519 $1.685 $1.644 $1.716 $1.719 $1.782 $1.788

IDF2+10 PSI Base Price - - - - $1.625 $1.576 $1.621 $1.708 - - - - - - - - $2.150 $2.286 $2.395 $2.400 $2.408 -

PSI & Federal surcharges * - - - - $0.003 $0.003 $0.003 $0.003 - - - - - - - - $0.003 $0.003 $0.003 $0.003 $0.003 -

PSI Ops Surcharge - - - - $0.05 $0.05 $0.05 $0.05 - - - - - - - - $0.05 $0.05 $0.05 $0.05 $0.05 -

Delivery Charge - - - - $0.020 $0.020 $0.020 $0.020 - - - - - - - - $0.020 $0.020 $0.020 $0.020 $0.020 -

Delivery Fuel Surcharge % - - - - 20.5% 20.5% 20.5% 19.0% - - - - - - - - 29.0% 27.0% 27.0% 23.5% 26.0% -

Delivery Fuel Surchage (%*Delivery) - - - - $0.004 $0.004 $0.004 $0.004 - - - - - - - - $0.006 $0.005 $0.005 $0.005 $0.005 -

Total $/Gallon $2.097 - - - - $1.702 $1.653 $1.699 $1.785 - - - - - - - - $2.229 $2.364 $2.474 $2.478 $2.486 -
2 DF2-15 PSI Base Price $1.750 $1.797 $1.712 $1.732 - - - - $1.874 $1.911 $2.040 $2.021 $2.174 $2.204 $2.188 $2.175 - - - - - $2.499
o PS| & Federal surcharges * $0.003 $0.003 $0.003 $0.003 - - - - $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 - - - - - $0.003
(a1 PSI Ops Surcharge $0.04 $0.05 $0.05 $0.05 - - - - $0.05 $0.05 $0.05 $0.05 $0.05 $0.05 $0.05 $0.05 - - - - - $0.05
Truck Delivery $0.020 $0.020 $0.020 $0.020 - - - - $0.020 $0.020 $0.020 $0.020 $0.020 $0.020 $0.020 $0.020 - - - - - $0.020
-I-C-' Delivery Fuel Surcharge % 18.5% 20.5% 20.5% 20.5% - - - - 23.0% 23.0% 23.0% 23.0% 24.0% 26.0% 26.0% 26.0% - - - - - 26.0%
| 9 Delivery Fuel Surchate (%*Delivery) $0.004 $0.004 $0.004 $0.004 - - - - $0.005 $0.005 $0.005 $0.005 $0.005 $0.005 $0.005 $0.005 - - - - - $0.005
o Total $/Gallon $2.083 | $1.817 $1.874 $1.789 $1.809 - - - - $1.951 $1.989 $2.117 $2.099 $2.251 $2.282 $2.266 $2.253 - - - - - $2.577
Z ULSD PSI Base Price $1.963 $1.904 $1.805 $1.852 $1.806 $1.703 $1.622 $1.797 $2.074 $2.107 $2.159 $2.038 $2.129 $2.083 $2.083 $2.309 $2.417 $3.129 $2.301 $2.225 $2.308 $2.406
PSI & Federal surcharges * $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003
PSI Delivery Charge $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155
PSI Fuel Surcharge % 16.5% 17.5% 17.5% 16.5% 16.5% 16.5% 16.5% 14.5% 16.5% 16.5% 19.5% 20.0% 19.0% 20.0% 20.0% 20.0% 21.5% 22.5% 22.5% 22.0% 21.0% 22.0%
PSI Fuel Surcharge (%*Delivery) $0.026 $0.027 $0.027 $0.026 $0.026 $0.026 $0.026 $0.022 $0.026 $0.026 $0.030 $0.031 $0.029 $0.031 $0.031 $0.031 $0.033 $0.035 $0.035 $0.034 $0.033 $0.034
PSI Truck Freight % 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0%
PSI Truck Freight (%*Delivery+Surchage) $0.027 $0.027 $0.027 $0.027 $0.027 $0.027 $0.027 $0.027 $0.027 $0.027 $0.028 $0.028 $0.028 $0.028 $0.028 $0.028 $0.028 $0.028 $0.028 $0.028 $0.028 $0.028
Truck Delivery $0.133 $0.133 $0.133 $0.133 $0.165 $0.165 $0.165 $0.165 $0.165 $0.165 $0.165 $0.165 $0.165 $0.165 $0.165 $0.165 $0.165 $0.165 $0.165 $0.165 $0.165 $0.165
Delivery Fuel Surcharge % 18.5% 20.5% 20.5% 20.5% 20.5% 20.5% 20.5% 19.0% 23.0% 23.0% 23.0% 23.0% 24.0% 26.0% 26.0% 26.0% 29.0% 27.0% 27.0% 23.5% 26.0% 26.0%
Delivery Fuel Surchage (%*Delivery) $0.025 $0.027 $0.027 $0.027 $0.034 $0.034 $0.034 $0.031 $0.038 $0.038 $0.038 $0.038 $0.040 $0.043 $0.043 $0.043 $0.048 $0.045 $0.045 $0.039 $0.043 $0.043
Total $/Gallon $2.512] $2.331 $2.277 $2.178 $2.223 $2.216 $2.112 $2.032 $2.200 $2.487 $2.521 $2.578 $2.458 $2.549 $2.508 $2.508 $2.734 $2.849 $3.560 $2.732 $2.649 $2.735 $2.834

DF2+10 PSI Base Price - - - - $1.625 $1.576 $1.621 $1.708 - - - - - - - - $2.150 $2.286 $2.395 $2.400 $2.408 -

PSI & Federal surcharges * - - - - $0.003 $0.003 $0.003 $0.003 - - - - - - - - $0.003 $0.003 $0.003 $0.003 $0.003 -

PSI Ops Surcharge - - - - $0.05 $0.05 $0.05 $0.05 - - - - - - - - $0.05 $0.05 $0.05 $0.05 $0.05 -

Delivery Charge - - - - $0.030 $0.030 $0.030 $0.030 - - - - - - - - $0.030 $0.030 $0.030 $0.030 $0.030 -

Delivery Fuel Surcharge % - - - - 20.5% 20.5% 20.5% 19.0% - - - - - - - - 29.0% 27.0% 27.0% 23.5% 26.0% -

Delivery Fuel Surchage (%*Delivery) - - - - $0.006 $0.006 $0.006 $0.006 - - - - - - - - $0.009 $0.008 $0.008 $0.007 $0.008 -

