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I. INTRODUCTION

i e W A << W £

York Research Corporation, an independent con§ﬁitant in Environ-
mental Engineering, was retained by the United” Sﬁ@tes Environmental
Protection Agency, under Contract No. 68-02- 1401,¢ sk 6, to con-
duct a series of tests at the Basin Electric Powe Coopérative,
Leland Olds Statlon Stanton, North Dakota. 4 .

The process tested was a Babcock and Wilcox lignite flfed b011er,
equipped with a cyclone dust collector. me,u.

Sampling of the exhaust gases was conducted from sampling ports
located on the stack to determine nitrogen oxide concentrations,
molecular weight evaluation, moisture determination, velocity, and
flow.

The test team was comprised of one Project Director and four test
engineers from York Research Corporation.

The primary purpose of the test program was to determine Nitrogen
oxide emission levels. The results of the testing will enable

the EPA to set up NOx emission regulations governing lignite fired
boilers.

The secondary purpose of the program was a comparison in results
between the present EPA Method 7 Nitrogen Oxide sampling and the
Thermo Electron Corporation "chemiluminescent NOx Analyzer™. NOx
sampling was conducted at various boiler operating conditions, as
well as a test to establish baseline conditions.
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&N
DISCUSSION OF RESULTS ' 7
1 &y\ S5
In determination of the NOx emissions the followmﬂg resu%ts
were obtained: A,é: -

The NOx emission could be reduced by 31.8%¢ by a reductﬁgn/ln
excess air (at the test sampling point) from 29.2% to 187232

a reduction in excess air at the furnace outlet from 25. 25,%’
to 15.0%. The reduction in excess air resulted in a 10.7%
reduction in gas flow. Although these reductions in NOx were
obtained by changing boiler operating conditions, no long runs
were made under these conditions. Therefore York Research can
not ascertain if the boiler can operate under these conditions
permanently and maintain the samz level of reduction.

The Teco NOx analyzer averaged 40-50 ppm higher than the EPA-7
test methods. This data covers only part of the test program
since initial operatlon of the analyzer was poor, caused by a
plugged capillary in the sampllng line. This problem occurred
because of inadequate. filtration in the gas conditioning
system, since extremely fine particle sizes were not expected
from lignite firing. This was solved by the addition of a

0.3 micron fiberglass filter after our Conditioning system.
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TABLE_TA
AVERACE _EXCLSS AIR
LELAND OLDS
ORSAT DATA
0> 05 Co N, EA*
Baseline 10/1 4.4 4.9 .25, 80.M5  29.7
10/2 15.3 . 4.4 ' .33| 80.63 25.6
Low Air 10/2 16.12 3.1 .38 80.4  16.4
Baseline 10/3 .7 5.0 - 80.3  30.9
Low Air 10/3 15.86 3.6  .2.  80.34 20.1
Baseline 10/3 1.8  4.96 .17 . 80.07 30.5
Avg. Baseline 1.8  4.8L /.18 1) 80.21  29.2
Avg. Low Air 15.99 3.35- .3 80.36 18.2
*Excess air calculations based on EPA equation
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TABLE I1
TEST RESULTS
Concentration lbg/hr 1bs/MMBTU (_3ms/].06 cal
(ppm)
Date Time EPA-7 Teco EPA-7 Teco EPA-7 Teco EPA-7 Teco
10/1L Base Line Phase
1030 529 * 18399 . 8u7 1.52
1100 544 1954 T L84 1.56
1130 516 1982 . 884 1.59
1200 518 1993 .889 1.60
1230 541 2081 .928 1.67
1300 568 2185 .975 1.75
1330 585 2197 .980 1.76
1400 606 2277 1.01 1.82
1430 620 2u06 .939 1.69
1500 594 2306 1.03 1.85
1530 625 2u07 1.07 1.93
1600 557 21u6 . 957 1.72
1630 576 2239 .999 1.79
10/2 0830 529 1998 .971 1.74
0900 506 1914 .930 1.67
0930 u75 1767 .859 1.55
1000 516 1919 .933 1.68
1030 Void - - -
Low Air Phase
1400 425 1402 .690 1.24
1430 396 1306 .6u3 1.15
1500 Luy 1410 . 694 1.25
1530 383 1215 .598 1.08
1600 377 1209 .596 1.07
1630 378 1213 .603 1.09
1700 391 1351 ! .671 1.20
1730 411 1423 .707 1.27
1800 426 1478 .735 1.32
Baseline Phase
10/3 0830 531 2004 .935 1.68
0900 505 1904 .888 1.60
0930 535 2021 . 9Ly 1.69
1000 617 2338 1.09 1.96
1030 590 540 2159 1976 1.00 .922 1.81 1.66
Low Air Phase
1230 453 510 1657 1865 .773 .870 1.39 1.56
1300 1420 u20 1u41 1nul .672 .672 - 1.21 1.21
1330 1125 Ty 1456 1507 .679 .703 1.22 1.26
1400 us57 505 1548 1710 .722 .798 1.30 .04
1430 381 520 1294 1766 .609 .824 1.08 1.U8
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TABLE IT

TEST RESULTS

PAGE.

