CARLOS ALVAREZ
JAMES S ALVES
BRIAN H. BIBEAU
KATHLEEN BLIZZARD
ELIZABETH C. BOWMAN
WILLIAM L. BOYD, IV
RICHARD S. BRIGHTMAN
PETER C CUNNINGHAM
RALPH & DeMEOQ
THOMAS M DrROSE
WILLIAM H. GREEN
WADE L. HOPPING
FRANK E MATTHEWS
RICHARD D. MELSON
DAVID L. POWELL
WILLIAM O, PRESTON
CAROLYN S. RAEPPLE
GARY P SAMS
ROBERT P. SMITH
CHERYL G. STUART

HoprriING BOYD GREEN & SAMS

ATTORNEYS AND COUNSELORS
123 SOUTH CALMOUN STREET
POST OFFICE BOX 6526
TALLAHASSEE, FLORIDA 32314
(904) 222-7500
FAX (904) 224-855
FAX (904) 425-3415

KRISTIN M. CONROY

C. ALLEN CULP., JR,
CONNIE C DURRENCE
JONATHAN 5. FOX
JAMES C. GOODLETT
GARY K. HUNTER, JR.
DALANA W. JOHNSON
JONATHAN T. JOHNSCN
ANGELA R. MORRISON
MARIBEL N. NICHOLSON
GARY V. PERKO

KAREN M. PETERSON
MICHAEL P PETROVICH
DOUGLAS 5 ROBERTS
R. SCOTT RUTH

JULIE R. STEINMEYER

RECEIYV EPe-

ROBERT FOKES

MEMORANDUM
SEP §2 i
Bureau of
TO: Bruce Mitchell Alr Regulation
FROM: Doug Robertslgaf
RE: FPL Martin Project; Paper on Relation of VOCs to UHCs
DATE: September 12, 1994

To follow up our call last Friday, I have attached a GE paper
on the relation of VOCs to UHCs in GE combustion turbines. This is
related to our scheduled conference call this afternocon at 2PM.

I trust this is useful to you.



Unburned Hydrocarbon, Volatile Organic Compound,
and Aldehyde Emissions from General Electric
Heavy-Duty Gas Turbines

ROOINTON E. PAVRI, Senlor Enginear
RICHARD A. SYMONDS, Senior Engineer
Ganeral Electric Company
Schenectady, New York

ABSTRACT

Field data clearly show that the emissions
of UHC, VOC, (scmetimas slso called Raactivae
Organic Gases), and Aldehydes from GE

; heavy=duty gas turbines are very low. At

loads exceeding 75% of base, these emissions
are less. than 2 ppm,. ' In fact, stack enissions

. aTe often less than background concentration.

Proper methods of measurement and quality -
assurance are necessary to detact and measure
such low values. Allowance for background
bydrocazbens should be made when guarantaaing

. THC/VOC .,
* INTRODUGTION

It has been suspacted for years that Voc’s
{Volatile Organie Compounds) are & precursor
to smoy/ezone farmation which is detrimental
to humar health at ground lavel! As such, the
v0C’s (which are a fraction of the UHC’'s -
unburned HydroCarhbons) are osna of the
“eriteria poliutants" (others are NOx, 50x,
€0, particulates and lead) for which Netional
Ambient Air Quality Standards (NAAQS) have
baen established.

Sinece tha 1870's, many gQroups perceivze s
need to go heyond the criteria pollutants in
NAAQS and also control the amissiors of towis
or hazardous substances. A toxic or hazard:-.-
substance iw any substance which ray causa o:
contributa to inersased mortality er Ellness,
or which may pose 2 hazard to human health on
either a short or leny term basis.
Ferneldehyds, the simplest aldehbyde moleaculc
(HCHO), has been defined as a potential
carcinogen; its emission and allowable maximum
cencentration are being increasingly
monitored. For example, cne state’s
requirement is that the formaldehyde emissiors
way net result in an additicnal cancar risk af
ene per millien. All aldchydes are ef
interest due to their health risks.

