APPENDIX E (Errata June 4, 2015 to correct Table E-4) (March 2015)
REVISED EMISSION CALCULATIONS & AMBIENT IMPACT ASSESSMENT
AIR QUALITY APPROVAL ORDER REVISION APPLICATION
SABEY INTERGATE-QUINCY DATA CENTER
QUINCY, WASHINGTON
This appendix presents the revised generator runtime scenarios, revised emission calculations,
and revised AERMOD1 ambient air quality dispersion modeling to support the 2015 revised air quality
permit revision application for the Sabey Intergate-Quincy Data Center (Sabey) in Quincy, Washington.

SUMMARY OF REVISED ASSUMPTIONS
This revised set of emission calculations and AERMOD dispersion modeling incorporates the
following changes to the emission calculations that were originally provided to the Washington State
Department of Ecology (Ecology) in June 2011 to support Sabey’s original permit application:
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•

Short-term emission rate estimates for particulate matter (PM) and diesel engine exhaust
particulate matter (DEEP) are now based on maximum emission rates (from the worst-case
condition for DEEP emission under 25 percent load). This is the load at which Caterpillar’s
data indicate mass emission rates for PM are highest.

•

Short-term emission rate estimates for nitrogen oxides (NOx), carbon monoxide (CO),
volatile organic compounds (VOCs), and AP-42 (EPA 1995) gaseous toxic air pollutants
(TAPs) are now based on the assumption that the generators always run at the operating load
that would emit the maximum amount for these pollutants, which is 100 percent load
according to emission rates reported by Caterpillar.

•

The annual-average emission rate estimates for PM, DEEP, NOx, CO, VOCs, and TAPs are
based on 57.5 operating hours per year with an emission rate derived by averaging those rates
reported by Caterpillar for 10 percent, 25 percent, 50 percent, 75 percent, and 100 percent
loads.

•

The short-term and annual emission rates have been updated to account for the “black puff
factors” applied to the first 15 minutes during each cold start. Those “black puff factors”
were derived from the recent air quality permit application for the Microsoft Project Oxford
Data Center (Landau Associates 2014) and correspond to 1.26 for PM and VOC emissions
and 1.56 for CO emissions.

•

All permitted emissions, allowed during a 3-year rolling average period, to occur in a single
12-month period (as a “maximum theoretical annual emission” rate) was used to evaluate
compliance with all annual National Ambient Air Quality Standards (NAAQS) and the
annual Acceptable Source Impact Levels (ASILs).

•

The 70-year average emission rate for DEEP, which is used to evaluate the 70-year DEEP
cancer risk, was revised upward to include the initial emissions from generator
commissioning and the emissions from periodic stack emission testing.

AERMOD = American Meteorological Society (AMS)/U.S. Environmental Protection Agency (EPA) regulatory model.
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REVISED ACTIVITY-SPECIFIC ALLOWABLE RUNTIMES AND LOAD LIMITS
Sabey requests that the allowable activity-specific runtime limits and load limits (specified by
Table 3.2 of the current Approval Order) be revised for two reasons: 1) to provide more flexibility for the
allowable runtime limits for combined power outages and scheduled electrical bypass transformer
maintenance; and 2) to allow a full range of allowable loads for combined power outages, scheduled
electrical bypass transformer maintenance, and corrective testing, when the generators might have to
activate at random, variable loads between 10 and 100 percent. Sabey’s requested revisions to Table 3.2
of the Approval Order are shown below.
Table 3.2: Engine Operating Restrictions (Revisions March-2015)
Operating
Average hours/year
Average
Facility-Wide
Activity
per engine, 3-year
Operating
Diesel fuel
monthly rolling
Electrical
gallons/year, 3totals
year monthly
Loads (%)
rolling totals
Monthly Testing
16.5
Idle Zero
electrical
load to50%
Annual Load Bank
6
100%
Testing
Combined Electrical
1535
Any random
Bypass and Power
load from
Outage
zero to 100%
75%

Corrective Tests
Power Outage
Total

12
8
57.5

50%
75%

# Operating
Concurrently

4

4
22 during
electrical
bypass;
44 during
power outage;
1 during
corrective
testing
1
44

263,725

Based on Sabey’s requested revisions, the new worst-case runtime scenarios for the ambient
impact analysis for annual DEEP, 24-hour PM10, and 98th-percentile 24-hour PM2.5 2 are as follows:
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•

For annual DEEP—acknowledging the possibility for a “maximum theoretical annual
emission” under random variable loads between 10 and 100 percent—the worst-case runtime
scenario would be to operate under a steady 25 percent operating load for 57.5 hours within a
single year.

