EPA-650/2-74-010

Januvary 1974 Environmental Protection Technology Series




EPA-650/2-74-010

EPA ALKALI
SCRUBBING TEST FACILITY:

LIMESTONE WET SCRUBBING
TEST RESULTS

by

Dr. Michael Epstein, Louis Sybert,
Dr. Shih-Chung Wang, and Charles C. Leivo

Bechtel Corporation
50 Beale Street
San Francisco, California 94119

Contract No. PH 22-68-67
ROAP No. 21ACY-32
Program Element No. 1AB013

EPA Project Officer: Frank T. Princiotta

~ Control Systems Laboratory
National Environmental Research Center
Research Triangle Park, North Carolina 27711

Prepared for

OFFICE OF RESEARCH AND DEVELOPMENT
U.S. ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

January 1974



This report has been reviewed by the Environmental Protection
Agency and approved for publication. Approval does not signify that
the contents necessarily reflect the views and policies of the Agency,

nor does mention of trade names or commercial products constitute

endorsement or recommendation for use.

ii



ABSTRACT

The report describes test results from a prototype lime/limestone
scrubbing test facility for removing SO, and particulates from flue
gases. The facility consists of three parallel scrubbers--a venturi/
spray tower, a Turbulent Contact Absorber (TCA), and a Marble-Bed
Absorber--each able to treat a 10-Mw equivalent (30, 000 acfm) of
flue gas from a coal-fired boiler at TVA's Shawnee Station. The
short-term (less than 1 day) limestone factorial tests, completed

in February 1973, were conducted at high (6. 0-6.2) scrubber inlet
liquor pH. Longer term (about 500 hours) limestone reliability ver-
ification tests, completed in September 1973, were conducted at
reduced (5. 6-5.8) scrubber inlet liquor pH, to increase system
reliability and limestone utilization. As of early January 1974, more
than 1000 hours of a long-term limestone run on the TCA and more
than 2000 hours of a long-term lime run on the venturi/spray tower
system were completed. The objective of testing since February
1973 has been to identify the most economically attractive lime/
limestone system operating conditions, consistent with reasonable

performance,
This report presents. the results, through early Jahua,ry 1974, of

limestone and li_rne' reliability verification and long-term r.eliability

testing at the Shawnee Prototype Fa'cility. _
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Section 1
SUMMARY
1.1 EPA SHAWNEE TEST FACILITY

The EPA Shawnee test facility consists of three parallel scrubber
systems: (1) a venturi followed by a spray tower; (2) a Turbulent
Contact Absorber (TCA); and, (3) a Marble-Bed Absorber. Each
system is capable of treating approximately 10 Mw equivalent (30, 000
acfm™ @ 300°F) of flue gas containing 1800-4000 ppm sulfur dioxide

and 2 to 5 grains/scf of particulates.

The object of the limestone short-term (less than 1 day) factor"iall
tests is to determine the effect of independent variables (e.g., gas
rate) on SO, removal for the scrubber systems., These tests wefe
conducted at a scrubber inlet iiquor pH range of from 6.0 to 6. 3.
The results of the limestone factorial tests have been presented in

References 1 and 2.

>kAli:hough it is the policy of the EPA to use the Metric System for
quantitative descriptions, the British System is used in this
report. Readers who are more accustomed to metric units are
refferred to the conversion table in Appendix A.



The major objective of the limestone and lime longer-term (greater
than 2 weeks) reliability verification tests is to define regions for
reliable (e.g., freedom from scaling, plugging, erosion, corrosion,
etc.) operation of the scrubber systems. The limestone reliability
verification tests were conducted at reduced scrubber inlet liquor pH
(5.6-5.9), in order to reduce sulfite scaling potential and increase

limestone utilization (100x moles SO, absorbed/mole CaCO3 added).

2
For the limestone verification runs on the venturi/spray tower system,
SO2 removals from 67-82 percent have been obtained, with an average
limestone utilization of 68 percent, for pressure drops from 10 to
14.5 inches HZO (9 inches HZO across venturi). The venturi/spray
tower runs showed that washing the demister from the underside
(upstream) can be effective in reducing soft solids accumulations on
the demister blades. However, some accumulation of solids has
occured even with improved washing procedures. Spiral tip stain-
less steel nozzles have operated in the spray tower for over 2100
on-stream hours of limestone scrubbing without significant erosion.
However, erosion was significant after an additional 2150 ;)n-s;:rea.m
hours of lime scrubbing operation; of a total of 28 nozzles, 9 were

severely eroded and 15 were considerably worn.

For the limestone verification runs on the three-bed TCA system,
SO2 removals from 77-88 percent have been obtained, with an average
limestone utilization of 77 percent, for pressure drops from 6.5 to
10. 5 inches H,O (includes about 2 inches HpO across Koch Flexitray).
The TCA runs showed that the Koch Flexitray was effective in mini-

mizing soft solids accumulations on the chevron demister blades at

1-2



or below a superficial gas velocity of 8 ft/sec. Deposits of scale and
soft solids continued to occur, however, and could have resulted in
plugging during prolonged operation, Significant problems with the
TCA scrubber system during the limestone reliability verification

tests have been:

(1) Erosion and subsequent failure of the plastic spheres.
Present sphere life is under 2000 hours.

(2) Erosion of wire mesh support grids. Sturdier support
grids (parallel 3/8 inch rods) have been installed dur-
ing subsequent long-term reliability testing.

(3) Plugging of the inlet gas duct at the hot gas/liquid
interface. The hot flue gas is cooled with process
slurry before entering the neoprene rubber lined
TCA scrubber. The problem of soft-solids buildup
in the cooling zone has been solved by careful selec-
tion of the proper size, orientation, location and
number of cooling spray nozzles, and by careful
selection of the sootblowing schedule.

(4) Plugging of the mist eliminator. Progress has been
made in reducing the magnitude of this problem but
it has not been completely resolved at this time.

For the limestone verification runs on the single-stage Marble -Bed
system, SO2 removals from 65-77 percent have been obtained, with
an average limestone utilization of 67 percent, for pressure drops
from 7.5 to 11 inches HZO' A severe operating probiem has been
associated with the erosion of the bed spray nozzles and subsequent
pluggage of the marble bed and demister. This system has not been

operated long enough to have solved these problems.



The slurries contain substantial quantities of fly ash (approximately
40 weight percent of solids is fly ash). There is evidence based on
preliminary information generated at the EPA-RTP pilot facility that

the presence of fly ash accelerates erosion.

The slurry analytical data for the reliability verification tests has
indicated that the process liquors are supersaturated with respect to
sulfate., The sulfate supersaturation increases with decreasing efflu-
ent residence time and/or with decreasing percent solids. The dis-
solved solids concentrations have ranged from about 7000 ppm (clari-
fier only) to 18,000 ppm (clarifier with centrifuge or filter). The
major component in the slurry liquor is chloride. The chlorides

present in the coal are absorbed from the flue gas in the scrubber.

The objective of the long-term test is to operate continuously for four
to six months. On October 24, 1973, a limestone long-term reliability
test was begun on the TCA system. Based on the results of the relia-
bility verification tests and the tests conducted at the EPA pi'lot facility
in Research Triangle Park, the following conditions were chosen for

the long-term test:

Gas Rate, acfm @ 300°F 25,000
Gas Velocity, ft/sec 9.8
Liquor Rate, gpm 1200
L/G, gal/mcf 64
Percent Solids Recirculated 15
Effluent Residence Time, min. 10
Total Pressure Drop, in. HO 8.5
Percent SO, Removal (controlled) 80-85
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Three beds of spheres ';Nere used, with five inches of spheres/bed.
The top bed used Universal Oil Products (UOP) supplied thermo-
plastic-rubber (TPR) spheres and the bottom two beds UO'P supplied
high denéity polyethylene (HDPE) spheres. A summary of the operat-

ing data for the test is as follows:

Percent Limestone Utilization 71

Inlet SO2 Concentration, ppm 1600-4000
Scrubber Inlet pH Range 5.7-6.0
Scrubber Outlet pH Range ' 5.3-5.6
Percent Solids Discharged 42
Dissolved Solids, ppm : 8000

After approximately 500 hours of operation the run was terminated,
due to uﬁusually heavy solids build-up on the underside of the Koch
Flexitray, on the scrubber walls between the top bed and the Koch

tray and on the de'mistér blades. Also, numerous (over 200) half-
spheres of the TPR spheres were found in the scrubber and slurry
circulating system. Half-spheres of TPR were also found lodged in
the TCA inlet siurry spray nozzles, It should be noted that the scrub-
ber beds (and bbttommost grid) were free of scale after the 500 hour
operating period, as was expected. The HDPE spheres had lost from
8-14 percent of their original weight and the TPR spheres about 2, 6

percent.

It is hypothesized that the soft solids accumulations below the Koch
tray were due to the partial blockage of the TCA slurry inlet nozzles
by the TPR half-spheres, which produced high pressure drops across
the nozzlesl, resulting in excessive entrainment of fine-slurry droplets.
The partially blocked nozzles may have also contributed to a large
degree to the mist eliminator pluggage, but excessive gas velocity is

a contributing factor.



On November 22, 1973, a new TCA limestone long-term reliability
test was begun. The TPR spheres in the top stage had been replaced
with HDPE spheres. The run conditions were identical to those for
the initial test, excepting that the gas velocity has been dropped to

8 ft/sec (20,500 acfm). The velocity was reduced, because more de-
tailed investigation of previous reliability verification runs indicated
that long-term reliability for the present Koch tray-demister configu-
ration should not be expected at a gas velocity of 9.8 ft/sec. The
operating data for this test was essentially the same as for the initial

test.

After 1190 hours of operation the run was interrupted, in order to
check the wear rate of the HDPE spheres in the three beds. Pressure
drop across the chevron demister increased slightly during the initial
800 hours of operation, and during the last 400 hours increased more
rapidly to a final level about 1.5 times the initial value of 0.18 inches
HZO' An inspection of the system showed that the general appearance
of the scrubber was good, with only very slight scale on the scrubber
walls and bar-grids. Heavy solids deposits, however, covered the
inlet slurry spray nozzles and header and adjacent walls. Also a
heavy, relatively uniform (about 1 inch thick) solids layer covered the
underside of the Koch tray; approximately 5 percent of the valves were
completely plugged. All four inlet slurry spray nozzles were partially
plugged with debris, primarily with plastic covering from pipe insula-
tion. Demister plugging was confined to the bottom two passes only,

reducing the free flow area by about 15 percent.

As with the previous TCA run, it is hypothesized that the solids ac-

cumulations on the inlet slurry spray nozzles and header and on the
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underside of the Koch tray were primarily caused by partial blockage
of the TCA slurry inlet nozzles by d.ebris, which produced high pres-
. sure drops across the nozzles, resulting in excessive entrainment of
fine slurry droplets. Also, the blocked nozzles may have been a ma-
jor factor contributing to the demister pluggage observed. The next
long-term limestone reliability test on the TCA will be conducted with
a straiﬁer in the recirculating slurry line to catch debris and with

T PR spheres in all three beds.

An initial lime reliability verification test on the venturi/spray tower
system at the Shawnee facility was begun on October 9, 1973. The
test was conducted at a scrubber inlet liquor pH of 8.0, a total (ven-
turi and spray tower) liquid-to-gas ratio of 96 gal/mcf, an effluent
residence time of 12 minutes and a percent total solids recirculated
of 8 percent. The lime utilization was approximately 90 percent and
the SO2 removal approximately 85 percent, with a pressure drop of -

12. 5 inches HZO (9 inches H_ O in venturi included). The scrubber

2
outlet pH was between 4.6 and 5. 4.

After 2153 hours (3 months) of on-stream operation the lime test was
terminated due to a rapid increase in demister pressure drop through;
out the final month of operation. This pefiod of operation represents

the longest continous run for prototype or full-scale installations of lime/
limestone scrubbing systems in the United States, to date. Inspection
after shutdown showed that scale formation in the scrubber vessel

was not sufficiently heavy to interfere with the gas flow. The mist
eliminator was substantially blocked, partly by solids that had fallen

down from the outlet duct work and partly by scale formation, mainly
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on the bottom (inlet) vanes. The rubber-lined shell of the spray tower
was covered with from 1/8 to 3/8 inch thick sulfate scale. Also, about
3/16 inch thick sulfate scale was found in the rubber lined variable speed
pumps. It should be noted that scale formation in the spray tower,
circulating slurry piping and pumps did not prevent continual operation
of the system or necessitate termination of the 3 month long lime re-
liability test. However, scale particles in nozzles and strainers re-

quired periodic maintenance.

It is hypothesized that the sulfate scale formation occurred, primarily,
during the latter month of testing, when the clarifier and filter were
used for solids dewatering (~47 percent solids discharged) and the cal-
culated liquor sulfate saturation was about 190 percent (90 percent
supersaturated). An earlier inspection of the system, after 666 hours
of operation, revealed a relatively clean scrubber. During this early
portion of the test the clarifier was used for solids dewatering and the
percent solids discharged (~23 percent) was lower than desired; the
calculated liquor sulfate saturation was 150 percent. The next long-
term lime reliability test will be made under conditions intended to re-
duce recirculating liquor sulfate saturation and the accumulation of

solids in the outlet ductwork.

During the factorial limestone testing, overall particulate removal ef-
ficiencies of 99.4 to 99.8 percent* were obtained for the Chemico ven-
turi at a gas flow rate of 30,000 acfm (330°F) and liquid-to-gas ratios

from 13 to 27 gal/mcf, with venturi plug pressure drops from 6 to 12

sk

For an average scrubber inlet grain loading of 3.5 grains/scf, a par-
ticulate removal of 99. 0 percent would correspond to 0. 07 1bs particu-
late discharged per 10 BTU. '



inches HZO' For the spray tower, the removal effici'ency was about
98. 5 percent at a gas velocity of 4 ft/sec and a liquid-to-gas ratio of
40 gal/mcf. For the TCA scrubber with 5 grids and no spheres, the
overall femoval efficiencies Qere 98. 6 to 99, 8 percentata gas velocity
of 7.5 ft/se;: and a liquid-to-gas. ratio of 50 gal/mcf, with total pres-
sure drops (includes Koch tray, demister and inlet duct) from 4 to

7 inches HZO' The Marble-Bed scrubber gave an overall particulate
removal efficiency range of 98. 8 to 99. 6 percent during the factorial

limestone tests, at a gas velocity of 5 ft/sec and a liquid-to-gas ratio

. of 54 gal/mcf, with 12 inches HZO total pressure drop.

A limited series of particulate removal tests on the TCA system was
performed by EPA during the reliability verification limestone testing,
Overall removal efficiencies of 98. 7 to 79. 9 percent were achieved at
gas velocities from 8 to 10 ft/sec, liquid-to-gas ratios from 40 to

80 gal/mecf, and total pressure drops from 5.5 to 10 inches HZO' The
higher pressure drops generally gave higher overall removal efficien-
cies. For the submicron particles (0.11 to 0. 99 microns), the effici-
encies were 95 to 99 percent (increasing with particle size) at 9. 8 inches
H,O total pressure drop, 93 to 95 percent at 7.6 inches H,0, and 71
to 90 percent at 5. 6 inches H20° Because of the limited number of
tests, conclusions regarding submicron collection efficieﬁcy should

be reserved until additional testing can be carried out. The inlet mass
loadings during these tests were 2 to 3 grains/scf with a mass mean
diameter of about 23 microns. The fnass mean diameters for the out-

let particles were about 0.5 to 0. 75 microns, depending upon the pres-

sure drops.
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The pumps used for slurry service at the test facility are rubbed lined,
variable speed, centrifugal pumps with Hydroseals or Centriseals. In
general, the pumps have performed satisfactorily and, in general, the
rubber linings have been found to be in excellent condition. Operation
of the Moyno pumps (for makeup limestone and lime slurry service)

has also been satisfactory.

The major problem with the induced draft fans at the facility has been
high fan vibration. This problem has been controlled by (1) addition
of shims to the bearings or replacement of bearings, (2) insulation of
the fan housings, (3) welding balance weights onto the fan shrouds, and

(4) adding additional bracing to the outboard pedestals,

The reheaters origina.lljr employed at the facility were fuel o0il fired
units with separate combustion air supply and with combustion
occurring in the flue gas stream. Quenching of the flame by the
cold (128°F) flue gas and subsequent formation of soot in the exiting
flue gas were effectively reduced by providing an isolated combus-
tion zone (stainless steel sleeves) in each reheater and by replacing
the turbulent mixing type fuel oil nozzles with mechanical atomizing
nozzles., These modifications performed at the test facility are
acceptable as an expedience for operation. However, operation is
still not consistent with the requirements for long-term sustained

reliability.

The rubber linings (in the spray tower, TCA, Marble-Bed, process
water hold tanks, pumps, circulating slurry piping and agitator
blades) have been found, generally, to be in excellent condition.

Essentially no erosion or deterioration has been noted, except



slight wear on some of the rubber-coated agitator blades. Hairline
cracks have been noted in the Flakeline glass lining on the effluent
hold tanks and clarifiers. However, the cracks did not appear to

penetrate the entire thickness of the lining.

The concentration of solids in the underflow of the larger (30 foot
diameter) TCA clarifier approaches the expected final settled density
of the sludge (about 40 percent by weight). However, periodic high
solids carryover in the overflow continues to occur in the two smaller
(20 foot diameter) venturi and Marble-Bed clarifiers. Also, the
highest solids concentration in the underflow streams from these

smaller units averages about 25 percent by weight.

Operation of the centrifuge had been satisfactory. The cake dis-
charged contained 56-62 weight percent solids. However, severe
erosion on the bowl and casing necessitated vrepair of the unit after

about 1400 on-stream hours of operation.

