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ERRATA
Page 4-5, delete sentence:

Two Universal Interloc Electric Analyzers are used to monitor
electrical conductivity. '

"

Page 7-11, delete section 7.9.1 and insert:
7.9.1 H Meters

The main problem (see Reference 1) associated with the Uniloc
Model 321 submersible pH meters I(Univers'a.l Interloc Inc., Santa
- Ana, Calif.) has been occasional scale formation on the probes '
which causes measurement error. The scale is removed by'rin,sing
- with HCl. All probes are routinely rinsed with water about twice

a week and calibrated when necessary on a less frequent schedule.

In April 1975, a continuous ultrasonic cleaner (a Uniloc add-on) =
was installed on the venturi/s‘pray tower inlet pH meter to aid

in the prevention of scale buildup. Although the device has operated



Errata -
EPA-600/2-75-050 -2-

for less than a month, due to the unit No. 10 boiler outage, it
appears to have significantly lreduced scale buildup. During this
period of scaling operation, scale was removed daily from pH
probes. On the probe with the ultrasonic cleaner, once every

five days was sufficient.
Page 7-12, delete last paragraph and insert:

Both rubber and Flakeline coatings have shown very little erosion
or deterioration. Successful repairs have been made using
Epoxylite-203 (Epoxylite Corp., Anaheim, Calif.), an epoxy resin
formulated with selected fillers making a paste maiterial. The

resin is cured with No. 301 amine hardener. A patch on the Qenturi/ i
sp'ray tower effluent hold tank agitator blade has shown littie

wear after over 9000 hours.
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ABSTRACT

This report presents the results of advanced program testing per-
formed from October 1974 through April 1975 on a prototype lime/
limestone wet-scrubbing test facility for removing SO and particulates
from coal-fired boiler flue gases. The test facility is located at TVA's
Shawnee Power Station, Paducah, Ker;tucky. Tests were conducted on
two parallel scrubber systems, a venturi/spray tower in lime service
and a Turbulent Contact Absorber (TCA) in limestone service, each
with a 30,000 acfm (10 Mw equivalent) flue gas capacity. The primary

objective was to achieve reliable operation of the mist eliminators.

The venturi/spray tower system was maintained esseﬁtially clean in
an 823-hour run in lime service afi 8.0 ft/sec superficial gas velocity
and 8 percent slurry solids concentration. In this run the 3-pass,
open-vane chevron mist eliminator was intermittently washed on both

topside and underside with makeup water.

The TCA system was operated successfully in an 1835-hour run in
limestone service at 8.6 ft/sec superficial gas velocity and 15 percent
élurry gsolids concentration, The TCA mist elimination unit consisted
of a Koch Flexitray in series with a 6-pass, closed-'vane chevron

mist eliminator, both with underside wash.

Both scrubber systems operated with better than 99 percent particulate
removal efficiency and with outlet grain loadings of 0.01 to 0.03
grains/scf. Pressure drop tests were made on the TCA and a cor-

relating equation is presented.

iii



ACKNOWLEDGEMENT

The following Bechtel personnel were the principal contributors to the

preparation of this report:

Dr. M. Epstein, Project Manager

A.H. Abdul-Sattar C. C. Leivo
D. A. Burbank R. G. Rhudy

J. S. DeGuzman C. H. Rowland
Dr. H., N. Head L, Sybert

Dr. J. A, Hoiberg Dr. S C. Wang

The authors wish to acknowledge the various personnel from the
Environmental Protection Agency and the Tennessee Valley Authority

who also contributed to the preparation of this report.

The authors also wish to acknowledge the contributions of the Bechtel

and TVA on-site personnel at the Shawnee Test Facility.

iv



Section‘

1

CONTENTS

SUMMARY

1.1 Venturi/Spray Tower Lime Reliability
Test Results

1.2 TCA Limestone Reliability Test Results
1.3 Operating Experience
1.4 Particulate Removal Test Results

1.5 TCA Pressure Drop Data
INTRODUCTION

TEST FACILITY

3.1 Scrubber Selection -

3.2 System Description

3.3 EPA Pilot Plant Support

TEST PROGRAM

4.1 Test Program Objectives and Schedule
4,2 Closed Liquor Loop Operation

4.3 Analytical Program

4,4 Data Acquisition and Processing

VENTURI/SPRAY TOWER LIME RELIABILITY
TEST RESULTS

5.1 Performance Data and Test Evaluation
5.2 Material Balances
5.3 Conclusions

TCA LIMESTONE RELIABILITY TEST RESULTS

6.1 Performance Data and Test Evaluation

6.2 Material Balances-

6.3 Conclusions

1-3
1-4
1-6
1-10
1-10

3-1
3-1
3-6
3-9

5-1
5-1
5-19
5-21

6-1
6-1
6-23
6-25



Section ' Page

7 OPERATING EXPERIENCE DURING

LIME/LIMESTONE TESTING 7-1
7.1 Mist Elimination Systems 7-1
7.2 Scrubber Internals '7-3
7.3 Hot-Gas/Liquid Interface '7-5
7.4 Reheaters 7-6
7.5 Fans 7-7
7.6 Pumps 7-7
7.7 Waste Solids Handling 7-8
7.8 Alkali Addition Systems 7-9
7.9 Instrument Operating Experience 7-11
7.10 Lining Materials 7-1;
8 PARTICULATE REMOVAL TEST RESULTS 8-1
9 ANALYSIS OF TCA PRESSURE DROP DATA 9-1

10 REFERENCES 10-1

vi



Appendices

A

B

Converting Units of Measure
Scrubber Operating Periods
Properties of Raw Materials

Graphical Operating Data from Venturi/Spray
Tower Lime Reliability Tests

Average Liquor Compositions for Venturi/Spray
Tower Lime Reliability Tests

Graphical Operating Data from TCA
Limestone Reliability Tests

Average Liquor Compositions for TCA
Limestone Reliability Tests

Definition of Statistical Terms

Page

A-1



3-3

3-4

ILLUSTRATIONS

Schematic of Venturi Scrubber and Spray Tower
Schematic of Three-Bed TCA Scrubber
Test Facility Mist Eliminator Configurations

Typical Process Flow Diagram for Venturi/Spray
Tower System

Typical Process Flow Diagram for TCA System
Shawnee Advanced Test Schedule

Pressure Drop Across the Four-Grid TCA
Without Spheres

Pressure Drop Across the Four-Grid, Three-Bed
TCA with Five Inches of HDPE Spheres per Bed

Pressure Drop Across the Four-Grid, Three-Bed
TCA with Five Inches of TPR Spheres per Bed

Pressure Drop Across the Four-Grid, Three-Bed
TCA with Seven and One-Half Inches of TPR
Spheres per Bed

Comparison of Experimental Data and Predicted

Values of Pressure Drop for the Four-Grid,
Three-Bed TCA

viii

_E_age

9-4

9-5

9-6

9-7



Table

4-1
5-1
5-2
6-1

6-2

8-2

TABLES

Field Methods for Batch Chemical Analysis
of Slurry and Alkali Samples

Summary of Lime Reliability Tests on
Venturi/Spray Tower System

Summary of Material Balances for Sulfur and
Calcium from Lime Reliability Tests

Summary of Limestone Reliability Tests on

-TCA System

Summary of Material Balances for Sulfur and
Calcium from Limestone Reliability Tests

Overall Particulate Removal in Venturi/Spray
Tower During Lime Reliability Tests

Overall Particulate Removal in TCA Scrubber
During Limestone Reliability Tests

ix

5-2
5-20
6-2
6-24
8-2

8-3



Section 1

SUMMARY

This is the initial report on an advanced test program conducted by

the Environmgntal Protection Agency (EPA) to test pfototype lime and
limestone wet-scrubbing systems for removing sulfur dioxide and
particulate matter from coal-fired boiler flue gases., It covers the
period from October 1974 through Afril 1975. Results of an earlier
test program have been reported in EPA-650/2-75-047. The program
is being conducted in a test facility integrated into the flue gas ductwork
of boiler No. 10 at the Tennessee Valley Authority (TVA) Shawnee
Power Station, Paducah, Kentucky. Bechtel Corporation of San
Francisco is the major contractor and test director, and TVA is the

constructor and facility operator.

There are two parallel scrubbing systems being operated during the

advanced test program:

e A venturi followed by a spray tower

e A Turbulent Contact Absorber (TCA)

Each system is capable of treating approximately 10 Mw equivalenf

* .
(30,000 acfm @ 300°F) of flue gas containing 1500 to 4500 ppm sulfur

" :
Although it is the policy of the EPA to use the Metric System for quan-

titative descriptions, the British System is used in this report. Readers
who are more accustomed to metric units are referred to the conversion

table in Appendix A.
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dioxide and 2 to 4 grains/scf of particulates. During this reporting
period, the venturi/spray tower has operated on lime and the TCA

on limestone.
Objectives during the advanced test program are:
° To continue long-term testing with emphasis on operation of

mist elimination systems.

° To investigate advanced process and equipment design varia-
tions for improving system reliability and economics.

° To evaluate ways of increasing limestone utilization, improv-
ing waste solids separation, and reducing waste sludge production.

° To evaluate variable load scrubber operation.

e To evaluate ‘existing technology for producing a waste sludge
with improved properties.

° To evaluate system performance and reliability without fly
ash in the flue gas.

) To determine practical upper limits of SO, removal efficiency.

° To evaluate the TCA with lime and the venturi/spray tower
with limestone.

® To characterize stack gas emission.

] To evaluate, under the direction of TVA, corrosion and wear
of equipment components and materials.

° To develop a computer program, in conjunction with TVA,

for the design and cost comparison of full-scale lime and
limestone systems.
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1.1 VENTURI/SPRAY TOWER LIME RELIABILITY TEST RESULTS

Lime reliability tests were conducted on the adjustable throat venturi
scrubber followed by a 4-header spray tower. The spray tower had a
3-pass, open-vane chevron mist eliminator with provision for both

underside and topside intermittent washing,

Scale-free operation with a clean mist elimination system was achieved

in an 823 hour run under the folloning conditions (Run 624-1A):

Spray tower gas velocity ' 8.0 ft/sec
Venturi liquid-to-gas/ratio : 25 gal/mecf
Spray tower liquid-to-gas ratio 50 gal/mecf
Percent solids recirculated 8

Effluent residence time ‘ 17 minutes
Scrubber inlet slurry pH (controlled) 8.0

SO, removal was 70 to 87 percent at én inlet SO, concentration range

of 2250 to 3750 ppm, lime utilizétion was 90 percent, and total pressure
drop was 13 inches H,0 including the mist elimination systerﬁ and 9
inches HZO across the venturi. Scale-free operation was expected
because the sulfate (gypsum) saturation of the scrubber efflluent liquor
was 120 percent. Earlier tests have shown that sulfate scale is a

significant problem only if sulfate saturation exceeds about 135 percent.

During Run 624-1A, the mist eliminator was kept clean by a combina-
tion of intermittent underside wash and sequential tbpside wash, both
with makeup water. The underside wash rate was 3 gpm/ft2 at 45 psig
for 8 minutes every 4 hours. The topside wash was accomplished by
operating 6 nozzles in sequence. Every 80 minutes, one nozzle was

activated for 4 minutes at a rate of 0.5 gpm/ft% at 13 psig.
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A 4-pass, closed-vane, cone-shaped chevron mist eliminator was
tested during 4 runs (611-1A, 618-1A, 619-1A, and 621-1A), but it

continually plugged and further tests will not be made.

Tests have shown that sulfate saturation, and thus potential for sulfate

scale, can be reduced by:

e Increasing scrubber slurry solids concentration (Run 603-1A
versgus 601-1A).

° Increasing effluent residence time (Run 622-1A versus 619-1A),

¢ Adding makeup lime to the scrubber downcomer rather than
to the effluent hold tank (Run 609-1A versus 610-1A).

Run 611-1A has demonstrated that the scrubber can operate unsaturated
with respect to sulfate by adding magnesium ion (MgQ) to the circulating
slurry. Gypsum scale from previous operation dissolved during this

run.
1.2 TCA LIMESTONE RELIBILITY TEST RESULTS

The TCA scrubber was operated with 3 beds of 1 1/2-inch, 5-gram
spheres, each 5 inches deep. The mist elimination system consisted
of a 6-pass, closed-vane chevron mist eliminator preceded by a Koch

Flexitray used as a wash tray,

Reliable opération of the TCA and its mist elimination system in lime-
stone slurry service was demonstrated during Runs 535-2A and 535-2B,

which continued for 2325 hours without cleaning the mist eliminator.
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Test conditions were:

TCA gas velocity 8.6 ft/sec
Liquid-to-gas ratio 73 gal/mcf
Percent solids recirculated ' 15
Effluent residence time 15 minutes
Percent SO2 removal (controlled) 84

Inlet SO2 concentration ranged from 2000 to 4000 ppm, scrubber inlet
liquor pH ranged from 5.7 to 6,1, limestone utilization was 65 percent,
and total pressure drop was 6 to 7 inches including the mist elimination
system, Sulfate saturation of the scrubber exit liquor averaged 110
percent., This is below the level of 135 percent predicted from earlier

tests as being the point above which sulfate scale is a significant problem.

In Run 535-2A, the mist eliminator was washed continuously on the
underside at 0, 3 gpm/ﬂ:2 (15 gpm) with a mixture of process liquor
and mai(eup water containing 40 percent process liquor. The Koch
tray was fed with the mist eliminator wash plus 9 gpm clarified liquor,
The underside of the Koch tray was sparged with 125 psig steam for

1 minute each hour,

Solids buildup on the walls between the Koch tray and the slurry spray
'nozzles, which had been a problem in Run 535-2A and previous runs
was eliminated during Run 535-2B by replacing the steam spa'rgeAr with
a single-nozzle underspray using Koch tray effluent. The'underspray
had sufficiently wide coverage to flush both the Koch tray and the

adjacent walls.
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In subsequent runs at higher scrubber gas velocities, soft solids tended
to build up on the chevron mist eliminator. In Run 538-2A at 10 ft/sec,
the mist eliminator was 8 percent restricted after 562 operating hours.
In Run 539-2A at 12 ft/sec, the mist eliminator was 11 percent restricted
after 215 hours.

During Run 539-2A, the scrubber recirculation liquor was unexpectedly
low in sulfate concentration (only 25 percent of saturation), and sulfite
scaling occurred on most scrubber surfaces below the Koch tray. A
series of exploritory runs indicated that these conditions were probably
caused by a relatively high scrubber liquor pH (~ 6.0 at the scrubber
inlet) and a relatively low liquid-to-gas ratio (43 gal/mef). Liquid-
to-gas ratio in this run was limited by flooding at the 12 ft/sec gas
velocity. The causes for unsaturated operation during Run 539-2A

are being further investigated at the EPA pilot facility in Research
Triangle Park, North Carolina.

1.3 OPERATING EXPERIENCE

Mist elimination systems have already been discussed. This section

covers other aspects of scrubber system operations.

1.3.1 Scrubber Internals

The 5-gram thermoplastic rubber (TPR) spheres used in the TCA
‘had a weight loss of only 11.5 percent in 3784 hours of service (2757
hours at 8.6 ft/sec and 1027 hours at 10 ft/sec gas velocity). Five-
grafn high-density polyethylene (HDPE) spheres failed after about
1100 hours of service (800 hours at 12 ft/sec and 300 hours at 8.6

ft/sec gas velocity).
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The 316 stainless steel bar-grids in the TCA have shown no evidence
of erosion after 9000 hours of operation. The 316 stainless steel slurry
spray nozzles, operating with 15 percent slurry solids at 5 psi pressure
drop, have shown no evidence of erosion after 4500 hours of operation.

.
In the spray tower, stellite tips on the spray nozzles have shown
negligible wear after 7200 hours of slurry service at 10 psi pressure:
drop and 8 percent slurry solids. A 15 percent weight loss has been

observed, however, in the 316 stainless steel nozzle bases.

Some erosion and stress cracking has beenobserved inthe venturi
scrubber. Successful repairs have been made by welding the cracks

and covering eroded areas with neoprene rubber.

1.3.2 Hot-Gas/Liquid Interface

The TCA flue gas cooling system consists of 3 slurry spray nozzles
in the flue gas inlet duct and a soot blower. Soot blowing frequency
was successfully reduced during this reportirig period from once every

4 hours to once a day.

1.3.3 Reheaters

The reheater on the venturi/spray tower includes a fuel-oil-fired
external combustion chamber. This unit has operated with few problems
for over 7000 hours. The inlined-fired reheater on the TCA was
modified duririg the May 1975 boiler outage to incorporate an external

combustion chamber.



1.3.4 Fans

No significant problems occurred with fans during the current reporting

period.

1.3.5 Pumps

Frequent packing failure has been a problem on 50 to 100 gpm rubber-
lined centfigugal pumps in slurry service. Adequate purge air cannot
be maintained on the air flushed seals without vapor locking the pumps.
Failures have been less frequent on larger pumps because the purge
air volume is small compared with the pump capacity. A mechanical

seal is scheduled for testing on the smaller pumps.

Moyno pumps for feeding 60 wt % limestone slurry are purposely over-
sized and allowed to wear until flow can no longer be maintained.
Typical operating life has been 2000 hours for a rotor and 1000 hours

for a stator.

1.3.6  Waste Solids Handling

The Maxibelt rotary drum vacuum filter was converted to a single
roll type with air blowback and scraper discharge in February 1975,
With the new arrangement operating experience has been too limited

to predict accurate cloth life.
The éentrifuge was operated intermittently for 1745 hours during the

current reportihg period. Significant wear was noted during the May

1975 boiler outage but no repairs were made.
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The TCA clarifier was overloaded at times during scrubber operation
at 12 ft/sec gas velocity. The feed well was extended during the May

1975 boiler outage to improve overflow clarity.

1.3.7 Alkali Addition Systems

The lime addition system has operated reliably for over 9000 hours.
After modifications early in the program, the limestone addition

system has given satisfactory service for almost 7000 operating hours.

1.3.8 Instruments

A continuous ultrasonic cleaner has been used successfully to reduce
'scale buildup to routine weekly cleaning on a submersible pH probe in

slurry service.

Several failures have been experienced with Scothane and Adiprene-L
linings in 1 1/2-inch magnetic flowmeters. No difficulties have been
experienced with larger meters lined with neoprene or smaller meters

lined with Teflon. The 1 12/-inch flowmeters will be relined with Teflon.

1.3.9 Lining Materials

Both neoprene rubber and Flakeline 103 linings have shown excellent
resistence to erosion and deterioration. Epoxylite-203 has been used

successfully for lining repairs.
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1.4 PARTICULATE REMOVAL TEST RESULTS

Overall particulate removal efficiencies were measured periodically
during the lime/limestone reliability testing. For the venturi/spray
tower system, particulate removals of 99.0 to 99. 3 percent were

obtained with outlet grain loadings ranging from 0.015 to 0. 024 grains/scf.

For the TCA system, particulate removals ranged from 99.0 to 99.7
with outlet grain loadings of 0,010 to 0.029 grains/scf.

1.5 TCA PRESSURE DROP DATA

During February and March 1975, a series of tests were made to obtain
pressure drop data for a 3-bed, 4-grid TCA configuration. Pressure
drop was determined as a function of gas velocity, liquid rate, sphere
bed height, and type of spheres. It was found that flooding occurred

at an overall pressure drop of 8 to 10 inches HZO° Pressure drop

was independent of type of sphere (5-gram HDPE versus TPR).

The data for non-flooding conditions were fitted to a correlaing equation.
This equation replaces a correlation developed earlier for the for
the TCA system with wire mesh grids, Bar-grids are presently used

in place of the wire mesh grids..
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Section 2

INTRODUCTION

In June 1968, a program was initiated under the direction of the
Environmental Protection Agency (EPA)* to test a prototype lime and
limestone wet-scrubbing system for removing sulfur dioxide and par-
ticulates from flue gases. The system was integrated into the flue

gas ductwork of a coal-fired boiler at the Tennessee Valley Authority
(TVA) Shawnee Power Station, Paducah, Kentucky. Bechtel Corporation
of San Francisco was the major contractor and test director, and TVA

was the constructor and facility operator,

The test facility consisted of three parallel scrubber systems: (1) a
venturi followed by a spray tower, (2)a Turbulent Contact Abaorber (TCA),
and (3) a Marble-Bed Absorber. Each system was capable of treating
approximately 10 Mw equivalent (30,000 acfm @ 300°F) of flue gas
containing 1500 to 4500 ppm sulfur dioxide and 2 to 4 grains/scf of

particulates.

The results of testing at the facility during the original program, which
lasted from March 1972 to October 1974, are presented in Reference 1.

The most significant reliability problem encountered during the testing

e .
The National Air Pollution Control Administration prior to 1970.



pz;ogram was associated with scaling and/or plugging of mist elimination
surfaces. The TCA rﬁist elimination system consisted of a wash tray

in series with a chevron mist eliminator, both with underside washing.
Long-term operability of this system was demonstrated at a scrubber
gas velocity of 8.6 ft/sec. * The venturi/spray tower mist elimination
system consisted of a chevron mist eliminator with underside washing
Long-term operability of the venturi/spray tower system was not
demonstrated. Operation of the Marble-Bed Absorber was discontinued

in July 1973 (see Reference 1).

In June 1974, the EPA, through its Office of Research and Development
and Control Systems Laboratory, initiated a three-year Advanced Test
Program at the Shawnee Faciltiy. Bechtel Corporation continued as

the major contractor and test director, and TVA as the constructor and
facility operator. The major goals established for the advanced program
were: (1) to continue long-term testing with emphasis on demonstrating
reliable operation of the mist elimination systems, (2) to investigate
advanced process and equipment design variations for improving system
reliability and proceés economics, and (3) to perform long-term (2 to

5 month) reliability testing on promising process and equipment design

variations.

This report presents the results of advanced testing at the Shawnee

facility ffom October 1974 through April 1975. During this period,

>FIn this report, all gas velocities and liquid-to-gas ratios are at scrub-
ber operating conditions, i.e., saturated gas at scrubber temperature.
With flue gas operations, the scrubber temperature is approximately
125°F. The gas velocities are all superficial velocities.



the ventur‘i/spra.y' tower has been operated on lime while the TCA has

"been on limestone. Testing has been conducted, primarily, to evaluate

the operability of modified venturi/spray tower and TCA mist elimination

systems at increased gas velocities.
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Section 3

TEST FACILITY

Two parallel scrubbing systems are being operated during the advanced

testing program., Scrubbers incorporated in these systems are:

(1) A venturi followed by a spray tower
(2) A Turbulent Contact Absorber (TCA)

Each system has its own slurry handling facilities and is capable of
treating approximately 30, 000 acfm of flue gas from the TVA Shawnee
coal-fired boiler No. ld. This gas rate is equivalent to apiproximately
10 Mw of power plant generating capacity.

Boiler No. 10 normally burns a high-sulfur bituminous coal which
produces SO, concentrations of 1500 to 4500 ppm and inlet particulate
loadings of 2 to 4 grains/scf in the flue gas.

3,1 SCRUBBER SELECTION

The major criterion for scrubber selection was the potential for removing
both sulfur dioxide and particulates at high efficiencies (sulfur dioxide
removal greater than 80 percent and particulate removal greater than

99 percent). Other criteria considered in the selection of the scrubbers

were:
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e  Ability to handle slurries without plugging or excessive scaling
° Reasonable cost and maintenance
® Ease of control

° Reasonable pressure drop

The venturi/spray tower and the TCA were chosen to meet these criteria,
The venturi scrubber (maﬁufactured by Chemical Construction Corp. )
contains an adjustable throat that permits control of pressure drop under
a wide'range of flow conditions. The venturi is an effective particulate
removal device, but it has limited capability for gas absorption in lime/
limestone systems because of low slur'ry residence time. For this reason, .
the spray tower was included for additional absorption capability., The
TCA scrubber (manufactured by Universal Oil Products and described
in Reference 2) utilizes a fluidized bed of 1 1/2-inch -diameter, 5-gram

hollow spheres which are free to move between retaining grids.

Figures 3-1 and 3-2 (drawn with major dimensions to scale) show the
two scrubber systems along with the mist elimination systems selected
for de-entraining slurry in the exit gas streams. The chevron mist
eliminators used during the testing onthe two scrubber systems are
depicted, to scale, in Figure 3-3. The cross-sectional are# of the
TCA scrubber is 32 ftZ in the scrub-bing‘ section and 49 ft% in the mist
elimination section. The cross-sectional area of the spray tower is
50 ft in both the scrubbing section and the mist elimination section.

Future planned modifications to the scrubber and mist elimination

systems are discussed in Section 4.
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3.2 SYSTEM DESCRIPTION
The Shawnee test facility contains five major areas:

(1) The scrubber area (including tanks and pumps)

(2). The operations building area (including laboratory area, elec-
trical gear, centrifuge, and filter)

(3) The thickener area (including pumps and tanks)

(4) The utility area (including air compressors, air dryer, lime-
stone storage silos, mix tanks, gravimetric feeder, and pumps)

(5) The pond area

The test facility has been so designed that a varied number of different
scrubber internals and piping configurations can be used with. each
scrubber system. For example, the TCA scrubber can be operated
with one, two, or three beds of spheres or with only the support grids.
Solid separation can be achieved with a clarifier alone or with a clarifier

in combination with a filter or a centrifuge.

Typical system configurations for lime testing with the venturi/spray
tower and limestone testing with TCA scrubber are shown schematically
in Figures 3-4 and 3-5, respectively. Such process details as flue gas

saturation (humidification) sprays are not shown.

For both systems, gas is withdrawn from the boiler ahead of the power
plant particulate removal equipment so that all the entrained particulate
matter (fly ash) can be introduced into the scrubber. The gas flow rate

to each scrubber is measured by venturi flow meters and controlled by
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dampers on the induced-draft fans. The concentration of sulfur dioxide
.in the inlet and outlet gas streams is determined continuously by Du Pont

photometric analyzers.

