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Dear Mr. Kessler:

As requested by the staff, the applicant has prepared a supplemental screening health risk
assessment and a proposed condition of certification for public health that would limit the
operation of the Humboldt Bay Repowering Project (HBRP) Wartsild dual fuel engines in Diesel
Mode on a five-year average basis. The proposed condition of certification is supported by an
analysis of curtailment operation by the existing Humboldt Bay Power Plant to demonstrate that
the proposed five-year averaging period is both necessary and sufficient to allow PG&E to meet
its obligation to serve the Humboldt area during natural gas curtailments, as well as for
maintenance and operational testing and required emissions testing. As requested by the CEC
staff, this analysis uses the CTSCREEN version of the complex terrain model, rather than the
CTDMPLUS version of the model, to address the staff’s concern regarding the meteorological
data we were required to use by the North Coast Unified Air Quality Management District. This
analysis also includes an assessment of acute and chronic non-cancer risks.

We hope that this supplemental analysis and proposed condition will resolve the remaining
public health issues related to the proposed HBRP. If you or your staff has any questions
regarding this submittal, please do not hesitate to call.

TSI

Gary Rubenstgi
Senior Partn

Sincerely,
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cC: Rick Martin, NCUAQMD
Greg Lamberg, Radback Energy
Scott Galati, Galati and Blek
Susan Strachan, Strachan Consulting
Doug Davy, CH2M Hill
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Supplemental Analysis for Health Risk from the HBRP

The applicant has prepared a supplemental screening health risk assessment to address
the CEC staff’s concern regarding potential public health impacts from the proposed
HBRP. We believe that the supplemental risk assessment, combined with the applicant’s
proposed additional restrictions on Diesel mode operation in the new reciprocating
engines, should address the staff’s concerns regarding the public health impacts. The
supplemental health risk assessment evaluates cancer, chronic non-cancer and acute risks
from the project based on an assumed 5-year average of 510 plant-wide engine hours per
year of liquid fuel operations by the Wirtsild engines. The applicant’s proposed
condition of certification for public health is attached.

The supplemental analysis addresses the following issues raised by staff during the
December 14, 2007, and January 16, 2008, PSA workshops:

1. Modeling methodology: The supplemental analysis of health risk uses the
CTDMPLUS model in screening mode, which is also referred to as CTSCREEN.
The analysis also demonstrates that the conversion factor used by CTSCREEN to
scale modeled one-hour average impacts to annual averages is conservatively high
for this particular site, based on an analysis of site-specific meteorology.

2. Cancer risk: The supplemental analysis results in a cancer risk of 9.8 in one
million, below the threshold of significance of 10 in one million. Acute and
chronic health hazard indices (HHIs) are also shown to be well below the
significance threshold of 1. The supplemental analysis accounts for the expected
operation of the HBRP engines in Diesel mode without abatement devices during
the commissioning period.

3. Alternatives: The supplemental analysis takes into account the expected
reduction in Diesel particulate matter emissions from the stacks that will be
equipped with oxidation catalyst post-combustion controls.

4. Multiyear average for Diesel mode operation limit: The supplemental analysis
demonstrates that a 5 year averaging period will be adequate to allow operation in
Diesel mode during anticipated testing and maintenance, emissions testing and
reasonably foreseeable curtailment periods.

These issues are discussed in more detail below.

Modeling Methodology

The CTDMPLUS model is shown in Table 4.2 of the OEHHA HRA guidance manual' as
the recommended air dispersion model for refined analyses in complex terrain, for both
short-term and long-term averaging periods. The screening HRAs submitted by the
applicant in September® and November® 2007 were prepared using the CTDMPLUS
model. The CEC staff has expressed concerns regarding the preparation of the

' OEHHA, “The Air Toxics Hot Spots Program Guidance Manual for Preparation of Health Risk
Assessments,” August 2003.

? Sierra Research, “Revised Air Quality Impact Analysis for PG&E’s Humboldt Bay Repowering Project,”
transmitted to the NCUAQMD on September 11, 2007.

? Sierra Research, “Supplemental Screening Health Risk Assessment for PG&E’s Humboldt Bay
Repowering Project,” transmitted to the NCUAQMD on November 9, 2007.



meteorological data set used in the CTDMPLUS modeling analysis that was part of these
HRAs. Therefore, the supplemental health risk assessment was based on the version of
CTDMPLUS that does not require meteorological data, CTSCREEN. CTSCREEN is
shown as a recommended air dispersion model for screening analyses in complex terrain,
but it appears only in the list of recommended models for “short-term” averaging periods
(1- to 24-hour averages) in that table. No other discussion of CTSCREEN is provided in
the OEHHA guidance document.

The 2003 OEHHA document combines information from four technical support
documents onto a guidance manual for the preparation of health risk assessments.?
CTSCREEN is discussed in detail in Part [V, finalized in September 2000:

The CTSCREEN model (Perry et al., 1990) is the screening mode of the Complex
Terrain Dispersion Model (CTDMPLUS). CTSCREEN can be used to model
single point sources only. It may be used in a screening mode _for multiple
sources on a case by case basis in consultation with the District. CTSCREEN is
designed to provide conservative, yet theoretically more sound, worst-case 1-hour
concentration estimates for receptors located on terrain above stack height...
CTSCREEN produces identical results as CTDMPLUS if the same meteorology is
used in both models.”

CTSCREEN is shown in Table 4.2 as a recommended screening model for short-term
averaging periods, but has been omitted from the table under long-term averaging
periods. We believe that this is an oversight, because the 2000 guidance document also
says,

Internally-coded time-scaling factors are applied to obtain other averages (see
Table 2.8). These factors were developed by comparing the results of simulations
between CTSCREEN and CTDMPLUS for a variety of scenarios and provide
conservative estimates (Perry et al., 1990).°

Table 2-8 (“Time-scaling factors internally coded in CTSCREEN”) explicitly includes
scaling factors for the annual averaging period, indicating that CTSCREEN can be used
to obtain annual averages.

The CEC staff has also expressed concern that the annual “time-scaling” (persistence)
factor used in CTSCREEN to convert the model-generated one-hour averages to annual
averages may not be sufficiently conservative for the terrain in the vicinity of the project.
To address this concern, we reviewed the CTSCREEN guidance document to determine

* OEHHA developed four Technical Support Documents (TSDs) in response to statutory requirements,
which provided the scientific basis for values used in assessing risk from exposure to facility emissions.
The four TSDs describe acute Reference Exposure Levels (RELs), chronic RELs, cancer potency factors,
point estimates and distributions for exposure parameters, and the general exposure assessment
methodology. See http://www.oehha.ca.gov/air/hot_spots/HRSguide.html.
> OEHHA, “Air Toxics "Hot Spots" Program Risk Assessment Guidelines Part IV Exposure Assessment
and Stochastic Analysis, Technical Support Document,” September 2000, p. 2-29. Note that the statement,
“CTSCREEN can be used to model single point sources only,” is incorrect—CTDMPLUS is a multiple
source model even when used in screening mode.
® Ibid.
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how the internally-coded persistence factors were developed. The CTSCREEN guidance
document says,

A number of options for converting 1-hfour] estimates to 3-h and 24-h HSH and
annual estimates were considered by the Technology-Transfer Workgroup, and it
was decided that the only workable approach would be to use simple scaling
Jactors. The workgroup used the results of a comparison study between
CTSCREEN and CTDMPLUS to select appropriate factors for conversion ...from
1-h to annual estimates of worst-case impacts. The study included a wide variety
of source and terrain types and source/terrain configurations’ ...

To evaluate the conservatism of the internally-coded 1-hour average to annual average
persistence factor for this particular source/terrain configuration, we compared the
highest one-hour average concentration modeled on Hill 1 (Humboldt Hill, where the
highest modeled complex terrain impacts from the project are located) for the cancer risk
assessment using CTSCREEN with the highest annual average concentration modeled for
the same inputs using CTDMPLUS. Because we have five years of meteorological data,
five annual averages were generated from CTDMPLUS. The ratios are summarized in
the following table.

CTDMPLUS Annual CTSCREEN 1-hr Site-Specific
Met Data Year Average Conc, pglm"‘ Average Conc, |.|glm3 Persistence Factor
2001 7.13 326.04 0.022
2002 6.13 326.04 0.019
2003 5.37 326.04 0.016
2004 6.77 326.04 0.021
2005 4.64 326.04 0.014
Maximum 713 326.04 0.022

This analysis suggests that the persistence factor for converting CTSCREEN-modeled
one-hour average concentrations to annual averages for this source/terrain configuration
should be 0.022, well below the internally-coded factor of 0.03 in the CTSCREEN
model. Thus, the use of the default CTSCREEN persistence factor is health-conservative
for this site.

Cancer Risk

The supplemental assessment of cancer risk from the project produced the results shown
in the following table. This table has been formatted to make it directly comparable to
Public Health Table 7 in the PSA.

The supplemental cancer risk assessment was based on the assumptions outlined below.

¢ During the commissioning period, the engines are expected to operate as follows:

T USEPA, “User’s Guide to CTDMPLUS: Volume 2: The Screening Mode (CTSCREEN),” EP.A/600/8-
90/087, October 1990.
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o 20 hours per engine without abatement devices installed, for a total of 200
engine-hours
o 45 hours per engine with abatement devices installed and operating, for a
total of engine-450 hours
DPM emissions during the commissioning period are expected to be

(20 hrs/engine * 10 engines * 5.56 Ib/hr) + (45 hrs/engine * 10 engines * 3.89 Ib/hr)

=2,862.5 1b DPM

Excluding the commissioning period, average annual Diesel mode operating
hours are assumed to be 510 plant-wide engine hours per year, reflecting the
assumed level of operations associated with maintenance, testing (including
agency-mandated air emissions testing), and operation during natural gas
curtailments (excluding curtailments attributable to acts of God). This
corresponds to an annual average DPM limit each year of 1,983.9 Ib/yr.