•

For 2nd-highest 24-hour PM10, it would be theoretically possible to have two power outages
per year, each lasting 17.5 hours per outage (35 hours / 2 outages = 15.5 hours/outage).

•

For 98th-percentile 24-hour PM2.5, it would be theoretically possible to have eight outages per
year, each lasting 4.4 hours (35 hours / 8 outages = 4.4 hours/outage).

PM10 = Particulate matter with an aerodynamic diameter less than or equal to 10 microns.
PM2.5 = Particulate matter with an aerodynamic diameter less than or equal to 2.5 microns.
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REVISED WORST-CASE LOAD-SPECIFIC EMISSION ESTIMATES FROM CATERPILLAR
The emission calculations for Sabey’s original June 2011 application assumed that emissions
would vary based on the engine load characteristics of each individual activity. However, for this
application for revisions, Sabey requests that the load limits for each individual activity be replaced with a
more flexible, facility-wide runtime limit. This is so that Sabey could theoretically operate any generator
at any load, for any reason. To account for this consideration:
•

The short-term (1-hour and 24-hour) emission rates were adjusted upward under the worstcase assumptions that the generators always operate at the load for which the currentlypermitted emission for each pollutant is highest (as listed in Tables 5.2 through 5.5 of the
current Approval Order).

•

The annual-average emission rates were derived by averaging the currently-permitted
emission limits at 10 percent, 25 percent, 50 percent, 75 percent, and 100 percent loads, with
the assumption that over the course of a full year (and especially over a 70-year period) the
generator load could vary randomly across all loads because the server demand randomly
varies.

•

For the purpose of calculating the emission rates for the gaseous TAPs described by AP-42
(EPA 1995), which have emission factor units of pounds per million British thermal units of
fuel input (lbs/MMBTU), we assumed that the fuel consumption during every hour of
generator usage would be equal to the fuel rate at 100 percent generator load.

Based on these worst-case assumptions, the assumed emission rate for each pollutant is listed in
Table E-1. The yellow-highlighted cells in the table indicate the worst-case load that was assumed to
occur at all times.

70-YEAR AVERAGE RUNTIMES FOR INITIAL GENERATOR COMMISSIONING AND PERIODIC
STACK EMISSION TESTING
Sabey’s 2011 Second-Tier Risk Report for DEEP did not consider the 70-year average DEEP
contributions by either initial generator commissioning or periodic stack testing. However, emissions
from those activities are now incorporated into this revised analysis. Sabey’s current Approval Order
allows for up to 30 hours of runtime per generator for initial commissioning, so it was assumed that each
of the 44 generators would be commissioned once, with a runtime of 30 hours at an average generator
load of 50 percent, with the hourly emission corresponding to the “Average of All Loads” value listed in
Table E-1. To estimate the contribution from periodic stack emission testing, it was assumed that Sabey
will eventually be required to conduct emission testing on up to 16 generators. It was assumed that each
stack test will require 30 hours of generator runtime, at an average load of 50 percent, with the hourly
emission corresponding to the “Average of All Loads” value listed in Table E-1. The 30 hours per year of
runtime for emission testing is in addition to the allowable 57.5 hours per year for Sabey’s routine annual
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activity.

The 70-year average contribution by these activities was calculated by distributing these

emissions from initial commissioning and periodic stack testing evenly over 70 years.

COLD START “BLACK PUFF” CONDITIONS
Sabey’s original 2011 application did not consider the emissions caused by the “black puff”
lasting for about 30 seconds after each cold start.

However, those “black puff” emissions were

incorporated in these revised calculations. Black puff factors were derived from the recent air quality
permit application for the Microsoft Project Oxford Data Center (Landau Associates 2014). The black
puff factor for PM and VOCs was 1.26 and for CO the black puff factor was 1.56. These were applied to
the short-term and annual emission rates for emergency diesel generators at Sabey in order to correct for
the first 15 minutes of each generator cold start.
A detailed evaluation for the number of cold starts that Sabey might conduct each year was not
attempted for these revised calculations. Instead, the same cold-start assumptions that were included in
the emission calculations for the Microsoft Project Oxford Data Center were applied to Sabey diesel
generators. Microsoft estimated that the combined 15-minute cold-start periods would comprise 17
percent of its generators’ total annual runtime (15 hours per year of aggregated cold-start runtime, out of
86 hours per year of total generator runtime). Therefore, “black puff factors” were applied to 17 percent
of Sabey’s requested 57.5 hours per year under the following runtime scenarios: annual routine runtime,
commissioning runtime, and stack emission testing runtime. The black puff factors were also applied to
the first 15 minutes of each short-term runtime scenario.

