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VIRGINIA POWER

Mr. Gregory L. Clayton

Virginia Department of Environmental Quality
300 Central Road, Suite B

Fredericksburg, Virginia 22401

Dear Mr. Clayton:

On August 30, 1993 Virginia Power applied for a permit to install
an emergency standby diesel-powered generator at the North Anna
Nuclear Power Station (registration number 40726). The permit was
issued on October 20, 1993. Subsequently, Jim Cassada of Virginia
Power and Terry Darden of DEQ had several telephone conversations
during which they discussed certain emission limits in the permit
which differ from those requested in our application. Mr. Darden
was very helpful and cooperative, and expressed a willingness to
reconsider the emission limits if Virginia Power could provide
justification for the use of test data provided by the manufacturer

(Caterpillar) rather than generic emission factors, and
justification for the safety factors Caterpillar added to the
emission data to establish guarantee values. Attached is a

Caterpillar memorandum which addresses those issues.

The differences between the emission limits requested in the
application (which are the values guaranteed by Caterpillar) and
those contained in the permit are as follows:

° The short-term emission limit for NO, (114.4 1lb/hr) is lower
than that guaranteed by Caterpillar ?157.2 lb/hr) .

. The short-term and annual emission limits for TOC (3.3 lb/hr
and 1.2 TPY at 700 hr/yr operation) are lower than those
guaranteed (6.7 lb/hr and 1.68 TPY at 500 hr/yr operation, or
2.35 TPY at 700 hr/yr operation).

. The SO, emission limits in the permit appear to be exactly
half the values requested in the application. We believe the
values in the application are correct, based on the heat input
capacity and fuel sulfur content numbers given in the permit.

In addition, the short-term emission limit for PM,, (1.8 lb/hr) is
less than that originally guaranteed by Caterpiliar (1.9 1b/hr)
based on a 50% factor added to the nominal test data to account for
variability in the engines and the tests. However, Caterpillar has
subsequently re-examined the factor and determined that a factor of
40% is adequate. Therefore, we are not requesting that the
emission limit for PM,, be revised.
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We believe the attached Caterpillar document will answer your
gquestions about the basis of Caterpillar’s emission rate data. If
additional technical information is required, please contact Jim
Cassada at (804) 273-3010. Thank you for your assistance.

Very truly yours,

2 Wb

A. W. Hadder
Manager
Air Quality

cc: U.8. Nuclear Regulatory Commission
Attn: Document Control Des!.
Washington, D.C. 20555

Re: North Anna Power Station
Units 1 and 2
Docket Nos. 50~-338 and 50~339
License Nou. !IPF~-4 and NPF-7

NRC Senior Resident Inspector
North Anna Power Station
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Large Engine Center

3600 Project Services
Deatroy Lru. Until Date;

D E Davis

The emission values provided are primarily based on laboratory measurements on similar
3600 engines The lab measurements were made on development engines located at the
Caterpillar Technical Center in Mossville, [ilinois. These engines are equipped with
production hardware in the areas of importance for emissions (injector nozzles,
turbochargers, heads, valves, cams, etc ) The data from lab engines are supplemented
with data from the field.

The 3600 is a modular engine. [t uses separate cylinder heads and unit injectors so the
combustion chamber is identical for 6, 8, 12 and 16 cylinder configurations The 6 and |2
cylinder engines share turbochargers (one on the 6 and two on the 12) as do the 8 and 16
cylinder engines. The turbochargers used on the 6 and |2 are smaller than the 8 and 16
but the turbochargers are matched so that the intake manifold pressure is similar  The tlow
per cylinder and the air-fuel ratio are therefore similar

\ S BA N

NOx - a chemiluminescent analyzer with nitrogen dioxide converter is used which 1s
consistent with EPA Method 7E

Hydrocarbons (gaseous organic compounds) - a flame ionization analyzer is used which s
consistent with EPA Method 25A