510 hrs/yr * 3.89 Ib DPM/hr = 1,983.9 Ib DPM/yr
A 70-year average DPM emission rate was calculated for the HRA as follows:

Average DPM emission rate

= [(DPM during commissioning) + (70 * annual average DPM emission rate))] /
70 years

=12,862.51b+ (70 * 1,983.9 1b)]/70 = 2,024.8 Ib DPM per year

This is modeled as the equivalent of 520.5 hours per year of Diesel model
operation at a DPM emission rate of 3.89 Ib/hr. This calculation accounts for the
uncontrolled operation of the engines in Diesel Mode during the commissioning
period, as well as up to an average of 510 hours per year of operation for
maintenance and testing, emissions testing and curtailment operations each year
for 70 years.

Risk-weighted emission rates of each TAC from each source were modeled using
CTSCREEN in complex terrain.®

® The modeling analysis for the previous HRAs (submitted in September and November 2007) showed that
the maximum health risks were found in complex terrain, and there are no changes to stack parameters in
this revised HRA that would affect the locations of the maximum risks.
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Risk per Million

Derived (OEHHA) Average Point
Method Estimate
Formaldehyde 1.08 0.74
Benzene 0.29 0.20
Acetaldehyde 0.069 0.048
| Naphthalene 0.039 0.027
PAHs (Note 1) 0.024 0.0048
1,3-Butadiene 2.9 2.0
Risk due to Natural
Gas from Wartsila Engines 44 30
Risk due to Diesel
Particulate Matter from 54 37
Wartsild Engines
Risk due to Diesel
Particulate Matter from 0.02 0.01
Emergency Generator J
Risk due to Diesel |
Particulate Matter from Fire 0.03 0.02
Pump |
Total Risk (all sources) 9.78 6.73 ‘

Additional details regarding the emission rates used in the supplemental cancer risk

assessment are provided in Attachment A.

Health Hazard Indices

The acute and chronic health hazard indices (HHIs) were also reevaluated using
AERMOD and CTSCREEN. Acute HHIs were evaluated for both natural gas mode and
Diesel mode operations. The chronic HHI was evaluated for annual operation, consistent

with the assumptions outlined above for the supplemental cancer risk assessment. The
supplemental assessment of HHIs from the project produced the results shown in the
following table. This table has been formatted to make it directly comparable to Public

Health Table 3 in the PSA.

Type of Hazard/Risk Hazard Index/Risk Significance Level Significant? 4’
Acute Noncancer,
| natural gas mode 0.57 10 No ]
n
Acute Noncancer, Diesel
mode 0.1 1.0 No
Chronic Noncancer 0.09 1.0 No
Individual Cancer 9.78 10 in one million No




Alternatives

One of the options suggested by the CEC staff at the workshop to reduce the risk to the
public was reducing DPM emissions from the stacks with post-combustion controls. As
we have discussed previously, the applicant’s proposed daily and annual limits for total
PM,p/PM, s impacts from the project were based on an expected 30% reduction in
emissions from the oxidation catalysts.’ In preparing previous cancer risk assessments,
however, the applicant had not accounted for the expected control of DPM from the
oxidation catalysts. Additional research indicates that the oxidation catalysts are
expected to be very effective in reducing both the mass of DPM and the organic
compounds—specifically the PAHs—that contribute to the mutagenicity of DPM. We
have accounted only for the expected control of the mass of DPM in this supplemental
cancer risk analysis, using the same 30% efficiency that is expected to be achieved for
total Diesel particulate. Supporting information is provided in Attachment B.

Multivear Average for Diesel Mode Operation Limit

A part of the supplemental HRA, we updated and refined the evaluation of reasonably
foreseeable liquid fuel operating hours that was originally provided to the CEC staff as
part of the response to Workshop Query 4 on February 14, 2007. In addition to adding
2007 HBPP operating history to the analysis, we had further discussions with PG&E
operations staff and determined that the peaking turbines (mobile electric power plants,
or MEPPs) generally operate during curtailment only when thermal units are curtailed--
other MEPP operation is related to voltage support or because one of the thermal units is
not available. However, as a conservative worst-case assumption for this revised
analysis, MEPP operations during the coldest months (November, December, January
and February) were assumed to be curtailment-related even in years when operational
history showed that the boilers were not curtailed (1997 through 1999 and 2002 through
2007).

The analysis also includes an evaluation of various averaging periods to determine, based
on the MMBtu of fuel used and MWhrs generated at HBPP during curtailments, how
many MWhrs of liquid fuel operation would be required of the new Wirtsild engines.
The highest one-year period over the past 14 years was 2007—based on the conservative
assumptions regarding curtailment operations outlined above, in 2007 the HBRP engines
would have been required to operate on liquid fuel for approximately 754 full-load hours.
The highest 3-year average over the past 14 years is approximately 490 hours per year;
the highest 5-year average over the same period is approximately 350 full-load hours.

As before, these calculations are assumed to reflect only curtailment hours. Emissions
testing on liquid fuel is expected to require a total of up to 60 hours per year, and other
testing and maintenance activities must also be provided for. Overall, we believe that the
proposed 510 hour per year limit can be complied with on a 5-year average basis.
Because curtailment-related hours alone on a 3-year average basis are expected to be at

? Sierra Research letter to Rick Martin, APCO, NCUAQMD, “PM Control Efficiency of Diesel Oxidation
Catalysts,” August 30, 2007.
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nearly 500 hours per year, PG&E does not believe that a 3-year averaging period would
provide an adequate margin for required maintenance and testing (including emissions
testing) or in the event of several consecutive unusually cold years.

The proposed condition of certification includes one proposed limit for DPM emitted
during from the Wirtsild engines the first year of operation, which includes the
commissioning period as well as potential curtailment, maintenance and operational
testing operations, and a second limit expressed as a 5-year rolling average. These
proposed limits were calculated as follows:

First year:

2862.5 Ib DPM for commissioning operations plus 1,983.9 Ib DPM for other
required liquid fuel operations
=4,846.4 1b DPM/yr

Subsequent years:

1,983.9 Ib DPM/yr averaged over 5 years
=9,919.5 1b DPM cumulatively over any consecutive 5-year period



Attachment A
Proposed Condition of Certification for Public Health



PH-SCx: The project owner shall limit the DPM emissions from combined
operations of the ten Wartsila reciprocating engines in Diesel Mode as follows:

a. not more than 4,846.4 pounds during the first twelve months after initial
operation of the first unit; and

b. not more than 9,919.5 pounds during any subsequent 5 calendar year
period, not including emergency operations when natural gas is not
available to the power plant as a resuit of an Act of God.

Verification: The project owner shall include in the quarterly operation report
(AQ-SC9) a summary of all DPM emissions during Diesel Mode operation
subject to this condition during the reporting quarter and cumulatively for the 5
calendar year period. Except as provided below, DPM emissions during Diesel
Mode operation shall be calculated using valid fuel use records, source test
results, and APCO approved emission factors and methodology. DPM emissions
during Diesel Mode operation without abatement of emissions by the oxidation
catalyst shall be calculated using an emission rate of 5.56 pounds per engine
hour.



Projected Diesel Mode Operation at HBRP During Natural Gas Curtailments: Actual Historical Oll Use Basis

1. Oil burns during 2000 and 2001 were economic oil burns. HBRP will be prohibited from buming liquid fuel for this reason, so
economic oil burns are not included in this analysis. In 1994, 1995 and 1996, residual oil was burned in the boiler to
reduce inventory. This will not occur at HBRP, so boiler oil use in these years was also eliminated from the analysis.

2. Per PG&E operations staff, MEPPs generally operate during curtailment only when thermal units are curtailed— other MEPP operation is related to voltage support
or because one of the thermal units is not available. However, to be conservative, all MEPPs operation in months of Nov, Dec, Jan and Feb assumed to be
related to curtailments.

3. For 1998 and 2003, assume that MEPPs curtailment operations are 40% of total annual operations (based on average of 1999 and 2002 data).

4. Based on

510 hrs/yr.

5. Hours shown reflect only operations during natural gas curtailments and do not include required operations for operational testing and maintenance
and emissions testing purposes.