The scrubbing systems are controlled from a central graphic panelboard.
An electronic data acquisition system is used to record the operating

data. The system is hard wired for data ou"cput in engineering units
directly on magnetic tape. On-site display of selected information is
available, Important process control variables are continﬁously recorded.,
Trend recorders are provided for periodic monitoring of selected data

sources.
3.3 EPA PILOT PLANT SUPPORT

Two smaller scrubbing systems (300 acfm each), which are capable

of operating over a wide range of \co‘nditions, have been installed at the
EPA facility in Research Triangle Park, North Carolina. The small
pilot scale scrubber systems are capable of simulating the Shawnee
scrubber systems with excellent agreement in the lime/limestone
wet-scrubbing chemistry. Preliminary data is generated on the pilot
scale system to verify and guide the selection of those'pronﬁsing_ concepts
which should logically be investigated on the larger scaie Shawnee units,
Some of the results from the support program have been presented in

References 3 and 4, \
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Section 4

TEST PROGRAM

This section contains a description of the Shawnee Advanced Test Program,

which is tentatively scheduled to run from June 1974 through June 1977.

4.1

TEST PROGRAM OBJECTIVES AND SCHEDULE

The goals of the test program are:

(1)

(2).

(4)

To continue long-term testing with emphasis on demonstrating
reliable operation of the mist elimination systems.

To investigate advanced process and equipment design varia-

tions for improving system reliability, For example, testing
will be conducted with magnesium ion (MgO) addition in order
to operate the scrubber systems with liquors unsaturated with
respect to calcium sulfate (see Reference 3).

To investigate advanced process and equipment design variation
for improving system economics. For example, testing will
be conducted to investigate the practical upper limit of the

gas velocity (i. e.', minimum scrubber size) at which the scrub-
ber mist elimination systems can be reliably operated. Also,
tests will be conducted to evaluate system performance under
conditions of minimum energy consumption for the desired
levels of SO, and particulate removal.

To evaluate process variations for substantially increasing
limestone utilization and reducing sludge production. Tests
will be conducted with scrubbér effluent passing through three



(5)

(6)

(7)

(8)

(9)

(10)

(11)

stirred tanks in series to approach a ''plug-flow' condition
and at reduced scrubber liquor pH to increase limestone
utilization (see Reference 4).

To perform long-term (2 to 5 month) reliability testing on
advanced process and equipment design variations.

To evaluate scrubber operability during variable load (e.g.,
cycling gas rate) operation.

To investigate methods of improving waste solids separation.
This may include testing of a multiple-plate thickener, use of
coagulants, attempts to relate sludge characteristics to operating
conditions, and operational improvements of the centrifuge

and filter.

To determine the effectiveness of existing technology for pro-
ducing an improved throwaway sludge product. Tests will be
conducted to evaluate schemes for oxidizing sludge to calcium
sulfate (gypsum)/fly ash mixtures, in order to improve solids
settling characteristics and to reduce the chemical oxygen
demand (COD) of the sludge.

To evaluate the effectiveness of three commercially offered
sludge fixation processes and of untreated sludge disposal.
Fixed sludges (Chemfix, Dravo, and IUCS) and untreated lime
and limestone sludges are being continuously monitored in
ponds at the Shawnee site. Aerospace Corporation is the
major contractor andtest director for this effc_)rt'.‘

To evaluate system performance and reliability without fly

‘ash in the flue gas. Tests will be conducted with flue gas

taken downstream of the Shawnee Boiler No. 10 electrostatic
precipitator, i.e., with less than 0.1 grain/scf of part1cu1ate
in the inlet flue gas.

To determine the practical upper limits of SO, removal
efficiency. Tests will be conducted to determine the practical
upper limit of SO, removal by increasing the scrubber slurry
pH, increasing the slurry rate, increasing ‘the scrubber gas
pressure drop, and adding magnesium ion (MgO) to the slurry.



(12) To evaluate the TCA performance with lime and the venturi/
spray tower performance with limestone.

(13) To characterize stack gas emissions including outlet particulate
mass loading and size distribution, slurry entrainment, and
total sulfate emissions,

(14) To evaluate, under the direction of TVA, corrosion and wear
of alternative plant equipment components and materials.

(15) To develop a computer program, in conjunction with TVA, for
the design and cost comparison of full-scale lime and limestone
- systems.

The test program schedule, based on the defined objectives, is presented
in Figure 4-1. As can be seen in the figure, as of the May 1975 boiler
outage, tests were in progress to demonstrate reliability of mist
elimination systems at increased gas velocity, i.e., at 8.0 ft/sec

in the spray tower and 12 ft/sec in the TCA.
4.2 CLOSED LIQUOR LOOP OPE.RATION

A closed liquor loop is achieved when the raw water input to the system
is equal to the water normally exiting the system in the settled sluge
and in the humidified flue gas. For lime/limestone wet-scrubbing
systems, the solids concentration in the settled sludge is normally
equal to or greater than'38 percent by weight, If wagte solids are
purged at a concentration below 38 percent or if a separate liquor
purge is taken, then the system.is considered to be in open liquor

loop operation,
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With few exceptions, the advanced program tests are being conducted
in closed liquor loop operation. The exceptions are typically short
exploritory runs with limited objectives. They will be noted as open

liquor loop tests when they occur,
4,3 ANALYTICAL PROGRAM

~Samples of slurry, flue gas, limestone, lime, and-coal are taken
periodically for chemical analyses, particulate mass loading, and
limestone reactivity tests during the testing. Locations of slurry and
gas sample points are shown on Figures 3-4 and 3-5, A summary of
the analytical methods for determining important species in the slurry
solids and slurry liquor is presented in Table 4-1, A laboratory
procedures manual is being developed for distribution on request by
the end of the year, Alli_sting of the compositions of the raw materials

used in the testing program is presented in Appendix C.

Four Du Pont photometric analyzers are used for continuous SO2 gas
analyzing at the inlets and outlets of both scrubbers. Values of pH

are monitored with Universal Interlox pH analyzers. Scrubber inlet

and outlet liquor pH and Koch Tray outlet liquor pH are monitored
"continuously. Process water hold tank pH is monitored periodically.
Two Universal Interlox electrolytic analyzers are used to monitor
electrical conductivity. A modified EPA particulate train (manufactured
by Aerotherm/Acurex Corporation) is used to measure mass loading

at'the scrubber inlets and.outlets.
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Table 4-1

FIELD METHODS FOR BATCH CHEMICAL ANALYSIS
OF SLURRY AND ALKALI SAMPLES

SPECIES DESIRED

FIELD METHOD

- SOLIDS A LIQUIDS

Sodium
Potassium
Calcium
Magnesium

Sulfite

Total Sulfur
Carbonate -
Chlorides

- ‘ Atomic Absorption
- : Atomic Absorption

X-ray Fluorescence Atomic Absorption
X-ray Fluorescence Atomic Absorption
Amperometric Titration Amperometric Titration
X-~ray Fluorescence ' Ba(ClO4)2 Titration
Evolution ' Infrared Analyzer

- Potentiometric Titration




4.4 DATA ACQUISITION AND PROCESSING

Operating and analytical data are recorded automatically onto magnetic
tapes at the test facility. Additional data are recorded manually in
operating logs and graphs by on-site personnel. All data are sent to
the Bechtel Corporation offices in San Francisco for processing. In
San Francisco, data received from the test facility are entered into

a data base. The data is sorted, further calculations made (e. g.,
percent sulfite oxidation, stoichiometric ratio), and reports are pre-
pared which present the data covering a specified period for a given
scrubber. After startup problems, the data gathering system has

functioned well in providing an up-to-date log of the scrubber operations.

4.4.1 Operating Data (Scan Data Acquisition)

Over 150 pieces of scan data (flow rate, temperature, pH, etc.)

are recorded automatically at fixed time intervals onto magnetic tape
at the test facility. The scan data acquisition system was designed

and installed by Electronic Modules Corporation, and the tape recorder
was supplied by Cipher Data Products Corporation., A backup printed

record on paper tape is available if the recorder malfunctions.

4,4.2 Analytical Data

The analytical data acquisition system, which records the results of
laboratory analyses on magnetic tape, was designed and (in part) in-
stalled by Radian Corporation. A mini-computer receives inputs,

either directly from laboratory instrumentation or indirectly by reading



cards. The mini-computer performs certain calculations and enters
the resultant data on magnetic tape. The system generates, on-site,

a printed summary sheet of analytical data for each sample.
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Section 5

VENTURI/SPRAY TOWER LIME RELIABILITY TEST RESULTS

Performance and analytical data from lime reliability testing on the
venturi/spray tower system from October 1974 through Apz;il 1975
are presented in this section, along with an evaluation of each test
and the conclusions drawn, to date. Results of lime reliability tests |

prior to October 1974 have been reported in Reference 1.
5.1 PERFORMANCE DATA AND TEST EVALUATION

A summary of the test conditions and results of lime reliability tests
on the venturi/spray tower is presented in Table 5-1, * Properties

of raw matgrials such as lime and coal used during the tests can be
found in Appendix C., Selected operating data for tests which lasted
more than one week are graphically presented in Appendix D, Average
scrubber and clarifier overflow liquor compositions and the corres-
ponding calculated percent sulfate (gypsum) saturations are given in
‘Appendix E, ok An evaluation and discussion of each test is presented

in the following sections.

—
‘Lime reliability runs made prior to October 1974 have been included
in this table.

¢ sy
> The degree of liquor saturation with CaSO4° ZHZO at 50°C was cal-

culated with the use of the Bechtel modified Radian program. See
Reference 1 for a listing of this program.
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Table 5-1

SUMMARY OF LIME RELIABILITY TESTS
ON VENTURI/SPRAY TOWER SYSTEM

Rua No, 601-1A 602-1A 603-1A
Start-of-Run Date 10/9/73 3/18/74 4/2/74
End-of-Run Date . 1/8/74 4/1/74 4/19/74
On Stream Hours 2153 193 398
Gas Rate, acfm @ 330°F 26,000 25,000 25,000
Spray Tower Gas Vel, fps @ 125°F 6.7 6.7 6,7
Venturi/Spray Tower 600/1200 600/1200 600/1200
Liquor Rates, gpm

Spray Tower L/G, gal/mef 60 60 60
Percent Solids Recirculated 7-9 7.8-9.8 13.8-16
Effluent Residence Time, min, 12 12 12

Solids Disposal System

Clarifier Only  Clarif & Intermittent Clarifler & Filter

Clarifier & Filter

Clarifier & Fllter

{10/9-11/7) Filter (11/7-12/15) {12/15-1/8)
Stolchiometric Ratlo, moles Ca 1,01-1.28 1,02-1.18 1.04-1.19 T35-1.18 1.00-1, 13
added/mole SO, absorbed
Avg % Lime Utilization, 100x 87 9 90 91 94
moles SO abs. /mole Ca added
Inlet SO; Concentration, ppm 1600-3900 1600-4000 2100-4400 2100.3800 2100-4300
Percant 8O Removal 68-91, 75-95 78-95 87-97 85-98
Scrubber Inlet pH Range 7.4-8.5 7.5-8.8 7.7-8.4 7.6-8.3 7.8-8,2
Scrubber Qutlet pH Range 4.7-5.5 4,7-5.8 4.8-5.3 4.9-5,4 4.8.8,3
Percent Sulfur Oxidised 10-30 10-30 10-30 5-28 12-22
Loop Closure, % Solids Dischg, 20-26 20-27 42-52 42-48 46-54
Calculated ¢ Sulfate Saturation in 150 120 180 168 138
Scrubber Inlet Liquor @ 50°C
Dissclved Solids, ppm 5§700-7500 4600-7300 9800-12, 300 9500 8200-10, 900
Total AP Range, Excluding 11.0-11.8 11.0-12,0 11,7-12,3 11,0-12.0 11,0-12,0
Mist Eliminator in. H,0
Venturi AP, in, Hp0 9 9 9 9 9
Mist Eliminator AP, in. Hp0 0.16-0.31 0.21.0,51 0.51-1,26 0.19-0.27 0.16-0,33

Absorbent

Lime slurried to 20 wt% with makeup water and added
to EHT.

Limo slurried to 20 wt% with
makeup water and added to
EHT,

Lime slurried to 20 wt% with
makeup water and added to
EHT.

Mist Eliminator

10/9 - 12/15;: Bottomn washed with available makeup water
(~14 gpm) plus available elum!d liquor (~26 gpm), Con-
tinuous wash rate of 0.8 gpm/fts. 12/15 - 1/8; Bettom
washed with available makeup water {(~5 gpm) plus available
clarifier liquor (~45 gpm), Wash rate of 1 gpm/fté on
cycle of 3-1/2 min on/1-1/2 min off. Also, top was washed
once/wk with fresh water for § min during last 4 wks,

Bottom washed with available
makeup water (~8 gpm) plus
available clarified liguor
(~34 '%m). Wash rate of 1
gpm/té on cycle of~ 4 min
on/lmin off,

Bottom washed with available
makeup water (~3 gpm) plus
available clarified liquor
{(~21 g%m). Wash rate of 1
gpm/fté on cycle of~1.1/2
min on/1-1/2 min off.

Scrubber Internals

All nossles {7/header) on top 3 headers sprayed downward,
Bottom header noszles (7) sprayed upward.

All nossles on 4 headers
sprayed downward. 7 nos-
sles/header on top 3 headers,
6 nossles on bottom header.

All nozzles on 4 headers
sprayed downward. 7 nose
sles/hender on top 3 headers.
6 nossles on bottom header.

System Changes Before Start
of Run

Systern {scrubber and mist eliminator) cleaned.

System cleaned chemically

Mist oliminator cleaned,

(Na2CO3/sugar/limestone/
flyash soln. ) followed by
mech. cleaning. EHT sealed.
Installed external combustion
reheater. Changed nozsles
on bottorn spray header to
spray downward inetead of
upward. Capped middle
nozsles on bottom header.

Method of Control

Scrubber inlet pH controlled at 8.0 $ 0,2

Scrubber inlet pH controlled
4t 8,0 +0.2

Scrubber inlet pH controlled
2t 8.03$0,2

clean after 666 hours of operation with clarifier only for
solids disposal. Run was terminated on 1/8/74 due to ID
fan vibration and rapidly increasing pressure drop across
mist. elim. Sulfate based scale formed on most scrubber
walls and in slurry piping. Top of mist eliminator 80%
plugged with solida that fell from outlet duct-work, Mist
eliminator top vanes heavily scaled (300 mils avg. ).

(125 mils avg) and solides de-
[Posits on mist eliminator top
vanes. Sulfite oxidation and
sulfate saturation were not
reduced, Steady state oper-
ation not achieved,

Run Philosophy Initially started as 1ime reliabllity verification test, Sub- Intended long-term. Sealed |Intended long-term, Recir-
sequently, due to apparent reliability of the run, declsion EHT {n attempt to reduce culated 15% solids in attempt
was made that test continue as long-term reliability test. sulfite oxidation and thereby |to reduce degree of sulfate

degroe of sulfate saturation. |saturation. EHT sealed.

Results Routine inapection on 11/7/74 showed system was generally |Run terminated due to scale Degree of sulfate saturation

was reduced, but run was
terminated due to scale (40
mils avg. ) and solids bulldup
on the mist eliminator top
vanes,
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Table 5-1 (continued)

SUMMARY OF LIME RELIABILITY TESTS
ON VENTURI/SPRAY TOWER

SYSTEM

Run No. 604-1A 605-1A 606-1A 608-1A
Start-of-Run Date 4/26/74 7/31/74 8/7/74 8/21/74
End-of-Run Date 7/15/74 8/6/74 8/14/74 9/17/74
On Stream Houra 1828 141 170 610
Gas Rate, acfm @ 330°F 25, 000 25, 000 25,000 25,000
Spray Tower Gas Vel, fps @ 125°F 6.7 6.7 6.7 6.7
Venturi/Spray Tower min. (~100}/1200 min. {~100)/1200 min. (~100)/1200 600/1200
Liquor Rates, gpm

Spray Tower L/G, gal/mecf 60 60 60 60
Percent Solids Recirculated 7.5-9.0 8.0-9.3 7.7-9.0 7.7-9. 4
Effluent Residence Time, min. 17 17 17 12
Solidas Disposal System Clarifier & Filter Clarifier & Filter Clarifier Clarifier & Filter
Stoichiometric Ratio, moles Ca 1.03-1.30 1.10-1.17 1.10-1.15 1,05-1.25
added/mole SO, absorbed

‘Avg % Lime Utilization, 100x 88 88 89 87
moles SO, abs. /mole Ca added

Inlet SO, Concentration, ppm 2000-3800 2500-3300 2400-3200 2000-3750
Percent SO, Removal 70-92 73-81 67-79 75-95
Scrubber Inlet pH Range 7.7-8.4 8.8-9.2 7.8-8.2 7.6-8.4
Scrubber Outlet pH Range 4.5-5.4 4.9-5.1 5.0-5.2 4.8-5.1
Percent Sulfur Oxidized 8-30 12-28 12-22 12-28
Loop Closure, % Solids Dischg, 50-60 48-52 18.23 48-58
Calculated % Sulfate Saturation in 130 115 120 130
Scrubber Inlet Liquor @ 50°C

Dissolved Solids, ppm 11, 600-13, 700 6,000-7, 400" 5,900-7, 000 7, 500-9, 500
Total AP Range, Excluding 3.3-3.8 3.2-3.9 3.6-3.7 11,5-12.0
Mist Eliminator, in. H20

Venturi AP, in. H,0 1.2-1.5 (Plug 100% open) 1.5-2, 0 (Plug 100% open) 1.9-2.3 (Plug 100% open} ki
Mist Eliminator AP, in. H,0 0.20-1.25 0.23-0,28 0.23.0, 31 0,22-0. 44

Absorbent

Lime slurried to 20 wt % with
makeup water and added to
scrubber downcomer.

Lime slurried to 20 wt% with
makeup water and added to
scrubber downcomer,

Lin?e slurried to 20 wt% with
makeup water and added to
scrubber downcomer,

Lime slurried to 20 wt% with
makeup water and added to
scrubber downcomer.

Mist Eliminator

Bottom washed with available
makeup water {(~5 gpm) plus
available clarified liquor
(~35 gpm). Wash rate of

1 gpm/ft® on cycle of~3 1/2
min on/1 1/2 min off.

Bottom washed with available
makeup water only (~5 $pm).
Wash rate of 0.4 gpm/ft* on
cycle of ~1 min on/4 min.
off.

[Bottom washed continuously
lwith 15 gpm (0. 3 gpm/ft2)
raw water only. (Rate was
greater than available makeup
twater),

Bottom washed with available
makeup water only (~5.5 gpm}
Wash rate of 150 gpm (3 gpm/
ft2) for approx. 9 min. every
4 hours.

Scrubber Internals

All nozzles on 4 headers
asprayed downward. 7 noz-
zles/header on top 3 headers,
6 nozzles on bottom header.

All nozzles on 4 headers
sprayed downward. 7 noz-
zles/header on top 3 headers.
6 nozzles on bottom header.

JAll nozzles on 4 headers
sprayed downward. 7 noz-
zles /header on top 3 headers.
6 nozzles on bottom header,

All nozzles on 4 headers
sprayed downward. 7 noz-
zles/header on top 3 headers.
6 nozzles on bottom header.

System Changes Before Start
of Run

Mist eliminator and outlet
duct cleaned. Sealed EHT
provided with N gas purge.
EHT overflow blanked. Lime
slurry makeup added to
scrubber downcomer,

System cleaned.

Mist eliminator cleaned.

Mist eliminator cleaned.
Provided for Freon gas
blanket over EHT.

Method of Control

Scrubber inlet pH controlied
at8.010.2

Scrubber inlet pH controlled
at9.0 0.2

Scrubber inlet pH controlled
at8.010.2

Scrubber inlet pH controlled
at 8,0 4 0.2

Run Philosophy

Intended 2 wks. To observe
sulfite oxidation and degree of
sulfate saturation with lime

Intended long-term. Control
at higher pH in attempt to
reduce sulfite oxidation and

add'n to d r,

slurry rate to venturi, sealed
EHT purged with Nz gas, and
8% solids recirculated.

h by degree of sulfate
saturation. Wash mist elim-
inator with water only.

short-term. Mist
washed 1 -

ly with raw water only (at rate

[greater than available makeup

[water).

Int'd 2 wks, 12 min res time,
venturl in service. EHT seal-
ed with Freon. Miat elim. on
4 hr wash cycle. Observe
effects of lime add'n to down-
comer and sealed EHT (com-
pare with Run 601-14).

Results

Degree of sulfate saturation
was about 130%. Solids from
outlet duct fell to top of mist
eliminator. Run was termin-
ated due to heavy scale (500
imils avg. ) and solids bulldup
lon mist eliminator.

Run was terminated due to
ascale formation (up to 150
mils)on top mist eliminator
vanes.

Run was terminated due to
scale formation {50 mils avg.}
on top mist eliminator vanes.

Run terminated due to slight
increase in mist eliminator
AP. Inspection revealed
scale buildup (88 mils avg.)
on the mist eliminator top
vanes.




Table 5-1 (continued)

SUMMARY OF LIME RELIABILITY TESTS

ON

VENTURI/SPRAY TOWER SYSTEM

Run No. 609-1A 610-1A 611-1A 618-1A
Start-of-Run Date 9/20/74 10/2/74 10/25/74 11/21/74
End-of-Run Date 10/2/74 10/13/74 11/11/74 12/2/74
On Stream Hours 277 253 392 235
Gas Rate, acfm @ 330°F 25,000 25, 000 25, 000 25, 000
Spray Tower Gas Vel, fps @ 125°F 6.7 6.7 6.7 6.7
Venturi/Spray Tower 600/1200 600/1200 600/1200 min (~100)/1200
Liquor Rates, gpm

Spray Tower L/G, gal/mcf 60 60 60 60
Percent Solids Recirculated 7.9-9.0 7.8-8.6 8.0-9.3 7.5-9.6
Effluent Residence Time, min. 24 24 6 17
Solids Disposal System Clarifier & Filter Clarifier & Filter Clarifier & Filter Clarifier
Stoichiometric Ratio, moles Ca 1.07-1.25 1.10-1.25 0.93-1.05%) 1.15-1,22
added/mole SO, absorbed

Avg % Lime Utilization, 100x 87 85 101 84
moles SOz abs. /mole Ca added

Inlet SO, Concentration, ppm 2250-3600 1800-3800 2250-3750 2600-4250
Percent SO Removal 80-96 87-98 96-99 57-79
Scrubber Inlet pH Range 7.6-8.6 7.8-8.4 6.9-7.2 7.0-8.3
Scrubber Qutlet pH Range 4.7-5.4 4.8-6.0 5.4-6.3 4,8-5.1
Percent Sulfur Oxidized 12-30 16-26 15-28 10-28
Loop Closure, % Solids Dischg. 47-52 43-48 44-49 16-21
Calculated % Sulfate Saturation in 1o 1o 45 140
Scrubber Inlet Liquor @ 50°C

Dissolved Solids, ppm 8,000-10, 000 9,000-12, 000 17, 000-21, 000 4,100-6,100
Total AP Range, Excluding Mist 11.0-11.9 11.0-12.2 10.4-12.0 3.65-4.25
Eliminator, in. H20

VenturiAP, in. H20 9 9 9 1.8-1.9 (Plug 100% open)
Mist Eliminator AP, in. H,0 0.23-0.28 0.20-0.33 0.55-0. 60 0.50-0. 60

Absorbent

Lime slurried to 20 wt% with
makeup water and added to
scrubber downcomer.

Lime slurried to 20 wt% with
makeup water and added to
effluent hold tank.

Lime slurried to 20 wt% with
makeup water and added to
scrubber downcomer.

Lime slurried to 20 wt% with
makeup water and added to
scrubber downcomer,

Mist Eliminator

Bottom washed with makeup at
2.7 gpm/l’tz for ~8 min every
4 hra. Simultaneous top wash
with remaining makeup at

1 gpm/ft2 through a single
nozzle covering about 14 ft2,
Total makeup ~5 gpm avg.

Bottom washed with makeup at
2.7 gpm/ftz for ~8 min every
4 hrs. Simultaneous top wash
fwith remaining makeup at

1 gpm/ft? through a single
nozzle covering about 14 12,
Total makeup ~5 gpm avg.

Bottom washed continuously
at 0.69 gpm/ft” using a mix-
ture of ~5 gpm fresh water

and 4-35 gpm clarified liquor.

Bottom washed continuously
at 0.26 gpm/t? using 15 gpm
raw water (three times
required makeup water

rate).

Scrubber Internals

All nozzles on 4 headers
sprayed downward, 7 noz-
zles/header on top 3 headers.
6 nozzles on bottom header.

|JAll nozzles on 4 headers
sprayed downward. 7 noz-
zles/header on top 3 headers.
6 nozzles on bottom header.

All nozzles on 4 headers
sprayed downward. 7 noz-

zles/header on top 3 headers.

§ nozzles on bottom header.

All nozzles on 4 headers
sprayed downward. 7 noz-
zles/header on top 3 headers.
5 nozzles on bottom header.

System Changes Before Start
of Run

[Mist eliminator and outlet duct|
cleaned. A single nozzle in-
stalled to provide top wash for
one section of miat eliminator
and eseveral holes drilled in
the top vanes of & second
section.

[Relocated lime addition to
effluent hold tank.

System cleaned. Installed
sloped mist eliminator and
MgO feeder. Relocated
lime addition to scrubber
downcomer. Effluent hold
tank agitator lowered.

System cleaned

Method of Control

iScrubber inlet pH controlled
at 8.0 1 0.2.

Scrubber inlet pH controlled
at 8.0 +0.2.