Tests have indicated that the dewatering capability of the filter
corresponds to 50~55 and 45-50 weight percent solids in the cakes
from limestone and lime slurries, respectively. Cake discharge
from the nylon filter cloth has been satisfactory without the use of
mechanical equipment (scraper or wire), However, the useful
life of the nylon and polypfopylene filter cloths tested to-date is

unsatisfactory.

Operating experience has been gained with two types of pH meters:

(1) a Uniloc Model 320 in-line flow-through type and (2) a Uniloc



Model 321 submersible type. The performance of the in-line flow-
through typbe meter has been unsatisfactory due to erosion of the

glass cells by the slurry, their high rate of failure and the frequent
plugging of the sample lines. For the submersible type pH meters,
cell erosion, cell breakage and sample line pluggage have not been

experienced during the approximately 1300 hours of operation.

Experience with the Ohmart radiation-type density meter indicates
a loss of calibration in the range of about 1 to 2 percent per week.
Also, the meter accuracy is affected by the accumulation of scale
in the sample line which can be removed only during the scrubber
shutdowns. The sample lines and the probes of the bubble-type
(differential pressure) density meters plug frequently and require
significant maintenance. However, these meters are accurate when
clean and can be used to check the calibration of the radiation-type
density meters. Dynatrol density cells (using the vibration principle
of the U-tube for continuous response to density changes) have been
installed to measure the densities of the lime slurry feed to the
venturi/spray tower system and the circulating limestone slurry

to the TCA system, The performance of the type of density meter

has thus far been encouraging.

Operating experience with control valves in slurry service has
generally been unsatisfactory., Severe erosion in a short time has
been caused by the increasing velocity during throttling operation.
This deterioration has been observed in the stainless steel plug
valves, globe valves and rubber pinch valves, Satisfactory and
trouble free flow control has been experienced only with variable

speed pumps.
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1.2 EPA PILOT FACILITY AT RESEARCH TRIANGLE PARK

Two pilot-scale TCA scrubber systems (400 acfm @ 300°F each)
have been installed at the EPA facility in Research Trianglé Park,
N.C., in support of the Shawnee testing activities. The following
conclusions have been drawn from the limestone and lime results
of the TCA pilot-plant testing with inlet SO, feed concentrations
of 3000 ppm:

° For limestone scrubbing, control of the scrubber effluent
pH below 6.2 will prevent calcium sulfite scaling. However,
this conclusion is based on tests run without chloride in the
scrubbing liquor,

o Acceptable scrubber inlet pH (reasonable SO, removal and
reasonable lime utilization) for lime scrubbing is in the
7-8 range.

° Limestone dissolution kinetics are improved by plug flow
reaction; higher utilizations can be achieved by effluent
hold tank designs such as U-tubes or a series of stirred
tanks that approximate plug flow.

° For limestone scrubbing, dissolution of CaCOj is the
rate controlling step for SO, absorption. For high-
calcium lime scru_bbing, dissolut_ion of CaSO3 is the
rate controlling step.

° Hold tank residence time must exceed 5 minutes in a
limestone system. 10 minutes appears to be a good
choice. For a lime system, 5 minutes appears adequate.

® The scrubber effluent will aiways, be supersaturated with
CaSO4*2H,0 when a scrubber is operated with saturated
feed.

° Supersaturation is maximum at the first bed TCA support

grid and rapid scaling of the grid by calcium sulfate
‘occurs at liquid-to-gas ratios less than 65 gal/mcf with
no fly ash in the system. The liquid-to-gas ratio must
exceed 65 for reliable operation with saturated calcium
sulfate feed.



The presence of fly ash reduces the rate of scaling by
calcium sulfate.

Sulfate scaling can be eliminated by operating a scrubber
in the unsaturated mode. Closed liquor loop unsaturated
operation can be achieved in a chloride-free scrubber by
reducing oxidation below 19 percent. Under these condi-
tions the sulfate generated by oxidation is purged entirely
as solid solution (i.e., calcium sulfate in calcium sulfite
crystal lattice). Additional work is needed for a system
with chlorides present in the process liquor, since all
commercial systems will have «nloride.

For limestone scrubbing, oxidation is a controllable
variable within the limits required for unsaturated operation.
It can be reduced by eliminating air contact in the effluent
hold tank (e.g., using sealed stirred tank or plug flow

tan). Further reduction can be attained by circulating high
percent solids (which affects the amount of 1:~vuor circulating
through the clarifier or filter).

Sulfate bound as solid solution is less soluble than the pure
salt and, therefore, the potential for water pollution is
reduced. .

The dolomitic component of limestone feed: is essentially
inert and leaves the scrubber in the same form within the
sludge. '



Section 2

INTRODUCTION

In June 1968, the Environmental Protection Agency (EPA), through

its Office of Research and Development (OR&D) and Control Systems
Laboratory, initiated a program to test a prototype limeT and lime-

stone wef-scrubb_ing system for removing sulfur dioxide and particulates
from flue gaées. The system is 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 is the major contractor and

test director, and TVA is the constructor and facility operator.

Three major goals of the test program are: (1) to characterize as
completely as possible the effect of important process variables on
sulfur dioxide and particulate removal; (2) to develop mathematicai
models to allow economic scale-up of attractive operating configura-
‘tions _to full-size scrubber facilities; and, (3) to perform long-ternd

reliability testing.

The test facility consists of three parallel scrubber systems: (1) a
venturi followed by a spray tower; (2) a Turbulent Contact Absorber
(TCA); and, (3)a Marble-Bed Absorber. Each system is capable of



treating approximately 10 Mw equivalent (30,000 acfm @ 300°F) of
flue gas containing 1800-4000 ppm sulfur dioxide and 2 to 5 grains/
scf of particulates. Each éystem can be operated with any combin-
ation of clarifier/filter/pond or clarifier/centrifuge/pond for solids
disposal. The test facility has been described in detail in Refer-

ences 1, 2 and 3,

The venturi scrubber (manufactured by Chemical Construction Co.)
contains an adjustable throat that permits control of pressure drop
under a wide range of flow conditions. Although a venturi is ordin-
arily an effective particulate removal device, gas absorption is
limited (in limestone wet~scrubbing systems) by low slurry residence
time, For this reason the after-absorber (spray tower) was included
for additional absorption capability. The TCA scrubber (manufac-
tured by Universal Oil Products) utilizes a fluidized bed of low den-
sity plastic spheres which are free to move between retaining grids.
The Marble-Bed scrubber (supplied by Combustion Engineering Co.)
utilizes a packing of 3/4-inch glass spheres (marbles). A ''turbulent

layer' of liquid and gas above the glass spheres enhances mass

transfer and particulate removal. Figures 2-1, 2-2 and 2-3 (drawn
roughly to scale) show the three scrubber systems along with the

demisters selected for de-e.ntraining slurry droplets in the gas stream.,

The following sequential test blocks were defined for the program:
(1) Air/water testing

(2) Sodium carbonate testing



GAS OUT

CHEVRON DEMISTER

N

L DEMISTER WASH

AFTER-SCRUBBER\ N

A ' DEMISTER WASH

GAS IN AN e
\/ \/ \/ *
INLET SLURRY S y

ADJUSTABLE PLUG

THROAT \[/ INLET SLURRY
o EFFLUENT SLURRY

5!
S —1

VENTURI SCRUBBER APPROX. SCALE

EFFLUENT SLURRY

. Figure 2-1, Schematic of Venturi Scrubber
and Spray Tower



CHEVRON DEMISTER

GAS OUT

INLET KOCH TRAY— e

WASH LIQUOR

KOCH TRAY
e

STEAM SPARGE

RETAINING GRIDS ——<

GAS IN _‘[

—> EFFLUENT KOCH
TRAY WASH LIQUOR

INLET SLURRY

MOBILE PACKING SPHERES
/

5-

—_
APPROX. SCALE

EFFLUENT SLURRY

Figure 2-2. Schematic of Three-Bed TCA



GAS OUT
4

DEMISTER WASH

}t __»CHEVRON DEMISTERS

DEMISTER WASH TURBULENT LAYER
INLET SLURRY /

__—— GLASS SPHERES

>
>
>

A

A
&
I:.
kol
K
P

INLET SLURRY
GAS IN

k
<

= > EFFLUENT SLURRY

L
7 i}
A —'
APPROX, SCALE

v
EFFLUENT SLURRY

Figure 2-3. Schematic of Marble-Bed Absorber



(3) Limestone wet-scrubbing testing

(4) Lime wet-scrubbing testing

The limestone and lime wet-scrubbing test blocks have been divided
into three general catagories: (1) short-term (less than 1 day)
factorial tests, (2) longer term (over 2 weeks) reliability verifica-
tion tests, and (3) long-term (4 to 6 mdnths) reliability tests. The
object of the factorial tests is to determine the effect of independent
variables (e.g. gas rate) on SO, removal for the scrubber systems. -
The primary objective of the reliability verification tests is to define
regions for relia.ble (e. g. scale free) operation of the scrubber
systems. The object of the reliability tests is to determine the long-
term operating reliability for the scrubber systems and to develop

more definitive process economics data and scale-up factors.

The test program schedule is presented in Figure 2-4., As can be
seen in the figure, the air/water, sodium carbonate, limestone
factorial and limestone reliability verification tests have been com-
pleted. As of early January 1974, a three month lime reliability
verification test has been completed on the venturi/spray tower

system, as well as seven weeks of a limestone reliability test on

the TCA system.

- Two smaller scrubbing systems (400 acfm @ 300°F each), which

are capable of operating over a wide range of operating conditions,
have been installed at the EPA facility in Research Triangle Park,

North Carolina, in support of the Shawnee prototype testing activities.
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The small pilot scale scrubber systems are capable of Simulating
the TCA scrubber system and have generated large quantities of

closed liquor loop data on certain TCA configurations,

This report presents the results, through early January 1974, of

(1) limestone and lime reliability verification and long-term relia-
bility testing at the Shawnee Prototype Facility, and (2) limestone
and lime testing at the EPA Pilot Facility at Research Triangle
Park, In Table 2-1, a description of the reports which are presently
scheduled for general distribution is presented. Results from the
air/water, sodium carbonate and limestone short-term factorial
testing at the Shawnee facility have been presented in the August

1973 Topical Repbrt (Reference 1), listed in Table 2-1.



6-¢

Table 2-1

TOPICAL AND FINAL REPORT DESCRIPTION

Report Title

Information to be Included

Estimated
General
Publication
Date

EPA Alkali Scrubbing Test
Facility: Sodium Carbonate
and Limestone Test Results

EPA Alkali Scrubbing Test
Facility: Limestone Wet-
Scrubbing Test Results

EPA Alkali Scrubbing Test
Facility: Lime Wet-
Scrubbing Test Results

EPA Alkali Scrubbing Test
Facility: Final Report

Summary of operational problems and resolutions,
planned and actual test designs, results of air/
water and Na,CO, testing, utilization of data for
model development, results of factorial limestone
testing with interpretation of data.

Summary of operating problems and resolutions
associated with reliability verification testing,
planned and actual test design, interpretation of
data, status of process model development and
selection of parameters for limestone long-term
reliability testing.

Summary of operational problems and resolutions
associated with lime reliability verification test-
ing, planned and actual test designs, results of
factorial lime testing, status of process model
development, interpretation of data and status of
limestone reliability testing.

Summary of total test program with particular
emphasis on lime and limestone reliability test
results, mathematical models, scale-up design
and economic studies.

August, 1973
(actual date)

January, 1974

(actual date)

April, 1974

July, 1974




Section 3

LIMESTONE TEST RESULTS AT THE SHAWNEE FACILITY

Performance data from limestone reliability verification and long-
term reliability testing at the Shawnee facility are presented in this
section, along with an evaluation of each reliability verification test.
Operating experience associated with specific system components
(e.g., demisters, reheaters, SO, gas analyzers) will be discussed
in detail in Section 4. Results from the limestone factorial tests

have been presented in References 1 and 2,
3.1 RELIABILITY VERIFICATION LIMESTONE TESTING

The major objective of the closed liquor loop limestone and lime re-
liability verification tests is to identify areas or regions for reliable
long term (4-6 month) opera.tiori consistent with reasonable SOZ

removal.

A majority of the reliability verific.ation tests were on-stream for
approximately 500 hours (3 weeks).l It should be noted that, it is dif- |
ficult to assess long-term reliability from runs lasting 500 hours,

especially when small quantities of scale™ or soft solids are present

on system components.

%
In this report ''scale'' refers only to crystalline hard solids, and
""'solids' or ''soft-solids' refer to mud-like slurry solids. '"Plug-
ging'" refers to the accumulation of mud-like slurry solids.
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Summaries of the limestone reliability verification test results for
the venturi/spray tower, TCA and Marble-Bed systems are presented
in Tables 3-1, 3-2, and 3-3, respectively. Operating data for Runs
506-1A (venturi/spray tower), 510-2A (TCA) and 506-3B (Marble-
Bed) are graphically presented in Appendix B. Graphical presenta-
tion of the operating data for all of the limestone reliability verifica-

tion runs will be included in the Final Report (see Table 2-1)."

The significant data from the detailed inspection reports prepared at
the test facility during the reliability verification tests are presented
in Appendix C. The reliability data summmarized in Tables 3-1, 3-2,

and 3-3 have been obtained from the data in Appendix C.

3.1.1 System Reliability

Reliability verification tests presented in Tables 3-1, 3-2, and 3-3

has been evaluated in Tables 3-4, 3-5, and 3-6.

The major system problems addressed at the test facility are asso-
ciated with scaling and plugging of the equipment. A majority of the
component problems can be solved by improved design. The major
variables affecting scaling and plugging tendencies are: .(1) effluent
residence time, (2) percent solids recirculated, (3) percent oxidation
of sulfite to sulfate, (4) gas velocity, (5) liquid-to-gas ratio, and

(6) scrubber pH.

The limestone reliability verification tests have been run at reduced

scrubber inlet liquor pH (5. 6-5.9) to decrease the potential for scaling



and to increase limestone utilization. A modest reduction in SO; re-
moval, from high-pHﬂ< performance, is the price of the increased

system reliability and limestone utilization.

The test conditions for the initial reliability verification rﬁns were
selected in order to give maximum probability for reliable operation,
consistent with reasonable SO, removal. Subsequent tests were made
to observg the effects of reduced effluent residence time, reduced
percent solids recirculated, increased gas velocity (decreased liqﬁid-
to-gas ratio) and increaéed scrubber inlet liquor pH on system reli-
-ability’.k* In addition, the effects of demister type (polypropylene vs.
stainless) and demister wash location (upstream vs. upstream and
downstream washing) were investigated in the venturi/spray tower

system.

Venturi System. The initial venturi system test run 501-1A (see

Tables 3-1 and 3-4) was conducted, as mentioned previously, under
conditions selected to maximize the probability for reliable operation,

i.e., an effluent residence time of 20 minutes, a percent solids recir-

O3
*x

culated of 15-16 percent** and a spray tower gas velocity of 5 ft/sec,
As expected, the relative condition of the system at the end of the test
was good. (see Table 3-4), Subsequent venturi system runs were made at
more economically attractive operating conditions, as rhentioned pre-

viously., Run 507-1A (see Tables 3-1 and 3-4) indicated relatively

o< .
The limestone short-term factorial tests were run at a scrubber

inlet liquor pH range from 6.0 to 6. 3.
sk .
Minimizing effluent residence time and percent solids recirculated,
and maximizing gas velocity is, of course, economically attractive.
sieslesk

Approximately 40 percent of solids is fly ash.



Table 3-1

SUMMARY OF LIMESTONE RELIABILITY
VERIFICATION TESTS: VENTURI SYSTEM

Run No.

501-1A

502-1A

503-1A

506-1A

Test Objectives

Rellability verifi-
cation teat @ low
pH with Chevren
316 5. 5. dernister.

Same as 501-1A
with Chevron
plastic demister.

Same as 502-1A
with higher liquor
rate and lower
percent solids

Same as 503-1A
with higher gas
rate and lower ef-
fluent residence

recirculated. time. Top and

bottam demister

wash, (¢}
Start-of-Run Date 4/9/73 6/13/73 6/29/73 7/25/713
End-of-Run Date 5/9/73 6/26/73 7/11/73 8/13/73
On Stream Hours @) 645 278 256 417
Gas Rate, acfm @ 330°F 20,000 20,000 20, 000 30,000
Spray Tower Gas Vel., fps @125°F 5 5 5 7.5
Venturi/Spray Tower 600/600 600/600 600/1200 600/1200
Liquor Rates, gpm .
Spray Tower L/G, gal/mcf 40 40 80 53
Percent Solids Recirculated 15-16 14-16 8.9 . 8-10.5
Effluent Residence Time, n}in. 20 e 20 12
Stoichiometric Ratio, l.4-1.6(4/9-4/2T) 1.5-1.9 1.4-1,6 1.4-1,6(1.6-1.8
moles Ca/moles 50; absorbed h.9-2.1(4/27-5/9)(d from 8/3-6)(f)(g)
Average % Limestone Utilization, 67 (4/9-4/27) 59 67 67 (59 from

100x moles SO, absorbed/mole Ca

50(4/27-5/9) ()

873 to 8/6)(0(8)

Inlet SO, Concentration, ppm 2,400-3, 300 2,200-3,000 2,200.3,000 2,500-3, 300 (2,000
2,200 on 7/26 & 28)
Percent SO, Removal 70-75 67-73 74-82 68-76
Scrubber Inlet pH Range 5.8-6.0 5.7-5.9 5.6-5,8 5.35-5,65
Scrubber Outlet pH Range 5,4-5.7 5.3-5.5 5.1-5,3 4.85-5.1
Percent Sulfur Oxidized 5-25 15-35 20-40 20-35
Solids Disposal System Clarifier Clarifier Clarifier Clarifier and
centrifuge
Loop Closure, % Solids Disch, 20-28 21-39 27-41 55.65
Clear Liquor to Demister, gpm 14-20 14-20 27-33 40-55
Make-Up Water to Demister, gpm 12-14 12-14 10-12 8-11
Dissolved Salida, ppm 5, 000-8, 000 - 7,300 14, 900 (1)
Total AP Range, in. H,0(P) 10-11 10.0-10. 5 10.4-11.6 12.5-14.5
Demister AP Range, in. HyO 0.40-0. 65 0,40-0,55 0.45-0, 55 1.0-1.25 (b

Demister Condition
at End of Run (¢} {e)

Scattered 1/8"
scale on top and
20 mil scale on
bottom.