HBRP Liquid Fuel Heat Rate: 8949 Btu/kwh
Heat input Equivalent
Liquid Fuel Consumption at HBPP Required by HBRP Liquid| Average HBRP Liquid Fuel Operating Hours
(MMBtulyear) (1) Total Oil HBRP to Percentage Fuel Per Year, Curtailment Only (5)
Generation |Generate Equiv. of Proposed Operating | Highest
Boiler Oil MEPPs at HBPP MWhrs HBRP Oil  Hours Per Single  Max 3-yr Max 5yr Max 10-yr
Boilers MEPPs (2)  Total MWhrs MWhrs (3)  (MWhrslyr (MMBtulyr) Use Year Year average average  average
HBRP
Proposed
Limit (4) 75,939

2007 99,591 79,829 179,421 7,181 5,360 12,541 112,228 147.79% 753.7 488.4 3483 284.2
2006 17,431 66,294 83,725 3,937 4,147 8,084 72,344 95.27% 485.9 254.3 2331 180.0
2005 0 58,364 58,364 0 3,754 3,754 33,585 44.24% 225.6 167.3 169.9 151.8
2004 0 13,570 13,570 0 855 855 7,651 10.08% 51.4 151.4 151.4 136.1
2003 5,496 49,089 54,585 410 3,334 3,744 33,507 44.12% 2250 201.4 200.9 141.7
2002 4,475 38,580 43,055 350 2,607 2957 26,461 34.85% 177.7 177.7 177.3
2001 n/a n/a n/a n/a n/a n/a n/a n/a n/a 200.1 118.0
2000 n/a n/a n/a n/a n/a n/a n/a n/a n/a 177.0 133.7
1999 0 48,478 48,478 0 3,328 3,329 29,791 39.23% 200.1 118.0 126.9
1998 8,297 29,392 37,689 583 1,979 2,562 22,926 30.19% 154.0 111.5 106.1
1997 0 0 0 [ 0 0 0 0.00% 0.0 93.4
1996 na 53,665 53,665 n/a 3,006 3,006 26,901 35.42% 180.7 125.5
1995 n/a 27,944 27,944 n/a 1,657 1,657 14,828 19.53% 99.6
1994 n/a 24,978 24,978 n/a 1,603 1,603 14,345 18.83% 96.3

Average 220.8 753.7 488.4 348.3 284.2

14-yr average Maxyear 3-yravg 5-yravg  10-yr avg



Attachment B
Calculation of Model Input Values for Supplemental Cancer Risk Assessment



Table 8.1A-8

HBRP
Annual and Maximum Hourly Non-Criteria Pollutant Emissions for Wirtsila Reciprocating Engines
Rev 2/08
Natural Gas Controlled Diesel Controlied | Maximum Hourly Emissions ICE Total
Emission Natural Gas Emission Diesel Em per Engine, Ib/hr (5) Annual
Factor (1) Em Factor (2) Factor (3) Factor (2) Nat Gas Diesel Firing | Emissions (7)

Pollutant Ib/MMscf Ib/MMscf Ib/Mgal Ib/Mgal Firing (5) (6) tpy
Ammonia 4) n/a 4) n/a 1.93 2.1 62.84
Propylene 5.38E+00 3.23E+400 3.85E-01 2.31E-01 0.46 0.25 14.66

Hazardous Air Pollutants
Acetaldehyde 5.29E-01 3.17E-01 3.47E-03 2.08E-03 0.04 2.26E-03 1.44
Acrolein 5.90E-02 3.54E-02 1.07E-03 6.42E-04 4.99E-03 6.98E-04 0.16
Benzene 2.18E-01 1.31E-01 1.01E-01 6.06E-02 0.02 6.59E-02 0.59
1,3-Butadiene 3.67E-01 2.20E-01 - - 0.03 - 1.00
Diesel PM (8) - -- - - 3.89 1.01
Ethylbenzene 7.11E-02 4.27E-02 - - 0.01 - 0.19
Formaldehyde 2.36 inc 1.32E-02 inc 0.33 1.44E-02 10.69
Hexane 1.13E+00 6.80E-01 - - 0.10 - 3.08
Naphthalene 2.51E-02 1.51E-02 1.63E-02 9.78E-03 2.22E-03 1.06E-02 0.07
PAHs (as B(a)P) (9) 1.71E-05 1.03E-05 6.21E-05 3.73E-05 1.81E-06 4.05E-05 4. 68E-05
Toluene 2.39E-01 1.43E-01 3.74E-02 2.24E-02 2.04E-02 2.44E-02 0.65
Xylene 6.46E-01 3.88E-01 2.68E-02 1.61E-02 5.48E-02 1.75E-02 1.76
19.65

Total HAPs (excluding Diesel PM) =




Notes:
(1) All factors except hexane and formaldehyde are CATEF mean values for natural gas-fired IC engines.
Hexane is from AP-42 Table 3.2-2; formaldehyde is based on vendor data.
(2) 40% control efficiency for oxidation catalyst applied for all TACs except formaldehyde. Source: BAAQMD PDOC
for Eastshore Energy Center, April 30, 2007. Formaldehyde emission factor provided by vendor reflects ox cat control.
(3) All factors are CATEF mean values for large Diesel engines (SCC 20200102).
(4) Based on 10 ppm ammonia slip from SCR system.
(5) Based on maximum ICE firing rate of 143.9 MMBtu/hr and fuel HHV of 1,021.1 Btu/scf of natural gas
and 0.79 MMBtu/hr and fuel HHV of 136,903 Btu/gal for pilot Diesel fuel

0.14088 MMscf/hr natural gas
0.01 Mgal/hr Diesel fuel
(6) Based on maximum ICE firing rate of 148.9 MMBtu/hr and fuel HHV of 136,903 Btu/gal for Diesel fuel
1.09 Mgal/hr Diesel fuel
(7) Based on maximum ICE firing rate (from (3)) for 6447 hrs/yr on natural gas and pilot Diesel fuel.
908.0 MMscf/yr of natural gas
0.3 Mgal/yr Diesel fuel

(8) Based on annual average total of 515 hrs of backup Diesel fuel operation; Front half only, per ATCM. 30% control efficiency for oxidation
catalyst applied for Diesel PM. Source: Sierra Research letter to Rick Martin, APCO, NCUAQMD, “PM Control Efficiency
of Diesel Oxidation Catalysts,” August 30, 2007.

(9) Emission factors for individual PAHs weighted by cancer risk relative to B(a)P and summed to obtain overall B(a)P
equivalent emission rate for HRA.,

Mean EF PEF Equiv. PEF-Weighted EF
Nat Gas Diesel Nat Gas Diesel
PAHs (as B(a)P)
Benzo(a)anthracene 5.88E-05 5.03E-05 0.1 5.88E-06 5.03E-06
Benzo(a)pyrene 2.70E-06 1.81E-05 1 2.70E-06 1.81E-05
Benzo(b)fluoranthrene 4.09E-05 7.96E-05 0.1 4.09E-06 7.96E-06
Benzo(k)fluoranthrene 7.83E-06 1.56E-05 0.1 7.83E-07 1.56E-06
Chrysene 1.43E-05 1.06E-04 0.01 1.43E-07 1.06E-06
Dibenz(a,h)anthracene 2.70E-06 2.43E-05 1.05 2.84E-06 2.55E-05
Indeno(1,2,3-cd)pyrene 7.17E-06 2.89E-05 0.1 7.17E-07 2.89E-06




Table 8.1C-2
HBRP

Wirtsil4 Reciprocating Engine Cancer Risk Assessment

Rev 02/08

Average annual hours of Diesel fuel firin¢

520.5

total, all engines

Derived (OEHHA) Method

Average Foint Estimate

Cancer Risk Modeled Cancer Risk  Modeled
Annual Average Model Input Contribution to Model Input Contribution
Emissions Per Unit Risk (perug/m3 Cancer Risk | UnitRisk (perug/m3 to Cancer
Compound Engine g/s (perug/m3) per g/s) (2) (perug/m3)  pergls) Risk (3)
Ammonia 1.81E-01 0 0 0 0 0 0
Propylene 4.22E-02 0 0 0 0 0 0
Acetaldehyde 4.15E-03 3.77E-06  1.56E-02 0.069 2.60E-06 1.08E-02 0.048
Acrolein 4. 62E-04 0 0 0 0 0 0
Benzene 1.71E-03 3.77E-05  6.44E-02 0.29 2.60E-05 4.44E-02 0.20
1,3-Butadiene 2.88E-03 2.26E-04 0.65 2.88 1.56E-04 4.49E-01 1.99
Diesel PM 2.91E-03 4.15E-04 1.21 5.36 2.86E-04 0.83 3.69
Ethylbenzene 5.57E-04 0 0 0 0 0 0
Formaldehyde 3.08E-02 7.91E-06 0.24 1.08 5.46E-06 1.68E-01 0.74
Hexane 8.88E-03 0 0 0 0 0 0
Naphthalene 1.97E-04 4 52E-05 8.89E-03 0.039 3.12E-05 6.14E-03 0.027
PAHs (Note 1) 1.35E-07 3.98E-02 5.36E-03 0.024 8.05E-03 1.08E-03 0.0048
Toluene 1.87E-03 0 0 0 0 0 0
Xylene 5.06E-03 0 0 0 0 0 0
Total Risk 2.197E+00 9.73 1.512E+00 6.70
per ug/m3 in one million per ug/m3 in one million
Risk from NG Firing 44 3.0
Risk from Diesel Firing 54 3.7
in one million in one million




Table 8.1C-3
HBRP

Calculation of Modeling Inputs and HHis for Wirtsild Reciprocating Engine Acute and Chronic Risk Assessment