Scrubber inlet pH controlled
at 7.0 +0.2.

Scrubber inlet pH controlled
at 8.0 £+ 0.2,

[Run Philosophy

Intended 2 wks. To observe

the effect of mist eliminator

top wash (on one section) and
the effect of increased resi-

dence time on sulfate satura-
tion,

Intended 2 wks. To observe
the effect on sulfate satura-
tion of lime addition to the
effluent hold tank ve addition
to the downcomer.

To verify the ability to run
unsaturated with respect to
calcium sulfate with MgO
add'n at 6 min, effluent
residence time.

Intended 1 wk., To observe
rate of scale buildup on
sloped misat eliminator using
a continuous fresh water
bottom wash.

Results

Run terminated as planned.
Sulfate saturation reduced to
110%. Mist eliminator top
vanes clean where top washed.

Run terminated as planned.
Sulfate saturation 145%.
Mist eliminator top vanes
clean where top washed.

Run terminated as planned.
Sulfate saturation 45% at a
magnesium fon level of
3000 ppm.

(a)

Total atoich. ratio for Ca
& Mg is 0.96-1,08 {Avg.
alkali util. is 98 %).

Run terminated as planned.
20-25% of underside of mist
eliminator area was 50-100%
plugged with mud and scale.
The underside of the mist
eliminator top vanes had
~100 mils scale.
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‘Table 5-1 (continued)

SUMMARY OF LIME RELIABILITY TESTS
ON VENTURI/SPRAY TOWER SYSTEM

Rua No. 619-1A b2l-1A 622-1A 623-1A
Start~of-Run Date 12/19/74 1/18/78 1/30/78 3/12/78
End-of-Run Date 1/2/18 1/23/78 3/8/78 3/19/78
On Stream Hours 27 113 787 162
Cas Rate, scfm @ 330°F 28,000 25,000 28,000 28,000
Spray Towaer Qan Vel, fpa § 12397 6,7 6.7 6.7 6.7
Venturl/Spray Tower 600/1200 600/1200 600/1200 600/1200
Liquor Rates, gpm

Spray Tower L/Q, gsl/mot 60 40 60 60
Parcent Solids Reaireulated 710 8-9 7.2-8.8 7.4-8.9 .
Effluent Residence Time, min. 12 12 17 17

Solids Disposal Bystem

Clarifier L Pilter

Clarifier &k Fliter

Clariflor.and
Centrifuge (or filter)

Clarifier & Centrifuge

Stoichlometric Ratio, moles Cs

sdded/mole BC; absorbed 1.07-1.32 1,20-1,27 1,06-1.20 1,07-1.17
Avg % Limae Utilisation, 100x

moles 80, aba, /mole Ca sdded 87 8l 86 89
Inlet 803 Concentration, ppm 1150-4000 16003600 2200-3900 2700-3700
Percent 803 Removal 70-98 82.98 71.91 7480
Sarubber Inlet pH Range 7,3-8,3 7.8-8.3 7.1-8.3 7.7-8.3
Sorubber Outlet pH Renge 4, 9.3, 7 ‘8, 2+8, 6 4.7-5,3 4.85-5.1
Porcent Sulfur Oxidised 14-34 12-26 12-28 11-21
Loop Closure, % Bolids Dischg. 83-40 87-61 80-62 83.60
Caloulated % Bulfate Saturation in )

Sorubber Inlet Liguor @ 80°C 123 130 s . 108
Dissolved Solids, ppm 64008000 56006500 6500-10, 000 7000-8400
Total OP Range, Exoluding Mist -
Eliminator, {n. H20 10,8-12,0 11.3-12,0 11.1.12.8 u,.. 17
Venturi &P, in, H20 9 9 9 9
Mist Eliminator AP, in. Ha0 0,60.1,10 0,630, 70 0.20-0, 30 0.17-0,20

[Absorbent

Lime slurried to 20 wt &% with
makoup weter and added to
sorubber downcomer.

Lime slurried to 20 wt % with
makeup water and added to
scrubber downcomer,

Lime slurried to 20 wt % with
makeup water and added to
scrubber downecomer,

Lime slurried to 20 wt % with
‘makeup water and added to
scrubber downcomer,

Miat Eliminator

Bottom washed with makeup
water at 2,6 gpm/{t® for ~8
min every 4 hrs,
up ~ 8 gpm avg,

Bottomn washed continuously
at 0. 69 gpm/ft2 using s mix-

Total makedture of ~5 gpm fresh water

and ~38 gpm clarified liquor,

Bottom washed with makeup
lwater at 3.0 gpm/ft2 for
~8 min every 4 hrs, Total
makeup ~ 8 gpm avg,

Top washed sequentislly with
trash water. Each nossle (6
total) on 4 min (at 0.8 gpm/
£t2) with 76 min off batween
nossles, Bottom washed with
remaining makeup st 3 gpm/
12 for ~3, 8 min every 4 hrs.

Sorubber Internals

All nossles on 4 headers
aprayed downward, 7 nosales/
header on top 3 hesders, &
nossles on bottom header.

All nosules on 4 headers
sprayed downward. 7 noxsles/
header on top ) headars., &
nossles on bottom header.

A1l noxsles on ¢ headers
sprayed downward. 7 nossles/
{header on top 3 headers. 6
nossles on bottom header.

All nossles on 4 hesders
sprayed downward, 7 nossles/
header on top 3 headers. 6
nossles on bottom header.

E;llm Changes Before Start
of Run

Mist eliminator cleaned in
place. Effluent hold tank

sgitator raleed to original
leval,

Miat eliminator removed and
cleaned,

Installed new open<vane, hore
{zontal mist eliminator at an
elevation 1 foot higher than
previous open-vane, horison-
tal mist eliminator.

Cleaned mist eliminator an
outlet duct, Installed mist
eliminator sequential topwash
system.

[Method of Control

Sorubber inlet pH controlled
at 8,040, 2, .

Scrubber inlet pH controlled
at 8.030,2,

Scrubber {nlet pH controlled
st 8.040.2,

Scrubber inlet pH controlled
st 8.0$0,2.

un Philosophy

Intended 2 wks. To observe
the rate of scale bulldup on
sloped mist eliminator using
an intermittant, high pressure
fresh water bottom wash,

Intended 2 wks. To chserve
the rate of scala/wolids build-
up on the sloped mist elim-
{nator washed with a contin.
uous bottomwash using all
svailable makeup water and
clarified liquor.

Reoults

Run terminated.as planned,
The mist eliminator was 25-"
30% restricted but the tost was
invalid since 3 of the 9 mliet
eliminater underwash nosales
had lost alignment causing
uneven wash coverage,

{Intended 2 wks, To establish
base conditions for the per-
formance of the new open~vane
(of old design) mist eliminator
with underside washing only.

Intended long term, To obe
‘serve the rate of scale/solids
buildup on the mist eliminator|
with bottom wash and sequen-
tfal topwash.

Run terminated as planned.
Bottom of mist eliminator top
vane coated with solide (60
mils avg, ).

Run terminated as planned.
Mist sliminator 5% restricted
by scale and solids.

Run terminated in order to
test higher gas velocities
when {nepection revesled the
mist eliminator to be clean
with only & light scattered
dust on the mist eliminator
vanes,
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Table 5-1 (continued)

SUMMARY OF LIME RELIABILITY TESTS
ON VENTURI/SPRAY TOWER SYSTEM

Run No. 624-1A
Start-of-Run Date 3/19/7s
End-of-Run Date 4/23/1%
On Stream Hours 823
Gas Rate, acfm @ 330°F 30, 000
Spray Tower Gas Vel, fps @ 125°F 8.0
Ve o
Spray Tower L/G, gal/mcf 50
Porcent Solids Recirculated 7-10
Effluent Residence Time, min. 17
Solids Disposal System Clarifier & Centrifuge
Stoichliometric Ratio, moles Ca 1. 03_11. 20
added/mole SO, absorbed

Avg % Lime Utilization, 100x 90
moles SO, abs. /mole Ca added

Inlet SO, Concentration, ppm 2250-3750
Percent 50, Removal 70-87
Scrubber Inlet pH Range 7.8-8.3
Scrubber Qutlet pH Range 4.8-5.2
Percent Sulfur Oxidized 12-30
Loop Closure, % Solids Dischg. 48-58

Calculated % Sulfste Saturation in
Scrubber Inlet Liquor @ 50°C

Dissolved Solids, ppm 6000-10, 000
Total AP Range, Excluding Mist

95

Eliminator, in. H20 12.0-12.4

Venturi AP, in, Hz0 9

Mist Eliminator AP, in. H0 0.25-0.35
Absorbent Lime slurried to 20 wt % with

makeup water and added to
scrubber downcomer.

Mist Eliminator Top washed sequentially with
fresh water. Each nozzle {6
total) on 4 min (at 0.5 gpm/
£t2) with 76 min off between
nozzles, Bottom washed with
remaining makeup at 3 gpm/
fte for ~4.3 min every 4 hrs.

Scrubber Internals All nozzles on 4 headers
sprayed downward. 7 nozzles/
header on top 3 headers. 6
nozzles on bottom header.

System Changes Before Start No changes,

of Run

Method of Control Scrubber inlet pH controlled
at 8,040.2.

Run Philosophy Attempt to operate at an in-
creased gas velocity (8.0 vs
6.7 ft/sec).

Resulte Run terminated due to Boiler

#10 routine maintenance
outage. Mist eliminator 100
percent clean after 823 oper-
ating hours.
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5.1.1 Venturi/Spray Tower Run 609-1A

During previous reliability testing on the venturi/spray tower, deposits
on the top vanes of the mist eliminator were observed at the end of each
run. The mist elimination system consisted of a 316 stainless steel, -
3-pass, open-vane, chevron mist eliminator with underside wash (see

Figures 3-1 and 3-3),

Run 609-1A was begun on September 20, 1974 with a clean mist eliminator.
The purposes of the test were to evaluate the effectiveness of topside
washing on the mist eliminator and to determine the effect on scrubber
liquor sulfate saturation of increasing the effluent residence time from

12 to 24 minutes.

The major test conditions selected were (see Table 5-1):

Spray tower gas velocity 6.7 ft/sec
Venturi liquid-to-gas ratio 30 gal/mef
Spray tower liquid-to-gas ratio 60 gal/mef
Percent solids recirculated 8

Effluent residence time 24 min
Scrubber inlet slurry pH (controlled) 8

H3
During the test, the entire mist eliminator underside and a 14 ft2 area

on the topside were washed at high pressure (45 psig) with makeup water

% ' ‘
>'Only a small section of the topside was washed because it was felt

that entrainment from the top spray might overload the reheater and
possibly allow moisture to reach the fan. In later tests, the entire
topside was washed by resorting to sequential washing, Another
possible solution would be to use a second mist eliminator to inter-
cept entrainment from the topside sprays.,
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at a rate of 2.7 gpm/ft2 for the underside and 1.0 gpm/ftz for the topside

for about 8 minutes every 4 hours.

Run 609-1A was terminated as planned after 277 hours of operation.
The topside spra& had drastically reduced the scale™ buildup on the
top mist eliminator vanes, The washed area was eésentia.lly clean,
with less than 1 mil of solids accumulation, compared with an averag‘e
of 40 mils scale buildup on the rest of the topside surfaces. The bot-
tom vanes held a white dust film that was easily rubbed off. This
film has been observed in all runs with intermittent wash. The dust

does not accumulate,

‘The beneficlal effect of increased residence time in reducing the percent
sulfate saturation was also observed. For this test with 24 minute ef-
fluent residence time, the calculated avera.'gelsulfate gsaturation of

the scrubber inlet liquor (see Table 5-1) was 110 percent compared

with about 130 percent for Run 608-1A which had a 12 minute. residence
time. This effect of residence time is similar to that observed for
limestone Asystems when supersaturated with respect to sulfate (see

Reference 1).

5.1.2 Venturi/Spray Tower Run 610-1A

Run 610~1A was a short-term test to determine thé effect of alkali
addition to the effluent hold tank on the scrubber liquor sulfate satura-
tion, as opposed to alkali addition to the scrubber downcomer (Run 609-1A),

It had been proposed that lime addition to the downcomer would correspond

3
Unless otherwise noted, scale refers to hard crystalline sulfate solids.
Solids or soft-solids refer to mud-like soft solids.
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to a small residence tank in series with the larger effluent hold tank
resulting in reduced sulfate saturation. The run was started on
October 2 and continued through October 13, 1974, for a total of

253 operating hours. The system was not cleaned before the test.

Inspection at the end of the run indicated formation of new scale on all
surfaces in the spray tower below the mist eliminator. The top slurry
spray header contained scale up to 60 mils, while scale thickness on the
~walls ranged from 25 mils in the area adjacent to the top header to 40
mils on the bottom of the tower. Several slurry nozzles were plugged
and white scale covered most diffusers. Scale coverage on the wall
areas above the mist eliminator was also observed. The venturi

flooded elbow held new scale deposits on all walls,

The washed area of the top mist eliminator vanes was still clean after
530 operating hours (Runs 609-1A and 610-1A), compared with an
average of 70 mils scale buildup on the rest of the topside vane surfaces.
The mist eliminator bottom vanes held smooth white scale about 10 mils
thick, The overall mist eliminator restriction had increased from 2

to 4 percent during this run,

For this run (lime added to the hold tank), the calculated sulfate satura-
tion of the inlet scrubber liquor was 145 percent at an average inlet

3
SO, concentration of 2800 ppm. " This value was about 35 percent higher

>=<Under the conditions for Run 610-1A, the scrubber inlet liquor sulfate
saturation for a lime system is a strong function of the inlet gas SO
concentration (SO, absorption rate). A 100 ppm increase in SO5 con-
centration corresponds roughly to a 10 percent increase in sulfate
saturation (see Section 9-3, Reference 1).
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than observed in Run 609-1A (lifne added to the downcomer) at the sé,me
inlet SO2 concentration. The results of these two tests, showing a '
decrease in sulfate saturation with lime addition to the downcomer,
confirmed observations in earlier lime reliability tests (see Section 9.3,

Reference 1).

5.1.3  Venturi/Spray Tower Run 611-1A

Results at the EPA pilot facility at Research Triangle Park, N.C., have
sho_wn that it is possible to operate lime wet-scrubbing systems with
liquors unsaturated with respect to calcium sulfate, by addition of
magnesium ion (MgO) to the scrubber liquor (see Reference 3). Run

611-1A was intended to verify these results at the Shawnee 10 Mw scale.

The test conditions for Run 611-1A differed from those of the previous
Rur"m 610-1A in four respects: (1) magnesium oxide was added to the
process slurry in the effluent hold tank to maintain 3000 ppm Mg*tt in
the recirculated slurry, (2) the efflﬁent residence time was reduced
from 24 to 6 minutes (the agitator in the effluent hold tank had been
lowered before the run started), (3) the scrubber inlet PH control point
was dropped from 8.0 to 7.0, and (4) the lime addition point was re-

located from the effluent hold tank to the scrubber downcomer.

In addition to the above changes, the 316 stainless steel, 3-pass, open-
vane, horizontal chevron mist eliminator was replaced by a 316 stainless
steel, 4-pass, closed-vane, sloped (cone-shaped) chevron mist elim-

inator (see Figure 3-3)., The new sloped mist eliminator was believed

5-10



to have better wash liquor draining characteristics, and hence less
scaling and plugging potential. The underside of the sloped mist elim-
inator was washed continuously with approximately 40 gpm (0, 69 gpm/ftz)
of diluted clarified liquor (about 5 gpm makeup water and about 35 gpm

clarified liquof) at 20 psig pressure.

The run was started on October 25 and terminated, due to an unscheduled
maintenance outage on boiler No. 10, on November 11, 1974, after a
total of 392 operating hours. The system had been cleaned before the

run was started.

Inspections were made after 47 and 250 operating hours and at the end

of the run. The venturi section, flooded elbow, spray tower walls (both
above and below the mist eliminator), and spray tower outlet duct were
clean. Old scale deposits remaining after the previous cleaning had
slowly disappeared. Scale deposits on the inlet vanes of the mist elim-
inator, ranging in thickness from 19 to 84 mils, were observed during

the first inspection, but the scale had nearly disappeared by the end of

the run. Channels along the lower edge of the mist eliminator not directly
contacted by the wash spray wefe completely filled with soft solids.

The uhde,rside of the outlet vanes were covered uniformly with 50 mils

of soft fibrous solids.

Calculated average sulfate saturations of 45 percent for the scrubber
inlet liquor and 95 percent for the scrubber outlet liquor confirmed that
the system was operating unsaturated with respect to sulfate. The
apparent descaling effect observed during the system inspections under-

scores the beneficial effect of unsaturated operation.
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5.1.4 Venturi/Spray Tower Run 618-1A"

Run 618-1A was begun on November 21, 1974 and continued until
December 2, 1974, for a total of 235 operating hours., The system,
including the mist eliminator, had been cleaned before the start of

the run.

The test was intended to be short term and was designed to observe the
rate of scale buildup on the sloped chevron mist elifninator under a
continuous 15 gpm (0.26 gpm/ftz) fresh water underside wash corres-
ponding to about three times the required makeup water rate. i The
test conditions were chosen to permit a direct comparison with the
scale buildup rate on the open-vane, horizontal chevron mist elim-

inator during Run 606-1A (see Table 5-1 and Reference 1).

Inspection after termination of the run revealed that 20 to 25 percent of
the underside of the mist eliminator area was 50 to 100 percent plugged
with a mixture of mud and scale. Also, theunderside of the mist elim-~
inator top vane had approximately 100 mils of scale buildup. The scale"
and solids buildup on the underside of the mist elirhinator may have been
due partly to insufficient coverage by the mist eliminator underspray.

The average scale growth rate on the mist eliminator top vanes was 70

“Runs 612-1A through 617 were incomplete short-term factorial tests.
They will be reported with the factorial tests scheduled for a later date.

ok
This test was run under open liquor loop conditions. The average per-
' cent solids in the discharge sludge was 18 percent.
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mils/week for this run as compared with 50 mils/week for the open-vane,

horizontal chevron mist eliminator during Run 606-1A (see Reference 1)

The spray tower wallslabove the mist eliminator were clean, but below
the mist eliminator the walls were covered with 120 mils of scale. The
slurry nozzles had "whiskers' of white scale on the diffusers. The
venturi section below the throat and the flooded elbow were covered with

a hard, smooth 110-mil scale.

The calculated sulfate saturation was 140 percent for the scrubber inlet
liquor and 170 percent for the scrubber outlet liquor. The unexpectedly
high sulfate saturations observed during open loop ope'ration may have
been due to insufficient mixing in the effluent hold tank at low agitator
position and high liquor level (17 minutes residence time at run start
and 12 minutes after November 25). The scrubber inlet liquor pH con-

trol was also quite erratic throughout the run (see Appendix D, Figure D-4),

5.1.5  Venturi/Spray Tower Run 619-1A

Run 619-1A was begun on December 19, 1974 and continued until January 2,
1975, for a total of 327 operating hours, The run was intended to be

short term in order to observe the rate of scale buildup on the sloped
chevron mist eliminator using an intermittent underside wash for 8

minutes every 4 hours with 150 gpm (2. 6 gpm/ftz) of high pressure

(45 psig) makeup water. Run conditions were chosen to enable a direct
comparison with the scale buildup rate on the open-vane, horizontal
chevron mist eliminator during Run 608-1A (see Table 5-1 and Reference 1).

The mist eliminator had been cleaned in place prior to the start of the run.
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The agitator, which had been lowered by 4 feet prior to Run 611-1A,

was raised to its original position before the start of this run.

Inspection after termination of the run revealed that approximately 25

to 30 percent of the underside of the mist eliminator area was completely
restricted by solids, Much of this plugging could be attributed to mis-
orientation of three of the nine underside wash spray nozzles. About

150 mils of scale was deposited on the unders‘ide of the outlet vanes.

The average scale growth rate on the mist eliminator top vanes was
about 75 mils/week for this run as compared with 25 mils/week for the

open-vane, horizontal chevron mist eliminator during Run 608-1A.

The calculated average sulfate saturations were 125 and 145 peréent for

the scrubber inlet and outlet liquors, respectively.

*
5.1.6  Venturi/Spray Tower Run 621-1A

Run 621-1A was started on January 18 and terminated on January 23,
1975, after 113 hours of operation. The purpose of the test was to
study the rate of scale/solids buildup on the sloped mist eliminator
operating with a continuous bottom wash using all available makeup
water (a5 gpm) and clarified liquor (A/35 gpm) at 16 psig nozzle pres-
sure. Other test conditions were the same as for Run 619-1A. The

mist eliminator was removed and cleaned prior to the startup.

e .
Venturi/spray tower Run 620-1A was of a short duration due to opera-
tional difficulties with returning clarified liquor to the spray tower
for mist.eliminator washing.
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Inspection at the end of the run indicated that, in general, the continuous
underspray with a mixture of makeup water and clarified liquor was not
effective in preventing solids deposition in the mist eliminator. Large
areas were 25 to 50 percent restricted with soft solids. The outlet
vanes contained 2 to 3 mils of dust while the middle vanes were covered

with light scattered dust deposits.

It was felt that improved design of the spray system combined with proper
wash rate and cycle would reduce the rate of solids accumulation in the
sloped chevron mist eliminator. However, because of the complexity

in the geometry of the sloped mist eliminator and the low probability that
it would become a representative design for a full scale scrubber, it was
decided to abandon further testing of this mist eliminator in the spray
tower. The sloped mist eliminator was removed and a new 316 stainless
steel, 3-pass, open-vane, horizontal chevron mist eliminator was

E
installed (see Figure 3-3),

Due to the short duration of this. run, no representative liquor samples

could be obtained, and hence no percent sulfate saturations are reported.

5.1.7 Venturi/Spray Tower Run 622-1A

Run 622-1A was begun on January 30 and terminated on March 5, 1975,
for a total of 787 operating hours. The run was intended to establish
base conditions, in terms of reliability and operability, for the new

open-vane, horizontal chevron mist eliminator.

*
Since the original mist eliminator used prior to Run 611-1A was in

poor physical condition due to corrosion and wear, an identical one
was fabricated and installed. The new mist eliminator was installed
at an elevation one foot higher than the old one.
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The underside of the mist eliminator was washed intermittently with
high pressure (45 psig) water at 150 gpm (3 gpm/ftz) for about 8 minutes
every 4 hours, The effluent residence time was increased from 12 to

17 minutes for this run. |

Inspections were made at 110, 275, and 574 hours and at the end of

the run after 787 hours. | SolidsA deposits that restricted the mist elim-
inator by 3 percent were noted at the second inspection. By the end

of the run, the overall restriction of the mist eliminator by scale and
solids had increased from 3 to 5 percent. The top surface of the top
vanes was coated with scale which averaged 60 mils thick, A small

area held scale and solids up to. 0.5 inch thick on the underside trailing
edge of the top vanes. The middle and bottom vanes held light, scat-
tered dust about 2 mils thick, The spray tower had less scale in the lower
third of the vessel than it had at the end of the previous run. The solids
deposit on the duct walls between the reheater and fan dampers averaged
'150 mils thick. The dampers were clean, but the fan blades had deposits
60 to 70 mils thick. The venturi section was generally clean.

The calculated average sulfate saturation was 115 percent for the scrub-
ber inlet liquor and 135 percent for the scrubber outlet liguor. These
values are 10 percent lower than for Run 619-1A even though the chloride
concentration was about 1000 ppm higher and the inlet gas SO2 concen-
tration was about 400 ppm higher, This drop in saturation is attributed
to higher effluent residence time, i.e., 17 minutes for this run versus

12 minutes for Run 619-1A,
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5,1.8 Venturi/Spray Tower Run 623-1A

Run 623-1A was started on March 12 and terminated on March 19, 1975,
after 162 hours of operation, The purpose of this run was to test the
effectiveness of a sequential top side wash system on the open-vane,
horizontal mist eliminator. Earlier tests (Runs 609-1A and 610-1A)

had shown that washing a small area of the topside of the mist eliminator,
in combination with the full underside washing, was very effective in

keeping the washed area clean,

The sequential topside wash system operated with 6 spray nozzles on
a 4 minute '"on', 76 minute '"off" time cycle, with only one nozzle
activated during each ''on' cycle. This arrangement resulted in a
total 8 hour cycle time for the 6 nozzles. The fresh water flow rate
through one nozzle during the ''on' cycle was set at 8 gpm (at 13 psig),
covering 16 £t2 to give a specific spray rate of 0.5 gpm/ftz.

In additioﬁ to the sequential topside wash, the entire underside of the
mist eliminator was washed with the remaining makeup water at 150
gpm (3 gpm/ftz) at 45 psig for about 3.5 minutes every 4 hours. The

""on'" cycle was never allowed to drop below 2 minutes at any time.

The system had been cleaned before the run was started. Inspection

of the mist eliminator at the end of the run showed that the combination
of sequential topside wash and intermittent underside wash was success-
ful in pireventing scale and solids accumulation on the mist eliminator.
Only scattered dust a few mils thick was formed on some of the vanes.

Wall areas above the mist eliminator held only scattered light dust with
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light scale in some areas. The walls below the mist eliminator were

. unchanged since startup. The vessel bottom was clean.

The calculated average sulfate saturations for the scrubber inlet and

outlet liquors were 105 and 130 percent, respectively.