1/16'" acale on top.
Light scale and
eolids between
vanes., Approxi-
mately 1/3 ft3
solids buildup at

4 locations (junc-
tion of support
bars),

No scale or solids
ontop. 1/2to 1"
non-uniform scat-
tered solids de-
posit on top of
bottom vane and
on 2nd pass of
vane. Center
portions clean.

Some plastic vanes
damaged by chunks
of sclids broken off
from outlet duct.

5 mil solids buildup
on westaide vanea,
Moderate solids
bufldup on dead
spota on support I
beame & adjacent
vanes,

Venturi and Spray Tower
Conditions at End of Run

Thin scattered
scale and eroded
guidevane bolts in
venturi section.
Scattered 15-25
mil scale on after-
scrubber walls
above trapout tray.
9 of 28 slurry
ST48FCN spray
nozzles in after-
scrubber were
plugged.

5 mil scale on
walls below

plug and about

1/6 bolts heads on
guidevanes in
venturi section
eroded. 10 mil
scale on after-
scrubber walls
below trapout tray.

20 mil scale on
walls below plug
and noticeable
erosion of guide-
vane cross braces
in venturi section.
15 mil scale on
after-scrubber
walls below trap-
out tray. 3 of 28
elurry spray noz-
zles plugged.

15 mil scale on walls
of flooded elbow &
below plug. Cont'd
erosion of guldevane
cross braces., 20
mil light scattored
schle on after-
acrubber walls &
spray headers. No
signif. solids accum,
above & below trap-
out tray. Severe
eolide deposnits in
reheater outlet duct.

{(a) Includes line-out,

(b) Spray tower and venturi, excluding demister.

(c) Chevron plastic four-pass open demister in all runs
except 501 -1A where Chevron 316 S.S. three-pass
open demister was used.

(d) Reactivity of limestone decreased after 4/27 due to
larger average limestone particle size.

(e) Demister wasa washed from bottom only for all runs

except Run 506-1A where it was washed from both

top and bottom.

(f) The stoichiometry range was higher at 1,6-1,8
(59% average limestone utilization) from 8/3 to 8/6
with correspondingly higher scrubber inlet pH range
of 5,5 to 5.65,

(g

1.25 mole % MgCOj3 was used.
a limestone having approx. 5 mole % MgCOj had

been used.

As of 7/27, a new limestone containing approx.
Prior to this time

Range given is for pariod 7/25-8/8. Increased

steadily from 1.25 to 1.40 in. HO aftar 8/8.

(i} Increasing steadily during run from 8, 000 to 14,900

Ppm™.
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Table 3-1

(

Continued)

SUMMARY OF LIMESTONE RELIABiLITY
VERIFICATION TESTS: VENTURI SYSTEM

Run No.

507-1A

508-14h)

Test Objectivesn

Same as 506-1A
with Chevron 316

Same as 507-1A
with top and bottom

S.S. demister with |demister wash.
bottom wash only.
Start-of-Run Date 8/22/73 9/11/73
End-of-Run Date 9/9/73 * 9/12/73
On Stream Houra(®) 434 28
Gas Rate, acfm @ 330° F 30, 000 30,000
Spray Tower Gas Vel., fps @125°F 7.5 ) 7.5
Venturi/Spray Tower 600/1200 600/1200
Liquor Rates, gpm
Spray Tower L/G, gal/mcf 53 53
Percent Solids Recirculated 8-10.5 10.5-11.5
Effluent Residence Time, min. 12 12
Stoichiometric Ratio, 1.2-1.4 (1.4-1.75
moles Ca/moles SO, abaorbed from 8/31 to 9/7)(d) 1.3-1,5
Average % Limestone Utilization, 77 (63 from
100x moles SO absorbed/mole Ca| 8/31 to 9/7)d 7
Inlet SO2 Concentration, ppm 2, 400-3, 400 (!, 4004 2,600-3,700
1,750, 8/31-9/3)
Percent 50, Removal 67-77 70-74
Scrubber Inlet pH Range 5.3-5.65 5.65-5.85
Scrubber Qutlet pH Range 4.9-5.2 5.5
Percent Sulfur Oxidized 25-45(0 20-28
Solids Disposal System Clarifier and Clarifier
cent rifuge(e)
Loop Closure, % Solids Disch. 53-68(e) 19
Clear Liquor to Demister, gpm 46-60'8! '33-57
Make-Up Water to Demister, gpm 6-1118] 14-20
Dissolved Solids, ppm 16, 300-18, 800() -
Total AP Range, in. Hzom 13.5-14,5 13.5-14.0
Demister AP Range, in. HyO 1.25-1,135 1.3-1.4

Demister Condition
at End of Run(c

S mil solids deposit
on all bottom vanes
& 10 mil on all top
vanes, In NE sec-
tion: 2 1t% area 75%
plugged (top), an-
other 2 12 25%
plugged (topl.

Approximately the
same condition as
at end of run
507-1A.

Venturi and Spray Tower
Conditions at End of Run

Venturi operated
without sootblower.
3-4" asolida deposit
on E&W quadrant of
inlet duct walls up-
stream of plug & on
bull nozzle feed
pipe. <5 mil scale
on walls of venturi
below plug & on
flooded elbow.

Approximately the
same condition as
at end of run
507-1A, except
heavy solids bulld-
up in reheater
outlet duct.

(a) Includes line-out. (fy ©S0-75% oxidation from 8/31 through 9/3 when
R . R average inlet SO, concentration dropped to

{(b) Spray towex.- and venturi, exvcludmg demister. 1600 :Pm- 2

{c) Chevron 316 5.5. three-pass open demister was used. (g) The flow ranges for clear liquor and makeup

(d) High stoichiometry range of 1,4-1.75 (63% average water were 34-53 and 15-21 gpm, respectively,
limestone utilization) caused by excess limestone in from 8/31 t0 3/9, when clarifier only was used.
scrubber s.lurry du;’:::)% the period osl low li.lnlel .3‘02/3 (h} System shut down after 28 hours of operation due
concentration (av. ppm) from B/31 through 9/3. to system problems (i.e,, high entrainment from

(e) Switched to clarifier only at 0930 houre on 8/31. Per- demister top flush, pluggage of outlet DuPont 50,

cent solids discharged was 20-30 wt, % and dissolved

solids decreased gradually to 11, 300 ppm (on 9/6)

after 8/31,

analyzer sample probes).




VERIFICATION TESTS: TCA SYSTEM

Table 3-2
SUMMARY OF LIMESTONE RELIABILITY

Run No.

501-2A

502-2A

508-2A

509-2A

Test Objectives

Reliabiljty verifi-

Same as 501-2A

Replicate of

Same as 501-2A

cation test @ low with high stoichi- [501-2A, with lower per-

IpH. ometry and pH. cent polids recirc.
Start-of-Run Date 3/22/73 4/21/73 5/25/73 6/5/73
End-of-Run Date 4723173 5/21/73 5/29/73 6/25/73
On Stream Hours (@) 580 557 98 465
Gas Rate, acfm @ 300°F 20,000 20,000 20, 000 20,000
Gas Velocity, fps @ 125°F 7.8 7.8 7.8 7.8
Liquoer Rate, gpm 1200 1200 1200 1200
L/G, gal/mcf 80 80 80 80
Percent Solids Recirculated l1a-16 14-16 15-16 8-9
Effluent Residence Time, min. 20 20 20 20
Stoichiometric Ratio, -~ lo1-1.4 1.5-1,9 (2. 1-2.7 1.2-1.4 1.2-1.45
moles Ca/moles SO, absorbed from 5/5-12)(¢)
Average % Limestone Utilization, 80 59 (42 from 77 75
100x moles SO, absorbed/mole Ca 5/5-12){¢)
Inlet SO, Concentration, ppm 2,200-3, 300 2,300-3, 300 2, 300-13, 000 2,000-3,100
Percent SO2 Removal 80-86 90-97 82-87 80-88
Scrubber Inlet pH Range 5.6-6.0 5.9-6.1 5. 6 5.5-5.8
Scrubber Outlet pH Range 5.1-5.7 5.4-5.7 5.0-5,2 5.0-5.4
Percent Sulfur Oxidized 20-40 17-35 20-35 32-50
Solida Dispasal System Clarifier Clarifier Clarifier Clarifier
Loop Closure, % Solids Disch. 25-48 31-39 31-43 26-45
Clear Liquor to Koch Tray, gpm 20-30 5-20 5-18 20-45
Make-Up Water to Koch Tray, gpm| 7-12 8-12 7-12 7-11
Dissolved Solids, ppm 4, 000-10,000 4,300-8, 800 - 8, 300-11,800'
Total AP Range, in. HpO®) 4.5-5.3 5.5-6.5(d) 5.0-6.0 5.0-5.8
Demister and Koch Tray 1. 6-2.0 1.9-2.2 1.9-2.3 1.9-2.0
AP Range, in. H;0

1/16" scale on 1/16" geale on Clean. 1/16" scale on

Demister Condition
at End of Run

battomn vanes
only.

About 50%
of west quadrant
plugged.

vanes.

west quadrant,

Bed Condition
at End of Run

ISpheres in middle
bed fell down to
ower bed due to
2 holes in bottom

No grid failure
but significant
deterioration of
grid wire con-

Replaced about
5% of collapsed
spheres. Re-
placed 3 damaged

Replaced the da-
maged SW section
of top grid. Re-
placed about 20%

grid. Replaced 3 tinued. grid sections, of collapsed
[dozen collapsed . spheres.
spheres,

Inlet Duct Condition ISlight solids About 60% of duct Solids buildup up- |Clean.

at End of Run

built-up up-
etrearm and heavy
aolids buildup
downstream of
cooling nozzles,

area plugged.
Solids buildup at
and upstream of
nozzles.

stream of cooling
nozzles,

Other Problems
or Comments

9 inte rmediate
shutdowns due to
cooling rozzle
land Ventri-Rod
Ipluggage, Ven-
tri-Rod pluggage

4 intermediate
shutdowns due to
cooling nozzles
pluggage. Used
Spraco 7TLB 316
SS nozzles on

Modified soot-
blowe r head on
5/29/73 to have

2 jets blowing air
forward only.
Capped bottom

ranged from 12- 5/5/73. cooling spray

70%. Replaced nozzle.

Ventri-Rod with

4 ST24F CN SS

Bete nozzles on

4/16/73.
(2) Includes line-out. {d) Range piven is for period before 5/15. Increased
(b} Total, excluding demister and Koch Tray. gradually from 6 to 9 in. HyO from 5/15 to 5/21.
{c} Reactivity of limestone decreased during the period

of higher stoichicmetry range and lower average lime-

atone utilization, due to larger average limestone

particle aize.
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SUMMARY OF LIMESTONE RELIABILITY

Table 3-2 (Continued)

VERIFICATION TESTS: TCA SYSTEM

Run No.

510-2A

514-2A

515-2A

Test Objectives

iSame 28 509-2A
[with higher gae
rate.

Same 22 510-2A
jwith lower effluent
residence time

fSame 26 514-2A
jwith lower
percent solids

land higher percent |recirculated.

eolids recirculated.
Start-of-Run Date 6/27/73 7/22/73 8/16/173
End-of-Run Date 7/10/73 8/13/73 9/10/73
On Stream Hours(®) 297 493 571
Gas Rate, acfm @ 300°F 25,000 25,000 25,000
Gas Velacity, fps @ 125°F 9.8 9.8 9.8
Liquor Rate, gpm 1200 1200 1200
L/G, gal/mef 64 64 64
Percent Solids Recirculated 7.5-9.5 13,5-16 7.0-8,5
Effluent Residence Time, min. 20 4.4 4.4
Stoichiometric Ratio, 1,2-1,5 1.25-1,55(7/22-8/5)|1,2-1.4(1,4-1.55
moles Ca/moles SO, absorbed 1.15-1.3(8/6-13)8) ltrom 8/31 to 9/3)(¢)
Average % Limestone Utilization, 74 71 (7/22-8/5) 77 (68 from

100x moles 50, absorbed/mole Ca

82 (8/6-13)8)

8/31 10 9/3)l¢)

Inlet SO, Concentration, ppm

2,000-2,700

2,100-3,100(), 800-
2,100, 7/24, 26 & 28)

2,400-3,300(1,450-
1,700, 8/31-9/3)

Percent SOz Removal 78-89 71-89 80-88
Scrubber Inlet pH Range 5.4-5.5 5.2-5.55 5.2-5.4
Scrubber Outlet pH Range 4.85-5.2 4.7-5.0 4.9-5.1
Percent Sulfur Oxidized 35-55 20-50 2550007 |
Solids Disposal System Clarifier Clarjfier Clarifter(®
Loop Cloaure, % Solida Diach. 26-44 27-52 34-44(¢)
Clear Liquor to Koch Tray, gpm 25-45 5.26 36-50
Make-Up Water to Koch Tray, gpm 9-13 9-13 10-12
Diasolved Solids, ppm 8,800-11, 300 9, 800-11,400 11,000-13, 300¢1)
Total AP Range, in. H,0(® 6.6-7.6 7.0-8.5 7.0-8.5
Demister and Koch Tray 2.2-2.5 2,2-2.5(2,5-2.8 2.2-2.5(2,5-2.9

AP Range, in. HO

from 8/10 to 8/13)

from 9/6 to 9/10)

Demister Condition
at End of Run

60 mil scale on
most of demister.
3 of 14 sections in
SW corner were
partially plugged
with 1/2" solids
between bottom
vanes.

20% area plugged
with solide. NW
quadrant had higher
buildup (50% plug-
ged) with hard
cryst. solids.
Solids buildup
mainly on bottom
vanes. Pitting
continued.

40% area plugged.
Solids buildup
mainly on bottom

2 vanes, Uptol"
solids buildup on
underside of Koch
tray. b tray valves
partially plugged.

Bed Condition

Several loose grid

14% damaged

Broken grid

at End of Run wires, No grid spheres inlower 2 |wires.(h) 2.3 sta-
replacement beds. Light scale [lactite on btm. grid.
needed. on 75% of bottom 1/32-3/16" scale on
grid. walls.
Inlet Duct Condition Clean. 7 {t> solide build- |Clean.
at End of Run up upstream of
nozzles.
Other Problems - As of 7/27 a new Underside of Koch
or Comments limestone having ~ |tray not properly
1.25 mole % washed due to loose
MgCO, wae usecd. steam sparger
Prior to this time, [branch headers.
limestone contain-
ing ~ 5 mole %
MgCOj3 was used.
{a) Includes line-out. (e} With clarifier and centrifuge before 1235
. . hours on 8/20. Percent solids discharged
(b) Total, excluding demister and Koch tray. from centrifuge was 58-59%
(e) High stoichiometry range of 1.4-1.55 (66% average (f) No analytical data before 8/20, when clarifier
limestone utilization) caused by excess limestone in 4 trif d
scrubber slurry during the period of low inlet SO, and centrifige were used.
concentration (av. 1600 ppm) from 8/31 through 9/3. (g) Indicates effect of utilization of new limestone
(d) 48-BO0% oxidation from 8/31 through 9/3 when average (see Other Problems or Comments).
inlet SO, concentration dropped to 1600 ppm, (h) About 6 in? of support grid for top bed broken,

Some of top bed apheres dropped into middle bed,

3-7
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SUMMARY OF LIMESTONE RELIABILITY
VERIFICATION TESTS: MARBLE-BED SYSTEM

Run Ne.

501-3A & 3B

I 502-3A

503-3A & 3B

504-3A & 505-3A

Test Objectives

[Reliability verifi-
lcation test @ low
PH.

!Same as 501-3A &k
3B with high stoi-
chiometry & pH.

[Same as 501-3A &
3B with lower per-
cent solida recirc,

Same as 50)-3A &
3B with Spraco bed
spray nozzles.