Rev 02/08
Acute Health Impacts, Natural Gas Mode Acute Health Impacts, Diesel Mode Chronic Health Impacts
Max Hourly Acute HHI Max Hourly Acute HHI Annual HHI Model Modeled
Emissions HARP Model Input Modeled Emissions HARP Model Input Modeled Average HARP Input (per Contribution
Per Engine  Acute Hl (per ug/m3  Contribution | Per Engine  Acute HI (per ug/m3  Contribution | Emissions, Chronic Hl ug/m3 per to Chronic
Compound g/s (per ug/m3) per g/s) to Acute HHI a/s (per ug/m3) perg/s) to Acute HHI g/s {per ug/m3) a/s) HHI
Ammonia 0.2436 3.13E-04 7.62E-05 1.13E-02 0.2654 3.13E-04 8.31E-05 1.24E-02 1.81E-01 5.00E-03 9.04E-04 4.04E-03
Propylene 0.0576 - - - 0.0317 - - - 422E-02 3.33E-04 1.40E-05 6.28E-05
Acetaldehyde 5.637E-03 - - - 2.853E-04 - - - 4.15E-03 1.11E-01 4.60E-04 2.06E-03
Acrolein 6.292E-04 5.26E+00 3.31E-03 4.92E-01 | 8.798E-05 5.26E+00 4.63E-04 6.89E-02 | 4.62E-04 1.67E+01 7.72E-03  3.45E-02
Benzene 2.395E-03 7.69E-04 1.84E-06 2.74E-04 | 8.305E-03 7.69E-04 6.39E-06 9.50E-04 1.71E-03 1.67E-02 285E-05 1.28E-04
1,3-Butadiene 3.905E-03 - - - -- - - - 2.88E-03 5.00E-02 1.44E-04 6.43E-04
Diesel PM - - - - 4.905E-01 -- - - 291E-03 2.00E-01 583E-04 2.61E-03
Ethylbenzene 7.573E-04 - - - - - - - 557E-04 5.00E-04 279E-07 1.25E-06
Formaldehyde | 4.181E-02 1.06E-02 4.43E-04 6.59E-02 | 1.809E-03 1.06E-02 1.92E-05 2.85E-03 | 3.08E-02 3.33E-01 1.02E-02 4.58E-02
Hexane 1.207E-02 - - - -- - - - 8.88E-03 1.43E-04 1.27E-06 5.68E-06
Naphthalene 2.792E-04 - - - 1.340E-03 - - - 1.97E-04 1.11E-01 2.18E-05 9.76E-05
PAHs 2.278E-07 - - - 5.107E-06 - - - 1.35E-07 -- - -
Toluene 2.573E-03 2.70E-05 6.95E-08 1.03E-05 | 3.075E-03 2.70E-05 8.30E-08 1.24E-05 1.87E-03 3.33E-03 6.24E-06 2.79E-05
Xylene 6.300E-03 4.55E-05 3.14E-07 4.67E-05 | 2.204E-03 4.55E-05 1.00E-07 1.49E-05 | 5.06E-03 1.43E-03 7.24E-06 3.24E-05
Total= 3.83E-03 0.57 Total= 5.72E-04 0.11 Total = 2.01E-02 0.09




Table 8.1C-6

HBRP
Summary of Modeling Input Values for Supplemental Screening HRA
Rev 2/08
Model Inputs

Derived

OEHHA Average | Chronic HHI | Acute HHI Acute HHI

Method Point Input (per Input, Gas Input, Diesel

Cancer Risk | Estimate ug/m3 per firing (per firing (per
Unit (Res) (Res) gls) ug/m3 per g/s)| ug/m3 per g/s)
Wartsiléa Reciprocating Engines (per engine) | 2.197E+00 | 1.512E+00 | 2.013E-02 3.83E-03 5.72E-04
Black start Diesel engine 1.574E-02 | 1.085E-02 | 7.587E-06 0 0
Diesel fire pump engine 1.934E-02 1.333E-02 9.323E-06 0 0
All modeling input values are in units of per ug/m3
Stack Parameters
Exhaust
Stack Diam Temp Exhaust
(m) Stack Ht (m) (deg K) Velocity (m/s)

Wiartsild Reciprocating Engines (Case 1G) 1.620 30.480 663.556 27.152
Wartsild Reciprocating Engines (Case 5D) 1.620 30.480 599.111 18.223 acute liquid fuel only
Black start Diesel engine 0.152 3.028 769.611 87.073
Diesel fire pump engine 0.127 12.192 838.556 44 856

acute gas, chronic and cancer
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Control of DPM by Oxidation Catalysts
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Washington State University Extension Energy Program

Diesel Oxidation Catalyst

A diesel oxidation catalyst (DOC) is a flow through device that consists of a canister containing a
honeycomb-like structure or substrate. The substrate has a large surface area that is coated with an active
catalyst layer. This layer contains a small, well dispersed amount of precious metals such as platinum or
palladium. As the exhaust gases traverse the catalyst, carbon monoxide, gaseous hydrocarbons and liquid
hydrocarbon particles (unburned fuel and oil) are oxidized, thereby reducing harmful emissions.

About 30 percent of the total particulate matter (PM) mass of diesel exhaust is attributed to liquid
hydrocarbons, or soluble organic fraction (SOF). (See Ref. 1.) Under certain operating conditions, DOCs
have achieved SOF removal efficiencies of 80 to 90 percent. (Refs. 1, 2) As a result, the reduction in
overall PM emissions from DOC use is often cited at 20 to 50 percent. Actual emission reductions vary
however, as a result of engine type, size, age, duty cycle, condition, maintenance procedures, baseline
emissions, test procedure, product manufacturer and the fuel sulfur level.

Emissions

In their 1999 review of heavy-duty diesel retrofits, the U.S. Environmental Protection Agency summarized
emissions data for 60 heavy-duty diesel two and four stroke engines utilizing DOC technology (Ref. 3).
The following table presents these results, which ranged from 19 to 50 percent reduction in total PM, with
an average PM reduction of 33 percent.

Table 1
Diesel Oxidation Catalyst Use in Heavy Duty Diesel
Study/report PM Reductions
Urban Bus and Engelhard Data 38% avg.-two stroke; 27% avg.-four stroke
SAE 960134 32.8% avg. (2-two stroke; 5-four stroke)
SAE 970186 24% avg. (5-twostroke; 5-four stroke)
SAE 932982 44-60% (four stroke)
SAE 950155 32-41% (two stroke)
London Bus Report -MBK 961165 45% (6-four stoke)
Engelhard Report-980342 49% (avg for three catalysts)
mgTA Report 19-44% (two stroke)

Source: Heavy-Duty Diesel Emission Reduction Project Retrofit/Rebuild Component, US EPA, EPA420-
R-99-014, June 1999,

In developing the California Diesel Risk Reduction Program, the California Air Resources Board (CARB)
also reviewed a number of products and technologies that were reported to reduce diesel particulate
emissions.(Ref. 2) While much of this information was based on manufacturer provided data, it provides a
reasonable summary of DOC technology at that time. The PM reductions identified are similar to those
reported by EPA’s 1999 study of diesel retrofit technologies. CARB reported achievable emission.
reductions resulting from DOC use ranging from 16 to 30 percent depending on product and test cycle. A
summary of the CARB analysis is presented in Table 2.

Table 2
Diese} Oxidation Catalyst PM Emission Test Results
Test Engine type PM Control
Efficiency
ISO 8178-D2 Ford-150 hp 8%
ISO 8178-D2 Ford-150 hp 21%
8-mode 1979 Deutz F6L- 16%
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steady- state 912W
Transient cycle- Cummins TD-25G 24%
bulldozer 450 Hp
FTP 1992 Cummins L-10 30%
280 Hp
FTP 1998 DDC Series 60 5 separate
400Hp DOCs- 23%,
25%, 5%, 29%,
27%.
Source: Diesel PM Control Technologies-Appendix 1X, California Air Resources Board,
October, 2000.

A number of other studies also document the effectiveness of DOCs in reducing PM emissions, with PM
emission reductions of 23 percent or more. (Refs. 4,5) However, emission results will vary and retrofit
device performance should be verified. To date, the EPA has verified PM reductions of 25 percent for three
manufacturers of DOCs. Verification data is available at
http://www.epa.gov/otag/retrofit/retroverifiedlist.htm. California also provides a list of verified DOCs at
hitp://www.arb.ca.gov/diesel/verifieddevices/verdev.htm.

Cost

The initial cost of DOCs will vary with engine size, application, and sales volume, CARB reported costs
ranging from $2,100 for a 275 horsepower engine, to as much as $20,000 for a 1,400 hp engine.(REF. 2) A
1999 study of diesel particulate control devices for the underground mining industry indicated a cost of $8
to $12 per horsepower for DOCs, while the Manufacturers of Emissions Controls Association (MECA)
recently reported DOC costs of $425 to §1,150 per device. (Ref. 5,6) The Everett School District in
Washington State is currently paying $2,500 per DOC for school bus retrofits. (Ref. 7) DOC costs for
heavy duty construction equipment retrofits in Massachusetts are ranging from $1,500 to $3,000. (Ref. 8)

An oxidation catalyst retrofit system consists of either an in-line engine muffler replacement or an add-on
control device. The size of the DOC will need to be matched to engine displacement and the exhaust
system. [nstallation can take as little as 1'% hours to 3 or 4 hours depending on the application, with
corresponding costs of $170 to $500. (Ref. 2,4) MECA reports that oxidation catalysts require very little
maintenance, do not increase engine fuel use, shorten engine life or adversely affect vehicle drivability. The
CARB reports annual maintenance costs of $64 to $712 per year for DOCs can be expected, based on the
need to thermally clean the device from one to as many as four times per year. (Ref. 2) The Massachusetts
Diesel Retrofit Program has retrofitted more than 120 diesel construction equipment engines with DOCs
and has experienced no additional maintenance costs over the first three years of operation. (Ref. 8)

Other issues

Oxidation catalysts have a long history of performance. Retrofit of DOCs has been under way for more
than 20 years in the off-road vehicle sector, most notably in the underground mining industry, with over
250,000 engine retrofits. An additional 20,000 DOCs have been installed on buses and highway trucks in
the United States and Europe since 1995, with several thousand more installed in Asia and other parts of
the world. DOCs can be specified for most new engine purchases and will become a standard feature for
new engines by 2004 or earlier.

For the most part, DOC retrofit applications are less restrictive than diesel particulate filter technologies.
This is due in part because a DOC operates as a flow through device with the catalytic reaction occurring
on the surface of the device. As a result, DOCs are less impacted by exhaust loading than particulate filters,
and can work well with older, higher emitting engines. (Ref. 9)

In general, DOCs also operate well within the normal exhaust temperatures of a diesel engine. (Ref. 9)

However, elevated exhaust temperatures, such as those sustained near peak torque, may adversely affect
DOC performance in the presence of high sulfur concentrations. (Ref. 10) At higher temperatures, catalysts

2
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can oxidize sulfur-dioxide to form sulfate particulates (sulfuric acid). Therefore, higher sulfur fuels can
increase total particulate matter emissions and may offset soluble organic fraction emissions reductions.

