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Table 7-23 for data obtained in the Southern Research laboratory, including vapor
samples from the impingers in the Multipfe Metals Train (Method 29), is 46%; that for
data obtained by a subcontractor (Brooks Rand), based on vapor samples from carbon
sorptive traps, is 106%. This comparison reinforces the repeated arguments
throughout this report for giving preference to the Brooks Rand analytical data.

For the major metals, the closures were much better. (There were no
components of these data resting on non-detections.) The minimum closure based on
average element flow rates was 85% for iron; the maximum was 129% for aluminum.

1.7 Emission Factors

The emission factors given in this report (Section 7.3) are based on stack
concentrations, thus reflecting whatever net control occurs in the spray dryer and the
baghouse. For trace metals, the emission factors range from a value less than 0.02
g/10'2 J for beryllium to a value exceeding 200 /1012 J for boron. The difference
between these extremes comes about because beryllium is supplied to the system at a
very low rate and is collected with high efficiency because it occurs measurably only in
the particulate matter, whereas boron is supplied as a high rate and it occurs mainly in
the gas phase. The emissions factors for the metals are as follows:

Emission.Factora_. ...

Elements g/1012 J Ib/1012 Btu
Antimony 0.018 £0.018 0.041 + 0.041
Arsenic 0.064 + 0.109 0.15+0.25
Barium 6.06 £ 1.97 14.1 £ 4.58
Beryllium <0.02 | < 0.04

Boron 262 +7 609 + 16
Cadmium 0.011 +0.010 0.026 £ 0.022
Chromium 0.045 + 0.027 0.10 £ 0.06
Cobalt <0.1 <0.3

Copper 0.42 + 0.09 0.98 +0.21
Lead 0.30 £ 0.09 0.70 £ 0.21
Manganese 4.85 + 0.58 11.3+4.4 )
Mercury ® 1.80 £ 0.30 4.18 £ 0.69
Molybdenum 0.62 £ 0.04 1.4 +0.08
Nickel <0.1 <0.3

Selenium <0.016 < 0.038
Vanadium 0.4510.18 1.0+£042

{4

a. The uncertainty factor is proportional to the standard deviation in
the stack concentration, just as the emission factor is propertional
to the stack concentration itself (see Table 6-38).

b. Based on concentrations found with carbon traps, not the Method
29 impingers (see Table 6-39),
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" 3.0 SITE DESCRIPTION
3.1 Power Plant Configuration

Springerville Generating Station Unit No. 2 is owned and operated by the
Tucson Electric Power Company (TEP), and is located near Springerville, Arizona. The
plant is a zero-discharge design, buming Stibbitiminous coal from the Lee Ranch Mine
in New Mexico. The coal has an average sulfur content of 0.7% and an ash content of
19%. Typical gross electrical generation at full load is 397 MW, and the net generating
capacity is approximately 360 MW. (During our testing Unit No. 2 was operated at
maximum capacity, with 322-MW gross and 383 net electrical output.) Unit No. 2
began commercial operation in 1990.

Figure 3-1 is a schematic process diagram for Unit No. 2. The Unit No. 2 boiler
was manufactured by Combustion Engineering (CE), and is a comer-fired, balanced-
draft design with o@air;forTedﬁEiﬁg"NGk;g_@ggig% Coal is fed to the boiler
through CE bowl mill pulverizers: Pyrite is separated from the coal in the pulverizers.
At fulf ioad, five or six pulverizers feed about 181 million g (200 tons) per hour of coal
into 24 bumers, and produce 1.2 billion g (2.6 million pounds) per hour of steam.
Approximately 22% of the coal ash is retained as bottom ash in the boiler. The bottom
ash is removed by a sluice. Soot blowers for the boiler walls are operated on a
continuous cycle, and the air heater soot blowers are operated once per shift (twice
daily). Pulverizer reject (pyrite) and bottom and economizer ash (sluice) are pumped to
dewatering bins, surface water is passed through screens in the bins, and retumed
back for sluicing operations. The dewatered solids are trucked to the ash disposal
area.

Unit No. 2 uses one cooling tower with thirteen cells and one dual-pressure,
single-shell condenser. The condensate is treated and recirculated. All makeup water
for the unit is obtained from a storage pond supplied by seven nearby wells, or other
waste water streams of the unit. Waste water is also treated on site and either sent to
evaporation ponds or used as makeup water for other unit processes.