# No readings due fo plugged capillary

Note: Maxima and Minima values underlined for each phase

Concentration lbs/hr 1bs/MMBTU Gms/lo6 cal
(ppm)
Date Time EPA-7 Teco EPA-7 Teco EPA-7 Teco EPA-7 Teco_
Base Line Phase
1500 620 630 2104 2137 .972 .987 1.75 1.78
1530 623 660 2371 2511 1.10 1.16 1.97 2.09
1600 636 - 660 2u18 2509 1.11 1.15 2.01 2.08
1630 623 700 2377 2670 1.09 1.23 1.98 2.22
1700 592 680 2260 2595 1.04 1.20 1.88 2.16
1730 626 680 2394 2600 1.10 1.20 1.99 2.16
1800 670 680 2532 2569 1.17 1.18 2.10 2.14
1830 657 680 2u83 2569 1.15 1.18 2.06 2.14
1900 634 680 2u29 2605 1.12 1.20 2.02 2.16
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TABLE IIIX
LELAND OLDS - NORTH DAKOTA
VOLUMETRIC FLOW

§ Gas Flow Rates
% Plant Orsat Data : Standard
: Date & Load Duct Temp. Moisture Actual Dry
Phase Time (W) (°F) €0, 0o CO  _ (v/v) (ACFMW) (SCFPD)

10/1 1030 205 373 13.6 4.9 .4 15.0 981,215 503,699
f , 1130 378 14,5 5.0 .2 1.0 1,055,935 539,201
; Baseline 1230 382 4.6 4.7 .4 15.0 1,061,956 539,509

1330 380 14,6 4.8 .2 15.0 1,034,586 526,670

: 1430 377 14.3 4,9 ,2 13.2 1,043,344 544,128
; 1530 383 14.6 5.0 .2 13.2 1,043,071 539,734
; 1630 384 4.6 5.0 .2 13.2 1,055,114 544,934
; 10/2 0830 203 380 15.7 4.5 .6 13.3 1,034,039 529,925
% 0930 385 15.3 4.3 .3 13.3 1,023,638 521.118
: Baseline 1030 380 15.3 4.4 .1 13.3 995,994 509,335
% 1072 ~ 1400 201 387 15.8 3.2 .6 20,2 994,078 462,869
~ 1500 392 6.2 3.2 .0 20.2 962,329 444,978
g Low Air 1600 199 392 16.0 3.2 .4 20.2 974,098 450,096
i 1700 301 16.4 2.8 .6 16.0 997,637 485,107
f 1800 388 16.2 3.1 .3 16.0 996,542 U486,289
i
! 1073 0830 198 383 15.0 4.7 .1 13.7 1,046,355 528,447
: 0930 ‘ 388 14,6 5.0 .0 13.7 1,053,198 529,147
‘ Baseline 1030 384 14,5 5.3 .0 13.7 1,017,617 513,325
¥
' 10/3 1230 198 396 15.8 3.3 .2 13.7 965,614 480,609
f 1330 395 15.8 4.0 .3 15.4 972,456 475,205

Low Air 1430 394 16.0 3.4 .1 15.4 972,456 475,762
‘ 10/3 1500 200 398 14.8 5.0 .2 1.4 1,082,210 533,218
: 1600 393 4.5 5.3 .0 4.4 1,081,115 535,417
j }Baseline 1700 400 14.9 4.9 .3 4.4 1,091,789 536,495
: 1800 399 15,0 4.8 .6 4.4 1,076,736 529,523
|
-
4
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III. PROCESS DESCRIPTION AND OPERATION

i The Leland 0lds Station #1 is a 216 M.W. steam electric plant.
P The boiler, designed by Babcock and Wilcox, burns pulverized
lignite which is fired through horizontally opposed burners.
The lignite is pulverized in ons of fen pulverizers, each
pulverizer feeding two burners. The burners are arranged in
three rows of four burners each on the front wall and two rows
of four burners each on the rear wall. The plant was first put
into operation in 1966.
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II. PROCESS DESCRIPTION AND OPERATION

PROCESS DESCRIPTION

The Big Brown Power Station in Pairfield, Texas has two 575

megawatt tangentially fired toilers. The fuel used to fire
. ed bro o Eo

éﬁgggiboilers 1s Texas lignlte, a form of soft coal mined in
Freasstone County in Texas. In this area, a layer of lignite
is mined by power shovel after removing 12.2-18.3 meters
(4L0-60 feet) of overburden by dragline. The lignite 1éyer,
which averages about 2 meters (6 feet) in depth, extends
over many acres. The lignite 1is hauled over a private road-
way from the mining area to the plant. After the lignite 1s
removed the displaced earth is predistributed and the area

replanted.