Start-of-Run Date 3/14/73 4/25/13 5/11/13 '5/25/73
End-of-Run Date 4/23/73 5/7/73 5/22/73 6/4/73
On Stream Hourg ™ 771 285 267 233
Gas Rate, acfm @ 330°F 20, 000 20,000 20,000 20,000
Gas Velocity, fps @ 125°F 5.1 5.1 5.1 5.1
Liquor Rates to Top/Bottom 200/600 200/600 200/600 200/600
Sprays, gpm B
L/G, gal/mcf 53 53 53 53
Percent Solids Reclrculated 10-12 11-14 8-11 10-12
Effluent Residence Time, min. 30 30 30 30
Stoichiometric Ratio, 1,15-1,45(3/14-4/7)| 1.5-2,1 (4/25-29) 1,.8-2.4 1.5-2.0
moles Ca/moles SO, absorbed t.3-1.6 (4/8-23)(8) |1, 6.2, 7(a/29-5/7)(d
Average % Limestone Utilization, 17 (3/14-4/7) 56 (4/25-29) 48 57
100x moles SO, absorbed/mole Ca 69 (4/8-23)8) 43 (4/29-5/7y(d)
Inlet SO, Concentration, ppm 2,500-3, 300 2,600-3,200 2,500-3, 500 2, 300-3,100
Percent SO, Removal 65-71 67-77 67-71 67-72
Scrubber Inlet pH Range 5.8-6.0 5,8-6,1 5.7-5.9 5.6-5.8
Scrubber Outlet pH Range 5.4-5.7/ 5.4-5.7/ 5.4-5.7/ 5.3/
(Weir/Downcome r) 5.4-5.7 . - 5.1-5.3 5.2-5.4
Percent Sulfur Oxidized 15-35 10-30 15-30 10-30
Sollds Diaposal System Clarifier Clarifier Clarif. & centrifuge Cent ri!uge(‘)
Loop Closure, % Solids Disch. 20-29 19.25 57-60 (used venturi 60-65 (23-24
clarifier 5/16-17) from 5/30-31)(¢)
Clear Liquor to Demister, gpm 10-22 13-23 43-53 20-30
Make-Up Water to Demister, gpm 8-12 7-20 3-5 3-4
Dissolved Solids, ppm 6, 900-8, 900 3,700-8, 000 11, 00of 10, 500(f)
Total AP Range, in. Hzo“” 8.5-10.5 7.5-11.0 8.0-9.3 8.3-9.7
0.17-0.25 0.16-0.35 0.15-0.22 0. 15-0.17

Demister AP Range, in. HZO

Demister Candition
at End of Run

1/8" solide de-
F\oui! bottom side.

1/4" slurry scale
and some scale on
top vanes of de-
mister.

1/8" solids de-
posit on top side.
Light, dust de-
poeit on bottom
side of demister.

50-60 mil scale on
top vanes only.

Bed Condition
at End of Run

30% of bed either
[plugged or mar-

[bles in stratified
pattern.

60% of marbles
stratified. 1 ft2
area was plugged
with aolids.

25% of bed was
plugged with solids
and had stratified
rows of marbles.

12% of bed plugged
with solida. 60%

of bed had stratified
rows of marbles.

Inlet Duct Condition
at End of Run

|8 crubber.

2 £t3 of solids de-
posit between
spray header and

6 £t* of solids de-
poait blocking 60-
70% of duct between
header and
scrubber.

1-1/2 > of solids
deposit between
[header and scrub-
ber,

1 £ of solids de-
posit between header]
and scrubber,

Other Problema
or Commentg

Both soot blower
airjets projecting
forward., Several
shutdowns due to
plugged cooling and
bottom spray noz-
zles. Swirl vanes
in 13 of 16 CE bot-
tom bed spray
nozzles eroded

4 ST20FCN cooling
apray nozzles re-
placed by STZ4FCN
nozzles at start of
run. Swirl vanes
in all 16 CE bottom
bed nozzles dis-~
appeared. Swirl
vanes in all 6 CE
top bed nozzles

away.

lightly eroded.

2 cooling spray
nozzles were found
plugged. All CE
bottom bed nozzles
operated without
swirl vanes.

Swirl vanes in CE
top bed nozzles
still intact.

All 22 CE bed spray
nozzies replaced by
Spraco No, 1736
ramp bottom nozeles
at start of run.

(a) Includes line-out. (e)
(b) Total, excluding demister, 0
e} Increasing steadily during run from 4, 000 to 11,000 (g)
PPM, except for a brief decreasing period caused by
use of venturi clarifier alone from 5/16 to 5/17,
(d) High stotchiometry range of 1.9 to 2.7 (43% ave rage

Used clarifier along from 5/30 - 5/31,
Only one sample was taken during run.

High stoichiometry range of 1,3 - 1.6 (69% average
limestone utilization) caused by system degradation

(i,e., erosion of slurry spray nozzles and marble

limestone utilization) caused by decreased limestone
reactivity (i.e., larger average particle size).

bed plugpage).



Table 3-3

(Continued)

SUMMARY OF LIMESTONE RELIABILITY
VERIFICATION TESTS:

MARBLE-BED SYSTEM

Run No.

506-3B

Test Objectives

Same as 505-3A
with bed under spray
nozzles raised

higher,
Start-of-Run Date 6/15/73
End-of-Run Date 7/2/73
On Stream Houn(a‘ 380
Gas Rate, acfm @ 330°F 20, 000
Gas Velocity, fps @ 125°F 5.1
Liquor Rates to Top/Bottom 200/600
Sprays, gpm
L/G, gal/mef 53
Percent Solidas Recirculated 9-11
Effluent Residence Time, min, 30
Stoichlometric Ratlo, 1.6-2.1
moles Ca/moles SOZ absorbed
Average % Lirnestone Utilization, 54

100x moles SOZ absorbed/mole Ca

Inlet SO2 Concentration, ppm

2,100-3,200

Percent SO2 Removal 65-71
Scrubber Inlet pH Range 5.5-5.8
Scrubber Outlet pH Range 5.5-5.6/
(Weir/Downcomer) 5.0-5.2
Percent Sulfur Oxidized 20-40

‘| Solids Disposal System Centrifuge
Loop Closure, % Solids Disch. 60-66
Clear Liquor to Demister, gpm 24-30
Make-Up Water to Demiater, gpm 4-6
Dissolved Solids, ppm 15, 500-20, 000
Total AP Range, In. H. O(b) 7.8-9.0

2

Demister AP Range, in, HZO

0.17-0.20

Demister Condition
at End of Run

1/3 of the demister
(particularly SE
corner} completely
plugged.

Bed Condition
at End of Run

10% of bed plugged.
15% of marbles
stratified.

Inlet Duct Condition
at End of Run

Extremely light
solids accumulation
at duct walls down-
stream of nozzles.

Other Problema
or Comments

One shutdown due to
reheater pilot mal-
function, One shut-
down due to instru-
ment air compres-
sor valve leakage.
Extended cooling
spray nozzles to
reach 2" from

scrubber inlet,

{a) Includes line-out,
{b)

{e)

Total, excluding demister.

Range given is for period before 6/23.
steadily from 0.20 to 0.80 in. H0 from 6/23 to 7/2.

Increased
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Table

3-4

LIMESTONE RELIABILITY VERIFICATION TEST
RUN EVALUATIONS: VENTURI AND SPRAY TOWER

TEST RUN
501-1A (645 Operating Hours) 50Z-1A (278 Operating Hours) $03-1A (256 Operating Haurs) 506-1A (417 Operating Hours)
PARAMETER
Relative Relative Relative Relative
Comments Condition Comments Condidon Comments Condidon Comments Condition
at at at at
End-of-Run End«of-Run End-of-Run End-of-Run
Demister Scaling ot Light scale on bottom Fair Moderate scale on top Fair No scale. Good No scale. Moderate solids | Poor
Plugging vanes. Scattered scale on vanes, Non-uniform, light, scate deposits around support 1
top vanes. Scattered light solids de- tered solids d aits on beama. About 10% of plas+
.. . . . 8 8 depoaits tic top vanes damaged by
Negligible solids deposits, posits on bottom vanes at bottom two rows of vanes. solids dislodged from stadq
support bar junctions. (Solids due to high entrain-
ment of demister top
flush).
Venturi and Spray Tower [Slight erosion of guide vane|Fair Moderate erosion of guide [Fair Slight etosion of guide vane Fair Slight erosion in guide vand Fair
Mechanical Condition at |bolts and surrounding area vanes, bolts and cross cross braces in venturi. area of venturi.
End of Run in venturi. braces in venturi. Slight erosion of top splash
seal flange in venturi.
Venturi Scaling or Scattered light scale on Good Negligible scale on walls Good Light ccale on walls below | Gaod Light scale on walls below | Good
Plugging walls below plug. Moder- below plug. Moderate plug. Moderate scale on plug and on walls of
ate scale on walls of flood- scale on walls of flooded walls of flooded elbow. flooded elbow.
d . . - N . - N
ed elbow elbow Negligible solids deposits. Negligible solids deposits.
Negligible solids deposits. Negligible solids deposits.
Spray Tower Scaling or |Scattered light scale on Good Light scale on walls below ]Good Light scale on walls below | Good Light scale on all four Fair

Plugging

walls.

Scattered moderate solids
deposits on top slurry head
er, on bottom demister
wash header, and on bottomy

of trapout tray.

trapout tray.

Scattered light solids de-
posits on top slurry header,
on bottom demister wash
header, and on bottom of
trapout tray.

trapout tray.

Light solids deposits on
bottom of trapout tray.

spray headers and onabout
50% of wall area above
trapout tray.

Light solids on bottom of
trapout tray and adjacent

walls,




Table 3-4 (Continued)

LIMESTONE RELIABILITY VERIFICATION TEST
RUN EVALUATIONS: VENTURI AND SPRAY TOWER

Il-¢

TEST RUN
507-1A (434 Operating Hours) 508-1A (28 Operating Hours)
PARAMETER
Relative Relative
Comments Condition Comments Condition
at JE at
End-of-Run nd-of- Run

Demister Scaling or No scale. Good No scale. Poor
Plugging Negligible solids deposits Negligible solide deposits.

on vanes. Scattered par- . .

tial plugging of about 8% of ?‘”’i ?"2’"“;“‘;‘

top vane flow area. emister top lush.
Venturi and Spray Tower |Slight erosion of guide Fair — —
Mechanical Condition at |vane assembly.
End of Run .
Venturi Scaling or No scale. Good — —
Plugging | Moderate solids buildup at

wet-dry interface due to

discontinued soot blowing.
Spray. Tower Scaling or | Negligible scale and solids |Good —_ ’ —_
Plugging deposits.
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Table

3-5

LIMESTONE RELIABILITY VERIFICATION
TEST RUN EVALUATIONS: TCA

TEST KUN
501-2A (580 Operating Hours) §02-2A (553 Operating Hours) 508-2A (98 Operating Hours) 509-2A (465 Operating Hours)
PARAMETER
Relative Relative Relative Relative
Comments Condition Comments Condition Comments Condition Comments Condition
at - . at at at
End-of-Run [End-of-Run End-of-Run |[End-of- Run
Demister and Kach Tray [Negligible scale and aolids [Good Light scale on vanes. Poor Negligible ecale and solids | Good Moderate scale on bottormi | Good
Scaling or Plugging depoosite. About 15% of bottom vane deponits. two rows of vanes. v
flow area plugged by solids. Negligible solids deposits.
Scrubber Mechanical (@} Spheres from middle bed |Bad Significant erosion of grid |Bad Loose, bent and eroded Bad Broken and eroded wires | Bad
Condition at End of Run |dropped to bottom bed wires. wires in two grids. in several grids.
through eroded grid wires. ’
Scrubber Scaling or Negligible scale. Good Negligible scale. Good Negligible scale. Fair Moderate scale on walls Fair
Plugging Scattered solids deposits Some solids deposits on Scattered moderate solids below bottom bed, light
R R R scale on walls of bottom
on walls below Koch tray. slurry nozzles only. deposits on walls immedi-
two beds.
ately below Koch tray,
Negligible solids deposits,
Inlet Duct Plugging Slight solids buildup up- Bad About 60% of duct area Bad Moderate solids buildup Poor Clean Excellent
stream and heavy solids plugged immediately up- upstream of cooling
buildup downstream of stream of cooling sprays. sprays.
cooling sprays.
{a) No attempt was made to modify run conditions in order to solve the continuing problem of

support grid erosion.

The wire mesh gride (0. 148 inch diameter wires) were replaced with

sturdier 3/8 inch diameter rods (1 - 1/4 inch on center) prior to the long-term reliability test.
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Table 3-5 (Continued)

LIMESTONE RELIABILITY VERIFICATION
TEST RUN EVALUATIONS: TCA

TEST RUN
510-2A (297 Operating Hours) 514-2A (493 Operating Hours) 515-2A {571 Operating Hours)
PARAMETER .
Relative Relative Relative
Condition Condition ) Condition
Comments Comments Comments
at at at
End-of-Run End-of-Run End-of-Run
Demister and Koch Tray [Moderate scale on bottom [Fair Flow area of bottom two Poor Flow area of bottom two Bad
Scaling or Plugging lvanes. vanes about 20% plugged vanes about 40% plugged
. 1 R R ids.
|About 25% of bottom vanes with scale and solide (one with scal.e and _sohds ModH
artially plugged with quadrant about 50% plugged erate solids buildup on
zol.idu y plugg with hard crystalline solids, underside of Koch tray,
) partially plugging several
valves.
Scrubber Mechanical(a) Loose and bent wires in Bad Loose, bent and broken Bad Spheres from top bed Bad
Condition at End of Run  |several grids, wires in two middle grids. dropped to middle bed
through eroded grid wires.
Scrubber Scaling or Scattered moderate to Poor Light scale on bed walls. [Poor Moderate scale between Bad
Plugging heavy scale on walle below Heavy scale on 75% of bot- bottom bed and Koch tray.
bottom bed. Intermittent tom grid. Moderate scale Heavy scale below bottom
heavy scale on about 30% of and heavy solids on walls bed and on bottom grid,
bottom grid. Light scale below Koch tray. Moderate Intermittent heavy solids-
on walls above bottom bed. scattered solids on walls scale deposits below bot-
Negligible solids deposits. below bottom bed. tom grid.
Inlet Duct Plugging Clean Excellent Moderate solids buildup Fair Clean Excellent
upstream of cooling sprays.
{a) No attempt was made to modify run conditions in order to solve the continuing problem of

support grid erosion.

The wire mesh grids (0. 148 inch diameter wires) were rcplaced with

sturdier 3/8 inch diameter rods (1 - 1/4 inch on center) prior to the long-term reliability test,
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Table 3-6

LIMESTONE RELIABILITY VERIFICATION TEST
RUN EVALUATIONS: MARBLE-BED ABSORBER

TEST RUN
501-3A & 3B (771 Operating Hours) 502-3A (285 Operating Hours) 503-3A & 3B (267 Operating Hours) | 504-3A & 505-3A (233 Operating Hours)
PARAMETER Relative Relative Relative Relative
Comment Condition Comment Condition Comment Condition Comment Condition
at at at at
End-of-Run End-of-Run [End-of-Run End-of-Run
Demister Scaling or Light scale on all vanes. |Fair Moderate scale and solids |Fair No scale, Good Moderate scale on top Fair
Plugging Intermittent, moderate de'ponﬂ:s on top vanes. Light solids deposits on vanes.
i A Light scale on bottom . . .

golids deposits on bottom vanes top vanes. Light solids deposits on

vanes. ) bottom vanes.
Scrubber Mechanical Swirl vanes in 80% of bot- |Bad All bottom slurry nozzles [Bad About 20% of bottom Bad About 35% of bottom Poor
Condition at End of Run |[tom slurry nozzles com- without swirl vanes. slurry nozzles plugged Spraco slurry nozzles

: pletely eroded. Nozzle with debria. partially plugged with

plugging by marbles drop- marbles, :

ped through loose grid.
Scrubber Scaling or Light scale on walla below |Bad Light scale on walls above |Poor Light, intermittent scale- | Bad Moderate scale on walls Bad
Plugging bed, and below bed and on all solids deposits on headers above demister and bed.

Intermittent heavi aolids spray headers. and wallslabovq:e%. Mod - Scattered, light scale-

deposits on bottom spray erate scale-solids deposits solids deposits on headers

headers & bottom of bed, 2::,'“:”'&‘;? :ed plugged, on bottom headers. below bed.

'e stra 1ed,

About 30% of bed plugged About 25% of bed plugged. About 12% of bed plugged,

or in stratified pattern. 60% stratified,
Inlet Duct Plugging About 25% of duct plugged |Bad About 70% of duct plugged |Bad About 20% of duct plugged | Poor About 30% of duct plugged | Rad

downstream of cooling
sprays.

immediately downstream
of cooling sprays.

downstream of cooling
sprays.

downstream of cooling
sprays.




Table 3-6 (Continued)

LIMESTONE RELIABILITY VERIFICATION TEST
RUN EVALUATIONS: MARBLE-BED ABSORBER

TEST RUN

506-3B (380 Operating Hours)

gl-¢

PA ETER . Relative
Condition
Comments at
nd-of-Run
Demister Scaling or Light scale on bottom Bad
Plugging vanes. Moderate scale on
top vanes.,

About 30% of middle vanes
completely plugged, 30%
partially plugged.

Scrubbing Mechanical About 80% of bottom Spraco| Bad
Condition at End of Run | slurry nozzles severely

eroded
Scrubber Scaling or Moderate scale on walls Bad
Plugging throughout scrubber. Inter

mittent, heavy scale on all
headers and walls below
bottom headers.

About 10% of bed plugged,
15% stratified.

Inlet Duct Plugging About 45% of duct plugged |Bad
' downstream of cooling
¢ sprays. No golids down-

stream of open nozzle.




_ géod system condition at the end of 434 operating hours at an effluent
residence time of 12 minutes, a percent solids recirculated of approx-
imately 9 percent, a spray tower gas velocity of 7.5 ft/sec and a
liquid-to-gas ratio of 53 gal/mcf. Effluent residence times below 12
minutes could not be obtained during the testing due to system

constraints,

The venturi/spray tower runs also showed that washing the demister
from the underside (upstream) can be effective in reducing the rate

of soft solids accumulations on the demister blades, at demister
superficial velocities at or below 7.5 ft/sec (see Runs 503-1A and
507;-1A in Tables 3-1 and 3-4). In addition, the runs showed that
washing the demisters from the topside (downstream) can cause
droplet entrainment within the exiting high velocity flue gas and re-
sultant accumulation of solids on the walls of the outlet duct (see Runs
506-1A, 507-1A and 508-1A). Demister operability will be discussed

in greater detail in Section 4. 2.