5.1.9  Venturi/Spray Tower Run 624-1A

The combination of sequential topside and intermittent undersidé wash

had been successful in keeping the mist eliminator free of scale and

solids accumulation at 6.7 ft/sec gas velocity during Run 623-1A,

Run 624-1A was started on March 19, 1975, without system cleaning, .

to test the mist elimination system at a higher gas velocity of 8.0 ft/sec.
For this run, the averagze wash time for the underside of the mist eliminator
was increased from 3.5 to 4.3 minutes every 4 hours because of the

higher makeup water rate availéble at the higher gas velocity. The

wash rate and cycle for the topside were the same as for Run 623-1A,

Run 624-1A was terminated on April 23, 1975, after 823 hours of opera-

tion due to a scheduled maintenance outage on boiler No. 10,

A total of 4 inspections were made for this run, including one at the

end of the run. Tﬁe mist eliminator was found to be free of any restric-
tion during each of these inspections. Vane surfaces washed earlier in
the wash cycle usually held 2 mils of scattered white dust, while recently

washed vane surfaces were entirely clean.
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Both the piping for the mist eliminator topside spray and the corrosion
specimen rack above the mist eliminator were coated with dust. Some
scale was noticed on parts of the spray tower wall above the mist elim-
inator and scale up to 1 inch thick encircled the spray tower outlet duct.
The spray tower wall below the top slurry spray header had less old
scale. The venturi section was almost clean and no solids had formed

in the flooded elbow.

The calculated average sulfate saturations were 95 and 120 percent
for the scrubber inlet and outlet liquors, respectively. The low sul-
fate saturations may have been caused by the lower liquid-to-gas ratio
at the higher gas velocity of 8.0 ft/sec (see TCA Runs 539-2A through
543-2A and Run 545-2A, Section 6,1),

5.2 MATERIAL BALANCES

The results of calcium and sulfur material balances for venturi/spray
tower lime reliability Runs 610-1A and 624-1A are summarized in

Table 5-2. The computed inlet and outlet rates for calcium and sulfur
are in good agreement. This is consistent with results of earlier lime

reliability tests (see Reference 1),

The absorbed SO, was computed from the measured inlet gas rate, the
iniet and outlet gas SO, concentrations, and the estimated gas outlet

rate. The added caicium was computed from the measured volumetric
rate of limestohe slurry additive and the solids concentration in the
slurry. The discharged sulfur and calcium were computed from the
measured rate of slurry discharged from the; system and the concen-
trations of sulfur and calcium in the di>scharge. Details of the calculation

procedure are given in Reference 1.
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Table 5-2

SUMMARY OF MATERIAL BALANCES FOR SULFUR
AND CALCIUM FROM LIME RELIABILITY TESTS

Sulfur Balance

_ Calcium Balance

Average Stoichiometric Ratio,
Moles Ca Added/Mole SO, Absorbed

Material
Run No. Balance SO SOy in Slurry . Ca in Lime Ca in Slurry Based on Lime Basged on
Period, Absorged, Discharged, Percent Feed, Discharged, Percent Added Slurry
hours tb-moles/hr 1b-moles/hr Error 1b-moles/hr 1b-moles/hr Error and S’)z Absorbed Analysis
610-1A 166 6.3 7.0 +10 6.1 8.3 +26 0.97 1.19
165 7.4 8.6 +14 7. 9.5 +17 1.07 1.10

624-1A




5.3 CONCLUSIONS

5.3.1 Scrubber Operation

As with limestone testing, earlier lime reliability test results have shown
that scrubber internals can be kept relatively free of sulfate (gypsum)
scale if the sulfate saturation of the scrubber liquor is kept below the
critical value of about 135 percent (Section 7.3, Reference 1), As

with limestone, this can be accomplished with increased percent solids
recirculated (Run 603-1A versus 601-1A) and/or with increased effluent
residence time (Run 622-1A versus 619-1A). Lime tests have further
shown that lime addition to the scrubber downcomer, corresponding to

a small residence tank in series with the larger effluent hold tank,

can substantially reduce the sulfate saturation (Run 609-1A Qersus
610-1A). This permits operation at reduced solids concentration and/or

effluent residence time.

Run 611-1A has confirmed the findings at the EPA pilot facility that

the scrubber can be operated unsaturated with respect to sulfate by the
addition of magnesium ion (MgO) to the process slurry. Under the con-
ditions tested, the average sulfate saturation was 45 percent for the
scrubber inlet and 95 percent for the scrubber outlet liguor, with about
3000 ppm Mg++ concentration in the recirculated slurry. Gypsum scale,

present prior to start-up, dissolved during the run.
As in earlier tests, the lime test results have shown that the sulfate

saturation of the scrubber inlet liquor is a strong function of the inlet

gas SO, concentration (SO, absorption rate). The data have indicated
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that a 100 ppm increase in SO2 inlet concentration corresponds roughly

to a 10 percent increase in sulfate saturation at the run conditions tested.

It should be noted that the 27 full-cone, spiral-tipped Bete nozzles in
the spray tower have shown no sig'ns of measurable erosion on the
stellite tips after approximately 7200 hours in 8 percent slurry service

at 10 psig nozzle pressure.

5.3.2 Mist Eliminator Operation

Significant improvement in the operation of the 316 stainless steel,
3-pass, open-vane, horizontal chevron mist eliminator has been achieved
during this report period. During the earlier lime reliabilty testing .
(see Reference 1), scale and solids accumulation occurred mostly on
the top surfaces of the mist eliminator when it was washed only from
the underside. With sequential topside and intermittent underside
washing, the mist eliminator was essentially clean after 162 hours

of operation at 6.7 ft/sec gas velocity during Run 623-1A, and again
after 823 hours of operation at 8.0 ft/sec during Run 624-1A. The
mist eliminator was not cleaned between the tvx)o runs. Future tests
with this mist elimination system will include gas velocities greater

than 8.0 ft/sec and lower wash water flow rate.

Operations with the 316 stainless steel, 4-pass, closed-vane, sloped
(cone-shaped) chevron mist eliminator have not been successful (Runs
611-1A, 618-1A, 619-1A, and 621-1A), It is felt that improved design
of the spray system, in combination with proper wash rate and cycle,

would .reduce or eliminate the scale and solids accumulation within the
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sloped mist eliminator. However, because of the complexity in the ‘
geometry of this cone-shaped mist eliminator and the low probability
that it would become a representative mist eliminator design for a full

gcale scrubber unit, it was decided to abandoh further testing of this

unit in the spray tower.
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Section 6

TCA LIMESTONE RELIABILITY TEST RESULTS

Performance and analytical data from limestone reliability testing on
the TCA system from October 1974 through April 1975 are presented

in this section, along with an evaluation of each test and the conclusions
drawn, to date. Results of limestone reliability tests prior to October

1974 have been reported in Reference 1,
6.1 PERFORMANCE DATA AND TEST EVALUATION

A summary of the test conditions and results of limestone reliability
tests on the TCA system is presented in Table 6-1, * Properties of
coal and limestone used during the tests can be found in Appendix C.
Selected operating data for tests which lasted more than one week

are presented graphically in Appendix F. Average scrubber and Koch
tray liquor analytical data and the corresponding calculated percent
sulfate (gypsum) saturations are presented in Appendix G. An evalua-

tion and discussion of each test is presented in the following sections.

“Limestone reliability runs made prior to October 1974 have been
included in this table.



SUMMARY OF LIMESTONE RELIABILITY

Table 6-1

TESTS OCN TCA

SYSTEM

Run No, 823-2A 826-2A 527-2A b 82824 .
Start.of-Run Date 10/24/73 11721/73 1718/74 e/b/14
End-of-Run Date 11/18/13 1/10/74 1724774 2/26/7¢
On Stream Hours 517 1190 133 423
Gas Rate, scfm @ 300°F 18,000 20,500 20, 500 20,500
Qas Valooity, fps @ 128°F 10. 8 8.6 8.6 '
Liquor Rate, gpm 1200 1200 1200 1200
L/0, gal/mof 40 73 73 73
Pergent Solids Reciroulated 14=18 14215, 8 1316 14-16
Effluent Residence Time, min, 10 10 10 12
Btolahiometria Ratie, meles Ca 1,218 1.3.1,7 1.81.9 1,11, 48
addad/mole 803 absorbed
Avg ® Limestons Utilisation, 100 n 69 89 18
moles 80y abs, /mole Ca added
inlet 804 Concentration, ppm 18004000 16004300 2600-30800 20004000
Parcent 80; Removal 73.88 78.87 75-88 79:90
Borubbar Inist pH Rangs B 8:0, 1 5.68+8.9 3. 7848, 9 5. 7-5, 98
Borubbar Outlet pM Range $.2-5,8 3, 18,8 5,3.8,8 8,2-85.8
Parcent 8ulfur Oxidised 15-30 15438 15-35 1030
Bollds Dispoas) Bystem Clarifier Clarifier Clarifier Clarifier
Loop Closurs, % Solide Disaohg. 31-42 33-47 34-39 25-33
Caleulated % Bulfate Saturation in 140 130 130 110
Borubber talet Liquor @ 80°C
Totsl Dissolved Bolids, ppm 70009400 780049700 7700-8900 . 4200-6800
Total AP Range Exoluding Min 8,8-8.3 4.3:4.7 4, 64,9 4.9-8.3
Eliminator and Koch Tray, in, H30
[Mist Eliminator and Kooh Tray T.3-0, 7 (10724-11712) T30 .15, 1 T0-52
AP Range, in, HsO 2,73, 1 (11/12-11/18)
Mist Eliminator AP Range, in, H30 .= 0,15-0,28 0, 30-1, 00 0. 16-0. 20

Absorbent

Limestons slurried to 60 wt %
with makeup water and added
to EHT,

with makeup water and added
to EHT,

Limestone slurried to 60 wt %

Limestone slurried to 60 wt 9
with makeup water and added
to EHT.

Limestone slurried to 60 wt %
with makeup water and added
to EHT.

Mist Eliminator/Koch Tray

No mist eliminator wash,
K. T, (3" weir height) irrigat-
#d with available makeup
water (~9 gpm) and all avail-

Bottom of Kooh tray steam
sparged ! min/hr,

able olarified liquor (15 gpm),

No mist sliminator wash.
K.T. (2" weir height) ireigat-
ed with available makeup
water { ~ § gpm) and all availe

Bottom of Xoch tray stesm
sparged ! min/hr,

able clarified liquor (=15 gpm)

No mist eliminator wash,

K. T. (3" welr height) irrigate
ad with available makeup
water (~ 7 gpm) and all avail-
Jable clarified liquor {15 gpm)
Was not irrigated for 2 hr
pericd, Bottom of Kooh tray
steam sparged | min/hr,

No mist eliminator wash.

K. T, {2'" weir height) irrigat.
ed open-loop (once-through)
with 25 gpm raw water only,
Bottom of Koch tray steam
sparged | min/hs,

Sorubber Internals

3 beds (¢ grids) with 8"
spheres/bed,
TPR spheres, Middle &k

bottomenew HDPE spherens.

Top bed=new (s

3 beds (4 gride) with 8"
pher bed: Top bedsnew
HDPE spheres. Middle &
bottom-wora HDPE's from
previous run.

2 beds (8 grids) with 71/2"
spheres/bed.  Top bed. 5"
wora + 2 1/2" new HDPE
spheras, Bottom bed-new
HDPE's. Slurry noasles not
used (open pips only) for this
run only.

3 beds (4 grids) with 5"
spheres/bed.  All beds-new
TPR spheres.

Bystem Changes Before
8tarteofeRun

Bystem (scrubber, Koch tray,
and mist eliminator oleaned,

System cleaned,
bed spheres with new HDPE
spheres, PWHT outlet (Koch

Centriseal to Hydroseal,

Replaced top

tray inlet) pump switched from|

System not clesned, Removed
top grid and bed of spheres,
Middle bed-5" HDPE spheres
from top bed + 2 1/2" new
HDPE's, Bottom bed-7? 1/2"
new HDPE's. Removed inlet
slurry nossles. Incressed
Koch tray weir height to 3",

System cleaned. Returned to
3 beds (4 gride) with 3! new
TPR spheres/bed. Re-
installed nlet slurry nossles,
Installed Elliot strainer on
scrubber loop. Decreased
Koch tray weir height to 2,

Method of Control

802 removsl controlled at
84125

803 removal controlled at
84329

80, removal controlled at
8442%

80, removal controlled at
8442%

Overrides;
Inlet pH @ 5. 95
Stolch. Ratlos 1,65

Run Philosophy

Intended long-torm, Condi-
tions chosen for longsterm
reliability based on reliabil.
ity verification tests,

Intended long-term, Velocity
spheres to be used until
strainers are inatalled on
scrubber loop,

Intended short-term. To

reduced for relisbility. HDPE] determine whether changes

in serubber internal config-
uration could reduce slurry
solids carryovar,

Intended 2 wka. To cbserve

any effect on mist eliminatoer
solids and scale depoiits with
raw water only for Koch tray
irrigation,

Reasults

Terminated dus to rapidly
increasing pressure drop
across mist elim. and Koch

Terminated to replace worn

spheres.

tray. Large sollde depost
on underside of Xoch tray and
on scrubber walle between
tray and main slurry header,
TPR half-spheres plugged
inlet slurry nossles (beliaved
to be primary problem).
Sorubber sts scale-free,

Bottom of mist eliminator
58% plugged.

ulation bet
and Koch tray (due to partial
pluggeage of spray noasles
'with foreign materisle).
Bottom of mist eliminator
15% plugged,

HDPE spheres with new HDPE;
Some solide accum-
slurry nosales

Inconclusive. Solids carry-
over to Koch tray and mist
eliminator appesred equal to
or greater than previous run,
Bottom of mist eliminstor
658% plugged.

Mist eliminator and Koch tray
areas clean, Due to less
tight liquor loop from weepage
of Koch tray raw water,
calculated sulfate saturation
was slightly lower at 110%.
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Table 6-1 (continued)

SUMMARY OF LIMESTONE

RELIABILITY TESTS ON TCA

SYSTEM

Run No. 829-2A 530-2A 531-2A 532-2A
Start-of-Run Date 2/26/74 3/28/74 $/10/74 7/17/74
End-of-Run Date 3/7/74 4/17/14 6/26/74 7/29/74
On Stream Hours 213 476 1088 258
Gas Rate, acfm @ 300°F 20,500 20,500 20, 500 20, 500
Gas Veloelty, fps @ 123°F 8.6 8.6 8.6 8.6
Liguor Rate, gpm 1200 1200 1200 1700
L/G, gal/mef 73 73 73 104
Percent Solids Recirculated 14.5-16 14-16 7.9 7-9
Effluent Residonce Time, min. 12 12 12 12
Stoichiometrie Ratio, moles Ca 1.18.1.38 1.2-1,88 1,3-1.7 (8/10.26, 6/19.28) O.GB-I.ZB(M
added/mole SO, absorbed 1,0-1,2(8) (5/2646/19)
Avg % Limoestone Utilization, 100x 80 73 67 (5/(1?-26, 6/19-26) ”(b)
moles SO; abs. /mole Cs added 918/ (5/26-6/19)
Inlet SO, Concentration, ppm 2300-3900 2200-4200 1750-3750 2000-3900
Percent 50, Removal 79-89 78-89 71-96 96-99
Scrubbar Inlet pH Range 5.7-5.9 s, 75-8,98 5, 46,1 8,6.6,0
Scrubber Outlet pH Range 5.2-95.8 5.1-8.4 4, 7-5.8 5,2-5.6
Percent Sulfur Oxidised 15.30 12-29 13-40 7-25
Solide Disposal System Clarifier Clarifier Clarifior ' Clarifier
. (Centrifuge only after 4/10) ,
Loop Closure, % Solids Dischg. 30.47 30-43 35.42 32-43
Calculated % Sulfate Saturation in 130 120 100 140
Scrubber Inlet Liquor @ 50°C
Tots! Dissolved Solide, ppm 8400 $300-8600 28, 000 48,000-60, 000
Total AP Range Excluding Mist 4.9-5.3 4,0-8,1 4,3-6.6 4.5.4.8
Ellminator and Koch Tray, in. H20
Mist Eliminator and Koch Tray 1.9.2,1 1,9-2,1 2,13, 7 1.95-2.1
AP Renge, in. H,0
Mist Eliminator AP Range, in. H20 0.19.0.23 0.17-0.28 0.19-0. 35 .0,15-0.19

Absnrbent

Limeatans slurried to A0 wt &
with makeup water and added
to EHT.-

T.imeatnne slurried to 60 wt %
with clarified process liquor
and added to EHT,

Limestone slurried to 60 wt %
with clsrificd process liquor
and added to EHT,

Limestone slurried to 60 wtfR
with clarified process liquor
and added to EHT,

Mist Eliminator/Koch Tray

No mist eliminator wash,

K. T. (2" welir height) {rrigat-
ed with available makeup
water (~ 3 gpm) and all avail.
sble clarified liquor (~15 gpm)
Bottom of Koch tray steam
aparged ! min/hr,

No mist eliminator wash,

K. T. (2" welr height) irrigat.
od with 8 gpm makeup water
and 7 gpm clarified liquor,
Bottom of Koch tray steam
sparged 1 min/hr,

No mist'eliminstor wash,

K. T. (3" weir height) Lrrigate
od with available makeup
water (~9 gpm) and all avall-
able clarified liquor (~30 gpm)
Bottom of Koch tray steam
sparged 1| min/hr,

Raecyole loop around mist
eliminator/K. T. Bottom of
mist elim. washed with 8 gpm
makeup water plus 7 gpm re-
cycle liquor. K, T, (2" welr
ht. ) {rrigated with ~38 gpm
recycle liquor (plus 18 gpm
mist elim, wash), Bottom of
K.T. stesm sparged ) min/hr

Scrubber Intarnals

3 beds (4 gride) with 5
spheres/bed.  All beds-worn
TPR spheres from previous
run.

3 beds (4 gride) with 8"
spheres/bed,  All beda-wory
TPR spheres from previous
run,

3 beds (4 gride) with 5"
sphores/bed.  All beda-worn
TPR spheres from previous
run.

3 beds (4 gride) with 5"
spheres/bed. All beds«
worn TPR spheres from
previous run.

System Changes Before
Start-of-Run

No cleaning.
No changes.

System cleaned, Koch tray
periphery sealed, PWHT
outlet (Koch tray inlet) pump
converted from Hydroseal to
Centriseal. Provided clarified
liquor for limestone slurry
{eed tank. Modified piping to
obtain constant Koch tray
makeup water/liquor ratlo,
Sealed top of EHT,

System cleaned. Installed
MgO add'n system. Lowered
spray header 4'. Leveled
Koch tray and further sealed
periphery, Increased weir
height to 3", Installed inlet
weir, EHT overflow line
blanked.

System cleaned, Provided for|
closed-circuit recycle loop
around mist eliminator/Koch
tray, including mfst elimi.
nator underwash, Lowered
(weir height to 2''. EHT and
PWHT sesled with CO; gas
purge.

Method of Control

SO, removal controlled at:
84429

Overrides:
Inlet pH35.95
Stoich. Ratios 1,65

SOz removal controlled at:
84129,

Overrides:

Inlet pHS 5,95

Stoich. Ratiosl. 63

S0, removal controlled at:

§/10-5/23 84129
§/23-6/5 7812%
6/5-6/19  Bai2%
6/19-6/26  9512%

Scrubber inlet pH controlled
at 5.0840.2

Run Philosophy

Intended long-term. Test
conditions same as previous
run, except Koch tray {rri-
gated with all available
makeup water and clarified
liquor.

Intended long-term. EHT
sealed to reduce oxidation,
and Koch tray wash ratio held
constant to observe any effect
on solids buildup.

Intended long-term. Attempt
to operate unsaturated with
MgQ add'n to sealed EHT.
Parcent solids lowered to 89
to provide additional clarifier
lquor for Koch irrigation.

Intended long-term. Attempt
to operate unsat. with MgO
add'n to EHT (10, 000 ppm
Mg). 1700 gpm liquor rate,
EHT & PWHT CO; blanket,
mist elim. waeh & mist elim/
Koch tray recycle loop.

Resulte

Routine inspection after 213
hours revealed some soft
solids and slight scale buildup
on the mist elim, lower vanes,
Although amount of scale and
solids was elight, it was
considered to be significant
after only 213 hours, and run
was terminated. Bottom of
mist eliminator 19% plugged.

Unable to significantly reduce
oxidation or sulfate satura-
tion. Run terminated due to
heavy scale and solids de-
posita on top of Koch tray,
possibly caused by low

{15 gpm) Koch tray flush rate
and a clarifier rake malfunc-
tion on April 8 - 10, result-

Unable to maintain unsaturat-
ed sulfate operation with 5000
ppm Mg. Steady state oper-
ation was not reached. Run
terminated due to solids and
scale buildup on mist elim-
inator, Koch tray and
bottom grid. Bottom of

Unable to attain unsaturated
sulfate operation with 10, 000
ppm Mg. Run terminated due
to scale build-up on Koch tray
and loss of 4000 (~1/2 bed)
spheres through grids.
Bottom of mist eliminator
1-2% plugged.

mist oliminator 759 plugged.

ing in abnormal solide carry-
over to Koch tray. Bottom
of mist eliminator 44%
plugged.

(s)

. Total stoich, ratio for Ca
& Mg is 1,08-1,28 {avg.

b
! 'Tnul stolch. ratio for Ca

& Mg {s 1.05-1,45 (avg.
alkall util. is 80%).

alkelt util, 85%).
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Table 6-1 (continued)

SUMMARY OF LIMESTONE RELIABILITY TESTS ON TCA SYSTEM

Run No. 533.2A 534.2A 535.2A 135.2R
Starteof-Run Date 8/6/74 9/3/74 9/12/74 12/4/74
End-of-Run Date 8/21/14 9/8/74 12/4/74 12/30/74
On Stream Hours 132 100 1835 490
Gas Rate, acfm @ 300°F 20,500 20,300 20,500 20, 500
Gas Veloelty, fps @ 125°F 8.6 8.6 8.6 8.6
Liquor Rate, gpm 1200 1200 1200 1200
L/G, gal/mct 73 73 73 73
Parcent Solids Recirculated 14,8-15. 8 10-12, 8 12.1% 9-16
Effluent Residence Time, min, 12 12 12(9/12-9/27), 15(after 9/27) |15(32/4-12/16), 25(after12/16)
Stolchlomatric Ratlo, molas Ca 0.86.1, 311 1,10-1, 30 1.35.1,70 1.15-1,85
sdded/mole 802 absorbed

Avg % Limestone Utilisation, 100x 92'® 82 ) N
moles SO2 abs, /mole Cs added

Inlet SO Concenttation, ppm 2000-3750 27003600 20004000 1500-4900
Percent SO3 Removal 95-99 78.90 78-88 66-94
Scrubber Inlet pH Range 5,7-6.0 8.68.5,8% 5.7-6,1 8, 8-6.1
Scrubber Outlet pH Range 5,3-85,68 5.2-5.4 5,1-5.8 5,2-5.9
Porcent Sulfur Oxidised * 15.23 15.30 10-28 10-30
Sclids Disposal Bystem Clarifier Clarifier Clarifiar Clarifier
Loop Closure, % Solids Dischg, 29-38 30-40 18.42 34-42
Caloulated % Sulfate Saturstion in 138 130 113 (9/12-10/23), 128
Scrubber Inlet Liguor @ 50°C 105 (after 10/23)

Total Dissclved Solids, ppm 53, 000-58, 000 7900-8500 4000-8000 4500-7300
TotslaP Range Excluding Mist 4.6-4.9 4,344,385 4.0-4,6 3.845,0
Eliminator and Koch Tray, in.H20|

Mist Eliminator and Koch Tray 2.0-3.8 1,8-2.0 1.9-2,0 1.8-2,2
AP Range, in, H20

Mist Eliminator AP Range, ia, H20) 0,17-0.25 0.15-0,20 0.10-0,20 0.15-0,20

Absorbent

Limestone slurried to 60 wt%
with clarified process liguor
and added to EHT,

Limestone slurried to 60 wt%
jwith clarified process liguor
and added to EHT,

Limestone slurried to 60 wt%
with clarified process liquor

Mist Eliminator/Kach Tray

Recycle loop around mist
eliminator/K. T. Bottem of

makeup water plus 7 gpm re-
cycle Hiquor, K.T. (2" welr

ht, ) irrigated with 35 gpm
recycla liquor (plus 15 gpm
mist ellm, wash),

Bottom of

Scrubber internals

mist elim. washed with 8 gpm

Bottom of mist elim, washed
cont, with 15 gpm dil, clar.
1iq. (~8 gpm makeup water +
~7 gpm elar, Ug. ) K.T.

(2" weir ht. ) irrig. with ~8
gpm clar, lig. + 15 gpm mist
olim, h. Bottom of Koch
tray steam sparged 1 min/hr,

cont. with 15 gpm dil, cla
119, (~9 gpm makeup water +
~6 gpm clar, Hg. ). K.T.
{rrig. with~9 gpm clar, liq. +
15 gpm mist elim, wash, Total
clar, liq. tomist elim. & K.T,
13 gpm min, Bottom of Koch
tray ateam sparged 1 min/hr.

Limestone slurried to 60 wt
'with clarified process liquor
and added to downcomer (12/4-
12/19 and to EHT (after12/19
Bottom of mist elim, washed
cont. with 18 gpm dil, clar.
1q. (~9 gpm makeup water +
~6 gpm clar., lig. ). K. T,
irrig. with~9 gpm clar. ligq. +
15 gpm mist elim. wash, Total|
clar, lig. to mist elim, & K, T
1% gpm min, Steam sparging
discontinued after 12/11.

spheres/stage. All beds-
new TPR sphers,

stage.
TPR spheres from previous
run,

4 grids) with § inches?
All beds-worn

TPR spheres from previous
run.

(4 grids). with 8 inches
|spheres/stage. All beds-worn]

o {4 grids) with 5 inches
/otage. All beds-word
TPR spheres from previous
run.

System: Changes Before
Start-of-Run

System cleaned, Replaced
worn TPR spheres with new
TPR's,

ISystem cleansd.