The lignite flow diagram shown in Figure 1 indicates the
path of the fuel from the mine through the plant. The pri-
mary crusher reduces the lignite to pieces gf less than

15 centimeters (6 inches) in size. This material 1s stock-
piled or fed directly to the secondary crusher as required
by the fuel requirements of the plant. At the secondary
crusher the fuel is reduced to less than 0.02 meter (3/4
inch) in oocize. It 15 tnen fed vo storage silos by conveyor.
Each boiler has eight storage silos and the conveyor fuel
can be directed ©toO maintain a sufficient supply in all silos.
Lignite samples for analysis were taken from the dual con;

veyors that feed each bank of silos at each boiller.

N h
cevrfaatdedi ey TIBATT
§~" R '*!.::!“‘f‘ﬁi'é,-‘vb ?}\ ¥ LN Ny

PO ;‘: .. 1.4' s ‘.,* ,'_2; . Lt N
N R I DTN TN E N
& MONSAKTS mEATAROH CAOAEDASATION a




e

S e

RE R BELWE R

- . 7 - o

weadetp zoam.mpﬁzwﬁq *T 8anITd

NIVLS 453 111108
SYITINIAING ]
_ #\OL : R N .i\ll\\-
: u . e T ®
m T ’ M -
“ ) . v baw. .45
1 ‘\‘“ P .|l
i . * -~ - WA
_ My - oes [T
I \ : & 40
SO11S S
. 5 M r
I10VHOIS bee -5
T ‘oM LINN . TS e
o "o
Mul\ > ()
¥ w
ABvaNO>3S and01s evwina T if
JEIN NINVLE S3TdWYS ILINOIT — : L
] ,ﬂ? bt} ”.\.
./u INIW -y ot ﬁ.m
. B i Res o
ety R _u
AIVLS 4s1 ¥31108 , b s - een
: S¥IZI¥IAING ,\Hr. -2
ey . Rt 3 .U
b * T ,e. 4
[ e (e s © ¢
| - : b
14
# o
L. "=y
L2, b
SO1IS i
* : 19VN¥01S

1 "*N LlINR



RS e N - SERNY Tty e N e -
a4rem the S4lC3 Etre S0L1 1¢ 123 TO g ,QL«.L*.’CI"._TTE..’ LnaT “DTher
T35 vy aen = -~ - - e ~ - ~ -
Teduces the S oD «3T L Ll Lass o 2 TS ST
my PR e IS P s R R et L T T A o
i{ne COLLErs L f-l"';u in eLInt SLers ang CIie Two SSSUions oL

€acn boiler nave Teur nozzles for emitting the Pulverizeg

fuel and air. This arrangement is termed "cornperp firing" »
= =)

the plant bersonnel. Each silo and bPulverizer feeds the
eight nozzles at each of elght levels in each boiler., s g
result, it is POssible to vary bhurner conditions; 2.8., the
amount of overfire air can pe increased by halting the‘flow
of coal to the top series of nogzzles and emittiﬁg only air
in this ares. The boiler typically has & capacity of
1,823,000 Xilograms (4,025,000 Pounds) c¢f steam Per hour at
2,689,000 kilogramskp;f squareVEEEE;‘T§,825 bound per square
inch) at 538°¢. (1000°F.) soomu A5 T NN HR2 000w o H Juw)d,
e - %""’M -
The particulate emissions from the boilers are controlléd_gx_
lectrostatic Precipitators. The flows from the ESP's are

and overfire air, and to’demonstrate the reproducibility

from one boiler to the other as well as from day to day. As
the boilers were fired in layers, it Was possible to vary _
the air emitted to the burners ang obtain variations in fir-
ing as desired, During escn Sampling day, a combination of
normal and modified operation allowed datg to be collected

on the NO emissions under various modified firing condi-
tions.

The Schedule of operating conditions 4s shown in Table 1,
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CCLDITICHS
]
Conditicn b

Baseline ' : ‘E

Baselire ?