The spray tower has used spiral tip Bete No. ST-48 FCN stainless
steel full cone nozzles for the duration of the reliability verification
tests. No significant erosion of these nozzles had been observed for

over 2000 hours of operation.

TCA System. As expected, the relative system condition at the end

of the initial TCA reliability verification test 501-2A was good, as far
as scrubber or demister scaling and plugging was concerned (see
Tables 3-2 and 3-5). There was, however, difficulty experienced due

to mechanical failure of a TCA support grid and pluggage of the inlet



duct at the hot gas-liquid interface. During.subsequent tests (see Runs
509-2A throﬁgh 515-2A), the problem of inlet duct plugging was appar-
ently solved, although there was still some accumulation of solids in

the inlet duct during Run 514-2A (the resolution of the inlet auct plugg-
ing problem will be discussed in Section 4. 3). The continual problem

of erosion of TCA support grid wires was not solved during the remainder
of the reliability verification tests. Sturdier support grids (parallel 3/8-
inch rods) have_been installed in the TCA scrubber during subsequent

long-term testing.

The results of the subsequent testing, under more economically attrac-
tive operating conditions, showed relatively good-system condition
after 465 on-stream hours with an efflﬁent residence time of 20 min-
utes, a percent solids recirculated of approximately 9 percent, a gas
velocity of 7.8 ft/sec and a liquid-to-gas ratio of 80 gal/mcf (see Run
509-2A). A subsequent test at a gas velocity of 9.8 ft/sec and a liquid-
to-gas ratio of 64 gal/mcf (Run 510-2A) gave some indication of scale
buildup within the scrubber and partial pluggage bf the demister. Two
final test runs at an effluent residence time of 4, 4 minutes (Runs
514-2A and 515-2A) gave indications of severe scale buildup within the
scrubber” and demister, and éevere solids buildup in the demister and
on the underside of the Koch tray. Effluent residence times between

4. 4 and 20 minutes could not be obtained during these tests due to sys-
tem constrainfs (the larger effluent hold tank was used for the 20 min-

ute tests and a smaller recirculation tank for the 4. 4 minute tests).

"The maximum sulfate supersaturation within the scrubber system
occurs at the scrubber effluent. Hence, scale formation is heaviest
on the bottommost grid of the TCA (see Section 6).



The acceptable effluent residence time, therefore, is between 4.4 and
20 minutes, at a percent solids recirculation of approximately 9 per-
cent (with 40 percent of solids fly ash), a gas rate of approximately

8 ft/sec and a liquid-to-gas ratio of approximately 80 gal/mcf. Tests
at the EPA TCA pilot facility at Research Triangle Park (which will be
discussed in Section 6) have indicated that an effluent residencé time of
10 minutes is satisfactory, for a liquid-to-gas ratio equal to or greater
than 65 gal/mcf and a percent solids recirculated of 10 percent, pro-
vided that an appreciable amount of fly ash is present (40 percent of

the solids are fly ash).

Marble-Bed System. The condition of the Marble-Bed scrubber at the

termination of the relia.bility verification tests was poor (see Tables
3-3 and 3-6), because of problems associated with erosion of the CE
bed nozzles, and the resultant insufficient wetting of the underneath of
the marble-bed and subsequent pluggage of the bed. The use of hollow-
cone Spraco nozzles also caused insufficient wetting of the bed and sub-
sequent pluggage (see Runs 504-3A, 505-3A, and 506-3B). Future lime
reliability verification tests will be conducted with the Marble-Bed

scrubber with new, improved CE full-cone nozzles.

3.1.2 Analytical Data

A complete summary of scrubber inlet liquor analytical data for the
limestone reliability verification tests is presented in Table 3-7, Ex-
cept where noted, most of the dissolved species appear to have
approached steady-state concentrations for these runs. The liquid ana-
lytical data are tested by iriputting the measured compositions aﬁd pH's

into a modified Radian Equilibrium Computer Program (Reference 4),
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AVERAGE SCRUBBER INLET LIQUOR COMPOSITIONS
FOR LIMESTONE RELIABILITY VERIFICATION -RUNS

Table 3-7

Percent Effluent Percent Percent | Scrubber Inlet Liquor Species Concentrations, mg/1 {ppm) Calculated Degree of Saturation, g(d)
Run No. x Sotids Regidence Solids Sulfur | Inlet pH T T - - — - - - ) - o
ecirculated | Time, min. | Discharged| Oxidized Range . Ca | Mg l Na ] K I SO, I SO, IC03 l C1 LTolal CaS03°1/2H,0 |C:SO4 2H,0

Venturi -

501-1A 16 20 20-28 5-25 5.8-6,0 2000 220 50 - 200 1300 200 ' 3000 7000 83 96

506-1A 8 12 55-65 20-35  5.4.5.7 4200®) gol®) 140 8s58) 200 2100 40  78001®) 15, 000(a) 68 167

507-1a(0) 12 53-68 25-45 5.3-5,7 5100 510 140 180 120 2500 25 10,200 18, 800 43 204
ICA v

501-2A i6 20 25-48 20-40 5,7-6.0 1800 300 50 - 100 1600 100 2600 6500 35 109

502-2A 16 20 31-39 17-35 5,8-6.1 1600 200 100 40 150 1250 250 2200 5800 61 87

509-2A 8 20 26-45 32-50 5.5-5.8 2700 350 100 70 220 1900 250 . 4800 10,400 73 138

510-2A 8 20 26-4-4 35-55 5.4-5.5 3000 400 100 70 180- 2000 80 5000 10, 800 47 ’ 149

514-2A 16 4.4 27-52 20-50 5.2-5.6 3000 550 100 80 190 2000 70 5000 10, 800 46 152

515-2A 8 4.4 34-44 25-50 5,2-5.4 3300 310 120 120 210 2500 20 5800 12,400 46 193
Marble-Bed

501-3A & 3B 11 30 20-29 15-35 5.8-6;0 2200 200 50 - 250 1500 100 3500 7800 105 113

502-3A 11 30 19-25 10-30 5.8-6.1 1500 120 50 - 200 1000 200 2200 5300 80 74

505-3a). 1 30 60-65 10-30  5.6-5.8 2800 300 150 50 200 1400 250 5500 10,600 74 106

506-3B 11 30 60-66 20-40 5.5-5.8 5000 450 150 120 200 1800 250 9400 17,400 83 150

(a) Concentration at end of run. Concentration increasing throughout run. d) (activity Ca++) x (.acﬁvity anion) / (solubility product at 50 °C)
(b) Concentrations for first half of run are listed. Percent solids discharged (e) Based on a solubility product for CaS03°1/2 HyO of 4.5 x 10'7, which

(c)

was 20-30% during second half (using clarifier only) and total dissolved

solids decreased gradually to 11,300 ppm.

Only one liquor analysis taken.

{f)

was fit to previous pilot plant data (C. Y. Wen, private communication,

Jamuary 1973).

Based on a solubility product for CaS04°2H0 of 2.2 x 10°% (Radian
Corporation, "A Theoretical Description of the Limestone-Injection
Wet Scrubbing Process, NAPCA Report, June 9, 1970).




which then calculates the ionic imbalance., For the data shown in
Table 3-7, the calculated ionic imbalances were all less than 13

percent.

The large concentrations of chloride ions are attributable to chlorides
present in the coal which were converted to HC1l and absorbed from
the flue gas in the scrubber. A. Saleem (Reference 5) of Ontario
Hydro has reported similar chloride concentrations during limestone

wet-scrubbing tests with flue gas from a coal-fired boiler.

Venturi Runs 506-1A and 507-1A and Marble-Bed Runs 503-3A
through 506-3B demonstrate the higher degree of closed-loop opera-
tion that is achieved by use of the clarifier and centrifuge, rather
than the clarifier alone, to separate solids (53-68 percent solids dis-
charged vs, 19-29 percent). Total concentration of dissolved species

was more than doubled for these runs.

The calculated values for the degree of liquor saturation with

CaSOg3: 1/2 H,0 and CaSO,4° 2H,O presented in Table 3-7 were made
with the use of the modified Radian program. The calculated degrees
of sulfate saturations for the scrubber effluent liquors (which have
not been presented in this report) are, of course, greater than the
predicted saturations for the scrubber inlet liquors (see Section 6).
The calculated degrees of sulfite saturation are subject to large error,
due to the uncertainty in the value of the solubility product and the
large experimental error associated with measuring the sulfite con-
centrations. It is likely that, at steady state, with solid CaSO3-1/2
H,O present, the liquid phase would be saturated with respect to

sulfite,
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The TCA data from Table 3-7 indicates an increase in the degree of
sulfate supersaturation of the scrubber inlet liquor when effluent resi-
dence time is decreased from 20 minutes to 4.4 minutes (Run 515-2A
vs. 509-2A and 510-2A) and when the percent solids recirculated is
decreased from 16 to 8 percent at 4. 4 minutes residence time (Run _
515-2A vs. 514-2A). This result is consistent with the TCA reliabil-
ity verification test results discussed in Section 3. 1.1, Sulfate scal-
ing of the bottommost TCA grid occurred when the effluent residence
time was decreased from 20 minutes to 4.4 minutes, and increased

in severity when the pércent solids was decreased from 16 to 8 per-
cent at 4.4 minutes (see Table 3-2). From the data in Tables 3-2

and 3-7, it would appear that sulfate scaling is likely to occur in the
TCA scrubber for a degree of sulfate saturation of the scrubber inlet
liquor greater than approximately 150 percent, at a liquid-to-gas ratio
of 64 gal/mcf and a percent solids recirculated between 8 and 16 per-

cent (40 percent of solids is fly ash).

A small amount of analytical data has been analyzed for the wash liquor
to the spray.tower and Marble-Bed demisters and the TCA Koch tray.
The results have shown that the inlet wash liquors, which are composed
of mixtures of clarified process liquor and available raw water rﬁakeup,
have approximately 60 percent of the degree of sulfate saturation of the
scrubber inlet liquor, at typical conditions. Even though the wash
liquor may be less than saturated when introduced, SO; absorption and
oxidation on the mist eliminator surfaces can cause supersaturation

and scaling.



3.1.3 Material Balances

The results of material balances for calcium and sulfur for rha.ny of
the limestone reliability verification runs, during continuous (uninter-
rupted) on-stream operating periods, are given in Table 3-8, The

SOy absorbed was computed from the measured inlet gas rate, the in-
let and outlet gas SO, concentrations and the estimated gas outlet rate.
The calcium added was computed from the measured volumetric rate
of limestone slurry additive and the solids concentration in the slurry.
The sulfur and calcium discharged were computed from the measured
rate of slurry discharged from the system and the concentrations of

sulfur and calcium in the discharge.

The computed inlet and outlet rates for calcium and sulfur are in good
agreement., The average stoichiometric ratios, based on solids analy-
ses, are probably more accurate than the values based on limestone
addition rate and SO, absorption, due to uncertainties in the measure-
ment of limestone slurry feed rate. The ionic imbalances for the bleed
stream solids analyses, from which fhe calcium and sulfur discharge |
rates were calculated, éveraged less than +5 percent (more cations

than anions).

The continuous operating periods were broken up into "éomputationa.l
periods” of from 8 to 48 hours, and material balances made for each
computational period and the results summed. The computed inlet and
outlet rates for calcium and sulfur did not necessarily balance during
each computational period, due to the unsteady conditions which p1:eva.il

at any point in time (e.g., changing percent solids) and the resultant
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Table 3-8

SUMMARY OF MATERIAL BALANCES FOR SULFUR AND

CALCIUM FROM LIMESTONE RELIABILITY VERIFICATION TESTS

£Z-¢

. Average Stoichiometric Ratio,
Material Sulfur Balance Calcium Balance Moles Ca Added/Mole SO; Absorbed
Run No. - Bala.nce SOy in Solids Percent Ca in L-S p ¢ Based on Lime- Based on
Period, Discharged, E cen Feed, ;rcen stone Added Solids
hours 1b-moles/hr rror 1b-moles /hr .rtor and S0 Absorbed Analysis
Ventu+i
501-1A 605 4.5 -5 7.1 .8 -9 1.67 1.73
502-1A 210 4.0 -~ 4 6.2 -13 1.59 1.82
TCA
501-2A 150 4.7 4.3 + 8 .5 -11 0.95 1.15
502-2A 170 5.6 6.0 -7 11.6 +9 2.07 1.77
509-2A 465 4.7 4.1 +14 .9 -15 1:03 1.38
M-B
501-3A 150 4.2 4.1 +3 4.5 . -13 S 1,06 1.26
501-3B2! 140 4.3 4.4 -2 6.2 .2 0 1.45 1.42
506-3B(b) 360 3.8 4.2 -10 6.8 -8 1.78 1.77 .
(a) Because of turbid clarifier overflow, some of the solids in the clarifier feed is returned to the scrubber. " The values for SOx and Ca

discharged have been corrected for solids returned and are net discharge from the system.

(b) The valu=s for SOx and Ca discharged have been corrected for solidé in the centrate returned to the scrubber.




accumulation (or depletion) of the species within the system. How-
ever, over a longer period of time (>150 hours) the accumulation term

becomes negligible as compared to the total input or output of species.

3.1.4 SO2 Removal and Limestone Utilization

The results of the limestone short-term factorial tests (see References’
1 and 2), showed that SOZ removal is a strong function of liquor rate,
inlet liquor pH and, of course, scrubber geometry (e.g., number of
stages in the TCA). For the venturi, TCA and Marble-Bed scrubbers,
SO, removal was not significantly affected by gas rate (gas velocity),
while for the spray tower, SO removal was slightly affected by gas
rate (increasing SO, removal for increasing gas rate at constant liquor
rate). SO, removal is also a weak function of SO, inlet concentration
(higher removal for lower concentration) and scrubber temperature

(higher removal for lower temperature).”

The results from the EPA TCA pilot facility at Research Triangle Park
have shown that limestone utilization (100 x moles SO, absorbed/moles
CaCO3 added) is a strong function of limestone ''reactivity" (i.e., aver-

age particle size) and scrubber inlet liquor pH (see Section 6).

For the limestone reliability verification tests (see Tables 3- 1, 3-2,
and 3-3) SO, removals from 67 to 82 percent, 77 to 88 percent and 65
to 77 percent were obtained with the venturi/spray tower, TCA and
Marble-Bed scrubbers, respectively., Corresponding average lime-

stone utilizations of approximately 68 percent, 77 percent and 67

“A 10 percent change in inlet SO2 concentration or a 10°F changein
liquor temperature would correspond to about a one percent change
in SO, removal.



percent were obtained for the three scrubber systems. Not included

in the above averages are runs in which fhere was an apparent decrease
in limestone reac'tivity (due to larger limestone average particle size)
.and in which the effect of ""high-pH' was being investigated (Runs 502-2A
and 502-34A),..

An exakmple of a decrease in limestone utilization and increase in SO2
removal due to an increase in inlet liquor pH can be seen by comparing
TCA Runs 501-2A and 502-2A (see Table 3-2). An increase in average
scrubber inlet pH from 5. 8* to 6.0 resulted in a decrease of utilization
from approximately 80 to 60 percent and an increase in SO2 removal

from approximately 83 to 93 percent.

An example of changes'in limetsone reactivity (and, hence, in limestone
utilization), due to cha.inges in the averagé size of the limestone particles
(limestone ''grindability"), can be seen in Runs 501-1A (Tablé 3-1),
502-2A (Table 3-2), and 502-3A (Table 3-3), In Section 6, the effect of

limestone particle size on limestone reactivity is discussed.
3.2 - LONG-TERM RELIABILITY LIMESTONE TESTING

3.2.1 TCA Run 525-2A

The objective of the long-term test is to operate continuously for four
to six months. On October 24, 1973, a limestone long-term reliabillity
test (Runs 525-2A) was begun on the TCA system. Based on the re-
sults of the reliability verification testé and the tests conducted at the

EPA pilot facility in Research Triangle Park, the following conditions

“zThe pH data from the Shawnee facility were not considered reliable
during the initial reliability verification runs.
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were chosen for the long-term test:

Gas Rate, acfm @ 300°F 25, 000
Gas Velocity, ft/sec 9.8
Liquor Rate, gpm 1200
L/G, gal/mecf 64
Percent Solids Recirculated 15
Effluent Residence Time, min. 10
Total Pressure Drop, in. H,O 8.5
Percent SO, Removal (controlled) 80-85
Solids Disposal System Clarifier

Three beds of spheres were used, with five inches of spheres/bed.
The top bed used UOP supplied thermo-plastic-rubber (TPR) spheres
and the bottom two beds UOP supplied high density polyethylene
(HDPE) spheres. Also, the wire support grids in the scrubber

were replaced by sturdier bar-grids for the long-term run. A

summary of the operating data for Run 525-2A is as follows:

Average Percent Limestone Utilization 71
Inlet SO, Concentration, ppm 1600-4000
Scrubber Inlet pH Range 5.7-5.6
Scrubber Outlet pH Range 5.3-5.6
Percent Solids Discharged 42
Dissolved Solids, ppm 8000
Predicted Percent Sulfate Saturation 120

After approximately 500 hours of operation the run was terminated,
due to (1) unusually heavy solids buildup on the underside of the

Koch Flexitray and on the scrubber walls between the top stage and
the Koch tray, and (2) scale and solids buildup on the bottom vanes
of the demister. Also, numerous (over 200) half-spheres of the TPR
spheres were found in the scrubber and slurry circulating system.