Total $/Gallon $2.109 - - - - $1.714 $1.665 $1.711 $1.797 - - - - - - - - $2.242 $2.377 $2.487 $2.490 $2.499 -
DF2-15 PSI Base Price $1.750 $1.797 $1.712 $1.732 - - - - $1.874 $1.911 $2.040 $2.021 $2.174 $2.204 $2.188 $2.175 - - - - - $2.499
PSI & Federal surcharges * $0.003 $0.003 $0.003 $0.003 - - - - $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 - - - - - $0.003
| & PSI Ops Surcharge $0.04 $0.05 $0.05 $0.05 - - - - $0.05 $0.05 $0.05 $0.05 $0.05 $0.05 $0.05 $0.05 - - - - - $0.05
Q Truck Delivery $0.025 $0.025 $0.025 $0.025 - - - - $0.030 $0.030 $0.030 $0.030 $0.030 $0.030 $0.030 $0.030 - - - - - $0.030
'U Delivery Fuel Surcharge % 18.5% 20.5% 20.5% 20.5% - - - - 23.0% 23.0% 23.0% 23.0% 24.0% 26.0% 26.0% 26.0% - - - - - 26.0%
c Delivery Fuel Surchate (%*Delivery) $0.005 $0.005 $0.005 $0.005 - - - - $0.007 $0.007 $0.007 $0.007 $0.007 $0.008 $0.008 $0.008 - - - - - $0.008
= Total $/Gallon $2.093 | $1.823 $1.880 $1.795 $1.815 - - - - $1.964 $2.001 $2.129 $2.111 $2.264 $2.294 $2.279 $2.266 - - - - - $2.590
Q ULSD PSI Base Price $1.963 $1.904 $1.805 $1.852 $1.806 $1.703 $1.622 $1.797 $2.074 $2.107 $2.159 $2.038 $2.129 $2.083 $2.083 $2.309 $2.417 $3.129 $2.301 $2.225 $2.308 $2.406
N PSI & Federal surcharges * $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.006 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003 $0.003
PSI Delivery Charge $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155 $0.155
PSI Fuel Surcharge % 16.5% 17.5% 17.5% 16.5% 16.5% 16.5% 16.5% 14.5% 16.5% 16.5% 19.5% 20.0% 19.0% 20.0% 20.0% 20.0% 21.5% 22.5% 22.5% 22.0% 21.0% 22.0%
PSI Fuel Surcharge (%*Delivery) $0.026 $0.027 $0.027 $0.026 $0.026 $0.026 $0.026 $0.022 $0.026 $0.026 $0.030 $0.031 $0.029 $0.031 $0.031 $0.031 $0.033 $0.035 $0.035 $0.034 $0.033 $0.034
PSI Truck Freight % 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0%
PSI Truck Freight (%*Delivery+Surchage) $0.027 $0.027 $0.027 $0.027 $0.027 $0.027 $0.027 $0.027 $0.027 $0.027 $0.028 $0.028 $0.028 $0.028 $0.028 $0.028 $0.028 $0.028 $0.028 $0.028 $0.028 $0.028
Truck Delivery $0.025 $0.025 $0.025 $0.025 $0.030 $0.030 $0.030 $0.030 $0.030 $0.030 $0.030 $0.030 $0.030 $0.030 $0.030 $0.030 $0.030 $0.030 $0.030 $0.030 $0.030 $0.030
Delivery Fuel Surcharge % 18.5% 20.5% 20.5% 20.5% 20.5% 20.5% 20.5% 19.0% 23.0% 23.0% 23.0% 23.0% 24.0% 26.0% 26.0% 26.0% 29.0% 27.0% 27.0% 23.5% 26.0% 26.0%
Delivery Fuel Surchage (%*Delivery) $0.005 $0.005 $0.005 $0.005 $0.006 $0.006 $0.006 $0.006 $0.007 $0.007 $0.007 $0.007 $0.007 $0.008 $0.008 $0.008 $0.009 $0.008 $0.008 $0.007 $0.008 $0.008
Total $/Gallon $2.352] $2.203 $2.147 $2.048 $2.093 $2.053 $1.950 $1.869 $2.040 $2.324 $2.355 $2.412 $2.292 $2.382 $2.338 $2.338 $2.564 $2.675 $3.389 $2.560 $2.482 $2.564 $2.664

Notes: During the time frame shown here, 5,755,774 gallons of DF2+10 and 8,829,573 gallons of DF2-15 were consumed by EU ID's 1 and 2 at the North Pole Plant, giving a weighted average cost differential between No. 2 HSD and ULSD of $0.424 per gallon.
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Table 5-1. Summary of Available SO, Emission Control Technology

May 10, 2019

Emission Unit

Available Emission Control
Technology

1,2 Simple Cycle Gas Turbine

ULSD

Low Sulfur Fuel

No. 1 HSD

Good Combustion Practices

5,6 | Combined Cycle Gas Turbine

ULSD

LSR/Naphtha

Limited Operation

Good Combustion Practices

7 Emergency Generator Engine

ULSD

Low Sulfur Fuel

Limited Operation

Good Combustion Practices

11,12 Propane-Fired Boiler

Low Sulfur Fuel

Good Combustion Practices

GVEA - North Pole Facility
PM, 5 Serious NAA BACT Analysis

November 2018
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Table 5-2. Summary of Technically Feasible SO, Emission Control
Technology

Emission Unit

Technically Feasible Control
Technology

1,2

Simple Cycle Gas Turbine

ULSD

Low Sulfur Fuel

No. 1 HSD

Good Combustion Practices

5,6

Combined Cycle Gas Turbine

ULSD

Good Combustion Practices and
LSR/Naphtha

Emergency Generator Engine

ULSD

Low Sulfur Fuel

Limited Operation

Good Combustion Practices

11,12

Propane-Fired Boiler

Low Sulfur Fuel

Good Combustion Practices

GVEA - North Pole Facility
PM, 5 Serious NAA BACT Analysis

November 2018
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Table 5-3. Ranking of Technically Feasible SO, Emission Control Technology

May 10, 2019

Contic] SO, SO, Emissions
Emission Unit Emission Control Technology Efficiency Emissions 2=
Reduction (tpy)
(pct.) (tpy)
ULSD (0.0015 wt. pct. S) 99.7 4.5 1,481.9
1 Simple Cycle Turbine Low Sulfur Fuel (0.05 wt. pct. S) 90.0 148.6 1,337.8
No. 1 HSD (0.100 wt. pct. S) 80.0 297.3 1,189.1
Good Combustion Practices (0.50 wt. pct. S) (existing) 0 1,486.4 0
Limited Operation + ULSD (0.0015 wt. pct. S) 99.7 4.1 1,352.0
2 Simple Cycle Turbine Limited Operation + Low Sulfur Fuel (0.05 wt. pct. S) 90.0 135.6 1,220.5
Limited Operations + No. 1 HSD (0.100 wt. pct. S) 80.0 271.2 1,084.9
Good Combustion Practices (0.50 wt. pct. S) (existing) 0 1,356.1 0
ULSD (0.0015 wt. pct. S} 70.0 3.0 71
5,6 Combined Cycle Gas Turbines (per turbine) LSR/Naphtha (0.0050 wt. pct. S) + Good Combustion 0 10.1 0.0
Practices (existing) i ’
ULSD (0.0015 wt. pct. S) + Limited Operation 98.5 0.00015 0.0099
7 Emergency Generator Engine Low Sulfur Fuel (0.05 wt. pct. S) + Limited Operation 50 0.005 0.0050
Limited Operation (0.1 wt. pct. S) (existing] 0 0.01 0
11,12 Propane-Fired Boiler Low Sulfur Fuel (existing) 0 0.0002 0
GVEA - North Pole Facility
PM, 5 Serious NAA BACT Analysis November 2018
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Table 5-4. Annualized Costs for ULSD on
the Diesel-fired Simple Cycle Gas Turbine (EU ID 1)

May 10, 2019

Shaded cells indicate user inputs

Project: GVEA North Pole - PM, s BACT Analysis (EU ID 1 - GE Frame 7 CT) Prepared By:
Checked By:
Rev
Annualized Costs
DIRECT ANNUAL COSTS Qry UNIT TOTAL MATERIALS COST TOTAL LABOR COST TOTAL
(1) Operating & Maintenance Costs % $ - $ -
(2) Repair & Replacement Costs % $ - $ -
(3) Maintenance Materials LoT l:l excluded in this estimate
(4) Utilities
(a)  ULSD Costs: GAL $ 19,199,764 $ 19,199,764
[Total Direct Annual Costs (TDAC) TDAC = $ 19,199,764
|INDIRECT ANNUAL COSTS
(5) Overhead % excluded in this estimate $ - $ -
(6) Administrative Charges, Property Taxes, Insurance % of capital $ - $ -
Capital Recovery Factor [see inputs below] 0.0944
(7) Capital Recovery CRF*TCl = $ -
[Total Indirect Annual Costs (TIAC) (refer to Table 5-10) TIAC = $ 1,461,566
TOTAL ANNUALIZED COSTS (TAC) TAC = (TDAC) + (TIAC) = $ 20,661,330