Low excess air :
- Baseline Hf

Baseline

Table 1 SCOHEDULT O
Date. Tims
Stack Unit #2 |
9/30 1200 - 1630
10/01 G500 - 1130
1130 - 1430
1430 - 1600
106/02 900 - 930
930 ~ 1230
1230 - 1500
10/03 700 - 900
900 - 1000
1000 - 1300
1300 - 1400
10/04 900 - 930
930 - 1230
1230 - 1330
1330 -~ 1600
Stack Unit #1
10/10 900 - 1130
1130 - 1430
1430 - 1750
...10/11 900 - 1030
1030 - 1330
1330 - 1500
10/12 900 - 930
930 - 1230
1230 - 1600
N R 7
DU IR Tl

All burners on
Baseline

High excess air
Baseline

Maximum overfire
Béseline

Baseline

Low air, all burners
Baseline

Nc run

Baseline _
Low excess air
Baseline

Baseline

All burners on
Baseline '
Baseline

flaximum overfire

Baseline
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ITI. SUMMARY AND DISCUSSION OF RESULTS

The NOX, CO02, Oz and moisture content, and stack velocity
and temperature were obtained at the stacks of the Big Brown
steam plant during both normal operation and under various.
conditions of modified operation. The results of the sam-
pling program on a day by day basis are given in Tables 2-9
and Figures 2-9. The Method 7 NOx dgta are given in ppm of
NO. and a dry basis. The Dynasciences data were read
directly from the recording chart using 247 ppm NO in
nitrogen as the calibration gas mixture.

Emissions from Boiler ‘No. 2 were measured during the first
week of sampling (Sept. 30 to Oct. 4). The boiler was
operated under normal conditidns on the first day to pro-
vide baseline emission rate data. The initial samples,
analyzed for CO., and 0. content, indicated only air. The
monitor values for NOx were about 100 ppm rather than about
350 ppm as expected. The probe system, consisting of two
stainless probes and one glass probe in a common sheath, was
sealed around the probes and also between the sheath and
port. The monitor and integrated ffas samples were initially
withdrawn at the rate required for each instrument. The
fact that the gas samples containegd only air indicated that
the gas would have to be withdrawn at a rate sufficient to
overcome the effect of the 30 m/sec stack gas velocity. The

probes were therefore connected to metal bellows pumps
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operated at maximum capaclity and samples were withdrawn Irom
noMg in these lirnes at flow rates comparable to those of the
monitor (28 1/hr) and the integrated gas sampler 28(1/min.)
After this correction, reasonable values were obtainad from

the monitor and the gas sampler.

Numerous experimental problems were encountered with the
monitor. It was observed that the indicated value increased
rapidly with increasing ambient temperature and that low |
ambient (10°C and below) temperature prevented stabiliza-
tion on the calibration gas. This effect was observed on
both Oct. 3 and Oct. U. According to the literature supp-
1ied with the monotor, operation is possible from +5 to
4gec. However, if the ambient temperature varies, the
calibration will change. For the second week the monitor
was heated to about 40°C to maintain a constant sensor
température and thus eliminate major drifts. Operation
during the second week was reliable and valid data were
obtained.

The results obtained from the Method 7 NOX determinations
are quite varied and indicate that the scatter of data
obtained from one operating condition is greater than the
variation in NOx due to an operating change. The procedures
used were as specified in the Federal Register. Identical

. techniques were employed for sampling and the analysis of

rall samples with one exception. During the analysis of one
group of samples, representing for the most part baseline
conditions from Oct. 1 to Oct. 4, 1t was found that the hood
fan ceased operation and condensate from the hood dripped
into the samples, giving high NOx results. The data for
these samples are given in parentheses on the data sheets.
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Line wvoltags varlatlions were & major croblsm on the Boller

N 4 3 P, S, -4 et ey e - ~ 7T n i R p
No. 2 studies, and «v the times when all sampling units were

‘in operation, lire voltage waslobserved tc drop as low as
g2 volts. The low voltage affected the digital thermometer,
and the Dynasciences monitor and recorder. A separate vower
cord was installed for sampling on Oct. 3 and 4, but the

voltage in this circuit was also shown to be variable.

The test data from September 30 indicate the following NOX
baseline data: an average of 303 ppm, a moisture level of
12.9%, and gas emissions contents of 6.3% 0. and 12.9% CO..
On sucdessive days the baseline data vary greatly, indicating
that even when the plant is operating under "normal" oper-
ation, the NOx concentration is quite wvariable. Thg studies
on Boiler No. 1 indicate less variation in the NOX baseline
data, especially as measured with the monitor, but even on
this unit the variation is significant. As a result, it 1is
necessary to observe the baseline data obtained before and
'&ftér:an operating parameter was changed in order to evaluate
the change in NOX concentration rgsultihg from that change.