Although DOCs can be designed or tailored to operate under high sulfur concentrations, the use of lower
sulfur fuels should improve the devices particulate reduction efficiency. (Refs. 2,5,9). As a result, some
manufacturers recommend a maximum sulfur content of 500 parts per million or less to enhance DOC
durability and performance. (Ref. 2) To minimize the effect of sulfate formation on DOC performance and
maximize DOC reduction efficiency, CARB staff have suggested the use of ultra-low sulfur diesel fuels of
15 ppm. (Ref. 1)

Manufacturers claim that the useful life of the device will vary with the application and can range from
4,000 to 10,000 operating hours.(Ref. 2) Some manufacturers suggest

the useful life of the device is consistent with the rebuild cycle of the associated

engine, and should be changed accordingly. The Big Dig project in Massachusetts retrofit more than 120
construction vehicles. They are currently examining a select number of these devices after three years of
operation, and expect to get an additional two to three years before replacement. (Ref. 8)

DOCs may suffer thermal degradation when exposed to temperatures above 650° C (1,200°F) for
prolonged periods of time. Diesel engines have intrinsically cool exhaust gases and thermal catalyst
deterioration is not likely to take place under normal operating conditions. (Ref. 9) Several chemical
elements, such as phosphorous, lead and heavy metals, may also damage some catalysts. Some of these
elements may be contained in engine lube oil. To avoid this possibility, low lube oil consumption and the
use of low-phosphorous oils may be required for some catalysts. Although DOCs impose additional
exhaust gas flow restrictions of 4 to 11 inches of water column this appears to be within the normal range
of engine manufacturer specifications. (Ref. 2) As a result, DOCs do not appear to affect original engine
warranties. (Ref. 2,8)
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Attachment 2

Description of a Diesel Oxidation Catalyst

a DOC'’s are typically flow through designs
= The design is composed of the following
elements

- Catalyst wash coat - Base Metal Oxide and
Precious Metal

» Substrate - ceramic or metallic

» Canning - separately as a converter
or in the muffler

FLI G [F VAR
Change the naire mJ

How the DOC Functions

m The catalyst interacts with the exhaust as it passes
through the converter

m The Catalyst causes the particulate to burn at
normal exhaust temperatures. Wash coat

m The DOC burns the gaseous HC
and CO emissions, and the lube

oil, unburned fuel and carbon soot
of the TPM

Substrate

[(ELI G R A YA
Change the nutwre of hings.




Typical DOC Performance

» Total Particulate Matter Reduction of 25% to
50%

» Hydrocarbon reduction of more than 50%

e Carbon Monoxide reduction of more than 40%

(ELI S [ U RN D
Change lhe natere of Bilnge.

DOC Technology Diesel Emissions

DOC Emission Reductions
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DOC Field Performance

Percent Reduction
Location Vehicle |Engine CO |NOx| HC | TPM |Smoke
Mexico City {Truck |Perkins 89.6| O 81.1( 46 NA
Mexico City |Truck |Mercedes | 72.1 0 74.8| 28.8 NA
Hong Kong |Bus Gardner NA | NA | NA 38 35
USA Truck |[Cummins | 38.7] 0 18.5] 23.5]| NA
USA Truck |Caterpillar | 38.1 0 65.6| 44 NA
USA Bus DDC 227 0 34.9] 24.5]| NA
USA Bus Cummins 48 0 54 32 NA
USA Dozer |Caterpiliar ] NA | NA | NA 26 NA
France Bus RVI 22 0 27 52 NA
Average 47.31 50.84| 34.98
FIEE®LALYR D
Changs the natwve of ings,
Conclusions

+ If ARB wants some particulate reduction
for all vehicles a 30% minimum is to high

+ A properly sized DOC can obtain 25% TPM
reduction on diesel engines

* The lower the sulfur in the fuel the greater
the ability to of the DOC to reduce TPM
emissions

« This technology is proven and available

for all on and off road diesel engine
applications
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CLEAN 4, etrofit Program onferences

Home

Emission Control Technology

About Clean Air Fleets

Clean Yellow Fleets for Blue

Skies Program There have been tremendous developments in the design and application of emission control

technologies in the last decade to substantially reduce levels of particulate matter (PM), carbon
SmartWay Partnership monoxide (CO), nitrogen oxide (NOx), and hydrocarbon (HC) pollutants. The two most

Diesel Engine Technology common technologies — diesel particulate filters (DPF) and oxidation catalysts (DOC) —
effectively control the levels of pollutants in the exhaust on their own or when used together.
For example, a diesel oxidation catalyst can lessen the formation of particulate matter prior to

Emission Control Technology

Alternative Fuels the exhaust passing through a particulate filter, thereby increasing the performance and

dling Reduction Strategies Ion?%/ity of the filter. Additional technologies are designed to control specific pollutants, such

Emissions Standards as RO

g°'°rad°'5 Diese! I/M While some of these technologies are affected less by the sulfur content of diesel fuel, all
rogram perform better at reducing emissions when used with ultra-low sulfur diesel fuel (ULSD), which

Off-Road Diesel Vehicles has a sulfur content of less than 15 ppm. For example, diesel oxidation catalysts and some

Completed Recognition DPFs can reduce CO, HC, and PM emissions with fuels that contain sulfur levels greater than

Program 15 ppm while catalyst-based DPFs are more sensitive and are more effective with ULSD. (See

2003, Clean Diesel the insert on “Alternative Fuels” for more information.)

Conference

News Room Costs for individual technologies vary. This insert cites costs from an independent cost survey

conducted in November 2000 by the Manufacturers of Emission Controls Association (MECA).

Generally, the larger the engine being retrofitted, the more expensive the device. However,

higher sales volumes will begin to lower the costs of these technologies. Given the recent

market penetration, costs should begin to decrease. Prices cited in association with specific
technologies and their pollution reduction potential are provided by the U.S. Environmental

“ Protection Agency (EPA). The reader is encouraged to contact individual manufacturers for
exact costs.

Rrcacnan Ane Quaeisy Counci

Diesel Particulate Filters (DPF)

NOx| PM | HC | CO | Price |
Base Metal Oxidizing PM Filter ~ | 80% |50% | 50% $1%',5<‘
E;E:rly Oxidizing Precious Metal PM 500;0 >90% | 90% | 90% $166|5(_

NOx PM HC | CO | Price
Base Metal Oxidation Catalyst - 10-30% | 50% | 50% | $1-2K
Precious Metal Oxidation Catalyst - | >20-40% | 90% | 90% | $1-3K

Diesel particulate filters (DPFs) are one class of emission control technologies that lower PM
emissions. By trapping the particulates as the exhaust gas passes through the filter, DPFs are
able to achieve PM reductions of 80 — 90 percent. Numerous studies have documented the
effectiveness of DPFs in both on- and off-road applications. The systems are relatively easy to
maintain, but do require users to monitor their condition and occasionally remove the filter,
blowing out the ash and replacing it.

Fuel sulfur content plays a key role in the performance of DPFs since it has a direct impact on
the level of particulate matter in the exhaust. Numerous studies have found that DPFs,
regardless of their manufacturer, achieve higher PM emission reductions with the use of ultra-
low sulfur diesel fuel.



Two DPF products — Engelhard’s DPX Catalyzed DPF and the Johnson Matthey Continuously
Regenerating Technology (CRT) Particulate Filter — reduce PM, CO, and HC by 60 percent as
verified — but are capable of reducing emissions by 80 — 90 percent. Both technologies are
verified by EPA’s National Voluntary Diesel Retrofit Program — which tests and validates
technologies for fleet managers and operators — for their performance. These products are
verified with ULSD. Today’s technology could be utilized in many off-road applications but
requires active regeneration technology being developed for on-road use to rnake it applicable
to all off-road applications. DPF retrofit programs for trucks and buses are underway in
California and New York City, where the city plans to retrofit its 3,500 buses with DPFs by the
end of 2003.

Diesel Oxidation Catalysts (DOC)

Diesel oxidation catalysts (DOCs) are a section of the exhaust system coated with metals that
trigger chemical reactions which breakdown pollutants (CO, HC, PM) into harmless gases,
when engine exhaust passes through it. Since 1995, more than 500,000 trucks and buses have
been retrofitted with DOC systems.

On- and off-road applications of DOCs are virtually maintenance free, requiring only periodic
inspections. DOCs also work to improve the effectiveness and performance of DPFs, by
attracting excess soot from the exhaust before it passes through the filter. The cost of diesel
oxidation catalyst devices range from several hundred to several thousand dcillars per device
depending on engine size, sales volume, and whether the installation is a muffler replacement
or an in-line installation. MECA’s 2000 survey reported that average diesel oxidation catalyst
costs ranged from $465 to $1,750 per vehicle. The majority of devices are designed to replace
the muffler and installations typically take less than two hours.

Like DPFs, DOCs are also affected by sulfur. The sulfur content of diesel fuel is critical to
applying catalyst technology, as the reaction caused by the catalysts rely on the sulfur content
and the temperature of the exhaust gases.

NOx Reduction Technologies

The first verified system to reduce NOx and PM is a NOx reduction catalyst. This system
combines a NOXx catalyst with a particulate filter or oxidation catalyst to provide additional PM
reductions. The Longview system from Cleaire (and offered by Fleetguard Emission Solutions)
is verified to reduce NOx by 25 percent and PM by 85 percent.