CO - A non-dispersive infrared analyzer (NDIR) is used which is consistent with EPA
Method 10

Exhaust flow - inlet air flow and fuel tlow are measured Exhaust flow 1s the sum of the
air and fuel flows

Quality control is consistent with EP A requirements for on-highway truck engines
Additional quality control includes a carbon balance of fuel inlet carbon vs the measured
exhaust carbon (CO, HC, CO2) to check the measuring systems

TEST METHOD FOR PARTICULATES

Caterpiilar has developed a special measur:ny svstem for particulate emissions called the
Steady State Particulate System (SSPS)  The Steady State Particulate System was

21-089620-00 PC



designed to measure diesel particulate in a manner compatible with EP A Method § without
back-half wash Diesel particulate are very smail (about 0 3 micron) and do not exhibi
significant inertia effects so isokinetic sampling is not necessary (EPA method for truck
diesel engines do not use isokinetic sampling)  SSPS samples similzr to method $ in that
the exhaust sample is pulled through a filter held at 120 deg C and the filter is weighed
before and after sampling. SSPS was found tc correlate with Method 5 in lab tests (field

experience will be covered later)

DATA USED FOR EMISSION VALUES PROVIDED

The emission values provided for the 3612 are based on tests on a 3606 conducted March
=1, 1990 at the Caterpillar Technical Center These tests are covered in an internal
Caterpillar report, 3606 High Speed Emissions Correlation with 3608 by DA Spurgeon
The 3612 is essentially two 6 cylinder engines sharing a crankshaft so the Jata is applicable
to both engines The test data are given on Sheets A and B Caterpillar has computerized
test cells which store the data electronically The data on Sheets A and B are modified
slightly for injection timing (21 to 21 5 degrees) based on data taken from other engines
Plotted data are shown un Sheet C. Emussions units are usually reduced to
grams/brake-horsepower hour (g/bhp-hr) since this has been the historic unit chosen by
EPA for reguiating engines and allows comparing engines of various power (brake power
s the power from the output shaft of the engine)

The published emission data sheet is given on Sheet D The emission »alues for this sheet
are chosen conservatively

COMPARISON OF LAB RESULTS TO FIELD DATA

Caterpullar is not normally provided with emission test data from the field unless there -
some problem. The following is the field data we have on the 3600

Almega Corp of Bensenville. Illinois measured nitrogen oxide emissions on a 3608
generator set engine located at the Caterpillar plant in Pontiac, [llinois on Oct 9, 1987
using EPA Method 7 (grab sample colorimetric method) The 3 runs were 46 4, 38 8 1.
51.2 1b/hr for an average of 45 S Ib/hr (7 38 g/bhp-hr)(see Sheet E) Caterpillar had run
the same set-up at the Technical center on Apnil 6, 1987 giving 51 2 Ib/hr (8 26 g/bhp-ir
(see Sheet F-printer problems did not allow printing of full sheet)

Environmental Technologies International of Honolulu, Hawaii tested eight 3616 engines
on the island of Guam for particulates (Method $) and nitrogen oxides (Method 7E)
The measured values are given on Sheet G The NOx ranged from 6 34 to 7 37 for an
average of 7 02 g/bhp-hr compared 1o a nominal value of 7 20 g/bhp-hr provided from
testing. The particulates included a very high emission measurement for Oid GMH Uit -
which was reduced to a value consistent with the others on a repeat test [t is likely the
high values was due to accumulated soot or rust blown out the stack during this initial
running Soot can accumulate in stacks during light load running and are then blown 0.
when operated at full load The average excluding the high value 1s 0 217 g/bhp-hr
compared to a nominal of 0 32 g'bhp-hr based on lab measurements with the Caterpiliar
Steady State Sampling System

Measurements on a 3616 at Algona. lowa on August 4, 1993 gave higher than expecte.
particulate emissions. An emission rate vt © 307 g bhp-hr was measured using Method