The changes in operating conditions and the expected and ob-
served changes in NOx concentration are tabulated in
Table 10.
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Tnhe problems encountered during the fiwrst weesk of sampling #
werercorreéted before the program began on Boiler No. 1. 1
As a result, the data obtained from the second week are
reliable, and the effects of process variables can be

observed.

During the sampling program coal samples were gathered for
analysis of the moisture, volatility, ash, sulfur and Btu
content. These samples were gathered from the conveyors
feeding the silos above the pulverizers at half-hour inter-
vals. The samples were composited on site and a portion of
each composite was returned to Dayton in sealed plastic
bottles for analysis. The results of the analyses are shown
in Table 11. As the samples tended to lose welght during
weighing due to loss of moisture all samples were oven dried
at 100°C and the dry Btu content was determined. These
values were used to calculate the Btu content on the as-

received basis.

In reviewing the éampling program, there are five recommenda-
tions we feel are important to future programs of this type:

l; The Dyhasciences or similar monitors should be powered

with a separate supply, and 12V dc power would be
preferred.

2. The monitor should be heated and maintained at a con- -

stant temperature above ambient temperature.

3. A11 electronic instrumentation (diglital thermcmeter and
recorders) should have a power circuit isolated from
that for instrument heating and other fluctuating
sources.

4, Continuous monitor methods are preferred over grab type

sampling as in Method 7 for NOX. While Method 7 is




i ———— -

§§k\

91°16
hl-cl
Ehg

L°0¢

hl-21-0T

18701
06°02
g 1€

hl-TT-0T

0519
0096
hl®

99 Ly
£6°01
L9°g

g-et

#l-01-01

LTS

02865
0188
18°

0T° 8¢
10" 4/
€0 nt

6°EL

hl=%=0T 4l-€-0T

SISATVNY HLINODITT

0619
0916
GL-
LT 08
92t
e8

h-et

089 0409 029
0896 0906 0868
gL: LL® Lg®

6 * 9f 60" it Nm.mw
GE° 0T 1T 9T €T
Lo°0T G111 64°9

T°€€ h°€te G° ot
hl-2-0T H#L-T-0T HL-0£-6

‘1T d19vL

BT TS DR S

FRsNe. .

(*A03Y sY) ‘qr/nag
(PeTIQ ULAQ) qT/nid
¥naIns ¥
SNOGUVD dFXId % |
HSY 3
TTILION % |

JUNLSIOW %



5.

arainst whicn monitor cperaticn
ns in the data ave significant.
< ples should be obtained, and

0
4 larger number of NO_ czam
duplicates taken at the same time intervals wculd Dbe

desirable.

Consideration must be given to the design of the probe
used to sample the gaseous components to eliminate air
being drawn into the probe tip area. Drawing a large
volume of sample into the probe and then removing a
portion of this sample for analysis is recommended when
high stack velocity situations are encountered. This
method reduces the response time of the system and also
assures that adequate stack gas will be supplied to the
instrument.
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I. INTRODUCTION

York Research Corporation, an independent consultanyfin Environ-
mental Engineering, was retained by the U. S. Environm§nfaL~Pro—
tection Agency, under Contract No. 68-02-1u401, Task 6,.f0 conduct
a series of tests at the Minnkota Power Cooperative, Milton R.7
Young Station, Center, North Dakota. The process tested was &/I

Babcock and Wilcox lignite fired boiler, equipped with a cye¥one
dust collector.

e o g M M5

Sampling of the exhaust gases was conducted from sampling ports
located on the stack, to determine nitrogen oxide concentrations,

molecular weight evaluation, moisture determination, velocity,
i and flow.

P

The test team was comprised of one Project Director and four test
engineers from York Research.

| eiew e o v —g

The primary purpose of the test program was to determine Nitrogen
oxide emission levels. The results of the testing will enable

the EPA to set up NOx emission regulations governing lignite
fired boilers.

The secondary purpose of the program was a comparison in results
between the present EPA Method 7 nitrogen oxide sampling and the
Thermo Electron Corpeoration "chemiluminescent NWOx analyzer’.

NOx sampling was conducted at various boiler operating conditions,
as well as a test to establish baseline conditiomns.
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DISCUSSION OF RESULTS

In determination of the NOx emissions the following results
were obtained:

The NOx emission could be reduced by 16.7% by a reduction in
excess air ( at the test sampling point) from 20.85% to 18.7%
or a reduction in excess air at the furnace outlet from 2L.5%
to 17%. The reduction in excess air resulted in a 1.0%
reduction in gas flow.

|
By increasing the excess air to 2U% (3% increase in gas volume)
the NOx emissions were increased by 3.8%. Although these
variations in NOx were obtained by changing boiler operating
conditions, no long runs were made under these conditions.
Therefore York Research cannot ascertain if the boiler can
operate under these conditions permanently and maintain the
game level of reduction.