In addition to the exhaust gas recirculation (EGR) technology to lessen NOx during the
combustion process (see the insert on “Advances in Diesel Engine Technology” for more
information), post-combustion emission controls for NOx include selective catalytic reduction
(SCR) and NOx adsorber technologies.

SCR devices have been used for years to control NOx from stationary sources and are now
being applied to mobile sources to cut the pollutant by over 70 percent. Unlike DOCs, the SCR
system requires the addition of a reductant (typically urea or ammonia) to convert NOx
pollutants to nitrogen and oxygen. Based on the oxidizing metals used in the SCR, additional
poliutant reductions can be achieved. (See the insert on “Off-Road Heavy-Duty Diesel
Vehicles” for more information.)

NOx adsorber catalyst technology is also undergoing extensive research and development in
anticipation of the 2007 on-road, heavy-duty diesel engine regulations. Researchers have
demonstrated the ability of NOx adsorbers to control up to 90 percent or more of NOx
emissions over a broad temperature range.

NOx adsorbers act to store NOx emissions during lean engine operation and release the stored



NOx by periodically creating a rich exhaust environment by either engine operation or the
injection of a reductant in the exhaust stream. While EPA estimates that the technology can cut
NOx (as well as HC and CO) by more than 90 percent, it is still largely in the research and
development phase for on-road applications.

Crankcase Emission Control

In the majority of turbo-charged diesel engines, the crankcase breather is vented to the
atmosphere often using a downward directed draft tube, therefore allowing a substantial
amount of PM to be released into the atmosphere. One solution to this emissions problem is
the use of a multi-stage filter designed to collect and return the emitted lube oil to the engine’s
sump or a CCV system (available from Fleetguard). These systems allow filtered gases to
return to the intake system, balancing the differential pressures involved and allowing the
systems to eliminate crankcase emissions. EPA has verified one manufacturer's crankcase
filtration system. In addition to the Donaldson closed crankcase filtration system’s ability to
lower crankcase emissions, it also reduces PM emissions by 25 — 32 percent and CO by 14 -
18 percent, according to EPA.

Additional Technology Potential

The California Air Resources Board recently verified the use of a diesel engine retrofit
technology that simultaneously achieves reductions of at least 85 percent in PM and 25 percent
in NOx emissions. The system produced by Cleaire Advanced Emission Controls is actually a
combination of a lean NOx catalyst and a diesel particulate filter. The system has been verified
for use on specific on-road diesel engines operating on ultra-low sulfur diesel fuel. in addition to
DOC technology used to treat exhaust gases, EPA estimates that catalysts included in diesel
fuel for commercial use will cut NOx up to 10 percent, PM up to 33 percent, and HC and CO up
to 50 percent during the combustion process.

The Lubrizol Corporation has developed a water-in-diesel fuel emulsion product that produces
a low-emission, emulsified diesel fuel. PuriNOx reduces NOx emissions up to 30 percent and
PM up to 65 percent when compared to conventional No. 2 diesel fuel. Average emission
reductions, considering data from numerous tests, indicate a NOx reduction of approximately
20 percent and a PM reduction of approximately 54 percent. The application areas for fuel
powered by PuriNOx are centrally-fueled fleets, such as pick-up and delivery vehicles, urban
and school buses, waste management fleets, and agricultural, mining, and construction
equipment.

Sources

DieselNet — http.//www.dieselnet.com/

Manufacturers of Emission Controls Association — http.//www.meca.org/
U.S. Environmental Protection Agency, Voluntary Diesel Retrofit Program —
www .epa.gov/otaq/retrofit
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Diesel Retrofit Technology Verification

You are here: EPA Home Transportation and Air Quality Natignal Clean Diesel Campaign Diesel Retrofit Technology Verification  Verified
Technologies Technical Summary

Technical Summary

Related Information
The following table lists information collected by EPA staff showing the potential capabilities of a variety of « All EPA Verified
both currently available and future emissions reduction technologies. This list may not be used to provide Technologies
formal emission reduction claims for SIP purposes, compliance programs, or consent decree projects. This list * Nonroad Engine
is intended to provide guidance in selecting appropriate technology for air quality program needs and to Technologies
provide a general estimate of the emissions reduction capabilities of the various technologies. Actual
emissions reductions, cost, fuel economy penalty will be a function of the individual applications and situations. EPA has created a
verification program that will officially evaluate the emission performance of technology as individual manufacturers submit their products to
the verification program. EPA will list the official performance data and associated information on our Diesel Retrofit Program's Verified

Technology List.

Summary of Potential Retrofit Technologies

Technology Emission Reduction Price Sulfur Fuel Performance Availability/Maturity Issues/Comments
(%) Tolerance Penalty Penalty
NOXx PM HC CO (ppm) (%)
Base Metal --  10-30 50 50 1-2K <500 0-2 -- commercial; designed to
Oxidation proven minimize oxidation
Catalyst of sulfur
Precious -~ 20-40 90 90 1-3K <15 0-2 -- commercial; designed for
Metal demo maximum

Oxidation reductions
Catalyst

Base Metal -- 80 50 50 6.5-10K <500 2-4 - commercial; demo reliable
Oxidizing regeneration
PM Filter without

supplemental
addition of heat
limits application
based on duty-
cycle, ambient
condition
considerations

Highly 0-5 >90 90 90 6.5-10K <15 1-3 -- commercial; demo with care can be
Oxidizing applied to all
Precious applications

Metal
PM Filter

Active Lean 20 -- - --  6.5-10K <250 4-7 -- commercial; demo possibie N,O
NOx Catalyst generation; ﬁ)k hr
(requires durability data

supplemental exists
fuel
injection)

4-Way 20 80 70 70 8-10K <500 4-7 - commercial; demo currently

Catalyst undergoing
(ActiveLean durability testing
NOxCat + PM

Filter)

NOX >90 10-30 90 90 -- <15 -- -- 2007; R&D requires engine
Adsorber integration, means

for supplemental
fuel injection

Diesel 5-30 20-50 -- -- 0.01/gal above 500 none requires commercial; demo undergoing health
Emulsion engine re- effects testing,
calibration to injection system
maintain durability issues,
power, PM cold start PM/HC/CO
benefit due to emissions can
engine de- increase, additives
rate used to prevent
calibration emulsion freezing
changes may can make

mean no PM aldehydes/




Selective
Catalytic
Reduction

Compact
Selective
Catalytic
Reduction

Fuel Borne
Catalyst

FBC w/lightly
catalyzed
oxidation

catalyst

FBC w/lightly
catalyzed PM
filter

Cooled-EGR
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FAQs

Order Literature Typical Conversion Efficiencies

Aldehydes .
(odor causing) PMiq

Nil [70-95% | 70-90% | 70-90% 10-40%

NOx |CO HC

* Less than 50 ppm sulphur in diesel fuel is required for PM,, conversion

Reactions
Carbon Monoxide CO+%0, = CO, )
Gas Phase Hydrocarbons CpHy+ (M+n/4) 0, > mCO,+n/2H,0 2)
Liquid Phase Hydrocarbons (SOF) | C,H, + (m +n/d) O, > m CO, + n/2 H,0 (3)
Aldehydes, Ketones, etc. C,H,0 +(Mm+n/4-0.5)0, & mCO,+n/i2H,0|(4)
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Technology
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Overview >>

e Diesel Oxidation Catalysts. In most applications, a diesel oxidation catalyst consists of a stainless
steel canister that contains a honeycomb structure called a substrate or catalyst support. There
are no moving parts, just large amounts of interior surface area. The interior surfaces are coated
with catalytic metals such as platinum or palladium. It is called an oxidation catalyst because the
device converts exhaust gas pollutants into harmiess gases by means of chemical oxidation. In

Autos, SUVs & Trucks >>
Trucks & Buses >>

Off-Road Diesel Equipment

>> the case of diesel exhaust, the catalyst oxidizes CO, HCs, and the liquid hydrocarbons adsorbed
on carbon particles. In the field of mobile source emission control, liquid hydrocarbons adsorbed
Off-Road S| Equipment >> on the carbon particles in engine exhaust are referred to as the soluble organic fraction (SOF) --
the soluble part of the particulate matter in the exhaust. Diesel oxidation catalysts are efficient at
Alternative Fuel / Advanced converting the soluble organic fraction of diesel particulate matter into carbon dioxide and water.

Technology Vehicles >>

Oxidation catalyst retrofits have proven effective at reducing particulate and smoke emissions on
older vehicles. Under the U.S. EPA's urban bus rebuild/retrofit program, five manufacturers
certified diesel oxidation catalysts as providing at least a 25 percent reduction in PM emissions for
in-use urban buses. Certification data also indicates that oxidation catalysts achieve substantial
reductions in CO and HC emissions. Currently, under the ARB and EPA retrofit technology
verification processes, several technology manufacturers have verified diesel oxidation catalysts

Search our Site as providing at least a 25 percent reduction in PM emissions.
(GO >
HC s CO:
PAHs | H:0
SO- SO:
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Figure. DOC

¢ SCR Systems: A Selective Catalytic Reduction (SCR) system uses a metallic or ceramic wash-
coated catalyzed substrate, or a homogeneously extruded catalyst and a chemical reductant to
convert nitrogen oxides to molecular nitrogen and oxygen in oxygen-rich exhaust streams like
those encountered with diesel engines. In mobile source applications, an aqueous urea solution is
usually the preferred reductant. Upon thermal decomposition in the exhaust, urea decomposes to
ammonia which serves as the reductant. In some cases ammonia has been used as the reductant
in mobile source retrofit applications. As exhaust and reductant pass over the SCR catalyst,
chemical reactions occur that reduce NOx emissions to nitrogen and water. SCR catalysts can be
combined with a particulate filter for combined reductions of both PM and NOx.