VoC’s and aldahydes are products of
partial oxidation of fuel moleculas or
frageents in any conbustion procass) thus, all
gas turbines are & petential source of thess
enisslons. -For more ithan a decade now, GE has
cellected extensive rield data to &how that
total UHC nnisaio(E/fron the heavy duty gmc
turbines, at high Yeoads, axe guite low. &o
the last two years, testing methods and

' programs have been ¢stablished to measuve =% .

the VoC fraction 'of the UHC and aldehydsez,
Even though the program is continuing to
neasura these emissiona at all operating
conditions of load, NOCx lavels, fuels and
water/stean injection, the data to date
clearly show that these emisgsions arc alroont
negligible at high lcads. (Hydrecarbor
concentrations in this report are expressed as
equivalent methane.) L.

UNBURNED HYDROGCAREONS AND VOLATILE ORGANYC
COMEOUNDS - | . o

UHC’s. The total unbuzrned hydrscarkons in
the gas turbine exhaust. VIC’s are a part of
UHC’S. Normally, aldehydes are not included
in UHC's because the vwsual method of Ui~
detecticn and measurement doass noh detach
aldetiydes, especially formaldehyds.

YRCrs - . Any organie ecapound % ,
pr*rhicipates in atmosphevic phetechenia )
reacticns

¥oc'g - TYPICAL STATE. Apy chemical
campound of c¢arbon with & trIue vapoer presaura
greater than .092 P3IA at rtandard conditi;a-
excluding ¢o, ¢02, carkonic acid, metallic
carbenates, metallic carbidas, ammoniun
catbonates, CH4, sthana, benzane, wabiyle-,
chlorida, methyl chleroforw and f£rarn 1L).

Présented ar \hg Gas Tyrbine and Asrcenging Conaresd ana Exoogilior—Jyns 11=14, 1880~ Brugsnls, Rolgium
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VoC’s = G.%. All non-methane érganic
compounds in the exhaust. Note that this
definition is most censervative. :

MEASUREMENT METHODS

Measuremant methods of UHC/VOC are well
dufinad and established by the EPA and given
in detail in the Code of Federal Raegulations,
Vol. 40, Part 60 (40CFR60), Appendix A,
Methods 18, 25, and 25A, and 40CFRE7, Subpart

G for aircraft angine exhaust gas sampling. A

brief description of the methods is given
belcw.

Mgthed 25

This is the methed ¢f measuring
nen-methane hydrocarbons in gases whare their
cencantration is relatively high. Figures 1
and 2 show the schematics of saopling anpd
analysls technigques. 2As shown later, this
nmathed is not recommended for measuring gas
turbine exhaust voc’a,

WXTENEION
(¥ AEAUIRED)

EVACLATED
SAMPLE
TANK

L
FIGURE 1: EPA METHQD 25 BAMMLUING APPARATUS

B AT e o

" CARMER Qa3 b
CALIBRATION STANDARDS .

SANPLE TANK

colmmT
i
(CRNQITIONED TRAR SAMPLE)

JEFARATION COLUMN

OXIDATION CATALYST

€0, &Hg , €O

REDUCTICN CAYALY:

FLAME [ENIZATION
TETECTOR

FIGURE = EPA METHOD 25
SIMPLIFIED SCHEMATIC OF NON-METHANE ORGANIC (NMO) ANALYZER

HYDRUGEN

COMBUSTIQN AIP

Mgthed 253

This is an accurate method to measure
UHC’s in gas turbine exhaust, It does not
sepatate the hydrocarbens into ies
genstituents and hence £3% unsuitable te

EEEL RN . PRV Bl A

measure VOoC‘’s. After the gases are properly _’
tranted, they are analyzed using amr on-line
flame jonjzation detectq; (FID).