The Teco NOx analyzer averaged 15-30 ppm higher than the
EPA-7 test methods. This data covers only part of the test
program since initial operation of the analyzer was poor,
caused by a plugged capillary in the sampling line. This
problem occurred because of inadequate filtration in the gas
conditioning system, since extremely fine particle sizes

were not expected from lignite firing. This was solved by
the addition of a 0.3 micron fiberglass filter after our
Conditioning system. From our experience at the 0lds Station
and these modifications lost data was minimized.

VAany Dreecrancw CORPORATION
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AVERAGE EXCESS AIR
MILTON YOUNG

ORSAT DATA

o, 0> o No EA*

Baseline 10/7 15.91 3.71 .07  80.31 21.0
10/8 AM  16.0 4.05 .0 79,95 23,7

10/8 PM  16.05 3.5 .1 - 80.35 19.4

10/9 AM 16.05 3.7 « .45 79.8 19.8

10/9 PM  16.0  3.75 .1 . 80.15 21.2
10/].0 16.3 3.6 \ 015‘ 79-95 20.0
Low Air 10/8 16.3 3.5 .35  79.85 18.7
High Air 10/9 15.35 4.05 .1 ' ° 80.5  23.2
10/10 15.8  3.85 .15 80,2  21.7
Avg. Baseline 16.05 '3.72 ‘C:j:::) 80.09  20.85
Avg. Low Air 16.3 3.5 /.35  79.85 18.7
y
Avg. High Air 15.58 3.95 .125 80.35 22.45
e )
/‘/

*Excess air calculations based on EPA equation
oo (O~ AY57, = | ¥S0ppm
o

MCo 1450 pp w4208 €30,0 005 = 392K
iy

W

S

aun Al 1A cooodoS o 4l
Cin Yo voaMbeed . ‘
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REPORT NO. Y-8479-6 PAGE
TABLE IT
TEST RESULig
Concentration 1bs/hr* Ibs AMMBTU* Gms/106 cal+
(ppm)

Date Time EPA-7 Teco EPA-7 Teco EPA-7 Teco EPA-7 Teco
Preliminary - 1 Duct - 1

10/5 1410 39  ygg - - - -
1415 425 460
1420 461 500
Preliminary -1 Duct -2
luys 4gl1
1455 485
1500 440
Base Line Duct - 1

10/7 0830 489 480 1119 »1100» 412 105 .%42 729
0900 500 480 11yus 1099 422 J405 ,759 «729
0930 412 365 943 835 «348 308 .,625 554
1000 385 880 .324 " .583
1030 421 898 .331 5985
1100 546 1166 429 773
1130 479 1061 391 .703
1200 594 700 1315 1550 484 570 .871 1.03
1230 625 700 1332 ly91 490 549 ,883 .989
1300 578 1232 <454 .817
1330 628 680 1356 1468 499 541 ,899 .973
1400 666 665 1438 1435 .529 .528 ,953 .951
1430 97 1238 U456 .820
Base Line Duct - 2

10/7 1215 639 1372 «505 . 909
1215 609 700 1308 1503 482 554 ,867 «996
1215 671 1440 «530 . 954
Base Line Duct - 1

10/8 0800 564 1311 483 .869

* These emissions are calculated for each duct to determine totél

emission. The emission from both ducts must be added together,

Note:

The maxima and minima for each test phase‘is underlined,

YORK RESEARCH CORPORATION

STAMFORD, CONNECTICUT
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TABLE IX
TEST RESULTS
(Continued)
Concentration lbs/hr* 1bsARBTU* Gms/lO5 cal®
(ppm) o
pate Time EPA-7 Teco EPA-7 Teco EPA-7 Teco EPA-7 Teco
0830 566 600 1315 1396 Lu48uU .537 .871 .966
0900 562 600 1341 1431 L4904 .550 .889 .991
0900 530 1266 U466 .839
1000 577 545 1377 1302. .507 501 .912 .902

Low Air Duct -1

10/8 1030 447 460 1001 1030  .387 .397 .663  .715
1100 yo8 430 91u 963  .337 .371 .606  .668
1130 48} 480 1082 1070  .398 .41 .77 7
1200 482  u8s0 1079 1070  .397 M1 715 .74
1230 483 500 1082 1120  .398 .43 717 .77

Base Line Duct -1

10/8 1300 524 540 1237 1274  .455  .u92 ,820  .885
1330 558 560 1318 1322  .u485 .510 .873  .918
1400 s42 565 1270 1323  .u68 .510 .42  .918
1430 560 560 1312 1312  .483  .u83 .869 .86
1500 571 570 1338 1335  .493 .515 .887  .927