System cleaned. Seal water
removed {rom cooling spray
pump: Wall wash nozsles (4)
to wash walls between slurry
spray header and bottom of
Koch tray installed during
Boller #10 outage (10/23-
10/25)

Removed stearn sparger
(12/11), Wall wash nozzles
(4) replaced by single K. T,
underwash nozele (12/23).

Moethod of Control

Scrubber inlet pH controlled
at 5,840.2

[Serubber {nlet pH controlled
bt 5.840.2

1s0; removal controlled at
8412%.

Overrides:
Inlet pH€ 6,0
Stoich. Ratio€ 1.6

S0, remaval controlled at
84427,

Overrides:
Inlet pH® 6.0
Stoich, Ratlos1.6

Run Philosophy

Intended long-term. Attempt
to operate unsat. with 10,000
ppm Mg conc, {n EHT. 1200
gpm liquor rate, 15% solids,
CO, blanket over EHT &
PWHT, and mist olim, /KT
recycle loop.

Intended long-term, Discon-
tinue use of MgO. Test con-
ditions chosen simlilar to
826-2A.

Intanded long-term. Test
conditions chosen simllar to
526-2A.

Attempt to run at Run 535-2A
conditions with intermittant
burning of Montana low sulfur
coal {n Boller #10,

Results

[Unable to attain unsaturated
sulfate operation with 10,000
IPPmM Mg. ‘Run terminated due
to scale build-up on Koch tray
]and mist eliminator. Bottom
of mist eliminator 129
[plugged.

(e Total stoich. ratio for Ca

& Mg 18 1.03-1,48 (Avg,
alkalf util, 80%).

Run terminated due to scale
lbuild-up on the Koch tray.
Bottom of mist sliminator
1.2% plugged.

Run arbitrarily terminated
prior to introduction of
Montana low sulfur coal into
boller No. 10 and resultant
operational difficulties. In-
spection of system at 1835
hre showed mist eliminator
'and Koch tray to be essen-
tially clean (mist eliminator
<5% plugged). Wall sprayse
kept wall area and bottom of
the Koch tray clean.

Run terminated as planned.
Inspection of system after
2325 hrs (535-2A plua 535-2B)
showed mist eliminator bot-
tom to be B-9% plugged with
flyash, The top of the Koch
tray was 60% covered with
scattered scale ~15 mils
thick,
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Table 6-1 (continued)

SUMMARY OF LIMESTONE RELIABILITY TESTS ON TCA SYSTEM

Run Ne. 83624 837.2A 538-2A 839.2A
Start-of-Run Date 12/31/74 1/18/78 1/24/78 3/7/78
End-of-Run Date 1/18/78 1/21/78 2/21/78 3/21/18
On Stream Hours 328 137 562 278
Gas Rate, scfm @ 330°F 24,000 ' 24, 000 24, 000 28,800
Qas Velocity, fpe & 125°F 10.0 10.0 10.0 12.0
Liquor Rate, gpm 1200 1400 1400 1000
1./G, gsl/met 62 73 73 43
Percent Solide Recirculated 1316 12,8-14 12,8-17, 8 13,0.17. 0
Effluent Residence Time, min. 20 20 20 25
Stoichiomaetric Ratio, moles Ca 1

added/mole 50, absorbed 1.2-1.6 L3-1.6 1.3.1.6 1.3-1.7
Avg % Limestone Utilisation, 100x

moles SO abs, /mole Ca added 7 b9 49 b2
Inlet SO, Concentration, ppm 1250-4250 2000-3500 20004200 2000-3900
Percent SO; Removal ' 68492 80-93 81-98 82-92
Scrubber Inlet pH Range 8,8-6,0 8,8-6.0 5.8-6.0 5,9-6.1
Scrubber Outlet pH Rangs 5. 4-5,6 5,4-5.3% 5,45.5,68 5,6-5.8
Percent Sulfur Oxidised 6-30 12-26 10-30 10-22
Solide Disposal System Clariflier Clarifier Clarifier Clarifier & Nlé-r
Loop Closure, % Solide, Dischg, 32-43 33-40 31-40 ~ 40
Calculated % Sulfate Saturation in
Scrubber Inlet Ligquor @ 50°C 100 123 100 G
Total Diesolved Solids, ppm 42006500 6000-7000 4400-7400 3000-8000
Total AP Range Excluding Mist .
Eliminstor and Koch Tray, in, H20 5,2.5,6 5.8-6, 43 8,6-7.0 ) 6,7-6,88
Mist Eliminator and Koch Tray 4 . .

AP Renge, in. H0 2,7-4.0 4.1-4.95 2.1-2.8 2.8-3.68
Mist Eliminator AP Range, in. H20 0.30-0. 40 0, 40-0. 55 0,15-0.28 0.33-0.50

Absorbent

Limestone slurried to 60 wt &
Iwith clarified process liquor
land added to EHT.

Limestone slurried to 60 wt %
with clarified process liquor
and added to EHT.

Limestone slurried to 60 wt %
with clarified process liquor
and added to EHT.

Limestone slurried to 60 wt %
with clarified process liquor
snd added to EHT,

Mist Eliminator/Koch Tray

Bottom of mist elim, washed
cont, with constant 13 gpm
diluted clar. lig. {all makeup
plus necessary clar. lg).
Corresponds to 0, 3 gpm/ft?
Koch tray (2' welir ht.) irrig,
jwith remaining clar. liq.
Clar. lig. return 15 gpm
jminimum.

Bottomn of mist eliminator
washed contlnuously with con-
stant 20 gpm (0. 4 gpm/£t2)
diluted clarified liquor (all
makeup plus necessary clar.
{fled liquor), Koch tray (2"
welr ht, ) irrigated with re.
maining clarified liquor. Clar,
return 17 gpm miaimum.

Bottom of mist eliminator
washed continuously with con-
stant 20 gpm (0. 4 gpm/{:z)
diluted clarified liquor (all
makoup plus necessary clar-
ified liquor). Koch tray (2"
welr ht, ) {rrigated with re-
maining clarified liquor. Clar,
return 17 gpm

Bottom of mist eliminator
washed continuously with con-
stant 28 gpm (0. 5 gpm/f2)
diluted clarified liquor (all
makeup plus necessary clar-
1fled liquor), Koch tray (2"
'weir ht.) Irrigated with re-
maining clarified liquor, Clar.
retura 22 gpm minimum,

Scrubber Internals

3 stages (4 grids) with 5 {nches
spheres/stage. All beds-worn|
[TPR spheres from provious
run,

3 stages (4 grids) with s inched
spheres/stage. All beds-worn)
TPR spheres from previous
run.

3 stages (4 gride) withS inched
spheres/atage, All beds-worn
TPR spheres from previcus
run.

3 stages (4 gride) with 5 inches
stage. All beds new
HDPE spheres.

etem Changes Before
tart-of- Run

[No cleaning. Mist eliminator
bottom wash 20 gpm after
1/7. Minimum clarified
liquor return 17 gpm after
t/10.

No cleaning. Fifth nossle
(ST 14 FCN) installed {n
center of existing mist elim-
{nator underwash header.

System cleaned.

[Koch tray and mist eliminator
cleaned.

Method of Control

SO2 removal controlled at
8412%.

Overrides:

Inlet pH& 6,0

Stolech, Ratlod& 1,6

S0, removal controlled at
8712%

Overrides:
Inlet pH & 6,0
Stolch. Ratlo& 1,6

¥
SO, removal contrdlled at
89129,
Overrides:
Inlet pH & 6,0
Stoich, Ratlio& 1.6
Outlet SO « 1000 ppm

Run Philosophy

Intended short term. To
observe scrubber operation
at 10 ft/sec gas velocity.

To determine if fifth noszle
on mist eliminator underwash
header improves condition of
mist eliminator. '

To determine if higher % SO,
removal and the fifth nossle
on mist eliminator underwash
header would prevent an
{nitially clean miet eliminator
and Koch tray {rom plugging.

ISO2 removal controlled at

89129,

[Ovarrides:

Inlet pH €6,1
Stolch. Ratlo & 1,75

Qutlet SO £ 1000 ppm
To determine the reliability
and operability of the TCA
system at 12,0 ft/sec gas
velocity.

[Results

Run terminated due to worsen-
ing condition of mist elimina-
tor and Koch tray. Bottom of
mist eliminator after 2657
hre (Runs 535-2A, 533-2B and
536-2A) was 16% plugged with
flyash (heaviest deposits in
center of mist eliminator),

Run terminated due to increas
ing mist eliminator pressure
drop. Inspection revealed
mist eliminator to be 319
plugged by solids. .

Run terminated when routine
inspection revealed mist
eliminator to be 6% plugged
with solids.

Run terminated to determine
factors causing unsaturated
operation, Mist eliminator
11% plugged after 214 hre. of
operation. Bottom grid 60%
covered with 60 mil ecale.
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Table 6-1 (continued)

SUMMARY OF LIMESTONE RELIABILITY TESTS ON TCA SYSTEM

Run No. 840.2A 541-2A 542-2A 543.2A
tart-cfeRun Date 3/21/78 3/28/78 3/28/73 4/1/78
nd.ofe ate 3/28/18 3/28/78 4/1/18 4/3/78
On Stream Hours 90 " 68 91 47
Qas Rato, sefm & 300°F 28, 800 28, 800 28,800 28, 800
Gas_Veloait 2 @ 128°F 12,0 12,0 12,0 12,0
Liguor Rute, gpm 1000 1000 1000 1000
L./0, gal/met 43 43 43 43
Percent Solide Recirculated 13,7-18,3 12,5-14 13.5.18,8 12.9-14.9
Effluent Residence Time, mia, 18 18 15 15
f;‘;'::,’:;‘;:'s‘g::;’:;,m"' G 1,48-1.7 L41-1,72 Lo2s-1.88 1,26-1,39
L e o i 0 P g 0
Inlet 805 Concentration, ppm 2500-3700 2700-4000 3100-4000 2600-3500
Farnnt 80; Removal 84-94 80-88 75-85 75-84
[Scrubber Inlet pH Range 8, 98-6,08 5,8-8,9 8.8.5,98 $,8-59
Eu_ru_bbor Outlet pH Range 5.75.8.9 5.5:5.7 5,388, 6 5.3-8.4
ercent Sulfur Oxidined 10-18 18-26 10-24 10-23

| Diaposal System

Clarifler &k Filter

Clarifier k Filter

Clarifier & Filter

Clarifier & Filter

Loop Closure, % Bolids, Dischg. ~ 40 ~ 40 ~ 40 ~ 40
Caloulated % Bulfate Saturation in
200 20 43 50 138
2000.3100 3100.4800 3600.4200 5000-6700
otal AF Range Excluding Miat . .
liminator and Koch Tray, in, H20 6,356, 8 6,46, 6 6,9-7.0 6. 66,88
[Mist Eliminator and Koch Tray
&P Range, In, M0 3.68:4,0 3,6-8.9 3, 1-3,2 3.0-3,18
Mist EliminstoroP Range, in. Ha0 0,800,483 0,50.0, 68 0,48-0.50 0.50-0,33

Absorbent

Limeatone slurried to 60 wt &%
with clarified process liquor
and added to EHT,

Limestone slurried to 60 wt &
fwith clarified process liquor
and added to EHT.

Limestone slurried to 60 wt 9
with clarified process liquor
and added to EHT,

[Limestone slurried to 60 wt 9
fwith clarified process liquor
hnd added to EHT.

——
Mist Eliminator/Koch Tray

Bottom of mist eliminator
washed continuously with cone
stant 25 gpm (0, 8 gpm/1t2)
diluted clarified liquor (all
makeup plus necessary clar-
(fied liquor). Koch tray (2"
welr ht, ) irrigated with re-
maining clarified liquor, Clar,
return 22 gpm minimum,

(Bottom of mist eliminator
[washed continuously with con=
stant 28 gpm (0, 8 gpm/ft2)
d{luted clarified liquor (all
Imakeup plus necessary clar-
ified liquor), Koch tray (2"
[weir ht.) irrigated with re-
maining clarified liquor. Clar,
return 22 gpm minimum,

Bottom of mist eliminator
washed continucusly with con-
stant 28 gpm (0. 5 gpm/t8)
diluted clarified liquor (all
makeup plus necessary clare
ifled liquor), Koch tray (2"
weir ht. ) {rrigated with re-
maining clarified liquor. Clar.
return 22 gpm mini{mum,

Bottom of mist eliminator
washed continuously with _con.
stant 25 gpm {0, 5 gpm/ltz)
diluted clarified liquor (all
makeup plus necessary clar-
ified ligquor). Koch tray (2"
welr ht.) {rrigated with re-
maining clarified liquor. Clar,
return 22 gpm minimum,

Sarubber Internals

3 stages (4 grida)with 8 lnches
sphares/stage, All beds worn
HDPE spheros from previous
run,

3 stages (4 grida) with 3 {nches
spheres/stage. All beds worn
[HDPE sphares from previous

run,

'3 stages (4 grids)with 5 inches
spheres/stage. All beds worn
es from previous

3 satages (4 gride) with 8 inches
e, All beds worn
from previous

Bystern Changes Bafore
Start-of=-Run

No changes.

Ng changes.

Underside of Koch tray
cleaned,

No changes,

[Method of Control

80, removal controlled at
8912%

Overrides:

inlet pHE 6, 1

Stoich, Ratio%1,78
Outlet 803 #1000 ppm

ISO; removal controlled at
8412%

Overrides:

Inlet pH& 6,0

Stolch, Ratio#1,6
Qutlet 502 ¢ 1000 ppm

Scrubber outlet pH controlled
at 5, 4,

Serubber ocutlet pH controlled
at 5. 4,

Run Philosophy

Attempt to determine offect
on degroe of sulfate saturation
of reducing the effluent res=
{dence time from 25 min te

18 min, .

Attempt to detarmine effect of
PpH on-degree of sulfate saturad
tion, SOz removal controlled

at 8412% to achiave inlet pH of|
$.8-5,9 and outlet pH of 5, 4-

5.5 (similar pH levele to runs
of higher L/G).

Repoat of Run 541.-2A except
method of control changed to
outlet pH.

Attempt to determine effect
on degree of sulfate saturation
of raising the O, content of
the {lue gas from 5.7% to
8+5%.

Resuits

Run terminated ae planned.
Change of residence time had
no significant effact on degree
of sulfate saturation,

Run terminated duoe to rising
pressure drop across Koch
tray. At an averago outlet pH
of 5,6, degree of sulfate sate
uration was 45%,

Run terminated as planned,
At an average outlet pH of
5,47, degree of sulfate sat-
uration was 50%.

Run terminated as planned,
Addition of air to give higher
O3 in flue gas resulted in a
degree of sulfate saturation
egual to 1359,
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SUMMARY OF LIMESTONE RELIABILITY TESTS ON TCA SYSTEM

Table 6-1 (continued)

Run No. 544.2A 545-2A
Start-of-Run Date 4/4/75 4/15/7%
End-of-Run Date 4/15/75 4/21/75
On Stream Hours 269 133
Gas Rate, acfm @ 300°F 20,500 28,800
Gas Velocity, fps @ 125°F 8.6 12.0
Liquor Rate, gpm 1200 1000
L/G, gal/met 73 43"
Percent Solide Recirculated 12,3-15.0 13,2-14
Effluent Resldence Time, min. 15 25
R
Avg % Limestone Utilization, 100x 65 69
moles SO abs. /mole Ca added
Inlet SO, Concentration, ppm 2500-3875 2400-3800
Percent SO; Removal 78-90 77-89

" |Scrubber Inlet pH Range 5.8-6.1 5.8-6.0
Scrubber Qutlet pH Range (5.4-5.6 5.4-5.6
Porcent Sulfur Oxidized 12-40 15-29
Solids Disposal System Clarifier Clarifier & Filter
Loop Closure, % Solids, Dischg. 35-40 ~ 40
Calculated % Sulfate Saturation in 110 90
Scrubber Inlet Liquer @ 50°C
Total Dissclved Solids, ppm 5000-8000 4000-8000
e T e s
h:l;tkli.li::i'nn‘:r};:g Koch Tray 2.0-2.2 2.9.3.0

0,15-0.20 0.40-0,45

[Mist Eliminator 8 P Range, in, H20
JAbsorbent :

Limestone slurried to 60 wt%
with clarified process liguor
and added to EHT.

Limestone slurried to 60 wt %
with clarified process liquor
and added to EHT,

Mist Ellminator/Koch Tray

Bottom of mist elim. washed
cont, with 15-19 gpm dil.
clar, Uq. (~9 gpm makeup
water + portion of clar. liq. ),
K.T, irrig, with remaining
clar, lig. + mist elim. wash.
Total clar. lig. to miat elim,
& K. T. 15 gpm minimum.

Bottom of mist eliminator
washed continuously with con-
stant 25 gpm (0, 5 gpm/ftz)
diluted clarified liguor (all
makeup plus necessary clar-
ified liquor). Koch tray (2"
welr ht, ) irrigated with re-
maining clarified liquor. Clar
return 22 gpm minimum,

[Scrubber Internals

3 stagos (4 grids) with 5inches|
spheres/stage. All beds worn
HDPE spheres from previous
run,

3 stages (4 grids) with 5 {nched
spheras/stage. All beds worn
HDPE spheres from previous
run,

ystem Changes Before
Start-of-Run

Mist eliminator cleaned in
place.

No changes.

Method of Control

SO, removal controlled
at 8412%

Overrides:
Inlet pH 6,0
Stoich.Ratlo £1. 6

Scrubber outlet pH controlled
at 5.430. 1.

Run Philosophy

Run required to provide
clarifier u'flow for Dravo
Corp. sludge fixation tests,
Cond{tions chosen to replicate
Run 535-2A to reconfirm mist
eliminator performance.

Attemnpt to determino whether
scale formed during Run
539-2A was caused by high
scrubber slurry pH (5,9+6.1
inlet, 5.6-5.8 outlst), Con-
ditions identical to Run 339-2A
except for method of control.

Results

Run terminated after conclu-’
sion of sludge fixation testing.
No new solids deposits on
mist eliminator since in place
cleaning at start of run,

[Run terminated prematurely
Iwhen inspection revealed

massive failure of the HDPE
spheres (1041 operating hours)
No scale'on bar grids,




6.1.1 TCA Run 535-2A

Run 535-2A was begun on September 12, 1974, after the system had
been cleaned. The mist elimination system consisted of a 316 stainless
steel, 6-pass, closed-vane, chevron mist eliminator preceded by a
Koch Flexitray used as a wash tray (see Figures 3-2 and 3-3). A
detailed description of the results of the first 786 hours of of)eration
for Run 535-2A has been presented in Reference 1. This run was
continued for a total of 1835 operating hours. It was the longest lime-

stone run made to date at the Shawnee test facility.

The major test conditions at the start of run were (Table 6-1):

Gas velocity 8.6 ft/sec
Liquid-to-gas ratio 73 gal/mcf
Percent solids recirculated 15
Effluent residence time 12 min
Percent SO2 removal (controlled) 84

The clarified liquor return flow rate was maintained at a minimum of
15 gpm for Koch tray feed and mist eliminator wash to prevent high
sulfate supersaturation in the wash tray effluent liquor. The under-
side of the mist eliminator was washed continuously with 15 gpm
diluted clarified liquor (about 9 gpm makeup water plus about 6 gpm:
clarified liquor). The Koch tray was fed with the 15 gpm mist elim-
inator wa sh plus the remaining ~» 9 gpm (minimum) of clarified liquor.
The underside of the Koch tray was sparged with 125 psig steam for 1

minute each hour.
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To maintain the minimum 15 gpm clarified liquor return flow, the
slurry bleed to the clarifier was allowed to fluctuaté, resulting in

only 12 to 13 percent solids at times in the recirculating slurry as
compared to the desired 15 percent, The effluent residence time was
increased from 12 to 15 minutes after 345 hours of 'operation to assure
that sulfate saturation of the scrubber liquor would remain below

135 percent at the lower slurry solids concentration (see Figure 7-2,

Reference 1).

Inspections were made after 786, 960, 1093, 1352, and 1628 hours

of operation and at the end of the run after 1835 hours of operation.

After 786 hours of operation, the top of the Koch tray was clean and

only 1 percent of the mist eliminator was restricted with scattered solids
(mostly fly ash) on the bottom vanes. Solids had accumulated on the
underside of the Koch tray and on the walls between the steam sparger
and the slurry spray nozzles. The maximum deposit on one area

of the walls had reached 15 inches in thickness. Approximately 30

mils of scale had accumulated on the TCA grids.* There was no mea-
surable increase in pressure drop across the beds, Koch tray, or

mist eliminator during this period of operation.

After 960 hours of operation, a two-day boiler maintenance outage
forced a scrubber shutdown. The top of the Koch tray was still clean
and the condition of the mist eliminator was unchanged. The underside

of the Koch tray was cleaner with 60 to 70 percent of the area free

3
; Maximum sulfate supersaturation occurs in the scrubber effluent.
Hence, scale formation is heaviest in the bottom TCA grid.
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of deposits. The bottom TCA grid generally had less scale. The
solids accumulation on the walls between the steam sparger and the
slurry spray nozzles had worsened, with the maximum deposits on
one area of the walls reaching 20 inches in thickness. Four wall
wash spray nozzles, using the wash tray effluent liquor, were in-

‘stalled to correct this situation.

After 1093 hours of operation, the scrubber was shut down for ob-

servation of the effect of the four wall wash sprays.

Two walls were essentially clean, but, due to plugged spray nozzles,
the other two walls had up to 8 inches of solids accumulation. The
two plugged wall spray nozzles were cleaned before continuing fche

run.

A second fwo-day boiler maintenance outage caused the scrubber
shutdowﬂ after 1352 hours of operation. The top of the Koch tral,y

was still clean. Thle mist eliminator was essentially clean with

only 2 to 3 percent restricted with solids. The underside of the Koch
tray was slighﬂy worse with the clean area reduced to about 50 percent.
About 5 to 10 percent of the steam sparger holes were plugged with
solids. Again, two wall spray nozzles were plugged, and their area

of coverage haé accumulated solids, The plugged nozzles were
cleaned, and an in-line strainer was installed before the run was
restarted. Scale accumulation on all TCA grids had decreased to less
than 5 mils. The average wear of the 5-gram TPR spheres, measured
during this inspection, was approximately 4 percent for 1785 hours of

service.

6-10



After 1628 hours of operation, the mist eliminator and the top of the
Koch tray were still essentially clean. The wall spray nozzles had
remained free of plugging since the installation of the in-line strainer,.
and all four walls below the Koch tray were essentially clean. The
wall sprays were also effective in washing the underside of the Koch
tray where it was covered by the sprays. The underside of the Koch

tray was about 85 percent clean.

Run 535-2A was arbitrarily terminated on December 4, 1974, after
1835 operating hours, prior to the introduction of Montana low sulfur
coal (see Appendix C) into boiler No. 10. At the end of the run, the
top of the Koch tray was still clean and the mist eliminator wés
practically clean with less than 5 percent restricted by solids. The
underside of the Koch tray had no solids accumulation greater than

1/4 inch thick. The walls below the Koch tray were clean to the rubber
lining. The bottom TCA grid had negligible scale accumulation.

Appendix G presents average liquor compositions for the scrubber

and Koch tray inlet and outlet liquors. The data given are only for the
operating period after September 27, 1974, when the effluent hold

tank residence time was increased from 12 to 15 minutes. The
analytical data were conveniently divided into two periods having
different sulfate satufations and dissolved chloride concentrations.
From September 28 through October 23, 1974, the calculate‘d}average
sulfate saturation was approximately 115 percent for both the scrubber
inlet and outlet liquors; for the period October 24 to December 4 these
saturations were ab_é)ut‘ 105 percent. The lower saturation values

during the second period were probably caused by the drop from 3000
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to 2000 ppm in the ‘chlozfide concentration (with a corresponding drop
in calcium ion concentratAion from 1800 to 1200 ppm) in the scrubber
liquor. As can be seen from Appendix G, all sulfate saturations for
the scrubber and Kocﬁ tray liquors were below the critical value of

135 percent,

During the last 200 hours of Run 535-2A, the limestone makeup slurry
addition point was changed from the effluent hold tank tb the s.crubber
downcomer to observe the effect on the scrubber liquor sulfate satura-
tion. Unlike lime wet-scrubbing in the venturi/spray tower system,
the sulfate saturation in the TCA limestone system was not affected

by this change in the alkali addition point.

6.1.2 TCA Run 535-2B

Run 535-2B was started on December 4, 1974 and continued until
December 30, 1974, for a total of 490 operating hours. The run was
a continuation of Run 535-2A during which Montana low sulfur coal
was burned intermittently in boiler No. 10. The system was not

cleaned prior to the test run.

Use of both high and low sulfur coals in boiler No, 10 resulted in

inlet SO, gas concentrations ranging from 1500 to 4900 ppm. During
periods of low inlet SOZ concentration and, therefore, reduced genera-
tion of solid products, the recirculated solids concentration had to

be decreased to maintain the minimum requirement of 15 gpm clarified
liquor return flow to the mist elimination system. The available

makeup water was decreased due to the reduced system sludge discharge.



During burning of Montana low sulfur coal, the recirculated solids
concentration dropped to about 9 to 10 percent and the makeup water

had to be reduced to about 5 gpm.

After 165 hours of operation (2000 hours since the system cleaning

at the beginning of Run 535-2A), a five-day boiler maintenance outage
from December 11 through 15 forced a scrubber shutdown. An
inspection showed that a portion of the top of the wash tray had 12

to 17 mils of scale. The mist eliminator had an overall solids re-
striction of about 6 percent, with mist of the accumulation (up to 30
percent restricted) in the center sections. The outlet vane tips of the
mist eliminator center sections directly under the outlet 'gas duct held
200 mils of fibrous scale and fly ash. The walls below the Koch tray
had a slight gain in solids. The underside of the Koch tray was es-
sentially unchanged. The bottom TCA grid gained new scale, resulting
in about 3 percent restriction of the total free area., The scale ac-
cumulation onthe walls below the bottom gria had also increased, with

1 3/4 inches of scale at the thickest spot.