(front half) compared to a nominal lab « 1/ue ot 0 12 g bhp-hr Repeat measurements .
made on October 15, 1993 by Almega Curp which yave a value of 0 078 gbhp-hr T«



early high yalues are believed to be due to scale and/or accumulated soot blowing out the
stack Durmg engine warm-up, large particles (about | mm) accumulated on surfaces near
the stack. Diesels do not produce particles of this size

Caterpil_lu measured particulates at the Algona site with the Steady State Particulate
System in parallel with the Method § measurements The SSP-. save 0 073 whhp-hr ¢
0078 for Method $ )

These tests confirm that the emission values provided from the laboratory engines are valid
for actual engines in operation

VARIABILITY

Emission measurements are inherently variable. This vanability must be accounted for
when providing "not-to-exceed" values for emission permits

Qur standard tolerances are

NOx 15%
CO 30%
HC 30%

Particulates 40%

These tolerances are less than what were sent on August 4, 1993 (20% NOx, 35% HC &
CO. and 50% particulates) The higher tolerances had been revised down in early 1993
but there was a miscommunication internally

The tolerances are based on Caterpillar experience on truck engines that must meet
not-to-exceed emission standards, field measurements, and literature intormation

Elow Tolerance

Exhaust flow measurement error directly effects the emission rate  Measuring the exhau ..
flow with EPA Method 2 is prone to errors  For instance, at the high stack velocity
common with diesels (30 m/s), the flow measurement is very sensitive to Tvpe S pitot
probe orientation A 10 degree error can give about 10% velocity error  The probable
tolerance for exhaust flow is estimated at 3-5% at best

NOx Tolerance

The data from the 3616 engines at Guam yive a coetficient of variation ot 5 2 %% of the
mean NOx value. The coefficient of variauon (COV) 1s the standard deviation divided by
the mean value The Guam data was taken with a chemiluminescent analyzer (EPA
Method 7E). This COV is consistent with truck engine emission variability
{(chemiluminescent analyzers are used)

NOx measurements at the Caterpillar Pontiac plant with the grab sample/phenoldisulfon::
acid/colorimeteric procedure (EPA method 7) give a coefficient of vaniation of 39% base .
on the three measurements of 46 4, 38 8 and S| 2 Ib/hr  Method 7 uses an average o! '«
3 samples so the COV would be reduced, but only to about 30% Diesel engines produ.«
very stable NOx concentrations at stead\ load. the variation must be attributed pnmarii. -
the measunng system.

The emission values with tolerances are intended to be “not-to-be exceeded” Fora
normal distribution, 97 7% of the samples wwou'd be less than the average = 2 standard



deynaugns Based on the use of EPA Method 7E (chemilumirescent) with its lower
variability and the flow error probability, a tolerance of 15% was selected for NOx  Tius
would be low for EPA Method 7 (grab sample)

Particulate Tolerance

The literature reports very high variations with Method 5 Licata and Egdall in The
Precision of Source Emission Measurement Methods report coetficients of variations of up
to 40% for particulate concentrations about 10 times what are found with diesels (see

Shect H) The Method § procedure has many potential sources of error or contamination
and is very dependent on the skill of the operators

The particulate measurements at Guam give a 106% coefficient of variation if the
astenisked point is included (see Sheet G) It is obvious that this is not a normal
distribution if this point is included We believe the high value is due to accumulated
material in the stack. Excluding this point reduces the COV to 7 3%

Truck engine tests give coefficient of variations of 5-14%

Considering the high tolerances reported by some and including tolerance for exhaust
flow, a tolerance of 40% was selected

Hydrocarbon Tolerance

No field data are available on hydrocarbon emissions on the 3600 The coefficient of
variation observed in truck engine lab tests is 8-12% A tolerance value of 30% was
selected based on the truck engine data (taken in well controlled conditions) and
considering flow error and lack of field experience

Carbon Monoxide
No field data are available on CO emissions on the 3600 The coefficient of variation in

truck lab tests is about 6% A tolerance value of 30% was chosen due to lack of field 4111
and due to the low basic CO emissions of the diesel engine