Unit No. 2 uses a Joy/Niro designed Diy-Flue-Gas Desulfurization (FGD)
system. The system has three spray dryer absorber (SDA)-matiules, with one atomizer
per absorber. A small portion of the flue gas (about 15% at full load) bypasses the
SDA modules. Under normai conditions, at operation above 60% capacity, all three
SDA modules are in service. Fresh lime from Chemstar Lime of Nelson, AZ is slaked in
ball mills at the plant. The fresh lime milk has a lag time of one to two hours from the
lime milk storage tank to the injection through the atomizers. Seolids content for the
fresh lime slurry is maintained at 24%. The FGD system uses sorbent/ash recycie from
the baghouse to supplement the fresh lime sfurry. Recycle feed rate is adjusted to
control the temperature of the flue gases leaving the SDA modules to 71 °C (160 °F).
Solids content of the slurry feed at the atomizers is kept at about 50%. Air is entrained
into the bottoms of the SDA modules to limit solids dropout in the modules. Alf of the
fly ash and slurry residue pass through the SDA absorbers into the.baghouse inlet
ducts.
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Table 4-1

Flue Gas Samplingy_e_mods:ﬁ

Traverse/ Duration
Constituent Method Single Point minutes
In Out Stack
Day 1:
SDA Module A Inlets,
SDA Moduie A Outlet_& Stack:
Semi-volatile organics & PCDDs/PCDFs MMS/SwW8B46-0010 T 216 224 360
Volatile organics VOST 8§ 10,20,40 10,20,40 10,20,40
Aldehydes Impingers S ~45 ~45 ~45
Ammonia and Cyanide Impingers S ~45 ~45 ~45
Simulated plume (SVOC, acid gases) SRI diluter T - - 380
SDA Modules B and C:
Particle concentration M17 T 72 -
Gas flows M2 T - v
SDA Bypass;
Particle concentration M17 T 56
Gas flows M2 T v
Day 2:
SDA Medule A Inlets,
SDA Module A Outlet, & Stack:
Metals M29 T 196 168 360
Mercury Carbon trap S 50 50 50
Acid gases & Radionuclides M5 T 96 112 360
Particle size distribution Impactoricyclone Ta &0 40 1850
Size fractionated composition Dual cyclones TP - - 2760
Simulated plume (Metals, Hg) SR diluter T 360
SDA Modules B and C;
Particle concentration M17 T - 56
Gas flows M2 T v
SDA Bypass:
Particle concentration M17 T 56
Gas flows M2 T v
Days 1 & 2:
Bulk gas composition Orsat TC v v v

Notes:

a. U of W MK V Impactor at the stack, 5 Series Cyclone at the SDA inlet and outlet.

b. Stack only. Samples from 5 Series Cyclone train for particle size measurement used for the

other size-fractionated samples for trace metals anaiysis.

c. Integrated sample taken in conjunction with M5 type sampling.
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Table Ge3D. MeTien w-eeT

SOA Inlet SDA Outlet Stack
Trace metals po/N ug/Nm’ ug]Nm’
Antimony 8.0 17.0 <00
7 Arsenic 139 830 0.62
Barium 26,900 84,800 13.6
Beryllium 110 as2 <0.1
Boron 8,400 42,800 846
Cadmium 194 673 0.6
Chromium 668 2550
Cobalt 266 970
Copper 895
Lead 85.7 1.0
Manganese 6930 45.@
Mercury 11.4
Molybdenum 1.93
Nickel <0.4
Selenium <0.01
vanadiurm 1.0
g/Nm’ g/Nm’ pg/Nm’
1.87 6.67 123
0.406 5.57 6.62
e 0.542 1.90 3.12
@f & Magnesium 0.118 0.439 1.41
4 Tranium 0.090 0.308 0.839

*Rejected as an outlier — Dixon's 10%
vpejected as 3N outlier — Dixon's 5% signi
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Table 6-36. Metal Concentrations in Fiue Gas on June 5, 1993
SDA Inlet SDA Outlet Stack
Trace metais #G/Nm* aq/Nm® pQ/Nm®
Antimony 4.4 19.3 0.05
. Arsenic 233 924 <0.01
Barium 29,600 105,000 19.9
Berylliurn 113 385
Boron 10,700 44,500
Cadmium 220 759
Chromium 836 2760
Cobait 309 1080
Copper
Lead 0.88
Manganese 14.7
Mercury 9.02
Molybdenum 218
Nickel <0.4
Selenium <(0.054
Vanadium 14
a/Nm® g/Nm’ ug/Nm?
214 7.29 18.3
0.453 6.47 8.07
0.552 2.01 3.34
M‘agnesium 0.100 0.498 1.10
Titanium 0.134 0.342 0.734
*Rejected as an outlier — Dixon’s 10% significance level.
*Rejected as an outlier — Dixon's 5% significance level,

6-54




E )

D)

Table 6-37. Metal Concentrations in Flue Gas on June 8, 1993.

SDA Inlet SDA Outlet Stack

Trace metals pg/Nm® sg/Nm® #g/Nm?®

Antimony 8.0 18.4 0.12

Arsenic 1.8 901. <0.01

Barium 45,900 97,500 26.6

Beryflium 214° 389 <0.1

Boron 2,940 42,400

Cadmium 381 745

Chromium 1300 2810

Cobalt 1040

Copper

Lead

Manganese

Mercury

Molybdenum

Nickel

Selenium

Vanadium

g/Nm® Q/Nm® $@/Nm®
3.75 7.14 22.9
0.877° 6.11 10.9
1.03° 2.01 5.14°
ff; | _Magnesium 0.240 0.478 1.59
% Titanium 0.182 0.343 1.10

*Rejected as an outlier — Dixon's 10% significance level,

®*Rejected as an outlier —- Dixon’s 5% significance level.
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