Open loop SCR systems can reduce NOx emissions by 75 to 90 percent. Closed loop systems on
stationary engines can achieve NOx reductions of greater than 95 percent. SCR systems are also
effective in reducing HC emissions up to 80 percent and PM emissions 20 to 30 percent. Like all
catalyst-based emission control technologies, SCR performance is enhanced by the use of low
sulfur fuel.
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e Lean NOx Catalysts: Controlling NOx emissions from a diesel engine is inherently difficult because
diesel engines are designed to run lean. In the oxygen-rich environment of diesel exhaust, it is
difficult to chemically reduce NOx to molecular nitrogen. The conversion of NOx to molecular
nitrogen in the exhaust stream requires a reductant (HC, CO or H2) and under typical engine
operating conditions, sufficient quantities of reductant are not present to facilitate the conversion of
NOx to nitrogen.

Some lean NOx catalyst (LNC) systems inject a small amount of diesel fuel or other reductant into
the exhaust upstream of the catalyst. The fuel or other hydrocarbon reductant serves as a
reducing agent for the catalytic conversion of NOx to N2. Other systems operate passively without
any added reductant at reduced NOx conversion rates. A lean NOx catalyst often inciudes a
porous material made of zeolite (a micro-porous material with a highly ordered channel structure),
along with either a precious metal or base metal catalyst. The zeolites provide microscopic sites
that are fuel/hydrocarbon rich where reduction reactions can take place. Without the added fuel
and catalyst, reduction reactions that convert NOx to N2 would not take place because of excess
oxygen present in the exhaust. Currently, peak NOx conversion efficiencies typically are around
10 to 30 percent (at reasonable levels of diesel fuel reductant consumption).

Figure. LNC

e Lean NOx Traps: Another type of catalyst being developed for diese! engines are known as lean
NOx traps (LNT) because they function by trapping the NOx in the form of a metal nitrate during
lean operation of the engine. The most common compound used to capture NOx is Barium
Hydroxide or Barium Carbonate. Under lean air to fuel operation, NOx reacts to form NO2 over a
platinum catalyst followed by reaction with the Barium compound to form BaNO3. Following a
certain amount of lean operation, the trapping function will become saturated and must be
regenerated. This is commonly done by operating the engine in a fuel rich mode for a brief period
of time to facilitate the conversion of the barium compound back to a hydrated or carbonated form
and giving up NOx in the form of N2 or NH3. LNT catalyst can be combined with a zeolite based
SCR catalyst to trap ammonia and further reduce NOx via a selective catalytic reduction reaction
to nitrogen.

Particulate Filters

Diesel particulate filters remove particulate matter found in diesel exhaust by filtering exhaust from the



engine. Diesel particulate filters or (DPF) can come in a variety of types depending on the level of filtration
required. The simplest form of particulate removal can be achieved using a DOC as discussed as part of
the diesel catalyst section. Diesel particulate filters can be either partial, flow through devices or wall flow
designs which achieve the highest filtration efficiency.

o Partial or Flow Through Filters: The first level of filtration can be achieved using a partial or flow
through particulate filter. In this type of device, the filter element can be made up of a variety of
materials and designs such as, sintered metal, metal mesh or wire, or a reticulated metal or
ceramic foam structure. In this type of device the exhaust gasses and PM follow a tortuous path
through a relatively open network. The partial filtration occurs as particles impinge on the rough
surface of the mesh or wire network of the filter element. Partial filters can be catalyzed or
uncatalyzed and are less prone to plugging than the more commonly used wall flow filters
discussed below.

Figure. FTF

o High Efficiency Wall Flow Filters: In order to meet the stringent particulate emissions that are
required for diesel light duty vehicies starting with the 2007 model year, the highest efficiency
particulate filter is required. These are commonly made from ceramic materials such as cordierite,
aluminum titanate, mullite or silicon carbide. The basis for the design of wall flow filters is a
honeycomb structure with alternate channels plugged at opposite ends. As the gasses passes into
the open end of a channel, the plug at the opposite end forces the gasses through the porous wall
of the honeycomb channel and out through the neighboring channel. The ultrafine porous
structure of the channel walls results in greater than 85% percent collection efficiencies of these
filters. Wall flow filters capture particulate matter by interception and impaction of the solid
particles across the porous wall. The exhaust gas is allowed to pass through in order to maintain
low pressure drop.

Since a filter can fill up over time by developing a layer of retained particles on the inside surface
of the porous wall, engineers that design engines and filter systems must provide a means of
burning off or removing accumulated particulate matter and thus regenerating the filter. A
convenient means of disposing of accumulated particulate matter is to burn or oxidize it on the
filter when exhaust temperatures are adequate. By burning off trapped material, the filter is
cleaned or "regenerated” to its original state. The frequency of regeneration is determined by the
amount of soot build-up resulting in an increase in back pressure. To facilitate decomposition of
the soot, a catalyst is used either in the form of a coating on the filter or a catalyst added to the
fuel. Filters that regenerate in this so-called "passive” fashion cannot be used in all situations. The
experience with catalyzed filters indicates that there is a virtually complete reduction in odor and in
the soluble organic fraction of the particulate. Despite the high efficiency of the catalyst, a layer of
ash may build up on the filter requiring replacement or servicing. The ash is made up of inorganic
oxides from the fuel or lubricants used in the engine and will not decompose during the regular
soot regeneration process.

In some applications or operating cycles, the exhaust never achieves a high enough temperature
to completely oxidize the soot even in the presence of a catalyst. In these instances, an "active”
regeneration system must be employed. Active regeneration utilizes a fuel burner or a resistively
heated electric element to heat the filter and oxidize the soot. Active regeneration can be
employed either in-place on the vehicle or externally. During external regeneration, the filter is



removed from the vehicle and heated in a controlled chamber.
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Sensor Technologies

o Temperature Sensor. Temperature sensors are used for two purposes: The first is as a warning
system, typically on obsolete oxidation-only catalytic converters. The function of the sensor is to
warn of temperature excursions above the safe operating temperature of the catalytic converter.
However, modern catalytic converters are not as susceptible to temperature damage. Many
modern three-way Platinum-based converters are able to handle temperatures of 900 degrees C
sustained, while many modern three-way Palladium-based converters are able to handle
temperatures of 925 degrees C sustained. Temperature sensors are also used to monitor the
temperature rise over the catalytic converter core.

o Oxygen Sensor. Oxygen sensors are part of the closed loop fuel feedback control system,
associated with modern three-way catalyst emission control systems on gasoline engines. The
closed loop fuel feedback control system is responsible for controlling the air/fuel ratio of the
catalytic converter feed gas. During the closed loop operation, the electronic control module
(ECM) keeps the air/fuel ratio adjusted to around the ideal 14.7 to 1 ratio. Signal from the oxygen
sensor is used to determine the exact concentration of oxygen in the exhaust stream. From this
signal, the ECM determines whether the mixture is richer or leaner than the ideal 14.7 ro 1 air/fuel
ratio. If the air/fuel ratio deviates from its preprogrammed swings, catalyst efficiency decreases
dramatically, especially for NOx reduction. The oxygen sensor informs the ECM of needed
adjustments to injector duration based on exhaust conditions. After adjustments are made, the
oxygen sensor monitors the correction accuracy and informs the ECM of additional adjustments.
The oxygen sensor is also an integral part of the onboard diagnostic (OBD) system which monitors
the proper functioning of the emission control system of the vehicle. If the sensor detects oxygen
content of the exhaust that is outside the specified range of the engine calibration, it will trigger the
engine light to come on in the instrument cluster.

o NOx Sensor: NOx sensors represent state of the art technology that can be applied to gasoline
lean burn engines as part of a broader engine control or diagnostic system used to insure proper
operation of the NOx emission control system. These sensors can be incorporated independent of
the NOx emission control technology used on the vehicle and their function is primarily to monitor
the NOx conversion efficiency of the catalyst. The sensors can work as part of a feedback loop to
the control unit on the emissions system to make real time adjustments and optimize NOx
conversion. The principle of operation of one type of NOx sensor is based on proven solid
electrolyte technology developed for oxygen sensors. The dual chamber zirconia sensing element
and electro-chemical pumps work in conjunction with precious metal catalyst electrodes to control
the oxygen concentration within the sensor and convert the NOx to NO and nitrogen. The sensor
sends output signals in voits that are directly proportional to ppm NOx concentration. The sensors
can be incorporated upstream and downstream of the catalyst, for example, to provide a feedback
control loop to the ECU of the emissions system. The ECU can than make adjustments to optimize
NOx conversion performance. The ECU can than make adjustments to optimize NOx conversion
performance. In the case of SCR technology, feedback can also be provided to the urea dosing
system whereas in the case of lean NOx trap technology a feedback loop could signal the
regeneration of the trap.

Thermal Management Strategies



The majority of emissions from today's gasoline and diesel engines occur during cold start before the
catalyst can achieve optimum operating temperatures. Exhaust system manufacturers have been working
together with catalyst companies to develop ways to heat up the catalyst as quickly as possible. The
greatest impact came from the introduction of close coupled catalysts (CCC) to supplement the existing
underfloor systems in the mid-1990. This positioned a smaller catalytic converter close to the exhaust
manifold to allow rapid oxidation of CO and hydrocarbons. The exothermic heat generated in the CCC by
these reactions facilitates the rapid heat up of the down stream, larger, underfloor, TWC. In later
developments, the CCC was sometimes formulated to be a fully functional TWC with the underfloor unit
serving as a clean-up catalyst to convert the final 10-20% of the poliutants.