THEORETICAL MAXIMUM ANNUAL RUNTIME AND EMISSIONS
Sabey’s current Approval Order specifies the runtime limits as 3-year rolling averages, so in
theory Sabey could emit the total allowable emissions within any 3-year rolling period in one single year.
This “maximum theoretical annual” condition was used when evaluating compliance with the single-year
annual ambient standards (the NAAQS and the ASILs) and for calculation of the chronic (annualaverage) TAP non-cancer hazard quotients. However, we did not apply the “maximum theoretical
annual” approach to our calculation of the 70-year average DEEP cancer risks because it is appropriate to
evaluate long-term cancer risks based on the average lifetime exposure concentrations rather than the
maximum single-year concentration.

LANDAU ASSOCIATES

03/04/15 Z:\My Documents\NSR\Minor\Sabey\2014_2015 permit\Application materials\June 5_2015 supplemental matl\Errata 6-4-2015 Appendix E - Revised Emission Calcs & Ambient Impact Assessment - 06-04-15.docx

4

REVISED FACILITY-WIDE EMISSION RATES
The facility-wide emission rates were re-calculated using the revised assumptions described in the
preceding sections.

Screenshots of the revised emission calculation spreadsheets are provided in

Attachment E-1. The revised facility-wide emission rates are listed in the Table E-2.
As shown in Table E-2, the facility-wide DEEP rate listed in Condition 5 of the current Approval
Order (0.809 tons/year) is higher than the value presented in Sabey’s June 2011 permit application
addendum and Ecology’s June 2011 DEEP Second-Tier Risk Analysis (which was 0.31 tons/year). The
revised facility-wide PM emission rate for routine activities (which is 0.463 tons/year, not including
initial commissioning or periodic stack testing) is higher than the value proposed in Sabey’s June 2011
application.

REVISED FIRST-TIER TOXIC AIR POLLUTANT ASSESSMENT
(COMPARED TO SMALL-QUANTITY EMISSION RATES)
The emission rate for each TAP was recalculated using the revised assumptions described above.
Table E-3 shows a comparison of these revised TAP emission rates to Ecology’s Small-Quantity
Emission Rate (SQER) thresholds.
The annual-average emission rates listed in Table E-3 are based on the “maximum theoretical
annual emission” values that assume all of the allowable emissions within a 3-year rolling period occur in
a 12-month period.

As listed in Table E-3, the following TAPs exhibit worst-case emission rates

exceeding their respective SQERs: DEEP, CO, primary nitrogen dioxide (NO2), benzene, 1,3-butadiene,
and naphthalene. Compliance with the ASILs is described in a later section.

UPDATED AERMOD MODELING RUNS (USED TO DEVELOP DISPERSION FACTORS)
The June 2011 AERMOD modeling runs were updated for this March 2015 revision request. A
DVD of the revised AERMOD files has been provided to Ecology under separate cover. Two new
AERMOD runs were used to develop “dispersion factors” for the maximum short-term impacts and the
annual-average impacts:
•

The short-term dispersion factors (for averaging periods of 24 hours, 8 hours, or 1 hour) are
for a runtime condition consisting of a 24-hour power outage, with all generators operating at
only 25 percent load (the load at which the PM emission rate is highest). A screenshot of the
AERMOD stack parameters is provided in Attachment E-1, Table E1-6. The input stack
temperature was based on the value measured during the most recent stack emission test. The
derivation of these dispersion factors are shown in Attachment E-1, Table E1-8.

•

AERMOD modeling for the 24-hour PM10 NAAQS is based on the 2nd-highest 24-hour value.
The modeling for the 98th-percentile 24-hour PM2.5 NAAQS was based on the 1st-highest
value in order to provide a conservatively high assessment.
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•

The annual-average dispersion factor is for the runtime scenario of all generators operating
under random, variable load (between 10 and 100 percent), over the course of the entire year.
The input stack exhaust temperatures were the average of temperatures under 10 percent, 25
percent, 50 percent, 75 percent, and 100 percent loads. These five iterative loads are taken
from the most recent stack test results and supplemented by data from Caterpillar. A
screenshot of the AERMOD stack parameters is provided in Attachment E-1 (Table E1-6).