Half-spheres of TPR were also found lodged in the TCA inlet slurry



spray nozzles, It should be noted that the scrubber stages (and
bottommost grid) were free of scale after the 500 hour operating
period, as was expected. The HDPE spheres had lost from 8-14

percent of their original weight and the TPR spheres about 2. 6 percent.

It is hypothesized that the soft solids accumulated below the Koch tray
were due to the partial blockage of the TCA slurry inlet nozzles by the
TPR half-spheres, which produced high pressure drops across the
nozzles, resulting in excessive entrainment of fine slurry droplets.
The partially blocked nozzles may have also contributed to a large
degree to the mist eliminator pluggage, but excessive gas velocity

is a contributing factor.

‘3,2.2 TCA Run 526-2A

On November 21, 1973, a new TCA limestone long-term reliability
test (Run 526-2A) was begun. The TPR spheres in the top bed had
been replaced with HDPE spheres*, and the accumulated scale and
soft solids from Run 525-2A had been removed. The run conditions
were identical to those for Run 525-2A, excepting that the gas velocity
has been dfopped to 8 ft/sec (20,500 acfm). The velocity was reduced
because more detailed investigation of previous reliability verification
runs indicated that long-term reliability for the present Koch tray/
demister configuration should not be expected at a gas velocity of

9.8 ft/sec (compare Runs 509-2A and 510-2A in Tables 3-2 and 3-2).

A summary of the operating data for Run 526-2A is as follows:

"Once strainers are installed in the TCA system lines, it is planned
to replace all three stages of spheres with TPR spheres,
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Stoichiometric Ratio, moles Ca/mole 1.3-1.6
802 absorbed

Average Percent Limestone Utilization 70
Inlet SO, Concentration, ppm 1800-3400
Scrubber Inlet pH Range 5.6-5.9
Scrubber Outlet pH Range 5.2-5.5
Percent Solids Discharged 43
Dissolved Solids, ppm 8000
Predicted Percent Sulfate Saturation ' 120

On January 9, 1974, Run 526-2A was interrupted after 1190 hours

of on-~stream operation, in order to check the wear rate of the HDPE
spheres in the three beds (HDPE sphere life had been estimated to be
less the 2000 hours). Pressure drop across the chevron mist eliminator
increased slightly during the initial 800 hours of operation, and during
the last 400 hours increased more rapidly to a final level about 1.5
times the initial value of 0. 18 inches HZO'

A inspection was conducted on January 9, 1974, and the accumulation

of sulfate scale and solids within the scrubber system is shown in

Figure 3-1,

The general appearance of the scrubber was good. Scattered solids
deposits (up to 1 inch) covered the walls of the scrubber below the

bottommost bar-grid.. Abour 1/16 inch thick scale was found on the
walls below the bottommost grid and on the wall areas not in contact

with the spheres. The 4 bar grids were covered with 10-14 mil scale.

Heavy solids deposit covered the inlet slurry spray nozzles and header
and adjacent walls between the elevation of the nozzle tips and Koch

wash ti'a.y. A heavy relatively uniform (about 1 inch thick) solids
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layer covered the underside of the wash tray. Approximately 5 per-
cent of the tray valves were covered with solids. All four inlet slurry
spray nozzles were partially plugged with debris, primarily with
plastic covering from pipe insulation. Demister plugging was confined
to the bottom two passes only (1/4 inches thick solids), reducing the

free flow area by about 15 percent.

The flue gas outlet duct was covered with scattered (up to 1 inch thick)
solids, with approximately 20 percent of the surface clean to metal.
About 1/4 inch thick solids covered the underside (upstream) surfaces |
of the ID fan damper louvres. The downstream sides of the ID fan

blades were covered with up to 30 mils of dry solids.

The average weight loss of the HDPE spheres from each bed was

as follows:

Hours in Use Percent Weight Loss
Top Bed 1190 28
Middle Bed 1707 40
Bottommost Bed 1707 23

As with Run 525-2A, it is hypothesized that the solids accumulations
on the inlet slurry spray nozzles and header and on the underside of

the Koch tray were primarily caused by partial blockage of the TCA

"Some of the discrepancy in the weight loss results between the
middle and bottom beds could be attributed to the difference in
sphere material quality in the beds. The HDPE spheres have
been supplied by two different manufacturers.



slurry inlet nozzles by debris, which produced high pressure drops
across the nozzles, resulting in excessive entrainment of fine slurry
droplets. Also, the blocked nozzles may have been a major factor
contributing to the mist eliminator pluggage observed, It should be
noted that the accumulation of sulfate scale on the bott‘ommost bar
grid (10-14 mils) is no.t excessive, after the approximate 1700 hours
of operation without cleaning. This is not surprising, since the
scrubber inlet liquor was only 20 percent supersaturated with respect

to sulfate,

3.3 PARTICULATE REMOVAL EFFICIENCIES

3.3.1 Equipment

For the overall particulate removal in the three scrubber systems
during the limestone factorial testing, a modified EPA particulate
train (manufactured by Aerotherm/Acurex Corporation) was used

to measure mass loading at the scrubber inlets and outlets.

During the limestone reliability verification testing, a special series
of tests using a Brink impactor were conducted by EPA to measure
the TCA inlet and outlet aerodynamic size distributions. In order to
utilize the Brink impactor at scrubber inlet mass loading conditions,
a modified EPA particulate mass sampling train was used. The train
is of 316 stainless steel construction and consists mainly of a heated
sample probe (6 feet x 1/2 inch outside diameter), a cyclone, and the
Brink impactor with a 144 mm glass fiber filter. The impactor draws

a sample from the gas stream exiting the cyclone. Previous work



-had estaBlished that the particulates collected in the cyclone had a
mass mean diameter of approximately 5 microns at a flow rate of one
cubic foot per minute, At the scrubber outlet, the Brink impactor
was used directly in the flue gas duct (without sample probe and

cyclone).

3.3.2 QOverall Removal Efficiencies

The overall particulate removal efficiencies for the three scrubbers
obtained during the limestone short-term factorial testing (see Figure
2-4), are presented in Tables 3-9, 3-10, and 3-11. Only those data
which were taken at close-to-isokinetic sampling conditions have been
included in the tables. All of the outlet particulate data have been
corrected for soot-contamination from the flue gas reheaters. * The
soot amounted to less than 30 percent of the total mass of the outlet

'particulates .

From Table 3-9, it is seen that overall particulate removal efficiencies

of 99. 4 to 99.8 percent were obtained for the Chemico venturi at

a gas flow rate of 30, 000 acfm (3300F) andtliquid-to-gas ratios from
13 to 27 gal/mcf (300-600 gpm), with venturi plug pressure drops
from 6 to 12 inches HZO' For the spray tower, the removal efficiency

was about 98. 5 percent at a gas velocity of 4 ft/sec and a liquid-to-gas

ratio of 40 gal/mecf (15, 000 acfm and 450 gpm).

"This problem of soot contamination from the oil-fired reheaters
has been temporarily solved (see Section 4. 4).

"For an average scrubber inlet grain loading of 3.5 grains/scf, a
particulate removal of 99.0 percent would correspond to 0.07 1bs
particulate discharged per 10° Btu.



Table 3-9

OVERALL PARTICULATE REMOVAL IN VENTURI AND SPRAY TOWER SCRUBBER
DURING FACTORIAL TESTS

ge-¢

_ Gas Liquor Rate, Preésure Drop, Grain Loading,
Run No. Date Rate, gpm : 1n. HZO grains/scf lfeer:;il;tl
- | actm @ 330°F | venturi Spray Tower | Venturi | Spray Tower | Inlet | Outlet
415-1A 11-09-72 30, 000 305 0 9.0 2.0 4. 38 0.012 99.7
414-1D 11-12-72 30,000 305 0 9.0 1.9 2.1 0.010 99.5
414-1D 11-14-72 29,900 305 0 - 9.0 1.9 3.32. 0.013 99.6
414-1C 11-15-72 29,900 305 o 6.4 1.9 3.40 0.02 99. 4
417-1A 12-22-72 30,000 605 0 9.5 1.9 3.38 0.012 99. 6
414-1E 12-25-72 30,000 - 300 0 12.0 1.9 4.17 0.009 99.8
418-1C 12-27-72 14,900 600 0 12.5 0.4 6.39 0.114 98.2
453-18B 12-31-72 14,900 12 460 2.5 0. 45 2.6 | 0. 004 99.8
454-1B 1-04-73 14, 900 12 450 0.75 0.45 4.62 0.07 98.5
456-1A 1-05-73 14,900 12 _ 450 0.70 0.45 3.38 0.056 98.3

. Including demister.
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Table 3-10

OVERALL PARTICULATE REMOVAL IN TCA SCRUBBER WITH FIVE GRIDS
AND NO SPHERES DURING FACTORIAL TESTS

: Gas Liquor przost:&re Grain' LO/a di;xg, P t
Run No. Date Rate, . Rate f grains/sc ercen
acim @ 330°F | gpm | DF°Pr in H2O Inlet Outlet | Lemoval
wC-5 12-21-72 19, 200 730 3.8 1. 70 0. 004 99.8
WC-5A 1-06-73 19, 300 730 4, 7" 4.16 0.029 99. 3
WC-5A 1-09-73 19, 300 730 5, 5% 1.32  0.019 98. 6
WC-11 1-12-73 19, 400 745 7. 0% 3.29 0.017 99.5
weC-12 1-14-73 19, 300 375 7.1% 3.65 0.022 99.4

H1gh total pressure drop (including Koch tray, demister, and inlet duct) due to the pluggage

of inlet gas duct by solids deposit.
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Table 3-11

OVERALL PARTICULATE REMOVAL IN MARBLE-BED SCRUBBER

DURING FACTORIAL TESTS

Gas Liquor Total Grain Loading,

Run No. Date Rate, Rate, Pressure grains/scf Percent

acfm @ 330°F| gpm Drop, in H,O Inlet Outlet Removal
427-3A 11-13-72 20, 000 810 12.2 2.6 0.030 98. 8
427-3A 11-16-72 20, 000 810 12.2 3.32 0.035 98. 9
426-3B 11-28-72 20, 000 810 10. 2 4.43 0.032 99. 3
427-3C 12-02-72 - 20, 000 800 12.7 4.24 0.033 99. 2
427-3B 12-24-72 20, 000 805 11.2 2.19 0.027 98. 8
428-3A  12-28-72 20, 000 810 11.7 3.78 0.025 99. 3
428-3A  12-29-72 20, 000 810 11.7 4.12 0.016 99. 6
428-3A 12-30-72 20, 000 810 11.7 3.63 0.035 99. 0
438-3A 1-07-73 19, 900 400 7.2 4.20 0.020 99. 5
440-3A 1-11-73 12, 500 600 6.9 3,82 0. 042 98.9
440-3A 1-13-73 12, 500 600 6.9 3,59 0. 066 98. 2




Table 3-10 shows that, for the TCA scrubber with 5 grids and no
spheres, the overall removal efficiencies were 98,6 to 99. 8 percent
at a gas velocity of 7.5 ft/sec and a liquid-to-gas ratio of 50 gal/mcf
(19,300 acfm and 730 gpm), with total pressure drops (includes Koch
tray, demister and inlet duct) of 4 to 7 inches HZO'

The Marble-Bed scrubber (see Table 3-11) gave an overall particulate
removal efficiency rangevof 98. 8 to 99.6 percent, at a gas velocity of

5 ft/sec and a liquid-to-gas rati-o of 54 gal/mcf (20,000 acfm and 810

gpm), with 12 inches H,O total pressure drop.

During the limestone reliability verification testing, a series of par-
ticulate removal tests with the TCA scrubber (3 stages, 5 inches of
spheres/stage) were conducted by EPA., Results from these tests
are presented in Table 3-12. The overall removal efficiencies of
98.7 to 99. 9 percent were achieved at gas velocities from 8 to 10
ft/sec (20,000-25,000 acfm), liquid-to-gas ratios from 40 to 80 gal/
mef (600-1200 gpm), and total pressure drops from 5.5 to 10 inches
H,0O. The higher pressure drops generally gave higher overall re-

moval efficiencies.

The overall particulate removal efficiencies shown in Tables 3-9
through 3-12 appear to be higher than the efficiencies predicted from
the "impaction theory.'" These improved efficiencies could be due to
(1) the condensation of water vapor in the flue gas on the solid particles™
and (2) solids accumulations upon the demisters or underneath the TCA
Koch tray during the duration of particulate testing. More testing is

planned to provide a better definition of the mechanisms.

“The condensation of water vapor per unit mass of inlet solids has been
estimated to be from 1-5 grains water/grain inlet particulates within
.the scrubber.
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Table 3-12

OVERALL PARTICULATE REMOVAL IN TCA SCRUBBER
DURING LIMESTONE RELIABILITY VERIFICATION TESTS

Gas Liquor Pressure Grain Loading, p ¢
Run No. Date Rate, Rate, Drop, grains/scf ercen
o _ ) Removal
acfm @ 300°F gpm in. H,O Inlet Outlet
503-2A 5/22-23 25, 000 1200 9.8 3.16 0.00852 99.7
- 3,00 0.00375 99.9
506-2A . 5/24 20, 000 1200 7.5 2.89 0.0143 99.5
2.13 0,0152 99.3
505-2A 5/23 20, 000 600 5.6 2.34 0,031 98.7
! 2.61 0.020 99.2
2.28 0,010 99.6




3.3.3 Particulate Size Distribution in the TCA

For the runs listed in Table 3-12, the particle size distributions of the
particulates at the TCA inlet and outlet were also determined. The re-

sults are shown in Figure 3-2.

As shown in Figure 3-2, the mass mean diameter of the inlet solids is
approximately 23 microns, which is slightly greater than the 'mormal"
range of .10 to 20 microns. The data for the outlet size distribution
shows some scatter. The mass mean diameter ranges from about 0.5
to 0. 75 micron, for a total pressure drop range of 5.5-10,0 inches
H,O. Generally, the higher pressure drops give smaller outlet mass

mean diameters.

3.3.4 Particulate Removal Efficiency in the TCA as a Function of
Particle Size

The particulate removal efficiency as a function of particlé size was
determined by EPA for the TCA runs shown in Table 3-12. In Figure
3- 3 the percent penetration (100-percent removal) is plotted vs. parti-

cle diameter in microns, for different ranges of total pressure drop.

From Figure'3- 3, it is seen that for the submicron particles (0.11 to
0.99 micron), the removal efficiency drops rapidly with decreasing
particle size, especially at low total pressure drop.b The efficiencies
were 95 to 99 percent at 9.8 inches H,O total pressure drop, 93 to

95 percent at 7.6 inches H;0, and 71 to 90 percent at 5.6 inches H3O.
Because of the limited number of tests, conclusions regarding sub-
micron collection efficiency should be reserved until additional testing

can be carried out.
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Section 4

OPERATING EXPERIENCE AT THE SHAWNEE FACILITY
DURING LIMESTONE TESTING

In this section, the operating experience at the test facility during
the open liquor loop short-term factorial testing and the closed
liquor loop limestone reliability verifieaﬁon testing are summarized.
The results of a material evaluation program are also summarized.
Scaling and plugging tendencies on the scrubber internals have been

discussed, primarily, in Section 3,
4.1 CLOSED LIQUOR 1L.OOP OPERATION

For closed liquor loop operation, the raw water input to the system
is equal to the water normally exiting the system in the humidified
flue gas and the waste product. The original test facility design
included slurr’y pumps with water seals (Hydroseals) for bearing
protection, water quench sprays for gas cooling, water sprays for
mist eliminator washing, a water wash for the Koch tray in the

‘TCA scrubber, and dilute limestone slurry feed (10 - 20 wt % lime-
stone). The water input under these conditions exceeded the makeup
requirement for closed liquor loop operation. The systems operated,
therefore, with partially open liquor loops during the limestone

short-term factorial tests, i.e. process liquor had to be discharged



from the systems, in order to maintain the overall water balances.
This was not considered to be a serious problem during factorial
testing for, at a specii’fied scrubber inlet liquor pH, SO, removal is
not significantly affected by liquor composition. However, little
information was gained about the effect of scaling potential on re-

liability during this period.

The absorbent feed systems were changed in November 1972, to
provide slurry feeds with up to 60 wt % limestone concentration.
During the 5 week boiler outage in February and March 1973, the
Hydroseal slurry pumps were converted to a Centriseal type (mech-
anical seal supplemented with air purge); quench spray systems
using circulating slurry were provided for the TCA and Marble-
Bed scrubbers; and, the Koch tray wash system on the TCA
scrubber and the mist eliminator wash systems on the spray tower
and the Marble-Bed scrubber were converted to use clarified
liquor plus raw water makeup. Required revisions to bleed control,
flow measurements and control instrumentation were also made

during this period.

As a result of the modifications, closed liquor loop operation (based
on discharge of thickener underflow) has been maintained at the facility
since the beginning of limestone reliability verification testing in

March 1973.
4.2 DEMISTERS

The specifications for the demisters tested on the three scrubber

systems are given in Table 4-1. The demisters are depicted, to
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Table 4-1

TEST FACILITY DEMIS TER SPECIFICATIONS

Spray Tower

TCA

Marble-Bed

Material of Construction
. a
Design
Number of Vanes (Passes)
Total Depth of Demister

Center-to-Center Distance
Between Vanes

Included Vane Angle

Stainless Steel
Chevron, open
3
7-11/16 in,

3-9/16 in,
100°

Polypropylene
Chevron, open
4
10 in.

3 in,

110°

Stainless Steel
Chevron, closed
6
14 in,

1-1/8 in,
120°

Stainless Steel
Chevron, closed
3
7-1/8 in.