3‘ o 'A-.;.. P [ cr Lt

Ses Floyre o

Toma A e et T A AT e M A

P

SAMPLE
LINE
ORGANIC
ANALYZER
| _ARD
AECORDER

'L PARTICULATE
CALIBRATION FILTER
VALVE

SAMPLE
Fump

STACK

FGURE 3. EPA METHOD 25A: ON-LINE FID
ORGANIC CONCENTRATION MEASUREMENT SYSTEM

This mathsd is for measurement of UHC’s
and VQC’g. o . ' . :

PRI

A e el e
Mathod 18.7.1 Lot ot

‘This is an integrated bag sampling method
vhere the gases are collected in a grab bhag
and analyzed with off-line' gas chromategraph
{GC}.' A-schematic of this maethoed is shown in
Figure 4;,~ .o SresimuiieaSn 20 S onl e e
SEeA

AIQID LEARPROGE CONTAINER

NGYAE 12 EPs METHOD 18 QRAB BAGC WITH DFRAMNE GO )
7 \
As shown in Figure 3, this is the direct

interface sampling system for measuring the
UHC/VOC's. It requizres an on~line gae
chromategraph in the field to measura the
total UHC as wall as separate them inte voc
components. This is the most accurates mathod
and is recommended for VOC measurament in gas
turbine exhaust.
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P.4-9

AOCURASY
MEDIRDS R wne (R
PEA-25  TOTAL GASDOUS YES % 2001 '
' NON-METHANE
EFA-25A TOTAL GASEOUS =Ll ON=LITE FID ACCURATE METHOD FOR UHC
CRGANTC :
EPA-18 TOTAL GASEOUS yes + 8(2)  cRAB BAG & GO INRELIAEIX METHOD., KEEDS EXTREME CARE TO
CEGANIC + 20(2) (18.7.1) FRODUCE REFERTAHIE RESULTS
+.1 t0 .2 ON-LINE GC EEST METHOD FOR GT EXERUST. MODIFIED VERSTON
(18.7.2) OF THIS USED AT UE AND SILROY.
(GE RECYMMENDED METHOD WITH MODTFTCATIONS AS
STECTIFTED)
40CTRE7  ATRCRAFT ENGDE

SUBPART G EXHAUST GAS N #.1 FID
INCITDING TOTAL ‘
GASELUS ORGANICS

~

{1) 'TRUESDAIL LAR'S m

GE's ESTIMATE IS + 50 EH!

.| H-LINE 6C IS THE QNLY REEU“EE
| ACCURATELY MEASURE

ALY WA | Laasuml SYSTEN

YRS | URA AETISE LY ek GG

a G

This is an on-line FID techinique simjlar
to Method 25A.

Table I summarizes these metheds anlud;nu
their expected accuzracy and measurement
prineiple. The accuracy for Method 25 and
Method 18.7,) couvld bhe very _peor. The
concluaion from this table is that the on=line
FID and on-line GC are the only reliable
maethods to accurately measure UHC’s and VOC's,
respactively , in gas turbine exhaust,

FIELD AND E‘N:TOR! DAI‘A

Table “tr sunmurizes t;eld data on tuelve
GE heavy-duty gaa turbines.  The data include
operation on MS7C/7E/7EA and 6B, 'om oil,
natural gas, propane and butana with NOx
levels varying fzom NSPS to 25 PPM ‘with water
and/or steam injection. The affact of the
Voc,/UHC measurszent method is clearly
discernible, - Where EPA Method 25 was used,
the measured values Ara axtramely high and_the
variation in data is very wide. Both these
are non-representative of a gas turbine. The
grab bag plus GC method alao shows wida
variaticns from <1 PFM UHC to as high as 14
PFM UHC, and the VOC variation is also large,
from <l to B PPM. This points out the
unreliability of this methed. Using the most
reliable method of on-line FID and on=line GC,
the data shew that the total UBC emissions
from GT heavy=-duty gas turbines at base 1load
are less thap 2 PPM on oil or natural gas.
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TABLE [I

GE HEAYY DUTY GAS TURBINE LHC/VOC EMISSICNS
FIELD DATA (BASE LOAD, NETHOD)