COMPLIANCE WITH AMBIENT AIR QUALITY LIMITS
The worst-case emission rates and calculations, for each generator runtime scenario used in
comparison to the NAAQS and ASIL, are shown in the spreadsheet screenshots provided in Attachment
E-1 (Table E1-7). The forecast ambient concentrations were then calculated by applying the previously
discussed dispersion factors. The total cumulative ambient impacts were calculated by applying regional
background concentrations (provided by Ecology) and “local background” impacts derived from
AERMOD modeling of other local data centers and industrial facilities.

Detailed calculations are

provided in Attachment E-1 (Table E1-8). Table E-4 summarizes the modeling results for each TAP
whose emission rate exceeds the SQER and for each criteria air pollutant. The key runtime assumptions
used to model compliance are described below.
Sabey requests that Table 3.2 of the Approval Order be revised to consolidate the allowable
runtimes for outages, electrical bypass, and corrective testing into a single flexible category with a
combined runtime limit of 35 hours per year. Theoretically, for the purpose of calculating the 2nd-highest
daily PM10 emissions, Sabey could use that entire 35 hours for unplanned power outages, and
theoretically those outages could be distributed over 2 or more days.

Therefore, the emissions

calculations and AERMOD modeling for 24-hour PM10 assume two consecutive outages of 17.5 hours
(35 hours / 2 outages = 17.5 hours/outage) occurring at the worst-case condition (under a steady 25
percent operating load). The 2nd-highest daily PM10 emission rate (including the “black puff factor”
correction) is 440 lbs/day.
Sabey requests that Table 3.2 of the Approval Order be revised to consolidate the allowable
runtimes for outages, electrical bypass, and corrective testing into a single flexible category with a
combined runtime limit of 35 hours per year. Theoretically, for the purpose of calculating the 8th-highest
daily PM2.5 emissions, Sabey could use that entire 35 hours for power outages, and theoretically those
outages could be distributed over 8 or more days per year. Therefore, the emissions calculations and
AERMOD modeling for the 98th-percentile 24-hour PM2.5 assume eight consecutive outages of 4.4 hours
(35 hours / 8 outages = 4.4 hours/outage) occurring under worst-case conditions (25 percent load). The
8th-highest daily PM2.5 emission rate (including the “black puff factor” correction) is 112 lbs/day.
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REQUIRED DEEP SECOND-TIER RISK ASSESSMENT
To accommodate the requested flexibility in the allowable range of engine operating loads, Sabey
requests that the allowable DEEP emission rate be increased. Based on such an increase, the modeled
worst-case DEEP concentration exceeds the ASIL [0.00333 micrograms per cubic meter (ug/m3)].
Therefore, as requested by Ecology, a complete DEEP Second-Tier Risk Analysis (Landau Associates
2015) has been submitted under separate cover. That risk assessment demonstrates the following:
•

The revised DEEP risk assessment assumes a Sabey baseline of zero emissions. Therefore,
we have evaluated the total emissions from the Intergate-Quincy Data Center, not just the
incrementally increased emissions caused by this requested permit revision.

•

From the 70-year average DEEP emission rate of 0.467 tons per year (which includes
emissions from stack testing, initial engine commissioning, and the black-puff factor
correction for cold-start operation), the maximum DEEP cancer risk at any receptor, caused
solely by Sabey emissions, is only 9-per-million (compared to the previous 2011 value of
6-per-million), which is less than Ecology’s second-tier approval threshold of 10-per-million.

•

The maximum cumulative DEEP cancer risk caused by Sabey and other DEEP emission
sources within the modeling range (including roads, railroads, and other data centers) is only
47 per-million (compared to the previous 2011 value of 39-per-million), which is less than
the specific community-wide threshold of 100-per-million that Ecology has established for
the city of Quincy. This cumulative increase accounts not only for the project-related
increase but the updated addition of the Vantage Data Center (permitted in 2012) that has
added a local DEEP source since the original 2011 evaluation. In fact, most of the increase in
DEEP impact since 2011 is from this new Vantage Data Center.