Most of the Koch tray and bottom grid scaling probably occurred
during the last day (December 10) of operation before the 165 hour
inspection, when the inlet SO, concentration increased rapidly from
about 1600 to 4000 ppm during a period of low makeup water and low
recirculated solids concentration. The sulfate saturation exceeded

135 percent during the last 3 to 4 days before the inspection.

Several changes were made before the run was restarted on December 16

to help the system accomodate the wide swings in inlet SO, concentration.
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To provide adequate residence time for sulfate desupersaturation dur-
ing periods of low solids concentration, the residence time in the
effluenf hold tank was increased from 15 to 25 minutes, In addition,
the clarifier underflow was returned intermittently to the efﬂﬁent hold
tank to maintain 15 percent recirculated solids concentration during
periods of low sulfur coal. The steam sparger was removed from
service to determine if the wash liquor from the four wall sprays

was sufficient to keep the underside of the tray clean.

After 330 hours of operation 4(2165 hours since the last system cleaning),
a second inspection reveaied that the ambunt of mist eliminator solids
deposits had apparently stabilized (about 5 percent restriction), and

that the top of the Koch tray was cleaner, with 5 to 10 mils of scale

on 5 percent of the area. Scale on the bottom TCA grid had decreased.
The underside of the Koch tray had new deposits since the steam sparger
had been removed from service. Only 40 to 45 percent of the underside

was free of solids. All four walls below the Koch tray were clean.

To keep the underside of the Koch tray free of solids, a single under-
spray nozzle, using the Koch tray effluent liquor, was installed duriﬁg
the outage. The four wall spray nozzles were removed from service,
since the single Koch tra}; underspray nozzle could provide coverage

and wetting of the walls below the Koch tray.

Run 535-2B was terminated as planned on December 30, 1974, after

490 hours of operation. The single Koch tray underspray nozzle had

%
In a full scale gas scrubbing unit, it would be undesirable to use steam
to clean the underside of a wash tray.
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been successful in keeping all four walls below the tray clean. The
undersi&e of the Koch tray still had 60 percent of the area covered

with residual scale and solids. About 60 percent of the topside of the
Koch tray was covered with scale averaging 15 mils in thickness.

Solids deposits in the mist eliminator had increased to an 8 to 9 percent
overall restriction with the heaviest deposits again confined mostly

to the center sections. The bottom TCA grid still held a light scale
coating. The walls below the bottom grid had scale averaging 1/2

inch thick with a maximum of 1 3/4 inches.

During Run 535-2B, the calculated sulfate saturation averaged approx-
imately 125 percent in both the scrubber inlet and outlet liquors and
120 percent in the Koch tray inlet liquor. These values are about

20 percent higher than for Run 535-2A at comparable chloride con-
centrations. This saturation increase probably resulted from the
wide variation in inlet SO, concentration (1500 to 4900 ppm) which
caused similarly wide variations in stoichiometry and recirculated

solids concentration, both of which affect saturation.

Even though there was some scale buildup during this run, it is
significant that the system was operated successfully during a period
of wide variationin inlet 50, concentration. Since the beginning of
Run 535-2A, the TCA system had operated for a total of 2325 hours

without cleaning.
The average weight losses of the 5-gram TPR spheres for the top,

middle, and bottom beds were 7.3, 6.2, and 3,4 percent, respectively,

after a total of 2757 hours of service. Most of the spheres were dimpled.
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6.1.3 TCA Run 536-2A

Run 536-2A was started on December 31, 1974 and terminated on
January 15, 1975, after 328 operating hours. The objective of this
test was to evaluate the operation of the TCA system at the higher
gas velocity of 10 ft/sec. No cleaning of the system was done prior
to startup. The mist eliminator and Koch tray had 2325 hours of
operation (Runs 535-2A and 535-2B) at a gas velocity of 8. 6 ft/sec.

During the run, the underside of the mist eliminator was washed con-
tinuously with 15 to 20 gpm of diluted clarified liquor (all makeup
water plus necessary clarified liquor). This wash rate resulted in .
a specific spray rate of 0.3 to 0.4 gpm/ftz. The Koch tray was fed
with the remaining clarified liquor. The clarified liquor return to the
mist elimination system was never allowed to drop below 15 gpm.
This minimum flow was raised to 17 gpm on January 10 because of

the higher slurry bleed rate available at the 10 ft/sec gas velocity.

The run was terminated after 328 hours when inspection revealed

the mist eliminator restriction had doubled to about 16 percent.

The major portion of the solids buildup was fIy ash located on the mid-
dle vanes in the center of the mist eliminator. The top of the Koch
tray had acquired more scale. Solids on the underside of the Koch

tray had increased slightly,

The calculated saturations were 100 percent for the scrubber inlet
and 105 percent for the scrubber outlet liquor. The Koch tray outlet

liquor was 120 percent saturated.



6.1.4 TCA Run 537-2A

Run 537-2A was started on January 15, 1975, Operating conditions
were the same as for Run 536-2A with the exceptions of an increasé
in TCA slurry rate to 1400 gpm (73 gal/mecf) and an increase in SO2
removal set point to 87 percent, These changes were made to prevent

the SO concentration in the vicinity of the Koch tray from exceeding

the levzel attained during the 8.6 ft/sec gas velocity tests. In addition,

a fifth nozzle was installed on the mist eliminator underwash header

to directly cover the center portion of the mist eliminator where
plugging had occurred in the previous test. The system was not cleaned

prior to startup.

The run was terminated after 137 operating hours. At that time, the
system had operated for 2325 hours at 8.6 ft/sec and 465 hours at

10 ft/sec for a total of 2790 hours without cleaning. An inspection
showed that the overall mist eliminator restriction had increased to

31 percent from the 16 percent at the start of the run. The scale

on the Koch tray inlet and on the adjacent walls had increased slightly.
About 90 tray valves were stuck in the open position where the tray was
clean on the inlet side and had the greater gas flow. Thirty valves
were stuck closed. The top of the tray and the wall above the tray

contained more scale.

Additional scale had formed onthe bottom TCA grid. Scale on one
corner of the grid had bridged across four grid bars. Spheres above
the grid in that corner were bound by soft, wet solids and stacked

from one to six spheres high,



The calculated sulfate saturation was 125 percent for both the scrub-

ber inlet and outlet liquors.

6.1.5 TCA Run 538-2A

Run 538-2A began on Januarir 24, 1975 and terminated on February 21,
after 562 operating hours. Test conditions for this run were the same
as for Run 537-2A, except that the SO, removal set point was increased
to 89 percent, with a maximum allowable outlet SO2 concentration of
1000 ppm during periods of high inlet SO2 concentrations, Prior to
start of this run, the mist eliminator, Koch tray, and bottom TCA

grid were cleaned. The run was made to determine if higher S0,
removal and the fifth nozzle on the mist eliminator underwash would
prevent an initially clean mist elimination system from scaling and/

or plugging at the conditions tested.

A total of six inspections were made during the run. The overall
restriction of the mist eliminator increased gradually to about 8 percent
in about 500 hours and appeared to level out at 6 to 8 percent at the

end of the run. The solids were predominately fly ash deposits at the
first and second bends. The rest of the scrubber system, including

the bottom TCA grid, was generally clean.

The calculated sulfate saturations were 100 percent for both the scrub-
ber inlet and outlet liquors and 110 percent for the Koch tray outlet

liquor.

The average weight losses of the 5-gram TPR spheres for the top,
middle, and bottom beds were 12.4, 14,3, and 7.1 percent, respec-

tively, in 3784 hours of service.
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6.1.6 TCA Run 539-2A

Run 539-2A was designed to test the operation of the TCA system at
12.0 ft/sec gas velocity. Both the Koch tray and the mist eliminator
were cleaned prior to start of this run. High-density polyethylene
(HDPE) spheres were used for this run. They had been left in the

beds after a series of pressure drop tests to define the regions of
non-flooding TCA operation (see Section 9 for results from these tests).
The run began on March 7, 1975 and terminated on March 21 after 278
hours of operation. Because of the scrubber flooding characteristics
at 12 ft/sec gas velocity, the liquid-to-gas ratio was limited to 43

gal/mcf, corresponding to a slurry rate of 1000 gpm.

An inspection after 215 hours revealed the mist eliminator to be 11
percent restricted with a combination of fly ash and wet solids. The
bottom TCA grid had 60 mils of scale (about 80 percent sulfite) on
60 percent of the grid bars, while the top grid had 5 mils of scale
(about 80 percent sulfite) covering 50 percent of the grid bars. The
top of the Koch tray was scale free. The underside had 1 to 4 mils
of smooth scale plus scattered solids on 15 to 20 percent of the area.

The walls below the Koch tray had 30 mils of smooth scale.

The calculated sulfate saturations for the scrubber inlet and outlet
liquors were 25 and 35 percent, respectively. Because of the unex-
pected gypsum-unsaturated operation and the sulfite scale formation
on the grids, it was decided to terminate the run and conduct a series

of short-term tests to determine the factors responsible.
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6.1.7 TCA Runs 540-2A through 543-2A

Run 540-2A was intended to determine the effect of reduced effluent
residence time (from 25 to 15 min) on the degree of sulfate saturation

of the scrubber liquor., The run was initiated on March 21 and terminated
on March 25, after 90 hours of operation. The change in effluent_ resi-
dence time had no significant effect on the degree of sulfate saturation

of the scrubber inlet liquor (20 percent versus 25 percent for Run

539-2A) under the conditions tested. This differs from the supersaturated
mode of operation where sulfate saturation varies inversely with resi-

dence time (see Figure 7-2, Reference 1).

Run 541-2A was made to study the effect of lower scrubber liquor ',

PH on the degree of sulfate saturation and on sulfite scale formation.

To achieve a lower pH, the'SO2 removal .set point was dropped from

89 percent to 84 percent.. The run started on March 25 and terminated
on March 28 after 65 operating hours, due to an increasing pressure
drop across the Koch tray. The desired scrubber liquor outlet pH of

5.4 to 5.5 (as compared with 5.6 to 5.8 for Run 539-2A) was not achieved
during the run. At the average outlet pH of 5. 6, the sulfate saturation

of the scrubber inlet liqguor was 45 percent.

After cleaning the underside of the Koch tray, Run 542-2A was started
on March 28 and continued until April 1 for 91 operating hours. The
outlet pH was successfully controlled at 5.4 and the level of sulfate

saturation of the scrubber inlet liquor was 50 percent.

Run 543-2A was intended to determine if increasing the oxygen content

of the flue gas from a range of 5 to 7 percent, as in Run 539-2A, to
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a range of 8 to 9 percent would significantly affect the degree of sulate
saturation. The scrubbef outlet pH was still controlled at 5.4, The
run began on April 1 and terminated on April 3 after 47 operating
hours. The degree of sulfate saturation of the scrubber inlet liquor

increased to an average of 135 percent during the run,

Due to time constraints, it was necessary to suspend exploratory tests
to explain the sulfate-unsaturated operation and sulfite scale formation
during Run 539-2A, However, a similar test effort is being continued at
the EPA plilot plant facility in Research Triangle Park, North Carolina.

It was noted that limestone utilization improved from 63 to 76 percent
as the scrubber liguor outlet pH was dropped from 5.8 to 5.4 during
the short-term Runs 540-2A through 543-2A (see Table 6-1), As
expected, SO2 removal dropped from approximately 90 percent to

80 percent as the scrubber liquor pH decreased.

6.1.8 TCA Run 544-2A

Run 544-2A began on April 4 and terminated on April 15 after 269
operating hours, The test was intended to be short term. It was

made to provide clarifier underflow sludge for fixation by Dravo
Corporation and to confirm the cleanliness of the mist eliminator ex-
perienced during Run 535-2A, which lasted for 1835 hours at 8. 6 ft/sec
gas velocity., The run was terminated as planned after the conclusion

of sludge fixation testing by Dravo.
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Prior to startup, the mist eliminator had been cleaned in place.

The test conditions were identical to those for Run 535-2A, except
that the mist eliminator underwash rate was 15 to 19 gpm dilufe'd.
clarifier liquor (as compared with a constant 15 gpm for Run 535-24A),
to maintain a proper under spray pattern with the extra fifth center

spray nozzle,

An inspection after 261 hours of operation (near the end of run) showed
that the mist eliminator was essentially clean., The top of the Koch
tray was clean, and the underside was about 90 percent clean to metal
with only a small amount of thin scale remaining from the cleanup

at the start of run. The walls below the Koch tray had less scile than
before the start of run, The bottom TCA grid was free of scale.

The frequency of soot blowing in the flue gas inlet duct had been changed
from once every four hours to once per day, beginning on March 20, 1975,
near the end of Run 539-2A, The less frequent schedule appeared to

be adequate in keeping the inlet duct free of accumulated solids.

The run operated at a calculated sulfate saturation of 110 percent
for both the scrubber inlet and outlet liquors. These saturation values

are essentially the same as for Run 535-2A.

6.1.9 TCA Run 545-2A

Run 545-2A began on April 15 and was terminated on April 21 after 133
hours of operation., The test was part of a continuing effort to deter-

mine the cause of the gypsum-unsaturated operation and sulfite scale
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formation experienced during TCA Run 539-2A. The system was not
cleaned prior to startup. Run 545-2A was performed under conditions
identical to those for Run 539-2A (e.g., 12 ft/sec gas velocity), except

~ that the scrubber outlet pH was controlled at 5.4, compared with the
average (uncontrolled) outlet pH of 5. 75 for Run 539-2A. It was believed
that the grid scale (about 80 percent sulfite) formed during Run 539-2A
was caused by operation with high slurry pH.

The run was terminated prematurely after 133 hours when inspection
revealed massive failure of the HDPE spheres, which had been in use
for about 1100 operating hours. No scale was observed on any of the

TCA grids.

The calculated sulfate saturation of the scrubber inlet liquor was about
90 percent, which is significantly higher than the 25 percent obtained
during Run 539-2A,

6.2 MATERIAL BALANCES

The results of calcium and sulfur material balances for the TCA lime-

stone reliability Runs 535-2A and 539-2A are summarized in Table 6-2.
The computed inlet and outlet rates for calcium and sulfur are in good

agreement, This is consistant with results of earlier limestone relia-

bility tests (see Reference 1).
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¥2-9

Table 6-2

SUMMARY OF MATERIAL BALANCES FOR SULFUR AND
CALCIUM FROM LIMESTONE RELIABILITY TESTS

Sulfur Balance

Calcium Balance

Average Stoichiometric Ratio,

. A Moles Ca Added/Mole SO, Absorbed
Material Z
Run No. Balance S02 SO, in Slurry Ca in Lime- Ca in Slurry Based on Lime- Based on
Period, Absorbed, Discharged, Percent stone Feed, Discharged, Percent stone Added Slurry
hours Ib-moles/hr 1b-moles/hr Error 1b-moles/hr 1b-moles/hr Error and SO, Absorbed Analysis
535-2A ° 472 .8 6.1 +5 8.5 9.1 +7 1.47 1.49
539-2A 168 .6 9.0 +5 15.2 14. 4 -6 1.77 1.59




6.3 CONCLUSIONS

6.3.1 Scrubber Operation

Earlier limestone testing with the TCA had shown that scrubber internals
can be kept relatively free of sulfate (gypsum) scale if the sulfate satura-
tion of the scrubber liquor is kept below a critical value of about 135
percent (see Section 7.3, Reference 1), This can be accomplished

with the proper selection of percent solids recirculated, effluent resi-
dence time, and liquid-to-gas ratio. Reliable operation below the
critical sulfate saturation value was demonstrated during Run 535-24,
which continued for 1835 hours. Conditions were 12 to 15 percent solids
recirculated, 15 minutes effluent residence time, and 73 gal/mecf
liquid-to-gas ratio. The average sulfate saturation of both the scrubber
inlet and outlet liquor was about 110 percent, During this run the

bottom TCA grid, where the degree of liquor sulfate saturation is the

highest, had a negligible amount of scale accumulation,

A single-nozzle underspray using Koch tray effluent liguor was used
successfully to keep the underside of the Koch tray and the scrubber
walls beneath the tray clean during the latter half Run 535-2A., Pre~
viously, a steam sparger and four wall wash nozzles (using Koch tray
effluent liquor) had been used to prevent solids accumulations on the

underside of the tray and on the walls beneath the tray, respectively.
During Run 539-2A, the scrubber recirculation liquor was unsaturated

with respect to sulfate (~v 25 percent saturation for the scrubber inlet

liguor), and sulfite scaling occurred on most scrubber surfaces below
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the Koch tray. The unsaturated operation was probably caused by the
combination of relatively high scrubber liquor pH (~~ 6.0 at the scrubber
inlet and~ 5. 7 at the outlet) and relatively low ligquid-to-gas ratio

(43 gal/mcf*). Tests in which the scrubber liquor pH was reduced
(lower stoichiometry) resulted in increased scrubber liquor sulfate
saturation (Runs 541-2A, 542-2A, and 545-2A) and in the elimination

of sulfite scale formation (Run 545-2A), Supersaturated liquors were
obtained when the oxygen content in the flue gas was increased (from

~ 6 percent for Run 539-2A to ~ 9 percent for Run 543-2A), The causes
for unsaturated operation during Run 539-2A are being further inves-
tigated at the EPA pilot facility in Research Triangle Park, North

Carolina,

The'S-gram TPR spheres showed a weight loss of about 6 percent in
1757 hours of service at 8.6 ft/sec gas velocity. The weight loss was
about 11,5 percent in 3784 hours of service, including 2757 hours at
8.6 ft/sec and 1027 hours at 10 ft/sec gas velocity., It is estin';ated
that the 5-gram TPR spheres will last at least six months at 10 ft/sec
gas velocity service before replacement is necessary., The TPR
spheres tend to dimple, however, and can slip through the supporting

bar-grids. This may be corrected by respacing the bar-grids,

The 5-gram HDPE spheres failed after about 1100 hours of service,
including 800 hours at 12 ft/sec and 300 hours at 8.6 ft/sec gas velocity.

*
The liquid-to-gas ratio was limited to 43 gal/mcf because of scrubber
flooding at the 12 ft/sec gas velocity (see Section 9).
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There has been no evidence of significant erosion of the 316 stainless

steel bar-grids in the TCA after over 9000 hours of operation.
The four 316 stainless steel slurry spray nozzles, Spraco No. 1969F,
showed no significant erosion after over 4500 hours of service with 15

percent slurry at 5 psi pressure drop.

6.3.2 Wash Tray/Mist Eliminator Operation

Ths most significant reliability problem encountered during the TCA
limestone reliability tests has been associated with scaling and/or
plugging of the Koch Flexitray and bottom vanes of the stainless steel,
6-pass, closed-vane chevron mist eliminator. Earlier limestone
reliability test results have shown that the mist eliminator and top
surface of the Koch tray can be kept relatively free of scale if the

irrigation liquor is low in sulfate saturation (see Reference 1).

Run 535-2A demonstrated long-term reliability of this mist elimination
system at 8. 6 ft/sec scrubber gas velocity (5.6 ft/sec superficial gas
velocity in the Koch tray and mist eliminator areas) and 15 percent solids
recirculated. The top surface of the Koch tray was entirely clean and
the mist eliminator was practically clean (less than 5 percent restricted
by solids) after 1835 hours of operation before intermittent burning of
Montalna low sulfur coal in boiler No. 10 caused operational upsets

(see Run 535-2B).

At scrubber gas velocities of 10 ft/sec or higher, plugging of the chevron

mist eliminator by solids (mostly fly ash) became a problem. At 10 ft/sec
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scrubber gas velocity (6.5 ft/sec in the mist eliminator and Koch tray
areas), the overall restriction of the mist eliminator increased gradually
to about 8 percent during the first 500 hours of operation and appeared

to level out at 6 to 8 percent after 562 operating hours (Run 538-2A),

At 12 ft/sec scrubber gas velocity (7.8 ft/sec in the mist eliminator

and Koch tray areas), the mist eliminator was 11 percent plugged by

solids within only 215 hours of operation (Run 539-2A).
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Section 7

OPERATING EXPERIENCE DURING LIME/LIMESTONE TESTING

This section summarizes the operating experience during lime/limestone
testing at the Shawnee facility from October 1974 through April 1975,

A summary of prior operating experience is presented in Reference 1.

7.1 MIST ELIMINATICON SYSTEMS

7.1.1  Venturi/Spray Tower System

A 3-pass, open-vane, 316 stainless steel, horizontal chevron mist
eliminator (see Figure 3-3) with intermittent high pressure underside
washing and sequential low pressure topside washing has operated
reliably at 8 percent slurry solids concentration and at spray tower gas
velocities up to 8.0 ft/sec (Runs 623-1A and 624-1A). The underside
was washed forns 4 minutes every 4 hours with w3 gpm/f’c2 makeup
water at 45 psig nozzle pressure. The topside was washed with makeup
water on an 8-hour sequential cycle with 1 of the 6 nozzles activated
for 4 minutes every 80 minutes. Spray rate was 0.5 gpm/f’c2 at 13 psig
nozzle pressure. This mist eliminator system will be tested at higher

gas velocities after the 5-week boiler outage in May 1975,

A cone-shaped, 4-pass, closed-vane, 316 stainless steel, chevron

mist eliminator (see Figure 3-3) was unsuccessfully tested for a short



period (Runs 611-1A, 618-1A, 619-1A, and 621-1A)., As it appeared
improbable that such a design would be applicable to a full scale unit,

testing of this mist eliminator was terminated,

7.1, 2 TCA System

The TCA mist elimination system consisted of a 6-pass, closed-vane,
316 stainless steel, horizontal chevron mist eliminator (see Figure 3-3)
preceded by a Koch Flexitray used as a wash tray. The underside of
the mist eliminator was continuously washed with a 60/40 mixture of
makeup water and charified liquor at 15 gpm (0. 3 gpm/ftz). The Koch
tray was fed with the mist eliminator wash plus 9 gpm of clarified
liquor. The underside of the Koch tray was continuously washed with

the Koch tray effluent liquor,

Reliability was demonstrated for this system during 1835 hours of
operation (Run 535-2A) at 8. 6 ft/sec scrubber gas velocity and 15
percent slurry solids concentration, At the end of this run, the Koch
tray was clean and the mist eliminator was essentially clean with less

than 5 percent restriction by soft solids.

At scrubber gas velocities of 10 ft/sec and greater (Runs 536-2A
through 539-2A), buildup of deposits (mostly fly ash) on the mist elim-
inator have been a significant problem. Other mist elimination systems
will be tested on the TCA at scrubber gas velocities up to 12.5 ft/sec
after the 5-week boiler outage in May 1975 (see Figure 4-1),
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7.2 SCRUBBER INTERNALS

7.2.1 TCA Grid Supports

The 3/8 inch diameter, stainless steel bar-grids, installed on 1 1/4
inch centers in October 1973, have been in slurry service for over

9000 hours with no evidence of significant erosion.

7.2.2 TCA Plastic Spheres

Earlier testing indicated that 5-gram thermoplastic rubber (TPR)
spheres should have a service life of up to one year at 8.6 ft/sec
scrubber gas velocity. This observation has been further substantiated
by- recent data which showed a 6 percent weight loss after 2757 hours

of operation at 8.6 ft/sec for a new batch of 5-gram TPR spheres.
However, after an additional 1027 hours (3784 hours total) at a 10
ft/sec scrubber gas velocity, the weight loss had increased to 11.5
percent. At the higher gas rate, therefore, the service life would
approach only 6 months, The 5-gram TPR spheres tend to dimple and
can slip through the supporting grid bars, This may be corrected by

respacing the bar-grids.

High-density polyethylene (HDPE) spheres lasted only 1100 hours before
a massive failure occurred. The 1100 hours of service included 800

hours at 12 ft/sec and 300 hours at 8. 6 ft/sec gas velocity.

After the May 1975 boiler outage, the wear rate on new 6-gram TPR
spheres will be tested. The 6-gram TPR spheres should be more

dimple-resistant.



7.2.3 Spray Tower Nozzles

Bete No. ST48FCN stellite tipped nozzles were used in the spray
tower. They have operated at 10 psi pressure drop with slurry con-
taining 8 percent suspended solids. The stellite tips have shown
negligible wear after 7200 hours of slurry service, but some erosion
(15 percent weight loss) in the 316 stainless steel bases has been

observed.

7.2.4 TCA Nozzles

The four TCA slurry feed nozzles were installed in September 1974.
These were Spraco No., 1969F, full cone, open type nozzles, made of
316 stainless steel. No significant wear has been observed after 4500
hours of operation at a 5 psi pressure drop with slurry containing

15 percent suspended solids.

7.2.5 Venturi Internals

The venturi scrubber at Shawnee is a variable throat, 316 stainless
steel venturi manufactured by Chemico Corp. During the current
operating period both stress cracking and erosion have been noted at

several interior parts.

Inspection after shut down for the May 1975 boiler outage revealed
stress cracking on the portion of the inlet duct that extends into the
venturi; a 4-inch wide, half circle of duct had fallen off. Also, an

8-inch hairline crack was discovered in the venturi housing at the point
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where the bull nozzle enters the venturi. The stress cracking did

not appear serious and was repaired by welding.

Severe erosion, however, has been noted on the plug shaft protection
shroud and guide vanes. The erosion has been severe enough to require
steps to prevent damage to the plug shaft, The most successful repair
method has been to cover the affected areas with an expendable material
that can be replaced periodically., The best material used to date

has been neoprene which has lasted slightly over 2000 hours.
7.3 HOT-GAS/LIQUID INTERFACE

The hot (300 to 330°F) flue gas feed must be coolgd before entering
the neoprene rubber-lined TCA to a temperature below 190°F, the
maximum permissible for liner protection, Cooling of the feed gas
is not required at the venturi scrubber inlet during normal operation

since the venturi scrubber itself is an efficient humidifying device.