WP e ’
DAT, "MACHINE F T__““_ﬁL v DILUEN UHC/VOC{ PPM) 00 (VENOOR)
AT, 78 Jo0IC oIl u‘se% WATER 1.2/N0 GE, BECKHAN)
. o _ ON LINE GC {ACCUREX)
SEPT, 84  TOOIE COAL GAS 20 PPN STEAM OR ND/ND ON LINE 6L ~
' MOISTURIZATION {RADIAN CORP.)
JUNE, 85  7001E(4)} HAT. GAS 42 PPN WATER 0-3/ND GRAB BAG « GC
(EPA-18)
oL 42 PPM WATER 0-3/0-2.3 GC BY ZAL €D
{6-97% KT) + CHEMACOLOGY
DEC, BS 50C18 HAT. GAS 42 PPN WATER 10-48(TNM)
GASEQUS B~10 EPA-25
CONDENSIELE 2-38  (TRUESDAIL)
oIL §5 PPM WATER 41-50 {THM)
CASEQUS 7-10 .o
CONDENSIBLE 43.31
JULY, 87 6COIB NAT. GAS 42 PPM WATER 1.2-1.6/80-0.2 ON LINE GC
: (0-20% WT) (GE, CURIX)
NOV, 87  7TO0MEA NAT. GAS 25 PPM STEAH 1-1.6/ND ON LINE 6C (ae cuslx)
MaY, g8 60018 HAT. GAS 42 PPN STEAM 473 GRAB BAG +
PROPANE 65 PEM . 11/8 (EPA - 18.7. 1)
BUTANE 85 bPM y 774 (ENGRG. SCIENCE INC.)
MAY, 88 7001EA NAT. GAS 42 PPM STEAM 1.147¢1-2.1 GRAR BAG + GC
BUTANE 65 PFM STEAM (ENGRG. SCIENCE INC.)
MAR, 89 7O01E NAT. GAS 25 PPM WATER <1.0/51.0 ON LINE GC
oIL . 42 PPM WATER <1.0/<1.0 (ENGRG. SCIENCE INC.)
NQTES: ' i :
FID = FLAME IONIZATION OETECTION : A
ND =~ NONE DETECTED
GC = GAS CHROMATOGRAPH
TNM = TOTAL NON-METHANE

FIELD TEST ON MS6001B

A detalled test was ruUn on a MSS001M
machine in July 1987. The fuel was namural
gas. Test purposes ware to:

o Measure total UHC using on-line 6C

© Measure VOC and separate the .
cempounds inte €1, ¢2, €3, and Cc4

-] Compare the grab bag plus GC mathaod
v8. on-line GC method .

o . Evaluate the effect of hackground

. hydrocarbens . .

Figurms & shows the measuring eguipment
train Set-up using on-line GC. cubiw
Corporation was hired as an independent
contractor to measure the emissions. Resulta
of the test are summarized in Tables IIT and
IV. Table IIT shows that the anly UHC
couwpounds detected ware ¢H4 and C2HS (lest two
célunns on right}. Also, the highest amcunt
of C2H6 detected was about 20% of tha total
JHC (C1l + (2). For natural gas kurning, thea,
VOC’s are €2 only, and are abouk 20% of the
total UHC wmeasurement, which at base load was
hever more than 3ppwm. (Detalls of the sampling
location are shown in Figure 7. calibration
gases were:

A. 10 ppm CH4, air balance

B. 13% 02, 3% toz, N2 balance
C. 10 ppm €1-C4

D. 100 ppm C1-C§

T Varian es+ -
2.’ Shimadzu Ci-C4 !
3. AID THC Analyzer) )

the background '
hydreocarbon_levels at the site of 2-3 PPM,
whila the average DHC level -integrated over

iy

of partfcuiar interest ara

the stack area was akbout 1.2 PPM. The machina
is inainerating some of the hackgrcund "
hydracarbons. - - .