3 in.
o

80

a . . -
Open-vanes not joined, closed-vanes joined.
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scale, in Figure 4-1. The spray tower polypropylene chevron demister
was used only during reliability verification Runs 502-1A, 503-1A
and 506-1A (see Table 3-1),

In order to remedy demister solids accumulation problems encoun-
tered during the early stages of factorial testing, the following

modifications were made to the systems:

(1) In November 1972, a Koch Flexitray wash tray was in-
stalled in the TCA scrubber between the inlet liquor spray
header and the chevron demister, and a steam sparger
was provided for cleaning the underside of the wash tray.
At first, irrigation was obtained with raw water. A sub-
sequent modification in February 1973 allowed for irri-
gation with process liquor, diluted with the available raw
water makeup.

" (2) During the boiler outage in early 1974 the spray tower
and Marble-Bed demister systems were modified to allow
for washing from both the upstream (underside) and down-
stream directions with process liquor, diluted with the
available raw water makeup.

Wash-Tray Operation. The Koch Flexitray wash tray has been

successful, to date, in significantly reducing the solids accumulation
on the TCA demister blades at or below a scrubber superficial gas
velocity of 8 ft/sec. However, heavy solids buildup did occur on

the underside and below the Koch tray with intermittent steam
sparging for one minute per 8 hour shift. Subsequent to the 5 week
boiler outage, the steam sparging was increased to one minute per
hour, which substantially reduced the solids accumulation below the
tray. There was also an accumulation of solids underneath the Koch
tray during a recent long-term reliability test (see Section 3.2 for a

description of the probler&;).



Wash Liquor. During the limestone reliability verification tests on

the three scrubber systems, the liquor wash to the demisters (and
to the Koch tray) has varied from a ratio of about one part fresh
water and six parts cla riﬁed. liquor to half and half mixtures, *
Occasionally, the undersides of the Marble-Bed and spray tower
demisters have been washed intermittently, on a cycle that has
averaged about 3 minutes "on' and 2 minutes "'off!'", at an average

rate of about 0.5-1 gpm/ft? during the spray cycle.

Polypropylene vs. Stainless Demister. The advantages of a poly-

propylene demister over a stainless steel demister are: (1)
reportedly greater resistance to corrosion and erosion, (2) lighter
weight, and (3) easier cleaning characteristics, These advantages
are, however, largely offset by the plastic demister's poor impact
resistance, which makes it more vulnerable to breakage during
installation, operation, removal and cleaning. All of these charac-
teristics were observed during venturi system Runs 502-iA through

506-1A (see Table 3-1).

Chevron vs, Centrifugal Demister. As part of the equipment
evaluatién program, both chevron and centrifugal (or whirl vane)
demisters were tested in the venturi system after-scrubber. The
pressure drop across the centrifugal demister was found to be
prohibitive: about 5.0 and 7.0 inches H,O at superficial gas veloc-
ities of 5.0 and 6. 3 ft/sec, respectively. Apparently, the centrifugal

unit supplied with the scrubber was not properly designed.

"The mixture ratio is dependent upon the percent solids discharged,
the percent solids recirculated and the gas flow rate.
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Top (Downstream) Demister Wash. The results of venturi system

Runs 506-1A, 507-1A and 508-1A showed that the use of top (down-
stream) demister wash resulted in a considerably reduced rate of
solids buildup on the demister vanes. However, the carryover

of slurry solids, which ultimately deposited on the reheater

sleeve, the exhaust duct wall and the ID fan dampers, was substan-
tial. It is believed that the abnormally high slurry droplet entrain-
ment was primarily due to the short distance (14 inches) between the
top wash nozzles and the top tangent of the spray tower and the
resultant rapid acceleration of the gas as it approaches the converg-
ing outlet (96 to 40 inches diameter). The extent of solids deposition
in the duct and on the fan dampers downstream of the reheater
during runs with bottom wash only had been limited to light solids

coatings.

Minimizing Demister Pluggage Problems. Based on the results to

date at Shawnee, it appears that the following design provisions should

be effective in minimizing plugging problems:

° Minimize scrubber superficial velocity, consistent
with cost, turndown, space and other factors,

° Utilize a wash tray between the uppermost scrubber
stage and demister.

® Wash demister from underside (downstream) with a
' mixture of clarified liquor and all available makeup
water, and assure complete surface irrigation.



4.3 HOT GAS/LIQUID INTERFACE

The hot (= 320°F) flue gas feed was humidified with raw water
during the open-loop=:< factorial testing before entering the neoprene
rubber lined TCA and Marble Bed scrubbers, to redﬁce its tember-
ature below 190°F, the maximum permissible for liner protection.
Cooling of the feed gas is not required in the venturi system, since

the venturi scrubber itself is a very efficient humidifying device.

In spite of soot blowing with air™ for 90 seconds (45 seconds in each
direction of travel) at four hour intervals, there was a continual prob-
lem of soft solids buildup at the hot gas/liquid interface sections of
the TCA and Marble-Bed scrubbers. There has been little evidence
of any solids buildup within the venturi scrubber when the sootblowers

have operated properly.

To facilitate closed-loop operation by minimizing raw water addition,
the TCA and Marble-Bed scrubbers were provided with process slurry

cooling systems during the boiler outage in February-March 1973,

The TCA system was equipped with a Ventri-Rod presaturator in the
horizontal gas duct, two feet upstream of the scrubber entrance. The

performance of the Ventri-Rod was not satisfactory in the horizontal

*See Section 4.1

*One blower per scrubber with two 3/4-inch diameter venturi nozzles
leading and trailing at 15° from the vertical at a rated air consump-
tion of 1920 scfm and a blowing pressure of 160 psig.



flow configuration (rapid buildup of soft solids occurred both on and
downstream of the Ventri-Rod) and it was replaced, during reliability
verification Run 501-2A, with a humidification section consisting of

four full cone Bete nozzles (ST-24 FCN).

By subsequent careful selection of the proper size, orientation,
location, and number of the spray nozzles, modification of the soot
blower head (both nozzles leading at 45°), air blowing during for-
ward travel only, and installation of a Y strainer in the process
slurry line to the codling spray nozzles, the buildup of solids in

the inlet duct was eliminated” These improvements resulted in

the wet-dry interface being moved to within 12 inches of the scrubber
entrance, from where accumulated solids are easily blown into the
scrubber and discharged through the 36 inch downcomer for re-

slurrying in the effluent hold tank.

On the Marble-Bed scrubber, the modifications of the cooling slurry
'system resulted in moderate but encouraging results. The effec-
tiveness of the latest modifications will be verified following the

resumption of testing on the Marble-Bed system.
4.4 REHEATERS

Flue gas is reheated after evolving from the scrubber to prevent
condensation and corro sion in the exhaust systexﬁ, to facilitate
isokinetic and analytical sampling, to protect the induced draft
fans from solid deposits and droplet erosion, and to increase

plume buoyancy. The reheaters originally employed were fuel oil

=ﬁExcepting for Run 514-2A (see Section 3.1)
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fired units with separate combustion air supply and with combustion
occurring in the flue gas stream. The reheaters had been difficult

to start and operate during the short-term factorial testing and
combustion had been incomplete, which led to a visible plume con-
taining significant quantities of soot. This made it difficult to
interpret outlet particulate data and affected gas sampling by the
duPont SO2 photometric analyzers. Moreover, significant quantities of
oil-soaked soot accumulated in the duct work and, on two occasions, re-
sulted in fires. The difficulty appeared to result from quenching of the
flame by the cold (128°F) flue gas before complete combustion could
occur, and from operating with the same fuel nozzles over a wide range

of flow rates.

The reheater systems were modified during the scheduled boiler
outage in early 1973, Internal stainless steel sleeves (10 gage,

304 SS, 40 inches in diameter by 4 feet high) were installed tb pro-
vide approximately 50 cubic feet of isolated combustion zone for
each reheater. Also, the turbulent mixing type nozzles supplied
originally were replaced with mechanical atomizing nozzles. These
new nozzles are designed for a relatively narrow range of oil flow
rate and have to be changed when the reheat requirements change

significantly. Nozzle replacement, however, is a simple job.

The above modifications appear to have been effective. Little or

no soot is visible in the stack gas, and the outlet pa.rticulafe samples
have shown no appreciable quantities of carbon from the reheaters.
Therefore, plans for installation of an external combustion system

on one of the reheaters have been deferred.

To assess their durability, the internal stainless steel sleeves were

inspected periodically. On all three reheaters, sleeve failure
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in the form of warping, girth weld failure and excessive oxidation
of the metal ir’ the proximity of the burners occurred after 2000 to
3000 hours of operation. The warpage of the sleeves is ati-:ribvuted
to unequal thermal stresses while operating with only two of the
three burners and the excessive metal oxidation is caused by local-
ized hot spots in the areas of flame inpingement. All three sleeves
were replaced during July (Marble-Bed) and September 1973 (spray
tower and TCA) with 1/4 inch thick 310 sﬁainless steel ones of the

original dimensions.

In September 1973, both the venturi and TCA reheaters were re-

lined in preparation for the long-term test runs.

The modifications performed at the test facility are acceptable as an
expedience for operation. However, operation is still not consistent
with the requirements for long-term sustained reliability. Therefore,
full scale application of direct-fired reheat, in applications where

the flame is subject to quenching, is to be avoided.
4.5 FANS

Initially, considerable difficulty was experienced with the induced
draft fans. Some of the problems included high fan vibration, fan
motor failure, fan damper control failure and fan blade deformation.
All of the problems, except for blade deformation, necessitated

repeated shutdowns of the affected scrubber systems.

The unacceptable high vibration problem of all three fans was
greatly reduced in June 1972, by insulating the fan housing, adding
additional bracing to the outboard pedestals, and welding balance
weights on the fan shrouds. However, occasional high fan vibra-
tion continued to hinder scrubber operation, particularly on the
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venturi system, and required either addition of shims to the bearings
or replacement of the bearings (the high venturi fan vibration was
due to excessive clearance between the outer bearing race and the

bearing housing on the inboard bearing).

The motors of the venturi and TCA fans had to be returned once to
the suppli_er for repair and correction of serious manufacturing

problems.

Stable flue gas flow control was achieved by increasing the ''fully
open'' to "full closed' fan damper response time from 10 to 100
seconds with new actuators. Three scrubber system shutdowns

were caused by inoperable linkage and a broken shear pin.

Disto ftions of several blades (arc shapes as contrasted to the
original straight line configuration) of the Marble-Bed and TCA fans
were observed in March 1973. The maximum deformation was 0. 55
inch on a blade of the Marble-Bed fan. The manufacturer indicated
that the deformation was probably caused by stress relieving during
fan operation and that the warping of the blades did not interfere
with efficient, safe operation., No significant continuing deformation

of the blades has been observed to date.

Erosion, corrosion, pitting, scaling, etc. to date have been negligible
on all three fans. However, past operation has been only with 125°F
flue gas reheat to give a fan outlet temperature of 250°F, Future

plans include operation with only 50°F reheat.
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4.6  PUMPS

Most of the pumps used at the Shawnee test facility in alkali slurry
service are rubber lined variable speed centrifugal pumps. Most

of the original Hydroseal type pumps were converted to either
Centriseal type or were modified to include a mechanical seal during

the boiler outage during February 1973,

Both the Hydroseal and Centriseal pumps have performed satisfac-
torily. It was necessary, however, to install pump discharge-to-
suction recirculation lines to'eliminate the vapor-lock problem of
Centriseal pumps at low flow rates. More frequent replaceme nt
of packing material and shaft sleeves has also been noted in the

Centriseal pumps.

In general, the rubber linings have been found to be in excellent
condition. Part of one slurry spray nozzle was found in the effluent
hold tank recirculation pump on the Marble Bed Scrubber, and had
damaged the rubber lining. Wear rates of the rubber linings will be

determined during the long-term reliability runs.

One stainless steel variable speed centrifugal pump was originally
used in the limestone addition system. Severe erosion of the housing
and impeller were noted (with a corresponding lo.ss of 20% pumping.
efficiency) in only twenty days of actual operation.“ _Subsequently,
this pump was replaced by individual Moyno pumps to each scrubber

system, Operation of the Moyno pumps (stainless steel rotor and
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butyl rubber stator) has been satisfactory with normal maintenance

required. Wear rates will be determined during the test program.,
4.7 WASTE SOLIDS HANDL ING

The test facility is equipped to study alternate methods of waste
solids dewatering and disposal. 'Separate clarifiers are prdvided
for each scrubber system, and a rotary drum vacuum filter, a
horizontal solid bowl centrifuge and a slurry settling pond are com-
mon to the three systems. Solids separation for any scrubber system
can be achieved with any combination of clarifier/filter/pond or clar-

ifier/centrifuge/pond.
4.7.1 Clarifiers

The clarifiers are conventional solids contact units with a heavy
duty rake and scraper mechanism supported from a bridge. The
vessels are flake-glass lined with a stainless steel rotating mech-
anism. The venturi and Marble-Bed systems have 20-foot diameter

units while the TCA clarifier is 30 feet in diameter.

The performance of the clarifiers during the short-term factorial
test period was unsatisfactory. Solids carryover in the overflow
of the two smaller units was a problem and the solids concentration

in the underflow streams of all three units could not be controlled.
Following extensive system modifications during the February 1973

power outage, so that a purge stream could be routed from each

scrubber slurry recirculation loop directly to the clarifiers, the
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performance of the clarifiers improved significantly., The concen-

tration of solids in the underflow of the larger TCA unit approaches
the expected final settled density of the sludge (approximately 40
percent by weight). However, the poor settling characteristics of
certain solids components, particularly calcium sulfite émd fine fly
ash, and the high solids loading in the bleed continued to result in
periodic -high solids carryover in the overflow of the 20 foot diameter
venturi and Marble-Bed units (about 0.2 to 5.0 percent by weight at
14.5 to 25.0 tons per day solids loading, respectively). Also, the
highest solids concentration in the underflow streams from these

smaller units averaged about 25 percent by weight.

Preliminary test data with lime slurries indicate that, with the
reduced solids loading to the venturi clarifier (due to better lime
utilization), the solids concentration in the overflow averaged less
than 0.1 percent by weight. The solids level in the underflow stream

remained unchanged at about 25 percent by weight.

4,7.2 Centrifuge

Following some exploratory tests in April 1973, the centrifuge was
used for solids dewatering in the venturi and Marble-Bed systems,
directiy or in series with a clarifier. The average feed rates were
25 to 35 gpm with solids concentration varying between 8 to 20 per-
cent by weight. The operation of the centrifuge was quite satisfac-
tory at 1 - 1/4 inch pool depth and 2000 RPM speed. The cake solids
were in the 56 to 62 weight percent range and the centrate solids

averaged 0.5 to 1.0 weight percent.
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The centrifuge failed after about 1400 hours of operation. Detailed
inspection revealed "above average'' wear of the bowl and conveyor,
requiring their return to the factory for repair. The eroded casing

was repaired on site.

4.7.3 Filter

Following modifications to the system to facilitate trouble free
discharge of the cake-wash water mixture, the rotary vacuum filter
was operated continuously for about 200 hours. The cake discharge
from the nylon cloth was satisfactory without the use of mechanical
equipment (scraper or wire). Tests have indicated that the dewater-
ing capability of the filter corresponds to 50-55 and 45-50 weight
percent solids in the cake from limestone and lime slurries, re-

spectively.

Filter operation has been significantly affected by the life of the
filter cloth. The useful life of the polypropylene and nylon filter
cloths tested to-date is unsatisfactory,

4.8 SCRUBBER INTERNALS

4,8.1 TCA Wire Grids

The original wire mesh grids (0.148 inch diameter stainless steel
wires) deteriorated considerably during the approximately 3000
hours of operation in slurry service. Vibration caused by plastic

sphere activity resulted in the rubbing together of the grid wires at
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their perpendicular junctions and the grids failed at several locations

due to subsequent erosion of the wires in slurry service.

The wire mesh grids were replaced with sturdier "'rod grids'' (3/8
inch in diameter, SS rods,1 -1/4 inch on centers) prior to the long-

term limestone reliability ruhn.

4,8.2 TCA Spheres

A significant limiting factor in the lon.g-term reliability of the TCA
scrubber has been associated with the erosion and subsequent collapse
of the UOP supplied 1 - 1/2 inch polypropylene and polyethylene
plastic spheres used as packing. The coilapsed spheres eventually
fill with slurry and settle to the bottom of the support grid., Random
samples of collapsed spheres, subsequent to the termination of the
limestone factorial runs, showed about 60 percent weight loss. Other
data has indicated a weight loss of about 27 percent for the plastic
spheres, after approximately 1000 hours of operation. '

v
During the initial phase of the long-term reliability limestone run |
on the TCA (see Section 3.2), the top-most bed utilized UOP supplied
thermo-plastic~-rubber (TPR) épheres, and the bottom two beds
UOP supplied high density polyethylene (HDPE) spheres. After 500
hours of operation, the TPR spheres had lost approximately 2.6
percent 6f their original weight and the HDPE spheres from 8-14
percent. Also, about one percent of the TPR spheres in the top-
stage had come apart at the seams. Some of these half-spheres
eventually lodged in the slurry recirculating nozzles, causing pre-

mature termination of the run.



4,.8.3 Nozzles

Nozzle reliability at the test facility has been greatly reduced by the
frequent plugging of spray nozzles with foreign material (TCA spheres,
marbles, debris, etc.), and the erosion of some spray nozzles by the
abrasive solids in the circulating slurries. It has become apparent
that nozzle plugging could be reduced substantially by placing screens
over open vessels in the scrubber systems and/or within the circu- .

lating slurry lines.