The TCA flue gas cooling system, developed in early 1973 (see
Reference 1), consists of 3 spray nozzles installed at the top and side
walls within the flue gas inlet duct. The nozzles are fed with recir-
culating slurry. A sootblower is provided to periodically blow off
the accumulated slurry solids into the scrubber downcomer. The
system has been successful in eliminating solids buildup in the inlet

duct.
The sootblowing frequency was successfully reduced in March 1975

from once every 4 hours to once a day. No increase in the inlet duct

solids buildup has been experienced.
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7.4 REHEATERS

Flue gas from the scrubber is reheated to prevent condensation and
corrosion in the exhaust system, to facilitate isokinetic and analytical
sampling, to protect the induced draft fans from solid deposits and

droplet erosion, and to increase plume buoyancy.

The reheater on the TCA (supplied by Hauck Manufacturing Co. ) is a
fuel-oil-fired unit with separate combustion air supply and with com-
bustion occurring in the flue gas stream. This unit has been extensively
modified (see Reference 1) to facilitate operation, but burner flameout

has continued to be a problem.,

An identical unit on the venturi/spray tower system was modified in
March 1974 to incorporate a fuel-oil-fired external combustion chamber
(manufactured by Bloom Engineering Co.). This unit has operated
reliably with minimum flameout and equipment problems for over

7000 hours.

Inspection of the reheater on the venturi/spray tower system during
the May 1975 five-week boiler outage revealed some cracking of the
refractory in the combustion chamber discharge section throat. Re-
pairs were made by using a mixture of 15 percent Kaocrete and 85
percent Kruzite castable #32 refractory (A.P. Green Co., Mexico,

Missouri).

The reheater on the TCA will be modified during the May 1975 boiler

outage to include a Bloom external combustion chamber.
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7.5 FANS

The 316 stainless steel fans at the Shawnee test facility are induced
draft, centrifugal fans manufactured by Zurn Industries. Reliability
has been good during the current operating period, with no system
downtime due to fan problems., Previously some vibrational problems
were encountered, but these have been solved by changing pillow blocks

and greasing the fan bearings on a weekly basis (see Reference 1).

During the May 1975 boiler outage, a four-inch hairline crack was
discovered in the fan rotor shroud of the venturi/spray tower fan.

The crack was repaired by welding with a type 347 stainless steel rod.
7.6 PUMPS

Pump problems during the current operating period (see Reference 1
for a report on prior operation) have been due mainly to pump seal
failures. In February 1973, when most of the rubber-lined centrifugal
pumps (manufactured by Allen-Sherman-Hoff) were converted from
Hydroseal (water flushed packing) to Centriseal (air flushed packing),
several shaft failures were experienced on A-frame (50 to 100 gpm
capacity) pumps. Hardened stainless steel shaft sleeves were installed

and shaft failures have been eliminated.

Frequent packing failure on the Centriseal pumps has continued to be
a problem on A-frame pumps since adequate purge air cannot be main-
tained without vapor locking the pump. A T1 Crane XD-101 (316) single

seal, double hardface mechanical seal will be installed on an A-frame
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pump during the May 1975 boiler outage for evaluation when the system

is restarted.

Packing failure has not been as frequent with larger pumps since the
seal purge air volume is small compared with the pump volume and an

adequate air flow can be maintained.

The alkali addition system pumps are positive displacement pumps
manufactured by Moyno Pump Division of Robbins & Myer Co. They
were installed in November 1972 when the limestone system was con-
verted to provide a 60 wt % limestone slurry. The pumps are over-
sized by a factor of two. They are allowed fo wear until the required
flow can no longer be maintained. Typical operating life for a rotor

is 2000 hours and for a stator, 1000 hours.
7.7 WASTE SOLIDS HANDLING
7.7.1 Filter

Due to frequent cloth failure and cake discharge difficulties, the
Maxibelt rotary drum vacuum filter was coverted to a single roll

type with air blowback and scraper discharge in February 1975,

The filter cloth life has been somewhat extended but a longer period of
normal filter operation will be required to determine realistic cloth
life. The first cloth installed after the filter modification lasted over
600 hours, but subsequent cloths have had much shorter lives due to

secondary causes (e.g., cloth deterioration during extended shutdowns
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or broken tension ropes resulting in the cloth catching and tearing on

the discharge scraper).

7.7.2 Centrifuge

The centrifuge was reactivated when a solids dewatering capacity greater -
than that of the clarifier alone was needed because of higher flue gas

flow rates on the TCA. The repaired centrifuge (see Reference 1 for
a description) has operated satisfactorily during 1745 hours of inter-

mittent operation.

Inspection during the May 1975 boiler outage revealed evidence of

significant wear but no maintenance was performed.

7.7.3 Clarifiers

Overloading of the TCA clarifier has occurred at times during opera-
tion at 12 ft/sec gas velocity. In an attempt to maintain clear over-
flow, the feedwell on the TCA clarifier will be extended during the
May 1975 boiler outage to provide more ligquid up-flow residence time
and to minimize short-circuiting,

7.8 ALKALI ADDITION SYSTEMS

7.8.1 Lime

The lime addition system consists of a storage silo, lime slaker

(manufactured by Portec-Cahaba), a slaked lime holding tank, and
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associated feed pumps. An analysis of the lime used can be found in
Appendix C. Fresh water is used to slake the lime to approximately

20 to 25 weight percent.

The system has given excellent reliability in over 9000 hours of inter-
mittent operation. Maintenance requirements have been minimal.

A discussion of the pump operation can be found in Section 7. 6.
7.8.2 Limestone

The limestone addition system consists of a drying-grinding system,
a storage tank, belt feeder, slurry tank, and associated feed pumps.
An analysis of the ground limestone can be found in Appendix C.

Clarified process liquor is used to slurry the limestone to 60 weight

percent.

The drying-grinding system was acquired from an earlier EPA spon-
sored dry limestone injection program at the Shawnee Power Station.
It has given satisfactory performance with minimum maintenance

during the three years of the alkali wet-scrubber test program.

The slurry system was modified to provide 60 wt % limestone slurry

in November 1972 and wa's further modified to incorporate clarified
process liquor for slurrying the limestone in March 1974. Since March
1974 the system has operated satisfactorily in almost 7000 hours of
intermittent operation with minimal maintenance. A disc.ussion of

pump operation can be found in Section 7. 6.



7.9 INSTRUMENT OPERATING EXPERIENCE

7.9.1 pH Meters

The main problem (see Reference 1) associated with the Uniloc Model
321 submersible pH meters has been scale formation on the probes
and subsequent measurement error. The scale is removed by rinsing

with HCI.

On April, 1975, a continuous ultrasonic cleaner (a Uniloc add-on)

was installed on the venturi/spray tower inlet pH meter to aid in the
prevention of scale buildup. .Althdugh the device has operated for less
than a month, due to the unit No. 10 boiler outage, it appears to have
significantly reduced scale buildup., Before the installation, scale
was removed daily. With the ultrasonic cleaner, once every five
days has been sufficient. All probes are routinely rinsed with water

about twice a week.

7.9.2 ' Flowmeters

Operation with the Foxboro magnetic flow meters in slurry service
has generally been satisfactory, but some difficulties have been ex-
perienced with deterioration of the liners in the 1 1/2 inch meters.
These meters were originally lined with Scothane. After failure they
were relined with Adiprene-L. The new liners have failed after
periods ranging from 3 to 9 months due to blister formation, subse-

quent erosion of the blister, and eventual stripping away of the liner.
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Larger meters (6 to 8 inch size) are lined with neoprene and smaller
meters (1/2 inch size) are lined with Teflon, No difficulties with liner
deterioration have been experienced with these meters. It is planned

to reline the 1 1/2 inch meters with Teflon.
7.10 LINING MATERIALS

Lining or coating materials for equipment at the Shawnee facility
generally consist of neoprene rubber (pipes, pumps, scrubber inter-
nal walls, and small tanks) or Flakeline 103 (effluent hold tanks and
clarifiers). Flakeline 103 is a bisphenol-A type of polyester resin
filled 25 to 35 percent with glass flake. It is manufactured by Ceilcote

Company.

Both rubber and Flakeline coatings have shown very little erosion or
deterioration. Successful repairs have been made using Epoxylite-203,
an epoxy marine coating consisting of Polypoxy 4216A plus Polypoxy
4027B produced by Tettit Co., Rockway Beach, New Jersey. A patch
on the venturi/spray tower effluent hold tank agitator blade has shown

little wear after over 9000 hours.
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Section 8

PARTICULATE REMOVAL TEST RESULTS

Presented in Tables 8-1 and 8-2 are overall particulate removal
efficiencies measured during reliability testing on the venturi/spray
tower and TCA systems, fespectively. For these tests, a modified
EPA particulate train (manufactured by Aerotherm/Acurex Corporation)

was used to measure mass loading at the scrubber inlets and outlets.

For the venturi/spray tower system (see Table 8-1), particulate re-
movals of 99.0 to 99. 3 percent were obtained for spray tower gas
velocities of 6.7 to 8.0 ft/sec, venturi pressure drops of 1.9 t0 9.0
inches H,0, and liquid-to-gas ratios of.5 to 30 gal/mecf and 50 to

60 gal/mecf for the venturi and spray tower, respectively.

For the TCA system (see Table 8-2), the removals were 99.0 to 99. 7
percent for gas velocities of 8,6 to 12.5 ft/sec, total pressure drops

of 6.1 to 10. 0 inches H,O, and liquid-to-gas ratios of 42 to 104 gal/mef.

Results of particulate removal tests prior to reliability testing are
reported in Section 11 of Reference 1. The current results are in good

agreement with the earlier test results.



-8

OVERALL PARTICULATE REMOVAL IN VENT.URI/VSPRAY TOWER
DURING LIME RELIABILITY TESTS

Table 8-1

Run No. Date Rﬁ:’ Gs::a‘yfelo:'nyT"W;er. ng;nm- gali;::cf Pns;‘:reﬂzl:)m Gr;:i::;:;ng' :e rce‘“;
acfm @ 330°F | ft/sec @ 125°F | Venturi | Spray Tower| Venturi ] Spray Tower | Venturi lSpray Tower' | Inlet | Outlet
604-1A  6/26/74 25, 000 6.7 100 1200 [ 60 1.9 3.0 2.52 0.024 99.1
608-1A  9/11/74 600 30 9.0 2.2 2.28 0.023 99.0
610-1A  10/9/74 3.2 2.72 0,021 99.2
611-1A 11/6/74 3.0 2.36 0.021 99.1
622-1A 2/18/7s 3.0 3.02 0.022 99.3
624-1A  3/26/75 30, 000 8.0 25 50 4.5 1.58 0.015 99.0
624-1A  3/28/17s5 l & ‘ ‘ 4.5 2.47 0.022 99.1
624-1A  4/4/75 Y 4.3 2.14 o0.018 99.2

(a) Including mist eliminator
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OVERALL PARTICULATE REMOVAL IN TCA SCRUBBER

Table 8-2

DURING LIMESTONE RELIABILITY TESTS

Gas Gas Liquor L/G Pressure Gra:;xirl::/a:‘i?g, Percent
Run No. Date Rate, Velocity, Rate, ’ Drop, (a) g
acfm @ 300°F | ft/sec @ 1250F gpm gal/mef in. H,0 Inlet | Outlet | Removal
531-2A 5/15/74 20,500 8.6 1200 73 6.7 2.82 0.029 99.0
531-2A 6/12/74 1200 73 10.0(b) 3.47 0.010 99.7
532-2A 7/24/74 1700 104 6.7 3.33 0.024 99.3
535-2A 9/27/74 1200 73 6.2 2.73 0.016 99. 4
535-2A 10/30/74 1200 73 6.2 2,24 0.023 99.0
535-2A 11/20/74 1200 73 6.41 2.97 0.021 99.3
536-2A 1/9/7s5 24,000 10.0 1200 62 8.0 2.88 0.012 99. 6
538-2A 2/13/75 24,000 10.0 1400 73 8.7 2.18 0.018 99.2
539-2A 3/6/75 29,900 12.5 1000 42 10.0 3.00 0.017 99.4
539-2A 3/11/75 28,800 12.0 1000 43 10. 0 2.82 0.014 99.5

(a) Including mist eliminator and Koch tray.

(b) High pressure drop due to system plugging by scale and solids.




A limited number of particulate tests on the TCA system to determine
removal as a function of particle size are also reported in Section 11

of Reference 1. Future testing by EPA is planned to confirm the

validity of these results.



Section 9

ANALYSIS OF TCA PRESSURE DROP DATA

This section presents a pressure drop correlation fitted to data on

the TCA system. A series of tests were made in late February and
early March 1975 to obtain pressure drop data for the four-grid,
three-bed TCA configuration. These data were needed to define the
range of non-flooding operation as a function of gas and liquor flow rate
and sphere bed height. An earlier correlation had been developed for
the TCA system with wire mesh grids (see Reference 1) which have

since been replaced with bar-grids.

Figures 9-1 through 9-4 present the meé.sured TCA pressure drop data
as a function of gas and liquor flow rate with 0, 5, and 7 1/2 inches of
spheres per bed. Flooding was indicated by a rapid increase in pres-
sure drop. This occurred at approximately 8 to 10 inches H,0. Both
high-density polyethylene (HDPE) and thermoplastic rubber (TPR)
spheres were used in these tests. As can be seen in Figures 9-2 and
9-3, pressure drop does not seem to depend on which type of sphere

is used.

The following equation was fitted to the data shown in Figure 9-1 for

the four-grid TCA without spheres:

AP =0.221 v +0.0355(L/A) - 1. 89 (9-1)



where:

A P = pressure drop across four grids, inc'hes-HZO

\ = saturated gas velocity at 125°F based on tower
cross-sectional area, ft/sec

L/A = liquor flow rate per unit tower cross-sectional
area (A = 32 ft2), gpm/ft®

Equation 9-1 accounts for 98. 9 percent of the variation of the data
" _
with a standard error of estimate of 0,075 inch HZO’ The range of

variables covered by this equation included:

Gas velocity (v): 8 to 13,5 ft/sec

Liquor flow rate per unit cross-section (L/A): 25 to 45 gpm/f‘c2
Number of grids: 4 |

No spheres

The following equation was fitted tothe data shown in Figures 9-2
through 9-4 for the four-grid TCA with spheres, for pressure drops
below 10 inches H,O.

2
AP =1.68+7.17.10"5 h_ (L/A) v2 (9-2)
where:
AP =  pressure drop across the four -grids and three beds
(5 to 7 1/2 inches of spheres per bed), inches H,O.

hg =  total static height of spheres in inches.

P :
’ See Appendix H for definition of statistical terms,

9-2
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PRESSURE DROP, in. H,0
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PRESSURE DROP, in. Hy0
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PREDICTED PRESSURE DROP, in. H,0
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Equation 9-2 accounts for 97. 3 percent of the variation of the data
with a standard error of estimate of 0.35 inch H»O. The range of

variables covered by this equation included:

Pressure drop (AP) = 10 inches HZO (non-flooding region only)
Gas velocity (v): 8.5 to 13.5 ft/sec

Liquor flow rate per unit cross-section (L/A): 25 to 45 gpm
Total height.of spheres (hg): 15 to 22.5 inches

Type of spheres: HDPE or TPR hollow spheres, 1 1/2 inch
diameter, 5 gram average weight

Number of grids: 4
Number of beds: 3

The measured and predicted values of pressure drop from Equations

9-1 and 9-2 are compared in Figure 9-5.
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CONVERTING UNITS OF MEASURE

Appendix A

Environmental Protection Agency policy is to express all measurements

in Agency documents in metric units. When implementing this practice

will result in undue costs or lack of clarity, conversion factors are

provided for the non-metric units used in the report, Generally, this

report uses British units of measure. For conversion to the metric

system, use the following conversions:

To Convert From

_scfm (60°F)
cfm
o

ft

ft/hr

ft/sec

ft2

£t2/tons per day '

gal/mecf

gpm
gpm/ft
gr/scf

in.

in, Hp0

1b

lb-moles
lb-moles/hr
lb-moles/hr ft?
lb-moles/min

To

nm3>/hr (0°C)
m3/hr

oc

m

m/hr

m/sec

m?

m?/metric tons’
er da

Lims

£ /min

: ,Z/min/m2

gm/m3

cm

mm Hg

gm

gm-moles
gm-moles/min
gm-moles/min/m?
gm-moles/sec

Multiply By

1.61

1.70

subtract 32 then
- 1.8

0. 305

0. 305

0. 305

0.0929

0.102

0.134
3.79
40. 8
2.29
2.54
1.87
454

454

7.56
81.4
7.56



Appendix B

SCRUBBER OPERATING PERIODS
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Appendix C

PROPERTIES OF RAW MATERIALS

The following is a summary of the properties of the raw materials

~ used from October 1974 through April 1975,

C.1 COAL

Supplier: Old Ben Coal., Benton, Illinois

Type: Mixture of Old Ben mines 24 and 26 either straight
from mines or reclaimed from plant coal storage
pile

Analysis: 9.4 to 13,4 wt % total moisture

2.3 to 5.5 wt % sulfur
0.03 to 0.27 wt % chloride
14,7 to 27.9 wt9 ash

. Approximate Ash Analysis:
54 wt a/o SiO
23 wt % Al,04
12 wt % Fe203
3 wt % CaO
1 wt % MgO
1 wt u/o SO3
3wt % K, O
1 wt 0/0 Na,O '
3 wt % Ignition loss '



Note: During Run 535-2B and isolated instances thereafter,
Shawnee Unit No. 10 burned low sulfur western coal
of the following composition:

Supplier: Western Energy Company, Cow Creek, Montana
Type: Colstrip seam

Analysis(a? 26,8 wt % total moisture
0.95 wt % sulfur
0.1 wt % chloride
10,7 wt % ash

Approximate Ash Analysis: (None made)

C.2 LIMESTONE

Supplier: Fredonia Quarries, Fredonia, Kentucky
Type: Fredonia Valley White

Analysis: 95 wt % CaCO,
1 wt °7o MgCO3
4 wt % Inerts

Grind: 97 wt % less than 325 mesh
92 wt % less than 30 microns
86 wt % less than 20 microns
53 wt % less than 6 microns

Cc.3 LIME
Supplier: Linwood Stone Co., Davenport, lowa
Type: Pebble lime, unslaked

Analysis: 97.0 wt % CaO total
95.5 wt % CaQ available
0.28 wt % MgO
0.47 wt % Inerts
(a)

Average values, from only two analyses.



MAGNESIUM OXIDE

Supplier: Basic Chemicals, Ft. St. Joe, Florida

Type: MAGOX PG (pollution grade)
Analysis: 97.6 wt 9% MgO

1. 5 wt 0/0 CaO

0.5 wt ‘% Sio

2
0.4 wt % R203



Appendix D

GRAPHICAL OPERATING DATA FROM
VENTURI/SPRAY TOWER LIME RELIABILITY TESTS
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Figure D-2. Operating Data for Venturi/Spray
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‘qure D-4. Operating Data for Venturi/Spray
Tower Run 618-1A

D-5

3 8 8 8B

0.8
o8
(2]

[ ]
- - 4
4,000 [ - 4,000
4,500 = 2800
2,000 = =1 3,000
2,500 [ - 2500
"m 1 1 1 1 i i 1 H i 1 1 tm
o ) ) 120 100 200 240 ) 320 3% ) “ “0
TIITTIMI,M
T b vvae b vzl svzs | v bvze v Lo Daan Tz Tvas | o | s | v | sz | v | aaw oo o |
CALENDAR DAY
1.8 [re—— 1.8
} 140 14
g up 112
I N NG o
g 1
vk d1g
0 a3
2k 42
0} 10
ol o
10,000 - @ TOTAL DISSOLVED 8OLIDS ~110.000
2.000 O CALCIUM (&™) 9,000
ooo. O SULPATE (804"
o b A CHLORIDE {C1™) 4000
al . NOTE: 8PECIES WHOSE 17,00
[ ] CONCENTRATIONS ARE LESS
6,000 - ® 9 THAN 800 ppm ARE NOT | a.000
8000 PLOTTED. Jooo
[ ] b e © Y
4200 1O L] L] « 4,000
3,000 - B oo - %000
a =]
w0 %Q PPN ol Dg @ 200
1,000 8 oY @ < Q <A> 1,000
0 1 1 1 1 1 1 s 1 Jo A L o
[} 0 - 120 180 200 240 280 320 380 400 440 480
TEST TIME,



OPERATING

MIST ELIM,

OLET 50y
CONC., prm

STOICIH. RATIO,
motes Ca ackdect/
[ Wpr——

DISSOLVED S0LIDS IN SCRUBBER INMLET LIGUOR,

REMOVAL,

o/ (ppod

OROP. fa. HO

BEQIN RUN 010-1A
CLEAN 8PRAY TOWER NOZ2LES

END AUN 619-1A i

L R ———
o} i
90 b -1 00
. .\{\ L]
©r E )
»f in
”0 e 4%
10 — 10
o /_ o
08 F~~ os
sl o4
o[ INLET LT
' /—/W 1°
7k Lk
s ouTLer 4
(13 -8
4 J.
2,000 :/V b Rl
2800 = 2800
2000 b 4 2000
180 | 4 1.800
3 - 1 L i L L 1 1 L A L
00 5 ") © 120 10 00 240 [ 20 ) 400 “0 ™
TEST TIME, Houn
lezo | ram r2ma | raes | sarme | 1o 1 vavzs Doz varmm vz doamo Laamy Lo Lo L D we L Lom | |
CALENDAR DAY :
15 18
14 p - 14
13p 413
uk\ 412
e <14
wl 410
Y -

L 4,
wh <410
ok [

@ TOTAL DISIOLVED SOLIDS
10,000 O cawcium ia*h - 10,000
O suLraTE (0047
ti i ° & CHLORIDE(CIT) 400
8000 | ° NOTE: SPECIES WHOSE < 8000
] [ ® ooncumnm:muu
2,000 b THAN 800 ppm AR 49,
o0 ¢ ° ¢ o L o '.. PLOTTED, 000
6000 b o 2000
8,000 | | 8.000
4000 |- o 4000
' o a
aco |- & a aa ba 8 4 | 3000
g ° a o o 3 4 aa -
2000 |- i
00 & o8 a o 8g 8 88
1,000 | a < 1.000
0 i 1 1 'l 1 H L L 1 L L o
[ ) © 120 100 240 0 [ 20 “00 “0 @

rurﬂullnrm
azzo vz ame varas $vavzs D awas Lvaves gl lvamo o lzm Ll e lva lva e | s L | |

Gas Rate = 26,000 acfm @ 330 °F
Liquid Rate to Venturi = 800 gpm

Liquor Rate to Spray Tower = 1200 gpm

Venturl L/G = 30 gal/mef
Spray Tower L/G = B0 gal/mcf

Spray Tower Gas Velocity = 8.7 ft/sec
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Total Pressure Drop, Excluding Mist Elim.=10.8-12.0 in HzO
Scrubber Inlat Liquor Temperature = 118128 °F
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Discharge {Clerifier and Filter) Sollds
Concentration = 53-60 wt %
Lime Addition to Scrubber Downcomer

Figure D-5. Operating Data for Venturi/Spray
Tower Run 619-1A
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Gas Rate = 26,000 acfm @ 330 °F
Liuid Rate to Ventur! = 600 gpm Venturi Pressure Drop =  In Ha0

Liquor Rate to Spray Tower = 1200 gpm Tota! Pressura Drop, Exclutling Mist Ellm. = 11.121n HZO
Venturl L/G = 30 gal/mef Scrubber Inlet Liquor Temperature = 123-127 OF

Poercent Solids Recircutated = 7-9 wt %

Spray Tower L/G = 60 gal/mef* Liguld Conductivity = 8,100-8,700 u mhos/cm
Spray Tower Gas Velocity = 8.7 ft/sec Dlscharge (Clarifisr and Filter) Solids

No. of Spray Headers = 4 Concantration = 52-60 wt %"

EHT Residence Time = 17 min Lime Addition to Scrubber Downcomer

Figure D-6. Operating Data for Venturi/Spray
Tower Run 622-1A
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Ges Rate = 28,000 acfm @

330 %F

Liquld Rate to Venturl = 600 gpm

Uguor Rete to Spray Tower = 1200 gpm

Venturl L/G = 30 gal/met

8pray Tower L/Q = 80 gal/me!
Spray Tower Gas Velocity = 8.7 ft/sec

No, of Spray Headera = 4

EHT Residsnce Time = 17 min

GALENDAR DAY

Percont Sollds Recirculated = 7.4-8.7 wt %
Venturf Pressure Drop = 8 in Hy0
Total Pressure Drop, Excluding Mist Elim,= 11, M 261In H20
Scrubber Infet Liguor Tempersture = 124.128 °F
Liquid Conductivity = 5,400-8,400 4 mhos/cm
Discharge (Clarifier and Filter) Soflds
Concantration = 60-58 wt %
Lime Additlon to Scrubber Downcomer

Figure D-6. Operating Data for Venturi/Spray
Tower Run 622-1A (continued)
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Figure D-7. Operating Data for Venturi/Spray
Tower Run 624-1A
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Figure D-7. Operating Data for Venturi/Spray
Tower Run 624-1A (continued)
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Appendix E

AVERAGE LIQUOR COMPOSITIONS FOR
VENTURI/SPRAY TOWER LIME RELIABILITY TESTS



Table E-1

AVERAGE LIQUOR COMPOSITIONS FOR VENTURI/SPRAY TOWER LIME RUN 609-1A

Liquor Species Concentrations, mg/1 (ppm)

(b

)

Calculated Percent
in ++ ++ + + - = = i
Sample Point pH Ca Mg NaT | K 503” S04 cos a Total | Sulfate Saturation
Scrubber Inlet 8.00 2680 310 60 120 40 1440 20 4200 8870 110
Scrubber Qutlet 5. 00 2700 360 60 120 390 1660 5 4350 9650 125
Clarifier Overflow(a) 8. 60 2200 260 60 110 30 1620 15 3930 8230 115

Notes: The values in this table are averages for steady state operation.