/”A K A LE

J R Gladden
Sr Project Engineer
3600 Product
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3600 EMISSIONS

STANDARD TIMING
MOL CAM
TURBOCHARGER: VTC254

ENGINE SPEED rpa 900
ENGINE POWER bkw 4180
ENGINE POWER bhp 5609
BMEP kPa 2514

12 CYLINDERS

21.5 DECREES

CATERPILLAR

FUEL SULFUR
900 900
1800 3460
5096 4640
2286 2081

BRAKE SPECIFIC EMISSIONS g/bhp-hr

NOx (as NO2) 10.6
Hydrocarbons 0.40
Carbon Monoxide 0.56
Sulfur Dioxide 0.60
Particulates 0.10

11:2
0.43
0.48
0.60
0.10

BRAKE SPECIFIC EMISSIONS g/bkW-hr

NOx (as NO2) 14.2
Hydrocarbons 0.5
Carbon Monoxide 0.75
Sulfur Dioxide 0.80
Particulates 0.13

EMISSION RATE g/hr

NOx (as NO2) 594618
Hydrocarbons 2262
Carbon Monoxide 3139
Sulfur Dioxide 331
Particulates 9561

15.0
0.58
0.64
0.80
0.13

57074
2191
2646
3037

510

11.5
0.47
0.42
0.60
0.10

15.4
0.63
0.56
0.80
0.13

53359
2181
1949
2765

L6l

0212

900
3140
4211
1889

12.1
0.50
0.47
0.60
0.10

16.2
0.67
0.63
0.80
0.13

50951
2105
1979
2509

w21

900
23156
3159
1417

41389
2022
1738
1949

569

DISTILLATE

300
1570
2105

944

17.9
0.81
0.73
0.65
0.28

26.0
1.09
0.98
0.87
0.38

37687
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Sulfur dioxide emissions are proportional to fuel sulfur.
Values are nominal and do not include tolerances for
engine to engine or {nstrumentation variation.
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The Almega Corporation

SUMMARY OF EMISSION TEST DATA

TABLE: 1

PLANT: Caterpillar Inc., Pontiac, Illinois

SOURCE; Stationary Diesel Engine Jeof

OPERATOR: M. R. Jackson

REPETITION #: 1 2 3

TEST DATE: 10/9/87 10/9/87 10/9/87

TEST TIME: 4:00-5:00AM 5:00-6:00AM  6:00-7:00AM
STACK GAS
Temperature, average °F 728.5 783. 754.5
Velocity average fps 117.8 117. 119.1
Volume flow x scfh db x 10¢ 0.399 0.387 0.384
acfm 16,005 15,998 15,635

% CO, 6.0 6. S.

O, 13.5 13. 13,
Moisture % 6.5 7. 6.

oo WO

U O

Concentration x 10"* 1lb/scf db 116.2 100. 133.6

ppm 974 837 1,119
Emissions lbs/hr 46.4 38.8 51.8

o

NOx concentration ppm
calibration gas 350
audit samples 346

Merrwoo 7’
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Sheet G

N TAN
Engine Date NOx PARTICULATES
g/bhp-hr g/bhp-hr
Old GMH Unit 1 5/20/93 711 0210
it 5/26/93 6 99 0231
Old GMH Unit 2 5/15/93 659 123 .
. 5/19/93 730 0238
Talofofo Unit | §/21/93 634 0226
Talofofo Unit 2 6/23/93 678 0221
GPA Unit | 6/14/93 721 0193
= 7/14/93 730 s
GPA Unit 2 6/13/93 737 0218
! 7/14/93 712 -
Tumon Unit | 6/24/93 722 0209
' 7/15/93 685 .
Tumon Unit 2 6/25/93 706 0219
Average 702 0329

0217 excluding *

* Rust, mill scale, and/or accumulated soot in muffler probably gave
high value.
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