The beneficial impact on reducing cold start emissions via thermal management has led to numerous
improvements to the exhaust system components up stream of the converter in order to retain as much
heat as possible in the exhaust gases. Manufacturers have developed ways to insulate the exhaust
manifold and exhaust pipe. Attaching the CCC to a double walled, stainless steel exhaust pipe containing
an air gap within the tube walls is probably the most common thermal management strategy used today.
To meet the tightest SULEV and PZEV regulations required attention to the temperature distribution at the
face of the CCC. This led to new inlet cone designs and modification to the shape of the space in front of
the close coupled substrate.

Engine/Fuel Management

Achieving near-zero exhaust emission targets requires a systems approach. Engine manufacturers are
focusing on ways to control engine operation to reduce engine out emissions as low as possible and
reduce the burden on the catalysts.

Approaches aimed at reducing cold start emissions involve retarding the ignition timing so as to allow
some hydrocarbons to pass through in the exhaust and light off the catalyst sooner. Variable valve timing
(VVT) is being used to introduce some fraction of exhaust gas into the combustion process and reduce
HC and NOx emissions. On clean diesel engines, Exhaust Gas Recirculation (EGR) is used to dilute
intake air with some fraction of exhaust gas to lower the combustion temperatures resulting in lower
engine out NOx emissions.

S amiane liter

K7

EGR throttie
Ay

empergiure

tntarcooler

Water out

Cngine
lerngesatare

EGR coolet

Contrataignal

L -
Dieses engine
EGH Throwie. ~
control
signal
Eloi
trostat
Controd
Unit

Engire  Load status
s0eed SeNsof  Sesor

Eatusins? gases
Figure. Low-pressure EGR + DPF

Direct injection of fuel into the cylinders rather than port injection has allowed better control of the air fuel
ratio during combustion and resulted in better fuel utilization. Improved turbulence and mixing in the intake
port of some low emission engines have resulted in a 24% fuel savings. Clean diesel engines have
benefited significantly from common rail fuel injection which allows for electronically controlied injection at
very high pressures. Through the use of pilot and retarded injection strategies or in combination with
injection rate shaping clean diesels have achieved significant reduction in NOx over conventional diesel
injection such as pipe-line or unit injection. Common rail and electronic injection control is very effective in
carefully controlling post injection of fuel making it suitable for use with emission control devices such as
particulate filters, NOx adsorbers and lean NOx catalysts requiring brief periods of fuel rich exhaust to
facilitate regeneration of the catalyst or filter.



Evaporative Emission Controls

Evaporative emissions are generally classified into two broad categories: HC emissions associated with
the release of vapors due to elevated ambient temperatures (diurnal losses) and HC emissions
associated with the release of vapors during normal vehicle operation ("running losses"). Modlern light-
duty gasoline vehicles have implemented a variety of approaches and technologies to reduce evaporative
emissions from these sources. In the early 1970s, carbon canisters were installed on vehicles to control
gasoline vapor losses from fuel tanks. The canister systems include purge systems to release HCs
absorbed on the carbon-based absorbent back into the combustion chamber once the engine is running.
In addition to carbon canisters, other measures are being implemented on light-duty gasoline vehicles as
tighter evaporative emission controls have been introduced as part of the EPA Tier 2 and ARB LEV II
programs. New multi-layer polymer materials have been developed that have extremely low vapor
permeation rates for use in gas tanks and, fuel line connectors and seals to reduce evaporative
emissions. HC adsorber elements have been developed for use in air induction systems to reduce diurnal
losses associated with fuel delivery components such as fuel injectors. These adsorber elements can be
based on monolithic carbon honeycombs or metal substrates coated with zeolitic materials that have a
high affinity for HC vapors.

Enhanced Combustion Technologies

Understanding and controliing the combustion process is the first step in reducing engine out emissions
and reducing the burden on the emission control systems within the exhaust. Engine design is an
important part of controlling and facilitating the combustion process.

In diesel engines, controlling combustion is the key approach to reducing engine out particulate emissions
by optimizing the mixing between the fuel and air. Some common ways to increase mixing is through
combustion chamber modifications to facilitate turbulent flow as well as fuel injector design to modify the
spray pattern. Variable geometry turbocharging (VGT), which delivers variable quantities of pressurized
air based on driving conditions, has been effective in reducing PM emissions by maintaining lean
combustion in the engine. Reducing compression ratios have been shown effective in reducing
combustion temperatures and in turn NOx emissions.

Some common approaches to enhance air turbulence and improve fuel distribution within the cylinders
include improvements to the design of fuel injectors, combustion chambers and injection ports. Some
engine manufacturers have been able to achieve improvements to the combustion during coldl start by
making modifications to the design of intake air control valves resulting in a 40-50% reduction in HC
emissions and injection ports among others.

Crankcase Emission Control Technolcgies

Today, in most turbocharged aftercooled diesel engines, the crankcase breather is vented to the
atmosphere often using a downward directed draft tube. While a rudimentary filter is often installed on the
crankcase breather, substantial amount of particulate matter is released to the atmosphere. Emissions
through the breather may exceed 0.7 g/bhp-hr during idle conditions on recent model year engines. For
MY 1994 to 2006 heavy-duty diesel engines, crankcase PM emissions reductions provided by crankcase
emission control technologies range from 0.01 g/bhp-hr to 0.04 g/bhp-hr or up to 25 percent of the tailpipe
emission standards.

One solution to this emissions problem is the use of a multi-stage filter designed to collect, coalesce, and
return the emitted lube oil to the engine’s sump. Filtered gases are returned to the intake system,
balancing the differential pressures involved. Typical systems consist of a filter housing, a pressure
regulator, a pressure relief valve and an oil check valve. These systems greatly reduce crankcase
emissions. Crankcase emission controls are available as a retrofit technology for existing diesel engines
or as an original equipment component of a new diesel engine.



Eufi'rs:'i‘o‘l:-ll:lﬂ""’ Ost Return Line

— )

LSSt
TR

Air F{Iter

Figure. Crankcase emission control system

Home | Site map | What's New
Organization Info | Emission Control Technology | Resources | News | ContactUs | Intranet

Copyright © 2002-2007 MECA



BEFORE THE ENERGY RESOURCES CONSERVATION AND DEVELOPMENT COMMISSION OF THE
STATE OF CALIFORNIA

APPLICATION FOR CERTIFICATION FOR THE
HumBoLDT BAY REPOWERING PROJECT
BY PAcIFic GAS AND ELECTRIC COMPANY

Docket No. 06-AFC-7
PROOF OF SERVICE
(Revised 10/25/07)

INSTRUCTIONS: All parties shall 1) send an original signed document plus 12
copies OR 2) mail one original signed copy AND e-mail the document to the web
address below, AND 3) all parties shall also send a printed OR electronic copy of
the documents that shall include a proof of service declaration to each of the

individuals on the proof of service:

CALIFORNIA ENERGY COMMISSION
Attn: Docket No. 06-AFC-07

1516 Ninth Street, MS-4

Sacramento, CA 95814-5512

docket@enerqgy.state.ca.us
APPLICANT

Jon Maring

PGE

245 Market Street

San Francisco, CA 94105
J8m4 e.com

APPLICANT’'S CONSULTANTS

*Gregory Lamberg

Project Manager,

Radback Energy

P.O. Box 1690

Danville, CA 94526
Greg.Lamberg@Radback.com

Douglas M. Davy, Ph.D.

CH2M HILL Project Manager

2485 Natomas Park Drive, Suite 600
Sacramento, CA 95833
ddavy@ch2m.com

* Indicates Change

Susan Strachan
Environmental Manager
Strachan Consulting
P.O. Box 1049

Davis, CA 95617
strachan@dcn.org

COUNSEL FOR APPLICANT

Scott Galati, Project Attorney
GALATI & BLEK, LLP

555 Capitol Mall, Suite 600
Sacramento, CA 95814
sgalati@gb-lip.com

INTERESTED AGENCIES

Tom Luster

California Coastal Commission
45 Fremont, Suite 2000

San Francisco, CA 94105-2219
tluster@coastal.ca.gov

Revised 10/25/07



Paul Didsayabutra

Ca. Independent System Operator
151 Blue Ravine Road

Folsom, CA 95630
PDidsayabutra@caiso.com

Electricity Oversight Board
770 L Street, Suite 1250
Sacramento, CA 95814
esaltmarsh@eob.ca.gov

INTERVENORS

ENERGY COMMISSION

JEFFREY D. BYRON
Associate Member
ibyron@enerqgy.state.ca.us

JOHN L. GEESMAN
Presiding Mernber
igeesman@energy.state.ca.us

Gary Fay
Hearing Officer
gfay@energy.state.ca.us

John Kessler
Project Manager
jkessler@energy.state.ca.us

Lisa DeCarlo
Staff Counsel
ldecarlo@energy.state.ca.us

Mike Monasmith
Public Adviser’'s Office
pao@energy.state.ca.us

Declaration of Service

|, Marguerite Cosens, declare that on February 6, 2008, | deposited the required copies of the

attached PACIFIC GAS & ELECTRIC COMPANY’S SUPPLEMENTAL SCREENING HEALTH
RISK ASSESSMENT in the United States mail at Sacramento, CA with first-class postage thereon
fully prepaid and addressed to those identified on the Proof of Service list above. | declare under
penalty of perjury that the foregoing is true and correct.

Transmission via electronic mail was consistent with the requirements of California Code of
Regulations, title 20, sections 1209, 1209.5, and 1210. All electronic copies were sent to all those

identified on the Proof of Service list above.

| declare under penalty of perjury that the foregoing is true and correct.

WV Azwﬂ/ﬁ; Zékﬁ)

_J Marguerite Cosens