(a)

(b)

Solids Disposal System: Clarifier and filter.

The following ranges of values were observed during the run.
Percent sulfur oxidized: 12-30
Loop closure, percent solids discharged: 47-52

Process water hold tank.
++ =
(activity Ca ) x (activity SO, ) / (solubility product at 50°C). Estimated solubility product for CaS0O,° 2H,0
Y 9V4 4 47 ¢Hz

at 50°C is 2.2 x 1072 (Radian Corporation, '"A Theoretical Description of the Limestone-Injection Wet
Scrubbing Process', NAPCA Report, June 9, 1970).
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Table E-1 (continued)

AVERAGE LIQUOR COMPOSITIONS FOR VENTURI/SPRAY TOWER LIME RUN 610-1A

Liquor Species Concentrations, mg/1 (ppm)

(b)
Calculated Percent
. + + - - - -
Sample Point pH ™ | Mg™ | Na K S0, so,~ | co | a Total | Sulfate Saturation
Scrubber Inlet 8.1 3100 200 80 150 60 1350 20 5200 10, 000 110
Scrubber Outlet 4.9 2800 280 90 150 - 110 2300 8 4300 10,000 180
Clarifier Overflow') 8.3 2700 180 80 130 50 1600 20 4600 9500 120

Notes: The values in this table are averages for steady state operating period from 10/2/74 through 10/8/74.

(a)
(b)

(c)
(@)

Solids Disposal System: Clarifier and filter.

The following ranges of values were observed during the run.
Percent sulfur oxidized: 16-26
Loop closure, percent solids discharged: 43-48

Process water hold tank.

(activity Caﬁ) x {activity SO47) / (solubility prqdnét at 50°C). Estimated solubility product for CaSO4' ZHZO
at 50°C is 2.2 x 10~5 (Radian Corporation, "A Theoretical Description of the Limestone-Injection Wet
Scrubbing Process', NAPCA Report, June 9, 1970).

At an average inlet SOz concentration of 2500 ppm.

Value from one analysis.
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Table E-1 (continued)

AVERAGE LIQUOR COMPOSITIONS FOR VENTURI/SPRAY TOWER LIME RUN 611-1A

- ++L1quor+Specie: Concentraflons, mgl— 1 ( ) - Calculated Percent(a)
Sample Point pH Ca Mg Na K 503_ SO 4_ C03_ c1” Total Sulfate Saturation
Scrubber Inlet 7.0 320 3200 60 80 510 11, 000 100 2500 17,700 45(b)
Scrubber Qutlet 5.85 600 3200 60 110 880 12,300 12 2500 18, 000 95
15, 400 50

Mist Eliminator Wash 7.55 320 2700 60 85 130 10,000 100 2000

Notes: The values in this table are averages for steady state operation.
Solids Disposal System: Clarifier and filter.
The following ranges of values were observed during the run.
Percent sulfur oxidized: 15-28
Loop closure, percent solids discharged: 44-49

(a) (activity CaH) x (activity SO4=) / (solubility product at 50°C). Estimated solubility product for CaSO4" 2H,0
at 50°C is 2.2 x 10~5 (Radian Corporation, "A Theoretical Description of the Limestone-Injection Wet
Scrubbing Process', NAPCA Report, June 9, 1970).

(b) At an average inlet SO, concentration of 3000 ppm.
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Table E-1 (continued)

AVERAGE LIQUOR COMPOSITIONS FOR VENTURI/SPRAY TOWER LIME RUN 618-1A

Liquor Species Concentrations, mg/1 (ppm)

Calculated Percent

Sulfate Saturation
Sample Point PH catt I Mgt ! Na* x* I 505~ l 504" I co;” l cr- Total at spoc(a)
Scrubber Inlet 7.70 1250 95 20 50 35 2100 15 1130 4695 140
Scrubber Outlet 4.90 1600 90 25 50 1050 2400 2 1250 6467 170
Clarifier Overflow 7.60 1250 8s 25 50 20 1700 10 1280 4420 115

Notes: The values in this table are averages for steady state operation.
Solids Disposal System: Clarifier.
The following ranges of values were observed during the run.
Percent sulfur oxidized: 10-28 .
Loop closure, percent solids discharged: 16-21

+ =

{(a) (activi@y Ca ) x (activity 504 } / (solubility product at 50°C). Estimated solubility product for CaSO4- ZHZO
at 50°C is 2.2 x 10-5 (Radian Corporation, "A Theoretical Description of the Limestone-Injection Wet
Scrubbing Process', NAPCA Report, June 9, 1970).




Table E-1 (continued)

AVERAGE LIQUOR COMPOSITIONS FOR VENTURI/SPRAY TOWER LIME RUN 619-1A

Liquor Species Concentrations, mg/1 (ppm) Calculated Percent
< - _ _ Sulfate Satuyation
Sample Point pH ca't Mgt rNat k' 505~ s0,” €05~ cr- Total at 50°c!®
Scrubber Inlet 7.80 1860 330 40 115 40 1830 25 2920 7200 125
Scrubber Outlet 5.30 1930 370 40 120 630 2270 15 2900 8300 145
Clarifier Overflow 8.45 1360 320 45 110 50 1830 40 2480 6600 105

9-d

Notes: The values in this table are averages for steady state operation.
Solids Disposal System: Clarifier and Filter.
The following ranges of values were observed during the run,.
Percent sulfur oxidized: 14-34
Loop closure, percent solids discharged: 53-60

(a) (activity Ga'?) x (activity SO,")/(solubility product at 50°C). Estimated solubility product for CaSOy * 2H,0
at 50°C is 2.2 x 1077 (Radian Corporation, "A Theoretical Description of the Limestone-Injection Wet
Scrubbing Process'', NAPCA Report, June 9, 1970).
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Table E-1 (continued)

AVERAGE LIQUOR COMPOSITIONS FOR VENTURI/SPRAY TOWER LIME RUN 622-1A

Liquor Species Concentrations, mg/1 (ppm) Calculated Percent
Sample Point H ++ + + + - - - Sulfate Saturgtion
mple Foin P ca I Mg I Na l K l 505” I 50" l co,’ I a- Total at soocl®
Scrubber Inlet 7.70 2440 270 60 125 50 1600 20 3850 8400 115
Scrubber Outlet 5.00 2630 280 60 125 740 1830 10 3860 9500 135
Clarifier Overflow 7.95 2410 270 60 120 40 1660 25 3740 8300 125

Notes: The values in this table are averages for steady state operation.
Solids Disposal System: Clarifier and Filter.
The following ranges of values were obgerved during the run.
Percent sulfur oxidized: 12-28
Loop closure, percent solids discharged: 50-62

++ =
(a) (activity Ca ) x (activity SO47)}/(solubility product at 50°C). Estimated solubility product for CaS0O,4° ZHzO
at 50°C is 2.2 x 10-5 (Radian Corporation, A Theoretical Description of the Limestone-Injection Wet
Scrubbing Process', NAPCA Report, - June 9, 1970).
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Table E-1 (continued)

AVERAGE LIQUOR COMPOSITIONS FOR VENTURI/SPRAY TOWER LIME RUN 623-1A

Liguor Species Concentrations, mg/1 (ppm)

Calculated Percent

i = = = _ Sulfate Satu tion
Sample Point PH catt Mgt Nat Kkt s0,” so,” co, 1 Total at-50°ct3) -
Scrubber Inlet 8.00 2350 230 55 125 50 1350 14 3460 7600 105
Scrubber Outlet 4.95 2590 250 55 125 640 1690 9 3600 9000 130
Clarifier Overflow 8.15 2370 290 55 125 45 1430 16 3250 7600 - 110
Notes: The values in this table are averages for steady state operation.
Solids Disposal System: Clarifier and Centrifuge.
The following ranges of values were observed during the run.
Percent sulfur oxidized: 11-21
Loop closure, percent solids discharged: 53-60
(a) (achvxty Ca ) x (activity SO4 )I(soluluhty product at 50° C). Estimated solubility product for CaSO Z'H (o}

at 50°Cis 2.2 x 10 (Radian Corporatian, "A Theoretical Description of the Limestone-Injection Wet
Scrubbing Process”, NAPCA Report, June 9, 1970).




6-d

Table E-1 (continued)

AVERAGE LIQUOR COMPOSITIONS FOR VENTURI/SPRAY TOWER LIME RUN 624-1A

Liquor Species Concentrations, mg/1 (ppm)

Calculated Percent
Sulfate Saturation

Sample Point PH catt I Mgt [ Na' I 'y I 505~ l s0,~ 1 co,” l cr Total at 50°¢(a}
Scrubber Inlet 8.05 2420 230 55 15 65 1220 7 1010 8100 95
Scrubber Outlet 4.95 2620 260 50 115 710 1580 6 3990 9300 120
Clarifier Overflow 8.30 2420 230 50 110 60 1320 8 3870 8070 ‘100

Notes: The values in this table are averages for the steady state operating period.

Solids Disposal System: Clarifier and Centrifuge.

The following ranges of values were observed during the run.

Percent sulfur oxidized: 12-30
Loop closure, percent solids discharged: 48-58

{a) (activity CaH) x (activity 504:)/ {solubility product at $0°C). Estirmated solubility product for CaSOy4- 2H,0
at 50°C is 2.2 x 10-5 (Radian Corporation, "A Theoretical Description of the Limestone-Injection Wet

Scrubbing Process'”, NAPCA Report, June 9, 1970).
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Gas Rats = 20,500 acfm @ 300 °F

Liquor Rete = 1200 gpm

L/G = 73 gal/mcf

Gas Volocity = 8.8 ft/sec

EHT (_Sulad) Residence Time = 12 min (8/12:9/27),
16 min (after 8/27)

Three Stages, 5 in spheres/stage

Figure F-1,

CALENDAR DAY

Percent Solids Recirculated = 12.15 wt %
Total Pressure Drop, Excluding Mist Elim.

and Koch Tray = 4,04.8 In Hy0
Scrubber |niet Liguor Temperature =120-126 °F
Liquld Conductivity = 4,800-10,000 u mhaos/cm
Discharge (Claritier) Solids

Concentration = 3642 wt %

Operating Data for TCA Run 535-2A

F-2
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Ges Rate = 20,500 acfm ® 300° F

Liquar Rate = 1200 gpm

L/G = 73 gat/mef

Ges Velocity = 8.8 ft/sac

EHT (Sealed) Residence Time = 12 min {8/12/27),
15 min (after 8/27)

Three Stages, 6 in spheres/stage

Figure F-1.

F-3

Percent Sofids Recirculated = 1216 wt %
Tota! Pressure Orop, Excluding Mist Efim.

and Koch Tray = 4,0-4.8 In Hp0
Serubber Inlet Liquor Temperature = 121-128° F
Liquid Conductivity = 6,500-11,800 u mhos/cm
Discharge {Clarifler) Solids

Contentration = 3642 wt %

Operating Data for TCA Run 535-2A (continued)
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Gas Rate = 20,5600 acfm @ 300° F

Liquor Rete = 1200 gpm

L/G = 73 gat/mef

Gas Velocity = 8.6 ft/sec

EHT (Sesled) Residence Time = 12 min {8/12:8/27),
16 min (atter 8/27)

Three Stages, b in spheres/stags

Figure F-1,

F-4

Parcent Solids Reclrculated = 12-16 wt %
Total Parssure Drop, Excluding Mist Elim,

and Koch Tray = 4,04.6.In HZO
Scrubber Inlet Liquor Tempsreture = 123.128° F
Liquid Conductivity = 4,000-5,100 x mhas/cm
Discharge (Clariffer) Sollds

Concentration = 3542 wt %

Operating Data for TCA Run 535-2A (continued)
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Ges Rate = 20,600 acfm @ 300° F Percent Solids Recirculatad = 12-15 wt %

Liquor Rate = 1200 gpm Total Pressure Orop, Excluding Mist Elim.

L/G = 73 gal/met ) end Koch Tray » 4,04.8 In H,0

Gas Velocity = 8.6 ft/sec Scrubber Infet Liquor Temperature = 116-124° F

ENT (Sealed) Resfdence Time = 12 min (9/12:8/27), Ligutd Conductivity = 4,600-8,000 4. mhos/cm
15 min {after 8/27) Discharge {Ctarifler) Sollds

Three Stages, § in spheres/stage Concentratfon = 32-40 wt %

Limestane Addition to EHT {9/12:11/28),
to Downcomer (stter 11/26)

Figure F-1. Operating Data for TCA Run 535-2A (continued)
F-5
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Qus Rate * 20,500 actm @ 300 °F

Liguor Rate = 1200 gpm

L/3 = 73 gal/met

Gas Velocity = 8.8 ft/sec

EHT (8ealed) Rasidence Time = 16 min (through 12/16),
25 min (ofter 12/16)

Three Stages, 5 In spheres/stags

Figure F-2.
F-6

Parcont Sollds Recirculated = 816 wt %
Total Pressure Drop, Excluding Mist Elim,
and Koch Tray = 3.8-4.8 In u,‘n
Scrubbar Inlet Liquor Temperature = 118-126 OF
Liquid Conductivity = 3,800-4,800° & mhos/cm
Discharge (Clarlfier) Sollds Concentration = 38-42 wt %
Limestone Addition to Downcomer (through 12/18),
EHT (ofter 12/18)

Operating Data for TCA Run 535-2A & 2B
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Figure F-2.

Gas Rate = 20,500 acfm @ 300 %

Liquor Rate = 1200 gpm

L/G = 73 gal/met

Gas Velocity = 8.6 ft/sec

EHT (Sealed) Residence Tima = 15 min (through 12/15),
25 min {after 12/15)

Thres Stages, 5 in spheres/stage

F-7

Percent Solids Retirculated = 11-15 wt %
Total Pressure Drop, Excluding Mist Elim.

and Koch Tray = 4.4-5.0 in Hzo
Scrubber Intet Liquor Temperaturs = 118-126 °F
Liquid Conductivity = 3,600-7,600 i mhos/cm
Dischargs (Clarifier) Solids Concentration = 34-41 wt %
Limestone Addition to EHT

Operating Data for TCA Run 535-2B (continued)
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Percent Solids Recirculated = 13-16 wt%
Tota! Pressure Drop, Ex:ludlng Mist Ellmlnatur

and Koch Tray = 5.2-6.6 in H,0 ’
Scrubber Inlet Liquor Temperature = 120-127 °F .
‘Uquid Conductivity = 3,300-4,900 1 mhos/em
Discharge (Clarifier) Solids Concentration = 3243 wl %
Umestone Addition to EHT T

Gas Rate = 24,000 acfm @ 300 °F
Liquor Rate.= 1200 gpm ’
L/G = 62 gal/mcf ,

Gas Velocity = 10.0 ft/sec

EHT (Sealed) Residence Time = 20 min
Three Stages, 5 in spheres/stage

Figure F-3. Operating Data for TCA Run 536-2A°
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Figure F-4. Operating Data for TCA Run 538-2A
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Limestone Addition to EHT

Figure F-4. Operating Data for TCA Run 538-2A (continued)
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Appendix G

AVERAGE LIQUOR COMPOSITIONS FOR
TCA LIMESTONE RELIABILITY TESTS



Table G-1

AVERAGE LIQUOR COMPOSITIONS FOR TCA LIMESTONE RUN 535-2A

Liquor Species Concentrations, mg/1 (ppm) Calculated Percent

Sample Point pH catt | mgtt l Nat | k' I 505~ ] 504" I co,” l cr- I Total Sulfate Saturation
Scrubber Inlet
9/28-10/23/74 5.95 1800 300 55 70 70 1700 90 3000 7000 115
10/24-12/4/74 5.95 1200 350 50 60 90 1950 125 1850 5700 105
Scrubber Qutlet :
9/28-10/23/74 5.40 1600 280 55 65 i10 1750 100 2500 6500 115
10/24-12/4/74 - 5.65 1250 300 50 60 95 1790 ) 170 1950 5700 105
Koch Tray Inlet(b) -
9/28-10/23/74 7.20 1600 300 60 55 40 1800 70 2700 6500 115
10/24-12/4/74 7.10 1230 350 50 60 30 1825 110 1810 5500 100
Koch Tray Outlet(c)
9/28-10/23/74 5.25 1420 180 35 35 880 1480 5 1760 5795 100
10/24-12/4/74 5.20 1270 210 30 45 1090 1740 35 1150 5570 105

=D

Notes: The values in this table are averages for the steady state operating period.
. Solids Disposal System: Clarifier only.
The following ranges of values were observed during the run:
Percent sulfur oxidized: 10-30
Loop closure, percent solids discharged: 32-42

{a) {activity Ca++) x (activity SO4=) / (solubility product at 50°C). Estimated solubility product for CaS0y4- ZH,0
at 50°C is 2.2 x 10-5 (Radian Corporation, ""A Theoretical Description of the Limestone-Injection Wet
Scrubbing Process', NAPCA Report, June 9, 1970).

{b) Clarified liguor (undiluted).

{c) Liquor stream consists of 9 gpm of make-up water and 15 gpm of clarified liquor.




Table G-1 (continued)

AVERAGE LIQUOR COMPOSITIONS FOR TCA LIMESTONE RUN 535-2B

Ligq Species C. trations, mg/l (ppm) Calculated Percent
Sam i = — Sulfate Saturation
ple Point pH catt Mgt | ot x* 50, s0,~ v a” Total at 50°c(a)
Scrubber Inlet 5.95 1130 410 40 65 105 2550 110 1510 5900 125
Scrubber Outlet 5.50 1120 390 a0 75 230 2600 80 1610 5900 125
Koch Tray Inlet(P) 7.30 1120 190 45 70 40 2560 100 1440 5900 120

€=

Notes: The values in this table are averages for the steady state operating period.
Solids Disposal System: Clarifier only.
The following ranges of values were observed during the run:
Percent sulfur oxidized: 10-30
Loop closure, percent solids discharged: 34-42

(a) (acﬁ%ity CaH) x (activity SO4=) / (solubility product at 50°C). Estimated solubility product for CaSO4 ® 2H)O0
at 50°C is 2.2 x 10~ (Radian Corporation, "A Theoretical Description of the Li t Injection Wet
Scrubbing Process", NAPCA Report, June 9, 1970).

(b) Bottom of mist eliminator washed with 9 gpm make-up water plus 6 gpm clarified liquor. Koch tray irrigated
with 9 gpm clarified liquor plus 15 gpm mist eliminator wash (24 gpm total).




=D
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Table G-1 (continued)

AVERAGE LIQUOR COMPOSITIONS FOR TCA LIMESTONE RUN 536-2A

Liquor Species Concentrations, mg/1 (ppm)

Calculated Percent
Sulfate Saturation

i ++ + = = = -
Sample Point PH catt L~Mg l Nat I K J S0, T s0,” I co;” ] a Total at s0°cl®
Scrubber Inlet 5.95 950 400 40 10 10 2300 200 1500 5540 100
Scrubber Outlet 5.55 1000 430 40 55 110 2350 140 1200 5490 105
Koch Tray Inlet'” 7.2 1020 400 40 60 65 2600 100 1150 5430 115
Koch Tray Outlet 5.3 1100 250 30 50 1150 2300 20 850 5740 120

Notes: The values in this table are averages for the steady state operating period.

Solids Disposal System: Clarifier only.

-The following ranges of values were observed during the run:
Percent sulfur oxidized: 6-30
Loop closure, percent solids discharged: 32-43

{a)  (activity Ca'') x (activity SO4 ) / (solubility product at 50°C).

at 50°C is 2.2 x 10~

(b) Bottom of mist eliminator washed conti

ly with ¢

Estimated solubility product for CaS0,- 2H,0
(Radian Corporation, "A Theoretical Description of the Limestone-Injection Wet
Scrubbing Process", NAPCA Report, June 9, 1970).

tant 15 gpm (17 gpm after 1/10) diluted clarified

liguor (all makeup plus necessary clarified liguor). Koch tray irrigated with remaining clarified liguor.

Minimum clarified liguor return 15 gpm (20 gpm after 1/7).
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Table G-1 (continued)

AVERAGE LIQUOR COMPOSITIONS FOR TCA LIMESTONE RUN 538-2A

Liguor Sp rati mg/1 (ppm) Calculated Percent
Sulfate Saturation
i ++ + + = = = -
Sample Point pPH Ca Mg Na K 505~ l so,” co, a Total at 50°c(a)
Scrubber Inlet 5.90 1330 350 50 55 110 1820 160 2010 5900 100
Scrubber Outlet 5.55 1370 340 45 45 170 1750 190 1900 5800 100
Koch Tray Intet'™ 7.35 1310 320 10 50 30 1950 140 1880 5700 110
Koch Tray Cutlet 1270 220 35 40 840 1850 45 1280 5600 110

5.55

Notes: The values in this table are averages for the steady state operating period.

Solids Disposal System: Clarifier only.

The following ranges of values were observed during the run:

Percent sulfur axidized: 10-30

Loop closure, percent solids discharged: 31-40

(a) (activity cathyx (activity SO,7)/(solubility product at 50°C). Estimated solubility product for CaS04° 2H,0

at 50°C is 2.2 x 1075

(b) Bottom of mist eliminator washed conti
makeup plus necessary clarified liquor).
Minimum clarified liquor return 17 gpm.

tant 20 gpm diluted clarifier liquor (all

ly with

Koch tray irrigated with remaining clarified liquor.

(Radian Corporation, "A Theoretical Description of the Limestone-Injection Wet
Scrubbing Process", NAPCA Report, June 9, 1970).




Table G-1 (continued)

AVERAGE LIQUOR COMPOSITIONS FOR TCA LIMESTONE RUN 539-2A

Ligquor Species Concentrations, mg/l (ppm) Calculated Percent
Sample Point pH ca*t l mgtt l Nat k' ] so,” I so,” I co,” I cl l Total sulf:tt :ﬁ”gzstim
Scrubber Inlet 6. 00 840 280 35 40 75 550 140 1940 3900 25
Scrubber Outlet 5.75 940 270 35 40 80 620 170 2130 4300 35
Koch Tray Inlet'?) 7.65 990 250 30 - 35 20 750 85 1860 4000 45
Koch Tray Outlet : 5.70 880 170 20 25 530 780 - 70 1170 3600 45

9-D

Notes: The values in this table are averages for the steady state operating period.
Solids Disposal System: Clarifier and Filter.
The following ranges of values were observed during the run:
Percent sulfur oxidized: 10-22 -
Loop closure, percent solids discharged: ~ 40

++ . \o= :
{a) (acti%ity Ca '} x (activity SO4 )/ (solubility product at SOOC). Estimated solubility product for CaSO, * ZHZO
at 50°C is 2.2 x 10~5 (Radian Corporation, ""A Theoretical Description of the Limestone-Injection W‘tt
Scrubbing Process', NAPCA Report, June 9, 1970).

{b) Bottom of mist eliminator washed continuously with constant 25 gpm diluted clarifier liquor (all makeup
plus necessary clarified liguor). Koch tray irrigated with remaining clarified liquor. Minimum clarified
liquor return 22 gpm.
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Table G-1 {continued)

’

AVERAGE LIQUOR COMPOSITIONS FOR TCA LIMESTONE RUN 544-2A

Liquor Species Concentraions, mg/1 (ppm)

Calculated Percent
Sulfate Saturation

Sample Point PH ot I mg*t I Na' J k' I s, I s0,” l co,” l a Total at s0ocf®)
Scrabber Inlet 5.95 1400 350 40 50 100 1980 95 2010 6000 110
Scrubber Outlet 5.50 1300 370 40 50 150 1980 115 1990 5900 110
Koch Tray Inlet'® 7.20 1230 380 35 50 90 1300 70 1990 5600 95
Koch Tray Outlet 5.40 1380 220 30 30 1080 1870 9 1280 5900 1s

Notes: The values in this table are averages for the steady state operating period.

(a)

(b)

Solids Disposal System: Clarifier

The following ranges of values were observed during the run:
Percent sulfur oxidized: 12-40
L.oop closure, percent solids discharged: 35-40

+ =
(activity Ca ) x (activity SO4 )/ (solubility product at 50°C). Estimated solubility product for CaSO4 -2H,0
at 50°C is 2.2 x 10-5 (Radian Corporation, "A Theoretical Description of the Limestone-Injection Wet
Scrubbing Process"”, NAPCA Report, June 9, 1970.

Bottom of mist elirminator washed continucusly with 15 to 19 gpm diluted clarifier liguor (all makeup
plus necessary clarified liquor). Koch tray irrigated with remaining clarified liguor. Minimum clarified
liquor return 15 gpm.




Appendix H

DEFINITION OF STATISTICAL TERMS

The fraction of variation that is explained by a correlationis equal to

a B
R , where R is the correlation coefficient. Thus:

ha
Fraction of Variation _ R - - _z_(x—{_—)i (H-1)
Explained - Z(y-y B
where:
Yy = value of the independent variable for a particular data point
y' = predicted (correlation) value of the independent variable
for the same data point

7 =  arithmetic average of all values of the independent variable

in the correlated set of data

The standard error of estimate is determined from the following equa-
ek
tion:

Standard Error _ E()’ -.)")

. (H-2)
of Estimate ey /

where:

number of data points inthe correlated set of data

n
k

number of dependent variables fitted with coefficients

ok
E. L. Crow, et al., 'Statistics Manual, ' chapter 6, page 175,
Dover, New York, 1960,

ke

Ibid., page 174,
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