AMBIENT NO2 IMPACTS EXCEEDING THE ASIL
Sabey requests that the allowable limit for the 1st-highest NOx emission rate be retained at the
current limit of 990 lbs/hour (as set by Condition 5.7 of the current Approval Order). That is the same
facility-wide NOx emission rate that was evaluated in Ecology’s 2011 Technical Support Document for
Second Tier Review (Ecology2011). In that evaluation, Ecology demonstrated that the occurrences of
Sabey’s emissions causing exceedances of the NO2 ASIL would be very infrequent, so Ecology
determined that Sabey’s NOx emissions will not cause an unacceptable risk to the public.

POLLUTANTS REQUIRING SPECIAL PERMIT CONDITIONS BASED ON MODELED AMBIENT
IMPACTS EXCEEDING LIMITS
Sabey proposes the following emission limits and operational limits to ensure its facility-wide
emissions do not exceed values that would cause the ambient concentrations to exceed either the NAAQS
or the ASILs.
•

Sabey requests that the current operational limits (allowable load, allowable runtime, and
number of generators operating simultaneously) for monthly testing and annual load bank
testing (currently set by Table 3.2 of the Approval Order) be retained without change. The
current limits were set based on Sabey’s previous 2011 Monte Carlo modeling for the 98thLANDAU ASSOCIATES
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percentile 1-hour NO2 NAAQS. Monthly and annual generator testing are the only activities
that can realistically be anticipated to occur for more than 8 days per year (electrical bypass
maintenance will be done only on a triennial basis, and it is inconceivable that more than 2 or
3 days of power outages could realistically occur on a regular basis). Therefore, maintaining
the current operational limits for monthly testing and annual load bank testing is the best
strategy for ensuring compliance with the 1-hour NO2 NAAQS.
•

The actual 1st-highest 1-hour NOx emission rate should continue to be limited to 990 lbs/hour
during a power outage to ensure that the ambient NOx impact is no more than documented in
Ecology’s 2011 NO2 second-tier risk analysis. That is the limit set by the current Approval
Order. Based on the low emission rates that have been demonstrated to date by Sabey’s stack
emission testing, Sabey is confident that the actual NOx emissions during a 44-generator,
facility-wide power outage would be well below that limit, even if some of the generators
activate at loads as high as 100 percent. Sabey additionally proposes that a new Approval
Order Condition 6.4 require Sabey to retain records of the actual NOx emissions during each
unplanned outage or scheduled electrical bypass event.

REFERENCES
Ecology. 2011. Technical Support Document for Second Tier Review, Sabey Data Center, Quincy,
Washington. Washington State Department of Ecology. June 22.
EPA. 1995. Compilation of Air Pollutant Emission Factors, Volume I: Stationary Point and Area
Sources. Fifth Edition. AP-42. Office of Air Quality Planning and Standards, Office of Air and
Radiation, U.S. Environmental Protection Agency. January.
Landau Associates. 2015. Report: Second-Tier Risk Analysis for Diesel Engine Exhaust Particulate
Matter, Sabey Intergate-Quincy Data Center, Quincy, Washington. Prepared for Intergate Quincy LLC.
March 2.
Landau Associates. 2014. Final Notice of Construction Supporting Information Report, Microsoft
Project Oxford Data Center, Quincy, Washington. Prepared for The Microsoft Corporation. June 11.

ATTACHMENTS
Table E-1:
Table E-2:
Table E-3:
Table E-4:

Revised Caterpillar Load-Specific Emission Factors for Diesel Generators
Revised Facility-Wide Emission Rates
Revised Toxic Air Pollutant Emission Rates Compared to SQERs
Revised Cumulative Ambient Impacts Caused by Requested Permit Revisions

Attachment E-1: Screenshots of January 2015 Revised Emission Calculation Spreadsheets
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TABLE E-1
REVISED CATERPILLAR LOAD-SPECIFIC EMISSION FACTORS FOR DIESEL GENERATORS
SABEY INTERGATE-QUINCY DATA CENTER
QUINCY, WASHINGTON
Currently-Permitted Emission Rate at Each Load (lbs/hour)

Generator
Electrical Load

PM/DEEP

NOx

CO

VOCs

100%

0.23

41.9

16.9

0.91

75%

0.22

22.5

12.7

1.11

50%

0.27

15.3

8.75

1.13

25%

0.57

9.4

3.9

0.95

10%

0.45

6.49

4.05

1.0

Average of All Loads
(Used for Annual
Average)

0.35

18.9

9.4

1.0

Yellow-highlighted values indicate worst-case values used for revised emission calculations.
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TABLE E-2
REVISED FACILITY-WIDE EMISSION RATES
SABEY INTERGATE-QUINCY DATA CENTER
QUINCY, WASHINGTON
January 2015
Theoretical
Maximum Year
(Single Year of
3-Year Rolling
Period)
(tons/year)