Cost Effectiveness Summary

TOTAL TONS SO, AVOIDED PER YEAR

COST EFFECTIVENESS ($ PER TON AVOIDED BASED ON PTE)
COST EFFECTIVENESS ($ PER TON AVOIDED BASED ON ACTUAL HISTORIC RUN TIMES, AVOIDING 111 TONS PER YEAR)1
COST EFFECTIVENESS ($ PER TON PM AVOIDED BASED ON 6 TONS SO, AVOIDED = 1 TON PM AVOIDED)2

(TAC)/(TPY)
(TAC)/(TPY)
(TAC)/(TPY)

= 1,482

=8
=8
= $

13,942
25,530
153,183

Data Inputs for Capital Recovery Factor:
[Annual Interest Rate (EPA OAQPS Control Cost Manual)
Project Life (EPA OAQPS Control Cost Manual)

%
20 years

1 Annual average run hours for EU 1 from 2009-2016 is 833 hours, and the peak in the last four years has been 587 hours. 833 hours equates to 4,305,969 gallons of fuel, a TDAC of $1,791,283,
and a TAC of $3,208,769. The capital cost of bulk fuel storage would be less and the TIAC for actuals is shown in Table 5-10. 4,305,969 gallons of .381 wt pct. S replaced with .0015 wt pct. =
111 tons avoided. Monthly testing of No. 2 HSD for 2017 showed 0.381 wt. pct. S. average

2 Alaska Department of Environmental Conservation, Amendments to State Air Quality Control Plan Vol. IIl: Appendix I11.D.5.7, page 52. In reference to fuel oil emissions, "Ambient sampling
and modeling in FNSB indicates that reduction of six tons of SOy emissions result in the same reduction in ambient PM, 5 concentration as the reduction of one ton of directly emitted PM, 5".

GVEA - North Pole Facility

PM, 5 Serio

us NAA BACT Analysis

November 2018
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Table 5-5. Annualized Costs for ULSD on
the Diesel-fired Simple Cycle Gas Turbine (EU ID 2)

Shaded cells indicate user inputs

Project: GVEA North Pole - PM, s BACT Analysis (EU ID 2 - GE Frame 7 CT) Prepared By:
Checked By:
Rev:
Annualized Costs
DIRECT ANNUAL COSTS Qry UNIT TOTAL MATERIALS COST TOTAL LABOR COST TOTAL
(1) Operating & Maintenance Costs % $ - $ -
(2) Repair & Replacement Costs % $ - $ -
(3) Maintenance Materials LOT l:l excluded in this estimate
(4) Utilities
(a)  ULSD Costs: GAL $ 17,516,497 $ 17,516,497
[Total Direct Annual Costs (TDAC) TDAC = $ 17,516,497

|'NDIRECT ANNUAL COSTS

(5) Overhead % excluded in this estimate $ - S

(6) Administrative Charges, Property Taxes, Insurance % of capital $ - $ -
Capital Recovery Factor [see inputs below] 0.0944

(7) Capital Recovery CRF*TCl = S -

[Total Indirect Annual Costs (TIAC) (refer to Table 5-10) TIAC = $ 1,461,566

TOTAL ANNUALIZED COSTS (TAC) TAC = (TDAC) +(TIAC) = $ 18,978,063

Cost Effectiveness Summary

TOTAL TONS SO, AVOIDED PER YEAR = 1,352

COST EFFECTIVENESS ($ PER TON AVOIDED BASED ON PTE) (TAC)/(TPY) = $ 14,037
COST EFFECTIVENESS ($ PER TON AVOIDED BASED ON ACTUALS, AVOIDING 330 TONS PER YEAR)1 (TAC)/(TPY) = $ 19,497
COST EFFECTIVENESS ($ PER TON PM AVOIDED BASED ON 6 TONS SO, AVOIDED = EQUIVALENT TO 1 TON PM AVOIDED)2 (TAC)/(TPY) = $ 116,981

Data Inputs for Capital Recovery Factor:

Annual Interest Rate (EPA OAQPS Control Cost Manual) %
Project Life (EPA OAQPS Control Cost Manual) 20 years
1 Annual average run hours for EU 2 from 2009-2016 is 2472 hours, and the peak in the last four years has been 2873 hours. 2472 hours equates to 12,778,338 gallons of fuel, a TDAC of

$5,315,789 and a TAC of $6,730,274. The capital cost of bulk fuel storage would be less and the TIAC for actuals is shown in Table 5-10. 12,778,338 gallons of .381 wt pct. S replaced with
.0015 wt pct. = 330tons avoided. Monthly testing of No. 2 HSD for 2017 showed 0.381 wt. pct. S. average

2 Alaska Department of Environmental Conservation, Amendments to State Air Quality Control Plan Vol. Ill: Appendix I11.D.5.7, page 52. In reference to fuel oil emissions, "Ambient
sampling and modeling in FNSB indicates that reduction of six tons of SOy emissions result in the same reduction in ambient PM, s concentration as the reduction of one ton of directly

GVEA - North Pole Facility
PM; 5 Serious NAA BACT Analysis November 2018
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Table 5-6. Annualized Costs for ULSD on
the Diesel-fired Combined Cycle Gas Turbines (EU IDs 5 and 6)

May 10, 2019

Shaded cells indicate user inputs

Project: GVEA North Pole - PM, 5 BACT Analysis (EU IDs 5 and 6 - GE LM6000PC CT) Prepared By:
Checked By:
Rev:
Annualized Costs
DIRECT ANNUAL COSTS Qry UNIT TOTAL MATERIALS COST  TOTAL LABOR COST TOTAL
(1) Operating & Maintenance Costs % $ - $ -
(2) Repair & Replacement Costs % $ - $ -
(3) Maintenance Materials LoT l:l excluded in this estimate
(4) Utilities
(a)  ULSD Costs: GAL $ 34,247,220 $ 34,247,220
[Total Direct Annual Costs (TDAC) TDAC = $ 34,247,220
|'NDIRECT ANNUAL COSTS
(5) Overhead % excluded in this estimate $ - $ -
(6) Administrative Charges, Property Taxes, Insurance % of capital $ - $ -
Capital Recovery Factor [see inputs below] 0.0944
(7) Capital Recovery CRF*TCl = $ -
[Total Indirect Annual Costs (TIAC) TIAC = § -
TOTAL ANNUALIZED COSTS (TAC) TAC=(TDAC)+(TIAC) = $ 34,247,220

Cost Effectiveness Summary

TOTAL TONS

COST EFFECT!

SO, AVOIDED PER YEAR

IVENESS ($ PER TON AVOIDED)

(TAC)/(TPY) = S

4,844,020

Data Inputs for Capital Recovery Factor:

Annual Interest Rate (EPA OAQPS Control Cost Manual) %
Project Life (EPA OAQPS Control Cost Manual) 20 years

GVEA - North Pole Facility

PM, 5 Serious NAA BACT Analysis

November 2018
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May 10, 2019

Table 5-7. Annualized Costs for ULSD on
the Diesel-fired Emergency Generator Engine (EU ID 7)

Shaded cells indicate user inputs

Project: GVEA North Pole - PM, s BACT Analysis (EU ID 7 - Generac Gen Set Engine) Prepared By:
Checked By:
Rev:
Annualized Costs
DIRECT ANNUAL COSTS Qry UNIT TOTAL MATERIALS COST TOTAL LABOR COST TOTAL
(1) Operating & Maintenance Costs % $ - -
(2) Repair & Replacement Costs % $ - -
(3) Maintenance Materials LOT l:l excluded in this estimate
(4) Utilities
(a) ULSD Costs: 1,664 GAL 0.2668 $ 444 444
[Total Direct Annual Costs (TDAC) TDAC = 444
|'NDIRECT ANNUAL COSTS
(5) Overhead % excluded in this estimate $ - -
(6) Administrative Charges, Property Taxes, Insurance % of capital $ - -
Capital Recovery Factor [see inputs below] 0.0944
(7) Capital Recovery CRF *TCl = -
[Total Indirect Annual Costs (TIAC) TIAC = -
TOTAL ANNUALIZED COSTS (TAC) TAC = (TDAC) + (TIAC) = 444