Table IV shows the nnalysis of exhaust gas
ganples using grab bags., Two types ef bags
were used, Tedlar(rR} and Aluninized Mylar(R).
Qf the two, the Tedlar bage gava better
results although not as accurate as on=line
GC. Note that bag #6, a certified :zero
calibration gas sample, ghoved & reading of
2.0 PPN of non-methane hydrecarbons.
Aluminized Mylar bags are tatally
Junaceeptable. Bag 15, a certified zZero gas
zample, read 23.0Q0 FPM non-methane
ayarocarkaons.

FACTORY TEST ON MS7001F

Table V sumparizes the UHC/VOC emissions
trom the MS700LF on oil in the factory
pratokyre tast, The test was run over the
load range at varisus NOx levels. Again, the
UHC/VOC emissions are almost negligible. The
Voe fraction on oil on 7001F varied from none
detected (<0.2 PPM) to about 0.35 PPM. The
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STAINLESS STEEL
pROBES 1A~ SAUPLE LINT
/
$TACK
! CONDENSER
CATALYET
~ HEATED 8" TFE
alBAMPLE LIME
M evmc
. Iy FWAY
: Ui {, VALYE
] HEATRD STANLESS STERL
[ S MANFQLD
HEATED
PumpE

GC #

[T P2

’

TLI or - I

I 1 8 y
HP
INTRERAYOR CHART RECCRDSR

FIGURE 6: VOC MEASUBEMENT USING ON-LINE GAS CHROMATOGRAFH

.USED BY CUBIX CORP. AT UNIVERSITY ENERGY

O A ‘

T STACK Y i
APPRIX. 1_;&@_0 ﬁa“n#’s‘?'
¥ 0Oc

APPROX. 2§

PLATFORM

APPROX./60' ELEVATION

HEAT ~
RECOVERY
BOILER

GE
FRAME §
TURBINE

CONVERTERS*——

S=lpesasnevas
- CATALYTIC

[ K
GAS AR GAS 3
(OFF}) (OFF

FIGURE 7. SAMPLING LOCATIONS, M560018

=
xr

highast veC fraction was 47% of the UHC. The

only VOC spacies detected was butane. For

distillaca burning, them, the VOG’s are C4,

and are less than S0% of the total UHC

neasurad which was less %han 2 ppn.

EFFECT OF BACKGROUND HYDROCARBONS

Anywhere in the USA, for that patter,

anywhere in the world, thare is a kackground

level of hydrocarbons present in the ambient

‘astablished.
_-chamistry mathod with the gas sample bubbled

P.&-9

air. The leval of these hydrccarbons varies
widaly depanding on the location (e.g., oil
fielda, progess plants, marshes, etc.). as well
as with tine. Thasae hydvocarhons are sucked
intze the gas turbine. A fraction of these . '
will be burned as they pass through the high
temperature saction of the combustor and the .
rest then go up the stack., It is important to
realize that the stack hydroecarbons de net all
arise in the gas turbine. A substaritial
pertion could be coming from the ambient air
tself.

The test on the MS6001B, dascribad .
earlier, proved this. Anothar tast was yun on
a MS7001FA in wast Taxas. The background
hydrocarbon lavals varied from 10 PPM to 160
PPM. 1In all cases, the stack hydrocarbens
wvere S0% of the amblent levels. A test on.a
M56001F in New Jersay also showed simflar
rasults. The background values varied from 10
to 30 PFM while the stack concentration was
about half that.

Since the gas turbine is not the source of
thege hydrocarbons, this fact becomes very
significant when obtaining the environmental
pernmit fur the turbine. An allowance for
background hydrocarbons needs €o be made.

ALDEHYDES

As mentioned previously, aldehydes are
products of inceomplete combustion. They are
colleected in an integrated sample, analyzed
and reported as the simplest aldehyde, namely |
formaldehyde. . o

ALDEHYDE MEASUREKENT METHODS

-Rldehyde measuranent methods are well.
“They usually involve a wet

through impingers whare aldehydas are
captured. - The gapple ils then analyzed by
titration, epectrometer or liquid T
chzomatography. .The titration mathod ie
usually good for datectien to 0.5 ¥y whila
the liquid chromatography can deteat 0.02 PPM
Zornaldehyds. ' o '

FIELD TESTS .