Pollutant

Original June 2011
Application
(tons/year)

Permit Limit in
Current Approval
Order (tons/year)

Revised January
2015 Emission
Calculation for
Routine Activity
(tons/year)

PM

0.31

0.809

0.463

1.39

70-year Average
DEEP

0.31

0.809

0.467 (includes
commissioning and
periodic stack testing)

N/A

NOx

26.5

29.5

23.9

71.7

CO

14.15

14.15

11.89

35.7

VOCs

1.14

1.14

1.43

4.3
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TABLE E-3
REVISED TOXIC AIR POLLUTANT EMISSIONS COMPARED TO SQERS
INTERGATE-QUINCY DATA CENTER
QUINCY, WASHINGTON

Pollutant
DEEP

SQER

Units

0.639

lbs/yr, max year of 3-year period

Sabey
Emission

SQER
Ratio

2,778

4,347

CO

50.2

lbs/1-hour

848

16.9

SO2

1.45

lbs/1-hour

1.16

0.80

Primary NO2

1.03

lbs/1-hour

991

962

Benzene

6.62

lbs/yr, max year of 3-year period

112.2

17

Toluene

657

lbs/24-hr day

5.60

0.009

Xylenes

58

lbs/24-hr day

3.88

0.07

1,3-Butadiene

1.13

lbs/yr, max year of 3-year period

2.8

2.50

Formaldehyde

32

lbs/yr, max year of 3-year period

10.3

0.32

Acetaldehyde

71

lbs/yr, max year of 3-year period

3.3

0.05

lbs/24-hr day

0.1580

20.0

0.174

lbs/yr, max year of 3-year period

0.0167

0.10

Benzo(a)anthracene

1.74

lbs/yr, max year of 3-year period

0.081

0.05

Chrysene

17.4

lbs/yr, max year of 3-year period

0.199

0.011

Benzo(b)fluoranthene

1.74

lbs/yr, max year of 3-year period

0.144

0.08

Benzo(k)fluoranthene

1.74

lbs/yr, max year of 3-year period

0.014

0.01

Dibenz(a,h)anthracene

0.16

lbs/yr, max year of 3-year period

0.022

0.14

Ideno(1,2,3-cd)pyrene

1.74

lbs/yr, max year of 3-year period

0.027

0.015

Propylene

394

lbs/24-hr day

56.1

0.14

Naphthalene

5.64

lbs/yr, max year of 3-year period

18.8

3.33

Acrolein
Benzo(a)pyrene

0.00789

Note: Shaded cells indicate exceedance of SQER.
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TABLE E-4 (Errata revision 6-4-2015)
REVISED CUMULATIVE AMBIENT IMPACTS CAUSED BY REQUESTED PERMIT REVISIONS
INTERGATE-QUINCY DATA CENTER
QUINCY, WASHINGTON
Emission Rates for January
2015 Resubmittal

Emission
Rate
Including
"Black
Puff" Factor

Pollutant and
Averaging Time

Emission
Rate Units

Ambient Impacts (µg/m3)
Sabey
Increment
(includes 3x
factor for
annual
average
values)

Regional
and Local
Background

Total
Ambient
Impact

NAAQS
or ASIL

PM10
2nd-high 24-hr during
2nd consecutive 17hour facility-wide
outage

lbs/day
facility-wide

440

lbs/day during
2nd consecutive
17-hour outage

45

85

130

150

1st-high 24-hr during
8th consecutive 4.4hour power outage

lbs/day
facility-wide

112

lbs/day during
8th consecutive
4.4 hour outage

12

22

34

35

Annual (ultra-worstcase max year of
3-year rolling)

facility-wide
annual

0.463

tons/yr

0.307 (3x the
annual
average)

6.5

6.8

12

2nd-high 1-hr during
facility-wide outage

lbs/hr
facility-wide

848

lbs/hr

6,223

842

7,065

40,000

2nd-high 8-hr during
facility-wide outage

lbs/hr
facility-wide

848

lbs/hr

3,014

482

3,496

10,000

PM2.5

Carbon Monoxide

Nitrogen Dioxide
NO2 ASIL, 1st-highest
1-hr during facility-wide
outage 1-hr NAAQS,
1st-highest during
electrical bypass

lbs/hr NOx,
facility-wide

1st-highest facility-wide 1-hour NOx emissions limited to 990 lbs/hour, the same value that
was evaluated in the 2011 NO2 Second-Tier Risk Assessment. See the worksheet "2015
NAAQS-ASIL Scenarios" for a range of example operating scenarios that can satisfy that
emission limit with worst-case NOx emission factors.