Cost Effectiveness Summary

TOTAL TONS SO, AVOIDED PER YEAR

COST EFFECTIVENESS ($ PER TON AVOIDED)

(TAC)/(TPY)

= 0.00985

45,072

GVEA - North Pole
PM, 5 Serious NAA

Data Inputs for Capital Recovery Factor:
Annual Interest Rate (EPA OAQPS Control Cost Manual)
Project Life (EPA OAQPS Control Cost Manual)

[ 700 %
20 years

Facility
BACT Analysis

November 2018
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Table 5-8. GVEA North Pole Facility - SO, BACT Cost Effectiveness

Summary' for Each Emission Unit Based on PTE

May 10, 2019

s02 Annual O&M Cost Cost
Control Technoloay Obtion Emissions Total Installed  Total Annualized ($lyear) Effectiveness
ay e . Capital () Cost ($lyear) ($/ton SO2
(tpy) removed)
Simple Cycle Gas Turbine (EU ID 1)
ULSD (0.0015 wt. pct. S) 4 $10,875,319 $20,661,330 $19,199,764 $13,942
No. 1 HSD (0.100 wt. pct. S) 297 ~ $226,412 $226,412 $1,904
Good Combustion Practices (0.50 wt. pct. S) (existing) 1,486 ~ ~ ~ ~
Simple Cycle Gas Turbine (EU ID 2)
Limited Operation + ULSD (0.0015 wt. pct. S) 4 $10,875,319 $18,978,063 $17,516,497 $14,037
Limited Operations + No. 1 HSD (0.100 wt. pct. S) 271 ~ $206,562 $206,562 $1,904
Good Combustion Practices (0.50 wt. pct. S) (existing) 1,356 ~ ~ ~ ~
Combined Cycle Gas Turbines (EU IDs 5 and 6)
ULSD (0.0015 wt. pct. S) 3 ~ $34,247,220 ~ $4,844,020
LSR/Naphtha (0.0050 wt. pct. S) + Good Combustion 10 N N N N
Practices (existing)
Emergency Generator Engine (EU ID 7)
ULSD (0.0015 wt. pct. S) + Limited Operation 0.0002 ~ $444 ~ $45,072
Limited Operation (0.1 wt. pct. S) (existing’ 0.01 ~ ~ ~ ~
Propane Fired Boilers (EU IDs 11 and 12)
Low Sulfur Fuel (propane) (existing) | 0 | ~ ~ ~ ~

" All emission costs are on a per emission unit basis.

GVEA - North Pole Facility
PM, 5 Serious NAA BACT Analysis

November 2018
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May 10, 2019

Table 5-9. GVEA North Pole Facility - Proposed SO, BACT and Associated
Emission Rate for Each Emission Unit

D D it b it Emission
escription escription Rate'
. Good Combustion Practices .
1,2 Simple Cycle Gas Fuel Oil (existing) + No. 1 HSD on air | 200 PPm S in
Turbine ; ) fuel
quality curtailment days
5,6 Combined Cycle Gas LSR LSR/Naphtha (existing) | 2C PPM Sin
Turbine fuel
Emergency . Good Combustion Practices | 500 ppm S in
7 . Fuel OIl -
Generator Engine (existing) fuel
11, 12 Boiler Propane Low Sulfur Fuel - Propane | 15 1y qal
(existing)

' Emissions are on a per emission unit basis.

GVEA - North Pole Facility

PM, s Serious NAA BACT Analysis

November 2018
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Table 5-10. Capital Cost for New ULSD Storage Based on
Maximum Fuel Use and Actual Fuel Use
North Pole Zehnder North Pole Zehnder
EUs 1 and 2 EUs1and2 | EUs1and2 | EUs 1 and 2
Maximum Fuel | Maximum Fuel | Actual Fuel Actual Fuel
Use Use Use Use
Capital Cost Estimate $30,425,000 $21,050,000
Heat Input, MMBtu/day
(combined for each set of 32,256 12,864 32,256 12,864
combustion turbines)
Percentage of Heat Input 71.5% 28.5% 71.5% 28.5%
Capital Cost (apportioned
based on heat input ratio) $ 21,750,638 $ 8,674,362 | $ 15,048,511 | $ 6,001,489
Capital Cost (apportioned | ¢ 4 575319 [ § 4337181 | $ 7,524.255 | $ 3,000,745
per combustion turbine)
Capital Recovery (per
combustion turbine) $ 1,026,553 | $ 409,3991$% 710,236 | $ 283,249
Administrative Charges,
Property Taxes, Insurance | $ 435,013 | $ 173,487 |$ 300,970 | $ 120,030
(per combustion turbine)
Total Annual Indirect Cost| o o) o6 | ¢ 582,886 | 1,011,207 | $ 403,279
(per combustion turbine)
Capital recovery factor | 0.0944|
Data Inputs for Capital Recovery Factor:
Annual Interest Rate (EPA OAQPS Control | 7.00 |pct.
Cost Manual)
Project Life (EPA OAQPS Control Cost | 20 lyears
Manual)
Administrative Charges, Property Taxes 4.00%

Insurance (percentage of total capital
cost)

Capital cost estimate for 1.27 million gallons of

GVEA - North Pole Facility
PM, 5 Serious NAA BACT Analysis

storage capacity.

November 2018
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Table 5-1. GVEA - Zehnder Facility - Summary of Available SO, Emission Control
Technologies

D Emlssg’ensgr?:tion Available Emission Control Technology
ULSD
1,2 Simple Cycle Gas Turbine Low Sulfur Fuel
Good Combustion Practices
ULSD
34 Diesel-fired Emergency Low Sulfur Fuel
’ Generator Engine Limited Operations
Good Combustion Practices
ULSD
10, 11 Diesel-fired Boiler Low Sulfur Fuel
Good Combustion Practices

GVEA - Zehnder Facility
PM, 5 Serious NAA BACT Analysis November 2018
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May 10, 2019

Table 5-2. GVEA - Zehnder Facility - Summary of Technically Feasible SO, Emission Control

Technologies

Emission Unit
ID Description

Emission Control Technology

ULSD

1,2 Simple Cycle Combustion Gas Turbine

Low Sulfur Fuel

Good Combustion Practices

ULSD

Diesel-fired Emergency Generator

Low Sulfur Fuel

3,4 Engine Limited Operation
Good Combustion Practices
ULSD
10, 11 Diesel-fired Boiler Low Sulfur Fuel

Good Combustion Practices

GVEA - Zehnder Facility
PM, 5 Serious NAA BACT Analysis

November 2018
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May 10, 2019

Table 5-3. GVEA - Zehnder Facility - Ranking of Technically Feasible SO, Emission Control Technology

Emission Unit T T T s Control Efficiency| SO,Emissions | SO, Emissions
ID Description 9y (pct)2 Per Unit (tpy) Reduction (tpy)
ULSD Fuel (0.0015 wt. pct. S) 99.7 1.8 578.2
Low-Sulfur Fuel (0.05 wt. pct. S) 89.8 59.3 520.7
1, 2" | Simple Cycle Combustion Gas Turbines . .
Good Combustion Practices (0.5 wt. pct. S)
s 0 580 0
(existing)
ULSD Fuel (0.0015 wt. pct. S) 99.7 0.01 3.7
; Diesel-fired Emergency Generator : .Low-Squur. Fuel (0.05 wt. pct. S) . 90.0 0.37 3.3
3,4 Engines Limited Operation and Good Combustion
Practices (0.5 wt. pct. S) 0 3.7 0
(existing)
ULSD Fuel (0.0015 wt. pct. S) 99.7 0.012 3.8
10. 11" Diesel-fired Boilers Low-Squu.r Fuel (0.'05 wt. pct. S) 90.0 0.39 3.5
? Good Combustion Practices (0.5 wt. pct. S)
- 0 3.9 0
(existing)
Note:

' Combined SO, emissions from EU IDs 1 through 4, 10, and 11 are limited to 580 tpy on a 12-month rolling basis per Permit AQ0109TVP03 Condition 9.
Each emission unit can operate individually up to the potential emissions listed in this table. The fuel sulfur content is limited to 1.0 wt. pct. for EU IDs 1
through 4, per Permit AQ0109TVP03, Condition 10. However, No. 1 and No. 2 fuel oil (by specification) can have a maximum sulfur content of 0.5 wt. pct., so
0.5 percent fuel sulfur content is used as the baseline for each emission unit.