Within the last year, several field tests
have been run to measure formaldehyde
enissions from GE heavy=-duty gas turbines.
These are listed in Takle VI. As can ba seen,
the values are very low, espacially at high
loads. Also, tha rapeatahigity of the results
is very good. At base load (100%) the
formeldahyda emissions on gas fuel (natural
qas, prapane and butane) are less than 1.9

PPM. On oil, the value is less than 1.5 PEM.
CONCLUSICNS
1. UHC/vOC emissions from GE heavy=duty
gas turbines are very low at high
leads, :
a. Corract maasurement and proper

quality ¢ontrol are crucial te
obtaining representative results.
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€.E. Turbine Test - MS6CO1B

Shimadzu Mini-2 Data

Tt

TABLE III
' SUNMARY OF C1 THROUGH C4 ANALYSES

€1 calibration

P.7~-S

Injection Peak Height (in mm) ppmv as methane
No. Time Oescription Semple Line €1 €2 C3 §-C4 n-C4 Factor Cl c2
1 0911 C1-C4 calibration gas TFE 70 109 150 149 133 0.125 8.8 13,6
2 0918  C€1-C4 calibration gas direct 75 122 163 164 143 €.117 8.8 14.2
3 0918 Cl-C4 calibration gas direct 75 122 164 154 150 0.117 8.8 14.2
[} 0921  10ppm methane direct 89 ND ND ND ND £.112 10.0 <0,2
5. 0924  1Cppm methane direct 89 ND ND ND ND e.11z 10.0 <0.2
6 0928 ambient air @ stack TFE 27 NI ND ND ND c.112 3.0 <0.2
7 <0955 ambient atr @ stack TFE 24 ND ND ND KO €.112 2.7 <0.2
3 0857  sample point C-1 TFE 10 2 NO ND KD 0.112 1.1 0.2
9 0959  sample point C-1 TFE 5 1 ND N0 KD 0.112 0.§ <0.2
10 1000  sample point C-2 TFE 2 2 NI ND KD 0.112 0.6 <0.2
1l 1001  sample point C-3 TFE 8 1 ND ND N -, 0.112 0.9 <0.2
12 1003 sample point C-4 TFE 7 0.5 ND -ND N O 0.112 0.8 <0.2
13 1008“ sample point D-1 TFE 25 0.5 ND - ND HD 0.112 2.8 <0.2
14 1007  sample point D-1 TFE 19 0.5 N) ND NO . 19 3 21 <0.2
15 1008  sample point D-2 TFE 18 0.5 KO WD ND 0.112 2.0 <0.2
16 1010 sample point D=3 TFE -~ 20 2 KO ND NO 0.112 2.2 0.2
17 1012 . samplie point D-4 TFE T 2 KD ND' - WO 'oD.112 0.8 0.2
I8 1014 -“sample point D-4 " TFE € 2 ND ND_ .. HO . ..._. «.0.112 0.7 0.2

© 19 4 1016° - 10ppm Hethaneg - i+ " direct - BO ND KD ND vuoND P em——=g 125 0 10,0 <0.2