1-hr NO2 NAAQS
Based on 2011 Monte
Carlo Modeling NO2
ASIL, 1st-highest 1-hr
during facility-wide
outage

lbs/hr NOx,
facility-wide

The current load limits and runtime limits for monthly testing, annual load bank testing, and
corrective testing listed in Table 3.2 of the current Approval Order should be retained to
ensure the 8th-highest daily 1-hr NOx emission rates are consistent with the values that
Sabey used for the NO2 Monte Carlo modeling in 2011.

Annual (ultra-worstcase max year of
3-year rolling)

facility-wide
annual

23.9

tons/yr

15.8 (3x the
annual
average)

Annual DEEP at onsite
tenant (ultra-worst
case, 3x annual
average)

facility-wide
annual

0.463

tons/yr

0.307 (3x the
annual
average)

Annual DEEP ASIL = 0.0033

1,3-butadiene annual
at onsite tenant (ultraworst case, 3x annual

tons/yr
facility-wide

4.71E-04

tons/yr

0.00031 (3x the
annual

1,3-butadiene annual ASIL =
0.00588

2.8

18.6

100

Toxic Air Pollutants
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TABLE E-4 (Errata revision 6-4-2015)
REVISED CUMULATIVE AMBIENT IMPACTS CAUSED BY REQUESTED PERMIT REVISIONS
INTERGATE-QUINCY DATA CENTER
QUINCY, WASHINGTON
average)
Naphthalene annual at
onsite tenant (ultraworst case, 3x annual
average)

average)

tons/yr
facility-wide

3.13E-03

acrolein 24-hr
at onsite tenant (ultraworst case)

lbs/day
facility-wide

0.158

Benzene annual at
onsite tenant (ultraworst case, 3x annual
average)

facility-wide
annual

tons/yr

0.0021 (3x the
annual
average)

Naphthalene annual ASIL = 0.0294

lbs/day

0.0170

Acrolein 24-hr ASIL = 0.06

tons/yr

0.012 (3x the
annual
average)

Benzene annual ASIL = 0.0345

1st-high

1.87E-02

Note: Theoretical maximum annual impact assumes the allowable emissions in a 3-year rolling period occur in one single year.
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Memorandum
Date:

June 23, 2011

To:

Greg Flibbert, Ecology

cc:

John ford and John Sasser, Sabey Data Centers

From:
Subject:

Jim Wilder, ICF Seattle
PM2.5 Impacts from Sabey Air Handling Units

This memo presents estimates of the full buildout PM2.5 emissions caused by droplet drift from
the rooftop “swamp cooler” air handling units (AHUs) at the Sabey Data Center in Quincy.
Description of Munters Air Handling Units
The first tenant will have an electrical load that requires 3 generators. Their building cooling
will be provided by 12 Munters rooftop AHUs. I understand the Munters units are similar to
those sold by other vendors. Technical information for those Munters units is attached. Each
Munters AHU unit will normally operate using no water, using just natural forced air ventilation
to cool the building. The evaporative “swamp cooler” will automatically activate when the
temperature reaches a value that is too high to use simple forced air ventilation. For emission
calculations I assumed the evaporative section will operate 24 hrs/day, which is actually unlikely
to occur.
The evaporative cooler on each Munters AHU will recirculate a small volume of water (80 gpm
per AHU) over cooling coils. A small fan (21,000 cfm) will pass air over the cooling coils. The
recirculation water will gradually concentrate the total dissolved solids (TDS) in the feed water
until it reaches a TDS concentration of 7,500 mg/L. At that point the unit will automatically
blow down the recirculation water to the sewer. For emission calculations I assumed the TDS in
the recirculation water will always be 7,500 mg/L which is the upper range value.
The Munters AHUs will use much less water and air than the conventional industrial
mechanical-draft cooling towers that were installed by Microsoft. To compare the relative water
usage and airflows I have expressed them as “flowrate per kW of cooling capacity”. Table 1
compares the water usage and air flowrates for the Munters AHUs compared to Microsoft’s
EVAPCO mechanical draft cooling towers. On a “per-kW of cooling” basis the Munters AHUs
recirculate less water and the blow less air, so it is reasonable to assume they will generate less
drift droplets. The moist, warm air will be exhausted through vertical stacks, 443 feet above
ground.
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Table 1. Assumed Engineering Values for Sabey AHUs
Parameter