2 The use of low-sulfur fuel and ULSD both result in the 580 tpy SO, limit being unncessary. For each emission unit, the control efficiencies are based on the
emission reduction between the existing PTE and the PTE that would result due to the use of lower sulfur fuel.

GVEA - Zehnder Facility

PM, 5 Serious NAA BACT Analysis

November 2018
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May 10, 2019

Table 5-4. Annualized Costs for ULSD Combustion in
the Diesel-fired Simple Cycle Gas Turbines (EU ID 1 and 2)

Shaded cells indicate user inputs
Cost Effectiveness Determination - ULSD Fuel Switch - No Additional Tank Storage Date:
Project: GVEA Zhender - SO, BACT Analysis (EU ID 1 and 2 - Frame 5 CTs, cost per turbine) Prepared By:
Checked By:
Rev:
Annualized Costs
DIRECT ANNUAL COSTS Qry UNIT TOTAL MATERIALS COST TOTAL LABOR COST TOTAL
(1) Operating & Maintenance Costs % $ - $ -
(2) Repair & Replacement Costs % $ - $ -
(3) Maintenance Materials LoT I:l
(4) Utilities
(a)  ULSD Costs: 18,059,076.92 GAL $ 7,657,049 $ 7,657,049
Total Direct Annual Costs (TDAC) TDAC = $ 7,657,049
|INDIRECT ANNUAL COSTS
(5) Overhead % S - S -
(6) Administrative Charges, Property Taxes, Insurance % of capital S - S -
Capital Recovery Factor [see inputs below] 0.0944
(7) Capital Recovery CRF*TCl = § -
Total Indirect Annual Costs (TIAC) (refer to Table 5-10) TIAC = $ 582,886
TOTAL ANNUALIZED COSTS (TAC) TAC = (TDAC) + (TIAC) = $ 8,239,935
Cost Effectiveness Summary
TOTAL TONS SO2 AVOIDED PER YEAR = 578
COST EFFECTIVENESS ($ PER TON AVOIDED BASED ON PTE) (TAC)/(TPY) = $ 14,250
COST EFFECTIVENESS ($ PER TON AVOIDED BASED ON ACTUAL HISTORIC RUN TIMES, AVOIDING 51.9 TONS PER YEAR)1 (TAC)/(TPY) = $ 20,734
COST EFFECTIVENESS ($ PER TON PM AVOIDED BASED ON 6 TONS SO, AVOIDED = 1 TON PM AVOIDED)2 (TAC)/(TPY) = $ 124,401

Data Inputs for Capital Recovery Factor:
Annual Interest Rate (EPA OAQPS Control Cost Manual)
Project Life (EPA OAQPS Control Cost Manual)

%
20 years

1 Annual average run hours of 770 for EU IDs 1 and 2, see Table 5-9. 700 hours equates to 1,587,385 gallons of fuel, a TDAC of $423,514 and a TAC of $970,728. The capital cost of bulk fuel
2 Alaska Department of Environmental Conservation, Amendments to State Air Quality Control Plan Vol. Ill: Appendix I11.D.5.7, page 52. In reference to fuel oil emissions, "Ambient sampling and

GVEA - Zehnder Facility
PM, 5 Serious NAA BACT Analysis

November 2018
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Table 5-5. Annualized Costs for ULSD Combustion in
the Diesel-fired Engines (EU ID 3 and 4)

May 10, 2019

Shaded cells indicate user inputs

Cost Effectiveness Determination - ULSD Fuel Switch - No Additional Tank Storage

Date:

Project: GVEA Zhender - SO, BACT Analysis (EU ID 3 and 4 - General Motors Gen Set Engines, cost per engine) Prepared By:
Checked By:
Rev:
Annualized Costs
DIRECT ANNUAL COSTS Qry UNIT TOTAL MATERIALS COST  TOTAL LABOR COST TOTAL
(1)  Operating & Maintenance Costs % $ - $ -
(2) Repair & Replacement Costs % S - S -
(3) Maintenance Materials LOT I:l
(4) Utilities
(a)  ULSD Costs: GAL $ 28,732 $ 287
[Total Direct Annual Costs (TDAC) TDAC = § 28,732
|INDIRECT ANNUAL COSTS
(5) Overhead % S - $ -
(6) Administrative Charges, Property Taxes, Insurance % of capital S - S -
Capital Recovery Factor [see inputs below] 0.1424
(7) Capital Recovery CRF*TCl = $ -
[Total Indirect Annual Costs (TIAC) Not applicable TIAC = $ -
TOTAL ANNUALIZED COSTS (TAC) TAC = (TDAC) + (TIAC) = § 28,732

Cost Effectiveness Summary

TOTAL TONS SO2 AVOIDED PER YEAR

COST EFFECTIVENESS ($ PER TON AVOIDED)

(TAC)/(TPY) =

$

7,768

Data Inputs for Capital Recovery Factor:

Annual Interest Rate (EPA OAQPS Control Cost Manual) %
Project Life (EPA OAQPS Control Cost Manual) 10 years

GVEA - Zehnder Facility
PM, 5 Serious NAA BACT Analysis

November 2018
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Table 5-6 Annualized Costs for ULSD Combustion in
the Diesel-fired Boilers (EU ID 10 and 11)

May 10, 2019

Shaded cells indicate user inputs

Cost Effectiveness Determination - ULSD Fuel Switch - No Additional Tank Storage

Date:

Project: GVEA Zhender - SO, BACT Analysis (EU ID 10 and 11 - Weil McLain Boilers, cost per boiler) Prepared By:
Checked By:
Rev:
Annualized Costs
DIRECT ANNUAL COSTS Qry UNIT TOTAL MATERIALS COST  TOTAL LABOR COST TOTAL
(1)  Operating & Maintenance Costs % $ - $ -
(2) Repair & Replacement Costs % S - S -
(3) Maintenance Materials LOT I:l
(4) Utilities
(a)  ULSD Costs: GAL $ 30,563 $ 30563
[Total Direct Annual Costs (TDAC) TDAC = § 30,563
|INDIRECT ANNUAL COSTS
(5) Overhead % S - $ -
(6) Administrative Charges, Property Taxes, Insurance % of capital S - S -
Capital Recovery Factor [see inputs below] 0.1424
(7) Capital Recovery CRF*TCl = $ -
[Total Indirect Annual Costs (TIAC) Not applicable TIAC = $ -
TOTAL ANNUALIZED COSTS (TAC) TAC = (TDAC) + (TIAC) = § 30,563

Cost Effectiveness Summary

TOTAL TONS SO2 AVOIDED PER YEAR

COST EFFECTIVENESS ($ PER TON AVOIDED)

(TAC)/(TPY) =

$

7,946

Data Inputs for Capital Recovery Factor:

Annual Interest Rate (EPA OAQPS Control Cost Manual) %
Project Life (EPA OAQPS Control Cost Manual) 10 years

GVEA - Zehnder Facility
PM, 5 Serious NAA BACT Analysis

November 2018
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Table 5-7. GVEA - Zehnder Facility - SO, BACT Cost Effectiveness
Summary for Each Emission Unit

May 10, 2019

Cost
el Gont) Ty SO, Emissions| Total Installed | Total Annualized |Annual O&M Cost| Effectiveness
(tpy) Capital ($) Cost ($/year) ($/year) ($/ton SO,
removed)
Diesel-fired Simple Cycle Gas Turbines (EU IDs 1 and 2, per turbine)
ULSD Fuel (0.0015 wt. pct. S) 1.8 $4,337,181 $8,239,935 $7,657,049 $14,250
Good Combustion Practices (0.5 wt. pct. S)
" 580 ~ ~ ~ ~
(existing)
Emergency Generator Engines (EU IDs 3 and 4, per engine)
ULSD Fuel (0.0015 wt. pct. S) 0.01 ~ $28,732 $28,732 $7,768
Limited Operation and Good Combustion
Practices (0.5 wt. pct. S) 3.71 ~ ~ ~ ~
(existing)
Diesel-fired Boilers (EU IDs 10 and 11, per boiler)
ULSD Fuel (0.0015 wt. pct. S) 0.01 ~ $30,563 $30,563 $7,946
Good Combustion Practices (0.5 wt. pct. S) 39 - B - B
(existing) '

Note:
All costs are on a per unit basis.