Base Line Duct - 2

10/8 1315 516 1157 26 .767
1315 554 545 1243 1222 58 471 .824 .849
1315 49 1100 105 .729

Base Line Duct -1

10/9 0800 473 1039 .383 .689
0830 503 520 1106 1143 LH07 429 .733 .772
0900 503 520 1087 1134 04 126 .727 .766 |
0930 B72 520 1029 1133 .379 U425 .682 .766
1000 506 550 1105 1201 L407 Ju51 732 .811

High Air Duct -1

10/9 1030 581 605 1379 1435 .508 .533 .91hH .958

1100 586 600 1390 1423 .512 .528 .921 .950
1130 655 620 1522 14u2 . .561 .535 1.009 .963
1200 598 620 1391 1442 .512 .535 .922 .963

1230 G2t Guo 1450 - 1u87 .534 .552 .961 .993

YorK RESEARCH CORPORATION STAMFORD, CONNECTICUT
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REPORT NO. Y-8479-6 PAGE
TABIE T1I
TEST RESUITS
(Continued)
Concentration lbs/hr% 1bs/AMMBTU%*  Gms/100 ca1l+

‘ (ppn) ]

Date Time’ EPA-7 Teco EPA-7 Teco EPA-7 Teco EPA-7 Teco
High Air Duct - 2

10/9 1145 632 1450 .537 © ,967
1145 610 640 1407 1476 .518 .548 ,932 .986
1145 635 1465 .539 .971
Base Line  Duct = 1 -

10/9 1300 621 620 1381 .378 .508 .509 ,915 .916
1330 615 610 1368 1356 .504 .501 .907 .901
1400 631 630 luys lyy2 .532 .532 .958 .958
1430 684 6u0 1567 1466 577 541 1,038 .974
1500 626 610 1434 1397 «528 .516 .950 .928
Base Line Duct -

10710 0800 518 540 1150 1199 423 L4l .762 . 794
0830 517 520 1148 1154 423 1425 ,761 . 765
0900 550 540 1209 1186 445 U437  .801 .786
0930 560 560 1232 1232 LU54 U454 817 .817
1000 24 520 1152 1143 424 U421 763 .757
High Air Duct - 1

10/10 1030 503 530 1175 1238 1433 456 ,779 .3199
1100 518 540 1211 1262 LU46 465 ,802 .836
1130 46y 540 1070 1245 -394 458 ,709 .824
1200 538 540 1242 1246 U457 459 ,.823 .326
1230 573 560 1322 1291 U487 U475 .876 .856
Hich Air Duct - 2

10/10 1145 513 1185 1436 .785
1145 506 540 1169 1221 U430 U457 ,775 .822
1145 532 1228 U452 .814

YORK RESEARCH CORPORATION

STAMFORD, CONNECTICUT
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Gas Flow Rates

—
TABLE III
MILTON YOUNG - NORTH DAKOTA
VOLUMETRIC FLOW
Plant Duct Orsat Data
pate & Load Duct Temp. Moisture Actual Standard Dry
_Phase  Time ow) No. (°F) €02 0 CO Civ/v) _ (ACERMW) (SCRMD)
10/7 0830 251 1 309 15.8 4.2 .0 12.68 612,680 321,028
2 323 578,510 297,704
Baseline 0930 1 300 1u4.8 4.2 .2 605,370 320,954
2 565,080 300,384
1030 1 306 16.0 3.4 .1 15.1 585,480 299,442
2 309 587,860 299,u87
1130 1 291 16.0 3.6 .0 ‘594,490 310,715
2 302 598, 740 309,608
1230 1 284 16.0 3.7 .0 14.61 566,780 299,020
2 289 "572,050 300,941
1330 1 305 16.0 3.9 .1 - 587,617 302,665
2 269 576,313 310,305
1430 1 318 16.8 3.0 .1 573,772 290,595
2 259 - 558,764 306,216
10/8 0800 252 1 309 16.0 4.0 .0 10.3 605,485 326,036
2 327 597,826 313,336
Baseline 0900 1 321 16.0 4.1 .0 633,968 334,832
2 326 i 599, 884 316,028
1078 1030 251 1 319 16.3 3.5 .5 10.76 577,378 314,001
2 327 576,060 310,100
Low Air 1130 1 318 16.3 3.5 .2 590,710 313,850
2 317 576,187 305,474
10/8 1300 251 1 326 15.9 3.9 .2 12.7 628,967 331,114
2 333 600,809 314,584
Baseline 1400 1 324 16.2 3.1 .0 620,055 328,510
2 328 598,655 315,562
10/9 0800 252 1 310 16.0 3.8 .6 13.93 585,798 308,188
) 2 308 579,909 306,810
Baseline 0900 1 310 16.1 3.6 .3 581,799 306,083
2 314 591,353 310,667
10/9 1030 254 1 312 15.4 3.9 .2 12.82 625,679 332,550
2 320 : 610,680 322,458
High Air 1130 1 317 15.3 4.2 .0 614,890 325,935
2° 34l ' 631,539 323,512