Typical
Sabey AHU

Microsoft
Mechanical Draft
Cooling Towers

General Design Parameters
TDS Concentration for City Water Supply

Approx. 300
mg/L

Approx. 300 mg/L

TDS Concentration for Recirculating Cooling Water
Inside the Cooling System Device

7,500 mg/L

1, 072 mg/L

Recirculating Water Flowrate Per KW of Cooling
Capacity

0.24 gpm per 0.58 gpm per KW
KW cooling cooling

Air flowrate Per KW of Cooling Capacity

64 cfm per
KW cooling

240 cfm per KW
cooling

Assumed Droplet Drift Fraction, Percentage of
Recirculation Flowrate

0.001%

0.001%
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Full-Buildout AHU Drift Emissions
Table 2 summarizes the full-buildout PM2.5 emission rates, assuming every tenant at the entire
Intergate-Quincy data center will use AHUs similar to the Munters units. My hand calculations
are attached. Assuming every one of the full-buildout AHUs operates in “swamp cooler”
evaporative mode for 24 hrs/day, the estimated PM2.5 emission rate is only 12.7 lbs/day.
Table 2. Full Buildout PM2.5 Emissions From AHUs
Hours/Day of Swamp Cooler Operation at Full Load

24 hrs/day

Recirculation Water Flowrate for 44 generator Buildout
176 AHUs x 80 gpm/AHU)

14,080 gpm

Recirculation Water TDS Concentration

7,500 mg/L

Drift Fraction, Percentage of Recirculation Flow

0.001%

Daily Use of Evaporative Cooling

24 hrs/day

Drift PM2.5 Emissions for Full Buildout

12.7 lbs/day
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SCREEN3 Modeling of AHU Drift PM2.5 Impacts
I used the SCREEN3 model. I combined the full buildout facility into a “Volume Source”, with
the lateral dimensions of the volume source equal to the floor space of the combined full buildout
tenant buildings, and the height of the volume source set to 13 meters (the height of the 43-ft tall
AHU exhaust stacks). The SCREEN3 value for the 1-hour PM2.5 impact is only 0.2488 ug/m3.
I scaled the 1-hour value by 0.40 to derive the 24-hour PM2.5 impact of only 0.0996 ug/m3.
Table 3 compares the SCREEN3 PM2.5 impact from the AHUs to the AERMOD predictions of
PM2.5 from the industrial emissions at Sabey, Intuit, Yahoo, and CELITE. The forecast AHU
impact is much less than the impact from the generators. After adding Clint Bowman’s
background value, the combined PM2.5 impact is only 26.3 ug/m3 compared to the NAAQS of
35 ug/m3. Clearly, the full-buildout AHU emissions are a negligible contributor to ambient
PM2.5.
Table 3. AHU Drift Contribution to Overall PM2.5 Impacts at Forecast Full-Buildout
AHU Emission Rates (12.7 lbs/day)
(Source: May 3, 2011 email from Jim Wilder to Ranil)
Operation

24-Hr PM2.5
Impact (ug/m3)

Sabey 44 Full Buildout Generators

4.19

Sabey Full-Buildout AHU Drift

0.0996

Intuit

0.12

Celite

0.8

Yahoo

0.12

Impact From Combined Industrial Sources

5.3

Regional Background (Clint Bowman)

21

Grant Total Impact

26.3

Allowable NAAQS Limit

35

June 23, 2011
Page 5

REQUESTED PERMITTING STRATEGY
The PM2.5 impacts caused by typical “swamp cooler” rooftop evaporative coolers are clearly
negligible. Therefore, we request that Ecology not impose any operating restrictions on the use
of those types of units.
It is possible that some future tenants might elect to use conventional mechanical-draft cooling
towers similar to Microsoft’s. Even if they do so, the ambient impacts would not be significant.
For the original CO1/CO2 project at Microsoft, ICF used SCREEN3 to model their cooling
towers and forecast a PM2.5 impact of only 3.29 ug/m3 caused by their 24-generator facility.
The cooling tower impacts would presumably have been even lower if we had used ISC or
AERMOD. Therefore, that impact also appears to be of little concern. Therefore, we suggest
that Ecology should impose few, if any, operational restrictions on the use of conventional
mechanical-draft cooling units.