GVEA - Zehnder Facility
PM, 5 Serious NAA BACT Analysis

November 2018
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May 10, 2019

Table 5-8. GVEA - Zehnder Facility - Proposed SO, BACT and Associated
Emission Rate for Each Emission Unit

Emission Unit Fuel SO, BACT
ID Description Description Sulfur Content of Fuel
Fuel Oil and Good
. . . Combustion
1,2 Simple Cycle Gas Turbines Fuel Oil Practices (existing) - 0.5 wt. pct. S
Refer to Table 5-9
Emergency Generator Fuel Oil and Good
3,4 gency Diesel Combustion 0.5 wt. pct. S
Engines ) o
Practices (existing)
10, 11 Boilers Diesel ULSD 0.0015 wt. pct. S

Note:
" Emissions are on a per unit basis.

GVEA - Zehnder Facility
PM, 5 Serious NAA BACT Analysis

November 2018
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May 10, 2019

Table 5-9. GVEA - Zehnder Facility - SO, BACT Analysis for EU IDs 1 and 2
Based on Actual Operations

SO, BACT Analysis Based|

SO, BACT Analysis Based| on Actual (Historical)
on Potential Emissions Operations
Operating Basis 8,760 hr/yr 770 hrlyr
Emissions (EU 1 or EU 2) 580.0 tpy 52.1 tpy
Good combustion practices, 0.5 wt. pct. S (existing)
PTE 580.0 tpy 52.1 tpy
PTE reduction 0.0 tpy 0.0 tpy
Cost effectiveness N/A N/A
ULSD Fuel (0.0015 wt. pct. S)
PTE 1.8 tpy 0.2 tpy
PTE reduction 578.2 tpy 51.9 tpy
Total Direct annual Costs (TDAC) $7,657,049 (Table5-4) |$ 673,051 '
Total Indirect Annual Costs (TIAC) $ 582,886 (Table 5-10) | $ 403,279 (Table 5-10)
Total annualized Costs
(TAC = TDAC + TIAC) $ 8,239,935 $ 1,076,330
Cost effectiveness 14,250 $/ton 20,734 $/ton

! Assuming 770 hours, 268 MMBtu/Hr, and .13 MMBtu/gal, for 1,587,385 gallons, and the fuel costs

shown in Table 5-4)

Notes:

1. Historical Operating Hours
Year EU 1 EU 2 Total
2007 267 529 797
2008 745 57 802
2009 833 408 1,241
2010 527 1,012 1,539
2011 756 509 1,265
2012 440 635 1,075
2013 226 936 1,162
2014 139 1,068 1,207
2015 339 991 1,330
2016 93 1,137 1,230

*2016 is not representative of typical use because EU 1 has been down waiting for a rebuild.
*Maximum annual operating hours for each turbine and total are shown in bold.
*The basis for this analysis is half of the total hours from 2010 for each turbine (770 hr/yr).

2. Basis for Emissions Calculations
SO, Emission Factor for EUs 1 and 2
Fuel with 0.5 wt. pct. S content
Fuel with 0.05 wt. pct. S content
Fuel with 0.015 wt. pct. S content
Heat input capacity for EUs 1 and 2

Total Annual Costs

0.51 Ib/MMBtu (AP-
0.051 Ib/MMBtu (AP-
0.015 Ib/MMBtu (AP-

268 MMBtu/hr

Emission Control Technology

Control Efficiency (pct)
from Table 5-3

ULSD Fuel (0.0015 wt. pct. S)

99.7

Good Combustion Practices (existing)

0

GVEA - Zehnder Facility
PM, s Serious NAA BACT Analysis

42 Table 3.1-2a)
42 Table 3.1-2a)
42 Table 3.1-2a)

November 2018
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Table 5-10. Capital Cost for New ULSD Storage Based on
PTE Maximum Fuel Use and Historic Actual Use
North Pole Zehnder North Pole Zehnder
EUs 1 and 2 EUs 1 and 2
Maximum Fuel | Maximum Fuel EUs 1 and 2 EUs 1 and 2
Actual Fuel Use|Actual Fuel Use
Use Use

Capital Cost Estimate $30,425,000 $21,050,000
Heat Input, MMBtu/day
(combined for each set of 32,256 12,864 32,256 12,864
combustion turbines)
Percentage of Heat Input 71.5% 28.5% 71.5% 28.5%
Capital Cost (apportioned
based on heat input ratio) $ 21,750,638 | $ 8,674,362 |$ 15,048,511 $ 6,001,489
Capital Cost (apportioned | ¢ 1875319 | ¢ 4337181|$  7524255|$ 3,000,745
per combustion turbine)
Capital Recovery (per
combustion turbine) $ 1,026,553 | $ 409,399 | $ 710,236 | $ 283,249
Administrative Charges,
Property Taxes, Insurance | $ 435,013 | $ 173,487 | $ 300,970 | $ 120,030
(per combustion turbine)
Total Annual Indirect Cost | ¢4 461 566 | g 582,886 |$ 1,011,207 |$ 403,279
(per combustion turbine)
Capital recovery factor | 0.0944|
Data Inputs for Capital Recovery Factor:
Annual Interest Rate (EPA OAQPS Control | 7.00 [pct.

Cost Manual)
Project Life (EPA OAQPS Control Cost | 20 |years

Manual)
Administrative Charges, Property Taxes | 4.00% |

Insurance (percentage of total capital

cost)

GVEA - Zehnder Facility
PM, 5 Serious NAA BACT Analysis November 2018
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May 10, 2019

Table E-1a. Summary of Identified SO, Control Technology - Liquid Fuel-Fired Simple Cycle Turbines > 25 MW (RBLC 15.190)

Pollutant Control Technology Used Number of RBLC Entries (11 Total)
Low Sulfur Fuel 7
SO.
2 None 4

Note: Data is based on a RBLC review from January 1, 2005 through September 15, 2015.

Table E-1b. Summary of Identified SO, Control Technology - Large Diesel Engines > 500 hp (RBLC 17.110)

Pollutant Control Technology Used Number of RBLC Entries (30 Total)
Low-Sulfur Fuel 13
ULSD Fuel 7
SO, None 3
Good Combustion Practices 5
NSPS Standards 2

Note: Data is based on a RBLC review from January 1, 2005 through September 15, 2015.

Table E-1c. Summary of Identified SO, Control Technology - Diesel-Fired Commercial/lnstitutional Boilers <100 MMBtu/hr (RBLC 13.220)

Pollutant Control Technology Used Number of RBLC Entries (6 Total)
Low Sulfur Fuel 2
S0, Low Sulfur Fuel + Good Combustion Practices 2
Wet or Dry Scrubber + Good Combustion Practices 1
None 1

Note: Data is based on a RBLC review from January 1, 2005 through September 15, 2015.