20 <31020 " 10ppm methane ° “direct 73 ND ND HND OND - 3-‘0.127 10.0 <0.2
21 " 71021 - sample peint A-] TFE 3 ND N WD ND 0,126 1.1 <0.2
22 1023  sample point A-1 TFE 10 0.5 NO N --NO 0226 1.3 <0.2
23 1025 sample point A-2  _ TFE 11 3 ND UKD ND v L.1h0.126 1.4 0 0.4
24 1027 . sample point A-3 - -~ - "TFL 7% ND ND “HD T h 0.126 0.9 0.3
2% ° 1029 sample point A-4 = TFE 7 3 ND -ND ;- HD cop 0,126 0.9 0.4
26 1021 "“sample point B-1 "= %777 TFE<~- 10 N} ND ND ND 0.126 - 1.3 <0.2
27 - 1044 10ppm meihane direct ©. 70 ND ND ND " 8D . 0.143 1¢.0 <0,2
28 " 1128 = 10ppm methans . | direct ~ 70 ND MO ND MO .. - 0,143 - 10,0 <0.2
29 1207 _“10ppst methane = ~direct B4 ND ND ND . ND ST 1000 <0.2
30 1212 - 1Cppm methane ... .direct .85 ND ND ND KD .4 49,118 1040 <0.2
3l 1215 | C1-C4 calibration gas~ “direct = 68 120 164 168 155 Lo 0,129 g.8 15.5
32 .1225 . sample @ stack center TFE ° 6 2 MO :ND - :uND - -pv 0,119 Q9.7 §.2
31 - -1230 "sample’? stack center TFE "6 .2 ND ND - ND- .- 9.7 - 0.2
34 1238 sample @ stack center TFE 8 1 MD ND ND . 0.7 <0.2
a5 1245 sample @ stack center TFE 6 1 ND SHND - ND - s 0.7 <0.2
356 1253 - sample B stack center TFE .. 5 .2 ND . ND hD a0, 0.6 0.2
37 1306  10ppm methane direct 79 ND ND ND nO sy 0,127 ~10.0 - 20,2
39 1332  1Cppm methane direct 78 ND WD ND ND ©0.128 10.0 +<0.2
40 1338 sample @ stack center 55 & NO ND ND ND D.128 " 0.8 .2
41 1338  sample ® stack center 3 E ND Nd ND KD 0.128 0.6 <0.2
42 1540  10ppn methane direct 88 KD KD ND kD 0.114 10.0 <0.2
43 1541  ambiert air @ intake TFE 18 ND ND ND N0 0.114 2.1 <0.2
44 154 ambient air @ intake TFE 18 ND ND ND KD 0.114 2.1 <0.2
45 1545  ambient air TFE 13 ND ND ND KD 0.114 2.1 <0.2
48 1546  10ppm methane TFE 9¢ ND WD ND ND 0.111 {0.0 «0.2

THC via Shimadzu Mini-2
Ii‘cun Eozc. {tpm) in methane equivalents
2 1.2

Average 1.¢

ND = Not Detected, TFE = Heat Traced Teflen Sample Line,
58 = Stafnlass Steel Sample Line
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TABLE 1Y
SUMNARY OF BAG SAHPLE ANALYSES

Bag samples from a General Electric Gas Turbine

Tedlar (R) sample bags

L 1
Time e 0937
Sourceo ambient
Temp {°F) 80
Atm. Press.(in. Hg) 28.56
Sample Line TFE
mathare (ppm) 2.9
non-rethane THC 2.4
Aluninized Mylar (R) sample ba
Bag 11
Time 0937
Sourceo ambient
Temp (°F) 90
Atm. Press.(in. Hg) 28,56
Sample Line TFE
frethane{ppe) 3.2
non-nethane THC - -23.6

as

2
1312
stack
96
28.55
TFE
<0.5
1.9

12
1312
stagk
1
28.58
TFE
0.5
7.8

3 4
1325 135%
stack stack
98 99

28.55 28.50

$5 $s
¢.8 0.6
2.0 2.0
13 14
1325 1435
stack stack
98 98
28,55 28,50
58 TFE
1.0 2.0
29.8 2.4

5 5
1416 1435
stack zerg
103 g2
28.50 28.50
TFE TFE
<08 <0.5
3.5 2.0
15
1538
zero
a2
28.50

- TFE

T «0.5
3.0

* 55 = stainless steel, TFE = heat raced Teflon sample Tine

Ty

KSTOO01F PROTOTTPE FAGTORY TEST
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Allowance for background
hydracarkbons should be made when
guaranteeing UHC/VOC,

On natural gas, VOO/s are 203 of URC

and the principal constituent is
‘ethane. On distillate o0il, VOC‘a
‘axe 50% of UHC and the principal
constituent is butane,

‘Formaldehyde emissions froa GE

haavy-duty gas turbines are also
very low. At base load, thase
epnissions are less than 2.0 - 1.5

PPM on all fuels.
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