YOrRK RESEARCH CORPORATION

STAMFORD, CONNECTICU
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TABIE III
. MILTON YOUNG - NORTH DAKOTA
VOLUMETRIC FIQW
(Continued)
Gas Flow Rates
Plant Duct Orsat.Data ‘
Date & Load Duct Temp. Moisture Actual Standard Drv
Phase  Time (W) No. (°F) CO2 05 CO _(wAV) (ACFMW) (SCRD)
10/9 1300 256 1 321 16.0 3.8 .2 12.7% 591,154 311,962
2 330 ; ‘ 615,137 319,931
Baseline 1400 1 328 16.0 3.7 .0 - 613,982 <7321,131>
S 2 34y 614,339 313,743
10/10 0800 252 1 313 16.3 3.8 .1 12.84 592, 804 311,518
2 326 601,542 312, 064
Baseline 0900 1 309 16.3 3.y .2 579,742 . 308,218
2 314 581,8%1 307,219
10710 1030 251 1 312 15.93.6 .3 12.21 618,847 327,605
2 326 591,600 308, 746
High Air 1130 1 319 15.7 4.1 .0 617,085 323,614
2 333 626,330 323,892
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III. PROCESS DESCRIPTION AND OPERATION

Milton R. Young Station #1 is a Zy+bﬂdsteam electric plant which
burns crushed lignite (%" size) in a boiler desinged by Babcock

~and Wilcox, using cyclone burners. There are a total of five

burners located on the front wall of the furnace. Crushed lignite
is fired tangentially into each burner at a high velocity creating
a vortex effect. The burner temperature is maintained at a
sufficiently high temperature to melt the fly ash and thereby
create a molten layer of ash on the inside surface of the burner.
The ash is continuously tapred from the burner and is drained out
through the bottom of the furnace. In order to maintain the

high temperatures within the burner relatively low excess air is
used. Additional air is added to the hot gases after they leave
the burners. This plant was put into operation in 1970 and, at
the present time, is the only operating cyclone design firing
lignite. However, three additional units, all 440 MW, are
currently under construction.
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V. SAMPLING AND ANALYTICAL PROCEDURES

The sampling at each plant consisted of the following tests:

Nitrogen Oxides - EPA Method 7
Nitrogen Oxides - NOx Analyzer

Orsat - EPA Method 3 -0
Moisture Determination - EPA Method U
.Velocity and Flow - EPA Method 2

Nitrogen Oxides

The Nitrogen Oxide emissions were determined by two methods.

The first was by use of grab flasks, following procedures outlined
in EPA Method 7 (Figure 3 ) the second method was by Thermo Electron
Corporation, nChemiluminescent NOx Analyzer".

The principle of operation for this analyzer involves a phenomenon
once classified as a laboratory curiosity. The chemiluminescent
reaction of NO and 03 provides the basis for this improved group
of instruments.

Light emission results when electrically excited NOp molecules
revert to their ground state.

To measure NO concentrations, the gas sample to be analyzed is
blended with 03 in a flow reactor. The resulting chemiluminescence
is monitored through an optical filter by a high sensitivity photo- ]
maltiplier positioned at one end of the reactor. The filter-photo-
miltiplier combination responds to light in a narrow wavelength
band unique to the above reaction. The flow parameters can be
adjusted in such a way that the output from the photomultiplier

is linearly proportional to the NO concentration.

To measure NOx concentrations, the sample gas flow is diverted
through an NOj-to-NO converter. The chemiluminescent response in
the flow reactor to the converter effluent is linearly proportioned
to the NOx concentration entering the converter. (See Figure =4)

Orsat

Gas composition was determined using leveling bottles and orsat
unit. Fach sample was integrated over a period of approximately
one hour (See Figure #5)

Moisture

The percent moisture in the flue gas was determined by fecllowing
procedures outlined in EPA Method U4 (see Figure 6)

Velocity and Flow

The velocity and flow at the sampling point was determined by
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Approximately .10 1bs of coal were coll
equally spaced over 2 +wo hour period.

pile.

reduced to two quarts.

collected to correspond with each excess ai
test phase. Each sample was riffled twice
each feeder and the pretained portion was &

A new

following procedures outlined in EPA Method 2 (See Figure 7).

ected from each feeder
coal sample was

change and baseline

after collection from
dded to the composite

At the end of each test the composite pile was then riffled and
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