GVEA - Zehnder Facility
PM, 5 Serious NAA BACT Analysis

November 2018
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Attachment 6
Tables 5-4a and 5-5a, North Pole EU ID 1 and 2 Cost
Effectiveness with selective use of No. 1 HSD
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Table 5-5b. Annualized Costs for No. 1 HSD on
the Diesel-fired Simple Cycle Gas Turbine (EU ID 2)

May 10, 2019

Shaded cells indicate user inputs
Project: GVEA North Pole - PM, s BACT Analysis (EU ID 2 - GE Frame 7 CT) Prepared By:
Checked By:
Rev:
Annualized Costs
DIRECT ANNUAL COSTS Qry UNIT TOTAL MATERIALS COST TOTAL LABOR COST TOTAL
(1) Operating & Maintenance Costs % $ - $ -
(2) Repair & Replacement Costs % $ - $ -
(3) Maintenance Materials LOT l:l excluded in this estimate
(4) Utilities 10% Estimated time running No. 1
(a)  No1Costs: 41,312,492 GAL $ 206,562 $ 206,562
[Total Direct Annual Costs (TDAC) TDAC = §$ 206,562
|'NDIRECT ANNUAL COSTS
(5) Overhead % excluded in this estimate $ - S -
(6) Administrative Charges, Property Taxes, Insurance % of capital $ - $ -
Capital Recovery Factor [see inputs below] 0.0944
(7) Capital Recovery CRF*TCl = S -
[Total Indirect Annual Costs (TIAC) TIAC = §$ -
TOTAL ANNUALIZED COSTS (TAC) TAC = (TDAC) +(TIAC) = $ 206,562
Cost Effectiveness Summary
TOTAL TONS SO, AVOIDED PER YEAR® = 108
COST EFFECTIVENESS ($ PER TON AVOIDED BASED ON PTE) (TAC)/(TPY) = $ 1,904

Data Inputs for Capital Recovery Factor:
Annual Interest Rate (EPA OAQPS Control Cost Manual)
Project Life (EPA OAQPS Control Cost Manual)

20

%

years

1 Assuming PTE and running No. 1 HSD 10% of the days. Running No. 1 on curtailment days.

GVEA - North Pole Facility
PM, 5 Serious NAA BACT Analysis

November 2018
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Table 5-4a. Annualized Costs for No. 1 HSD on
the Diesel-fired Simple Cycle Gas Turbine (EU ID 1)

May 10, 2019

Shaded cells indicate user inputs

Project: GVEA North Pole - PM, s BACT Analysis (EU ID 1 - GE Frame 7 CT) Prepared By:
Checked By:
Rev:
Annualized Costs
DIRECT ANNUAL COSTS Qry UNIT TOTAL MATERIALS COST TOTAL LABOR COST TOTAL
(1) Operating & Maintenance Costs % $ - $ -
(2) Repair & Replacement Costs % $ - $ -
(3) Maintenance Materials LoT l:l excluded in this estimate
(4) Utilities 10% Estimated time running No. 1
(a)  ULSD Costs: GAL $ 226,412 $ 226412
[Total Direct Annual Costs (TDAC) TDAC = $ 226,412
|'NDIRECT ANNUAL COSTS
(5) Overhead % excluded in this estimate $ - $ -
(6) Administrative Charges, Property Taxes, Insurance % of capital $ - $ -
Capital Recovery Factor [see inputs below] 0.0944
(7) Capital Recovery CRF*TCl = $ -
[Total Indirect Annual Costs (TIAC) TIAC = § -

TOTAL ANNUALIZED COSTS (TAC)

TAC=(TDAC) +(TIAC) = $ 226,412

Cost Effectiveness Summary

TOTAL TONS SO, AVOIDED PER YEAR

COST EFFECTIVENESS ($ PER TON AVOIDED BASED ON PTE)

(TAC)/(TPY) = $ 1,904

Data Inputs for Capital Recovery Factor:
[Annual Interest Rate (EPA OAQPS Control Cost Manual)
Project Life (EPA OAQPS Control Cost Manual)

%
20 years

1 Assuming PTE and running No. 1 HSD 10% of the days. Running No. 1 on curtailment days.

GVEA - North Pole Facility

PM, 5 Serio

us NAA BACT Analysis

November 2018
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Table 1. FY2019 Assessable Emissions Summary |
Golden Valley Electric Association - Zehnder Facility
Assessable Emissions - Tons Per Year
Description NOy CO PMyq SO, VOC HAPs Total
Assessable PTE 2,854 217 746 580 23 4,420
From Condition 30 and Table C of the SOB for AQ0109TVP03
Potential to Emit Regulated Air Pollutant Emissions (tons per year) *
Significant 70.; 0.3 1.010 0.0 so.i .
Insignificant 0.2 0.1 0.0 0.0 o5 |
Total Emissions i 71 i 0 I 1 i 0 i 31 ////////////////
_Use Assessable PTE 7T
Fees Apply to Pollgtar.1t? 2 Yes No No No Yes No
YT it

Notes:

! Regulated air pollutant calculations based on emission factors shown in accompanying spreadsheets.
® Fees paid on each pollutant emitted in quantities greater than 10 tpy per 18 AAC 50.410.

% A fee rate of $42.95 per ton applies in accordance with 18 AAC 50.410(b)(1).

* Actual emissions are not provided for HAPs because potential emissions for HAPs are less than 10 tpy. Actual
emissions must be less than or equal to potential emissions, so actual emissions are also less than 10 tpy.
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Table 2a. FY2019 Significant Emission Unit Summary
Golden Valley Electric Association - Zehnder Facility

May 10, 2019

Emission Unit Fuel 2017 Actual Maximum 2017 Actual
ID Description Make/Model Type Operation Capacity Fuel Consumption
1 Simple Cycle Gas General Electric Frame 5 MS 5001-M No. 1 Diesel 0.3 hriyr 268 MMBtu/hr 90 gallyr
Turbine No. 2 Diesel 0 gallyr
Simple Cycle Gas . No. 1 Diesel 88,231 gallyr
2 : General Electric Frame 5 MS 5001-M - 1,133.4 hrlyr 268 MMBtu/hr :
Turbine ! No. 2 Diesel 4 Y 1,072,989 gallyr
3 Dleseé ngerator General Motors Electro-Motive Diesel 20-645E4 No. 2 Diesel 28 MMBtu/hr
Dieselrgtle?]eerator 2.7 hriyr 588 gallyr
4 Engine General Motors Electro-Motive Diesel 20-645E4 No. 2 Diesel 28 MMBtu/hr
10 Boiler Weil McLain H-688 No. 2 Diesel 755 hrlyr 1.7 MMBtu/hr
- - - - 17,810 gallyr
11 Boiler Weil McLain H-688 No. 2 Diesel 755 hrlyr 1.7 MMBtu/hr
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Table 7. FY2019 Assessable Emission Calculations - Sulfur Dioxide (SO,) Emissions
Golden Valley Electric Association - Zehnder Facility

May 10, 2019

Emission Unit Fuel Factor Fuel SO, Emission 2017 Actual 2017 Actual SO,
ID Description Type Reference Sulfur Content 2 Factor Operation Emissions
1 Simple Cycle Gas Turbine No. 1 Diesel Mass Balance 0.095 wt. pct. S 0.013 Ib/gal 90 gallyr 5.8E-04 tpy
No. 2 Diesel Mass Balance 0.381 wt. pct. S 0.054 Ib/gal 0 gallyr 0 tpy
2 Simple Cycle Gas Turbine No. 1 Diesel Mass Balance 0.095 wt. pct. S 0.013 Ib/gal 88,231 gallyr 0.57 tpy
No. 2 Diesel Mass Balance 0.381 wt. pct. S 0.054 Ib/gal 1,072,989 gallyr 29.03 tpy
3 Diesel Generator Engine No. 2 Diesel Mass Balance 0.381 wt. pct. S 0.054 Ib/gal 588 galiyr 1.6E-02 tpy
4 Diesel Generator Engine No. 2 Diesel
10 Boiler No. 2 Diesel Mass Balance 0.381 wt. pct. S 0.054 Ib/gal 17,810 gallyr 0.48 tpy
11 Boiler No. 2 Diesel
Significant Emission Units - 2017 Actual Emissions - SO, 30.1 tpy
Insignificant Emission Units
6 Fuel Oil Storage Tank No. 2 Diesel N/A N/A N/A 8,760 hrlyr 0 tpy
7 Fuel Oil Storage Tank No. 2 Diesel N/A N/A N/A 8,760 hrlyr 0 tpy
N/A Fuel Oil Storage Tank No. 1 Diesel N/A N/A N/A 8,760 hrlyr 0 tpy
8 Burnham Boiler No. 2 Diesel Mass Balance 0.381 wt. pct. S 0.054 Ib/gal 6,215 gallyr 1.7E-01 tpy
9 Burnham Boiler No. 2 Diesel Mass Balance 0.381 wt. pct. S 0.054 Ib/gal 6,215 gallyr 1.7E-01 tpy
E;: :322:2 :Z::z EE :3::3:22 EZIE::: g:z AP-42 Table 1.4-2 2,000 gr/10°sct 0.6 I/10%cf | 1,069,200 scf 3.2E-04 tpy
N/A Lean Burn Inc. CB 2800 Overhead Shop Heater Waste Oil Mass Balance 0.124 wt. pct. S 0.018 Ib/gal 0 gallyr 0 tpy
N/A Energy Logic EL-340H Heater Waste Oil Mass Balance 0.124 wt. pct. S 0.018 Ib/gal 1,238 gallyr 1.1E-02 tpy
N/A Metzger Machine Corp. Boiler No. 2 Diesel Mass Balance 0.381 wt. pct. S 0.054 Ib/gal 5,808 gallyr 1.6E-01 tpy
N/A Energy Logic EL-200H Heater Waste Oil - Transformer Mass Balance 0.121 wt. pct. S 0.017 Ib/gal 1,764 gallyr 1.5E-02 tpy
N/A Energy Logic EL-200H Heater Waste Oil - Transformer Mass Balance 0.121 wt. pct. S 0.017 Ib/gal 1,383 gallyr 1.2E-02 tpy
N/A Energy Logic EL-350H Heater Waste Oil - Transformer Mass Balance 0.121 wt. pct. S 0.017 Ib/gal 0 gallyr 0 tpy
Insignificant Emission Units - 2017 Actual Emissions - SO, 0.53 tpy

2017 Actual Emissions - SO,

30.6 tpy
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Sample Calculations: 3
Molar mass ratio is 32 Ib S/mol : 64 Ib SO,/mol
Stoichiometry: 1 mol S =1 mol SO,
Mass Balance Emission Factor, Ib/gal = (Molar mass ratio, 2 Ib SO,:1 Ib S) x (weight % S in fuel) x (density of fuel, Ib/gal) / 100%
Emissions, tpy= (Emission factor, Ib/gal) x (Fuel Use gallyr) / (2,000 Ib/ton)
Boiler Emissions, tpy= (Emission factor, Ib/10%scf) / (Conversion 1,000,000 scf/10°scf) x (Fuel Consumption, scf) / (2,000 Ib/ton)

Notes:

1 For diesel fuels, fuel sulfur content is the average of the monthly maximum fuel sulfur content values for calendar year 2017.
2 For waste oil and waste transformer oil, fuel sulfur content was determined by testing conducted in December 2016.

° Diesel fuel density is equal 6.8 Ib/gal for No. 1 Diesel and 7.1 Ib/gal for No. 2 Diesel per plant report.
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? HOUSE COOL DOWN MODEL

May 10, 2019

If more than twenty five (25) house/services involved in outage, Inside Temperature @ T(0) = 70 °F
Notify FNSB Emergency Services mCp = 2.5 KWh/°F = 8532.5 BTU/°F
to trigger Red Cross Assistance k = 0.16 KW/°F = 546.1 BTU/Hr-°F
|| Time Inside Temperature of House following loss of heat source ||
Hours |-80 F -70 F -60 F -50 F -40 F -30 F -20 F -10 F OF 10 F 20 F 30F 40 F
0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0
1 60.7 61.3 61.9 62.6 63.2 63.8 64.4 65.0 65.7 66.3 66.9 67.5 68.1
Notification 2 52.0 53.2 54.4 55.6 56.8 58.0 59.2 60.4 61.6 62.8 64.0 65.2 66.4
Tme 3 438 455 473 490 1_508 52.5 54.3 56.0 57.8 59.5 61.3 63.0 64.8
0% Freeze 4 36.1 38.4 40.6 429 T 452" 474 497 1 519 54.2 56.4 58.7 61.0 63.2
5 28.9 I 31.7 34.4 37.1 53.6 56.3 59.0 61.8
6 22.2 25.4 28.5 31.7 i 50.9 54.1 57.2 60.4
7 15.8 19.4 23.1 26.7 | 48.3 51.9 55.6 59.2
8 9.9 13.9 17.9 21.9 | 46.0 50.0 54.0 58.0
Estimated 9 4.3 8.7 13.1 17.5 . . . . . I 437 48.1 52.5 56.9
100% Freeze 10 -0.9 | 3.8 8.5 13.3 18.0 22.7 27.5 32.2 369 | 416 46.4 51.1 55.8
11 -5.8 -0.8 4.3 9.4 14.4 19.5 24.5 29.6 34.6 | 39.7 44.7 49.8 54.8
12 -10.4 -5.0 0.3 5.7 11.0 16.4 21.8 27.1 32.5 I 37.8 43.2 48.6 53.9
13 -14.7 -9.1 -3.4 2.2 7.9 13.5 19.2 24.8 30.5 36.1 41.8 47.4 53.1
14 -18.8 -12.9 -6.9 -1.0 4.9 10.8 16.7 22.7 28.6 34.5 40.4 46.3 52.2
15 -22.6 -16.4 -10.2 -4.1 2.1 8.3 14.5 20.6 26.8 33.0 39.1 45.3 515
16 -26.1 -19.7 -13.3 -6.9 -0.5 5.9 12.3 18.7 25.1 31.5 38.0 44 .4 50.8
17 -29.5 -22.8 -16.2 -9.6 -2.9 3.7 10.3 17.0 23.6 30.2 36.8 43.5 50.1
18 -32.6 -25.8 -18.9 -12.1 -5.2 1.6 8.4 15.3 22.1 29.0 35.8 42.6 49.5
19 -35.5 -28.5 -21.5 -14.4 -7.4 -0.4 6.7 13.7 20.7 27.8 34.8 41.9 48.9
20 -38.3 -31.1 -23.9 -16.6 -9.4 -2.2 5.0 12.2 19.5 26.7 33.9 41.1 48.3
21 -40.9 -33.5 -26.1 -18.7 -11.3 -3.9 3.5 10.9 18.3 25.6 33.0 40.4 47.8
22 -43.3 -35.8 -28.2 -20.6 -13.1 -5.5 2.0 9.6 17.1 24.7 32.2 39.8 47.3
23 -45.6 -37.9 -30.2 -22.5 -14.8 -7.1 0.7 8.4 16.1 23.8 315 39.2 46.9
24 -47.7 -39.9 -32.0 -24.2 -16.3 -8.5 -0.6 7.2 15.1 22.9 30.8 38.6 46.5
25 -49.7 -41.7 -33.8 -25.8 -17.8 -9.8 -1.8 6.2 14.1 22.1 30.1 38.1 46.1
26 -51.6 -43.5 -35.4 -27.3 -19.2 -11.1 -3.0 5.2 13.3 21.4 29.5 37.6 45.7
27 -53.4 -45.1 -36.9 -28.7 -20.5 -12.2 -4.0 4.2 12.4 20.7 28.9 37.1 45.3
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