Spray Tower. Limestone factorial testing in the spray tower started

with the use of spiral tip, 316 SS, full cone, Bete No. ST-24 FCN

nozzles (capacity: 12 gpm @ 12 psig) manufactured by Bete Fog.
Nozzles, Inc. Because of frequent plugging with slurry and/or
debris, these nozzles were replaced in September 1972, with Bete
No. ST-32 FCN nozzles (capacity: 21 gpm @ 10 psig). Plugging of
the larger Bete nozzles became less frequent. Neither type of nozzle

showed any significant sign of erosion.

To allow for increased liquor flow to the four-header spray tower,
Bete No. ST-48 FCN stainless steel nozzles (capacity: 47 gpm @

10 psig) were installed during the February 1973 shutdown. During
the first limestone reliability verification test (Run 501-1A), five of
the 28 nozzles became totally plugged with debris and four nozzles
became partially plugged. Although erosion of these stainless steel
nozzles has no.t been observed to date, after approximately 3500
hours of slurry'service, they will be replaced with identical stellite-

tipped ST-48 FCN nozzles in the near future.



TCA. The large Spraco 1969, full cone, 316 SS, open-type slurry

feed nozzles have performed satisfactorily and without significant
"erosion since the original startup of the unit. Occasional partial
pluggage by large debris did not necessitate premature termination

of any test run (excepting pluggage by TPR spheres, see Section 3.2).

Marble-Bed. The 22 original slurry feed spray nozzles lined with

Solathane 291 and equipped with internal Adiprine LD 315 swirl vanes
fa.ile.d in various ways during short-term factorial testing. The

swirl vanes in all 22 nozzles eroded, the liners of four bottom

nozzles collapsed, and two bottom nozzles disintegrated. The nozzles

frequently became plugged with slurry and debris.

The original slurry feed nozzles were replaced (during the February
1973 shutdown) with improved nozzles supplied by Combustion
Engineering (stronger, Adiprine LD 3056 lining with improved bonding
using Thixon 1244 between the liner and the body of the nozzle and a
locking groove to hold the vanes in place). The diffusion vanes of 13
(of the 16) bottom spray nozzles failed during the initial limestone
reliability verification test run (Run 501-3A), after 764 hours of

operation,
4.9 LININGS

Two types of lining matérial were used throughout the scrubber
systems., The Marble-Bed and TCA scrubbers, the venturi scrubber
downstream of the plu'g, the venturi after-scrubber, the process

water tanks, the pumps, the circulating slurry piping and the tank
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agitator blades are rubber lined. The effluent hold tanks and clarifiers

are lined with Flakeline glass.

The rubber linings have been found, generally, to be in excellent
condition. Essentially no erosion or deterioration has been noted.
However, slight wear has been noted on some of the rubber-coated
agitator blades. This type of wear is believed to be caused primarily
by foreign objects striking the agitator blades (rubber lined pumps

are discussed in Section 4.6).

Hairline cracks have been noted in the Flakeline lining of the effluent
hold tanks and clarifiers. The cracks did not appear to penetrate the
entire thickness of the lining. The cracks are more prevalent at the
junction bétween the baffles and the tank walls. Isolated areas on
the bottom of the TCA effluent hold tank also show wear by erosion.
These areas are also near the wall baffles where eddy currents are

formed.

Flakeline patching material is available for lining repair but has not
been used to date. The eroded areas on the bottom of the TCA effluent

hold tank were painted with epoxy.

Prior to starting the long term reliability run with limestone on the
TCA, the é.gitator in the effluent hold tank was lowered four feet. As
a precautionary measure, a steel wear plate was also installed on
the bottom of the effluent hold tank covering the area under the

agitator.

4-20



4.10 INSTRUMENT OPERATING EXPERIENCE

4,10.1 Sulfur Dioxide Anaiyzers

Essentially trouble-free operation was experienced with the duPont
Model 400 UV sulfur dioxide analyzers following the modification of
the sampling system and the replacement of interference filters in
November 1972.‘ Initially, the sampling system was particu.lé,rly
vulnerable to condensation, solid particulates, oil, soot, corrosion,
or the combinations of these factors which led to leakage or plugging
of the sampling lines, plugging of the filters, or coating of the
optical lens. All of these effects caused erroneous sulfur dioxide

analyzer readings.

To eliminate the problem areas, the sampling handling system was

modified as follows:

° All heat sinks and sharp bends in the sample lines were
eliminated. A new 3/8 inch diameter Dekeron sample
line was installed to replace the original 1/4 inch stainless
steel line. Heat tracing was installed along the full length
of the sample line.

° Stainless steel shields furnished by duPont were installed
around the probe filters. The original ceramic probe
. filters were replaced by probe filters made from 316
stainless steel and recently developed by duPont.

° An automatic zero and air blow-back system was installed
on the SO, analyzers in the inlet gas ducts, similar to
those provided originally in the scrubbed gas ducts.

° Stainless steel lines and fittings were replaced with Dekeron
or Teflon plastic wherever possible.
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e Calibration methods were changed to use a stainless steel
wire mesh reference filter rather than bottled standard
reference gas.

One additional problem associated with all six analyzers was the
deterioration of the interference filter in the optic section. All of
these filters, which filter out all except the desired light wave
lengths, were replaced. The failure and subsequent deterioration of
the filter was attributed by duPont to the exposure of the analyzers
to freezing conditions prior to their installation. It was theorized by
duPont that the freezing caused minute cracks which then deteriora-

ted with time.
4.10.2 pH Meters

Operating experience has been gained with two types of pH meters.
These are Uniloc Model 320 in-line flow-through type and Uniloc
Model 321 submersible type pH meters.

The performance of the in-line flow-through type pH meters has been
unsatisfactory due to the erosion of the glass cells by the slurry,
their high rate of failure, and the frequent plugging of the sample
lines. All the flow-through type meters at the scrubber inlet and
outlet have subsequently been replaced by the submersible type

meters.
For the submersible type pH meters, cell erosion, cell breakage,

and sample line pluggage have not been experienced during the

approximately 1300 on-stream hours of operation. Routine cleaning
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and calibration of the cells measuring the slurry pH at the scrubber
inlet are made twice a week to maintain the desired meter accuracy
with 1 0.1 pH unit. However, routine calibration checks during the
scrubber operation have not been possible for the submersible cells
located at the scrubber outlets (inside the downcomers). Studies are
being made to effect the routine calibrations of the scrubber outlet

pPH meters during the operation of the scrubber systems.

4,10.3 Density Meters

Operating experience has been obtained with the Ohmart radiation-
type, the bubble-type (differential pressure), and the Dynatrol Model
CL-10HY U-tube type density meters.

Experience with the radiation-type density meter indicates a loss
of calibration in the range of about 1 to 2 percent per week, Also,
the meter accuracy is affected by the accumulation of scale in the
sample line which can be removed only during the scrubber shut-

downs.

The sample line and the probes of the bubble-type density meter
Plug frequently and require significant maintenance. However, the
meter is accurate when clean and can be used to check the calibra-

tion of the Ohmart radiation-type density meters.
The Dynatrol density cells (using the vibration principle of the U-tube

for continuous response to density changes) have been installed in

September 1973, to measure the densities of the lime slurry feed to
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the venturi /spray tower system and of the circulating limestone
slurry to the TCA system. The performance of this type of density

meters has thus far been encouraging.

All three types of meters require further study and modification to

achieve adequate reliability in their respective control service.

4.10.4 Flowmetc_ers

Foxboro magnetic type and differential pressure type (both orifice

and annubar) flowmeters are used at the test facility.

Operating experience with the magnetic flowmeters has generally

"been good. The main problem has been in obtaining accurate

flow measurements at very low flow rates with Imeters designed to
measure flow over a wide range. To assure accuracy, Foxboro
recommended a minimum linear velocity of 3 ft/sec through the flow

element.

The magnetic flowmeters smaller than 4 inches have a tendency to
drift in calibration and frequent flow checks are required to verify
the accuracy. Meters larger than 4 inches are more reliable; how-
ever, scale accumulations on the electrodes over an extended period

influence the accuracy and necessitate periodic cleaning.
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The Scothane liners in the magnetic flowmeters are vulnerable to
failures attributable to leaving the power on for long periods during

shutdowns when the meters are drained of liquid,.

The orifice type flowmeters appear to function reasonably well in
slurry service (6 to 15 percent solids by weight), provided that the
problem of the plugging of pressure taps is resolved by using dia-
phragms as close as possible to the slurry piping. Preliminary
inspection results indicate relatively little erosion of the 316 sta..inless

steel orifice plates after about 2500 hours of operation.

Experience at the test facility indicates that annubar meters should
be used only in non-scaling, clear liquid service (containing a maxi--
mem of 0.5 percent by weight of suspended solids) to prevent frequent

plugging and associated maintenance work.

4,10, 5 Control Valves

Operating experience with control valves in slurry service has generally
been unsatisfactory. Severe erosion in a short time has been caused

by the increasing velocity during throttling operation. This deteriora-
tion has been observed in the stainless steel plug valves, globe valves
and rubber pinch valves. Satisfactory and trouble free flow contral

has been experienced only with variable speed pumps.
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4.11 MATERIALS EVALUATION

TVA has conducted a study for the evaluation of corrosion and .wear
of plant equipment and test specimens (coupons) at the Shawnee
facility., A detailed interim report of the results of this study, by
G. L. Crow and H. R. Horsman, is presented in Appendix D. The
following is a summary of some of the results of that study. Linings

have been previously discussed in Section 4. 9.

4,11.1 System Components

A thorough inspection of all system components was conducted during
the extended February and March 1973, boiler outage. Each of the
three scrubber systems had been operated for about 1800 hours during

the factorial limestone scrubbing tests.

Localized deposits of loose fly ash accumulated in the mild steel
gas ducts between the boiler and scrubber structure. The surfaces
were coated with a thin iron oxide scale and moderate pitting had
occurred at the uninsulated connections. The flanges and access

doors have been insulated.

The most severe corrosion was found on Type 316 stainless steel
surfaces, particularly on the mist eliminator blades in the TCA
system. In general, the corrosion was in the form of pitting with

some pits as large as 1/16-inch diameter and 30 to 35 mils deep.
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Significant erosion was noted on the pump sleeves, at the intersections
of the wire of support grids in the TCA scrubber, and on the impeller

~ and casing of the 316 SS Gould limestone slurry pump. -

" 4,11.2 Test Coupons

"Test coupons of several different materials of construction, together
with stressed and welded specimens, were exposed for periods of
1700 hours or longer to various slurry and gas environments. The

corrosion rates observed are presented in Table 4-2.

Corrosion of Hastelloy C-276 was from negligible to 5 mils per year.
This alloy showed no evidence of localized attack in any test location.
Next in resistance to corrosion were Inconel 625, Incoloy 825, Car-
penter 20 Cb-3, and Type 316L stainless steel alloys. The corrosion
rates for ea.;h material ranged from negligible to 5, 7, 14 and 15 mils
per year, respectively. These alloys had few minute corrosion pits
and/or crevice corrosion. Type 316L, the fifth alloy in corrosion

resistance, is the least expensive of this group of materials.

Three nonferrous alloys, Cupro-Nickel 70-30, Monel 400, and
Ha.stelloy. B, each had minimum corrosion rates of less than 1 mil.
Maximum corrosion rates were 49, 57 and 100 mils per year, re-
"spectively. Only one or two specimens pitted. In three tests of
Monel and in one test of Cupro-Nickel 70-30, the welds were in-

ferior to the parent metal.



CORROSION TEST RESULTS

82-%

i (c)
Corrosion, Number of Plttedmlzle:th, Number of Other Types of Attack
Metals (3) mils/yr Pitted Samples With Number of Area of
Samples‘b) Min. l Max. Crevice Attack Samples(b) Attack

1. Hastelloy C-276 Neg. to 5 - - - - - -

2. Iconel 625 Neg. to 5 1 - Minute - - -

3. Incoloy 825 Neg. to 7 - - - 1 - -

4. Carpenter 20Cb-3 Neg. to 14 2 - Minute - - @)

5. Type 316L SS Neg. to 15 3 - Minute 2 1,1 G18, Weld

6. Cupro-Nickel 70-30 >l to 49 1 - 18 - 1 Weld

7. Monel 400 >1 to 57 1 - 2 1 3 Weld

8. Hastelloy B >1 to 100 2 - Minute - - -

9. Type 446 SS Neg. to <140 9 Minute 19 11 - -
10. E-Brite 26-1 Neg. to <190 10 Minute 18 2 - -
11. Incoloy 800 Neg. to <190 6 Minute 19 3 1 (e)
12. USS 18-18-2 Neg. to <200 11 Minute 16 11 - -
13. Type 304L SS Neg. to <200 14 Minute 25 11 1 (e)
14. Type 410 SS >1 to«<250 15 Minute 16 16 - -
15. Aluminum 3003 >1 to <500 9 2 70 5 - -
16. -Mild Steel A-283 >1 to <1400 2 - " Minute 2 - -
17, Cor-Ten B >1 to <1400 5 Minute 5 4 1 Weld

Non-Metals!f) Evaluation, Number of Samples Note: Test samples of each material were tested for 1680 hours, or more.
Good 1 Fair Popr (a) Metals are listed in approximate order of decreasing corrosion
K resistance.
Plastics Efnfsltix;‘zngoft)OOO l; 1-4 Z (b) Samples of each metal were tested in 21 locations.
Quaa eC 5 1 {c) Depth of penetration in mils during total exposure period.
Rabb B -l f;;S 6 ) (d) Groove in parent metal is 18 mils deep.
ubbers N“:Y 19150 6 - - (e) Severe localized attack of parent metal.
Na ura 26. 666 6 . - (f) Samples of Bondstrand, Flakeline and Transite were tested in

z - Teoprfetne ’ 14 2 5 21 locations. Samples of Qua-Corr and rubbers were tested in

eramic ransite 6 locations.




The corrosion rates of Type 446 stainless steel, E-Brite 26-1,
Incoloy 800, USS 18-18-2, and Type 304L stainless steel, ranged
from negligible to values which indicated that the alloy specimen
was completely destroyed at one or more test locations. The values
for the specimen failures ranged from greater than 140 mils per
year for Type 446 to greater than 200 mils for both USS 18-18-2

and Type 304L stainless steels. These five alloys were highly

susceptible to localized corrosion.

Another group of alloys, Type 410 stainless steel, 3003 aluminum,
A-283 mild steel, and Cor-Ten B, had minimum corrosion rates of
less than 1 mil per year and maximum corrosion rates of greater
than 250 mils for Type 410 to greater than 1400 mils for A-283 and
Cor-Ten B. Pitting and crevice corrosion occurred on the four

alloys.

In general, the stressed specimens (five alloys only) were not corroded

at rates higher than their counterpart disk-type specimens.

Specimens of Bondstrand 4000, Flakeline 200, and Tra’nsite. materials
were tested at 21 locations. Bondstrand 4000 showed good corrosion
resistance in 12 tests and poor resistance in nine tests. Only six
specimens of each of the following materials were tested: Qua-Corr
plastic, butyl natural rubber and heoprene rubber. The results
were: five good specimens and one pbdr specimen for Qua-Corr

plastic, and six good specimens for each type rubber.
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With few exceptions, mainly in the TCA system, the greatest loss

of weight from metal specimens occurred in areas where the velocity
of the unscrubbed, partially humidified flue gas was comparatively
high. Impingement on the specimens of the slurry caused erosion
and corrosion. Pitting and crevice corrosion were not important
factors where erosion and corrosion kept the specimens clean. In
other areas of the three scrubber systems where solids accumulated,
the frequency of localized corrosion was high. However, each of the
17 alloys tested showed good corrosion resistance at one or more

test locations in each scrubber system.

4-30



Section 5

LIME TEST RESULTS
AT THE SHAWNEE FACILITY

On October 9, 1973, a reliability verification test vrun (Run 601-1A)

was begun on the venturi/spray tower system. The primary variable

selected for control was the pH of the recirculating (scrubber inlet)

slurry, This value was automatically controlled at 8.0 ¥ 0.3 by coup-

ling the pH meter to the lime addition system. This pH control level

was chosen based upon the results of lime testing at the EPA pilot

facility in Research Triangle Park (see Section 6), which indicated

reasonable lime utilization (100x moles SO, absorbed/mole Ca(OH);

added) and SO, removal at that level. Other operating conditions were

selected based on results from limestone reliability verification testing.

The test conditions for Run 601-1A were:

Gas Rate, acfm @ 330°F

Spray Tower Gas Velocity, ft/sec
Liquor Rate to Venturi, gpm

Liquor Rate to Spray Tower, gpm
Venturi Liquid-to-Gas Ratio, gal/mcf
Spray Tower Liquid-to-Gas Ratio, gal/mcf
Percent Solids Recirculated

Effluent Residence Time, min.
Number of Spray Headers

Venturi Pressure Drop, in. HZO
Spray Tower Pressure Drop, in. HO
Scrubber Inlet pH (Controlled)

25, 000
6.3
600

1200
32
64

12

[ o2 o]
[« S ]



On October 28 the system was shut down for 24 hours due to a problem
with the lime slaker and on November 7 there was a 15 hour scheduled
shutdown for an inspection (after 666 on-stream hours). The November
7 inspection revealed a very clean scrubber, except for minor scale
and solid deposits in parts of the flooded elbow (between the venturi and
spray tower and the upper half of the scrubber). However, occasional
cleaning of accumulated scale from the venturi tangential nozzles was
required. All the bottom demister vanes were clean while the top
vanes were about 5 percent plugged with soft mud-like solids. This
minor piuggage was not considered to be serious. Downstream of the
demister some scattered solids;deposits (1/16 inch deep) were o%»-
served on the duct between the demister and the reheater and on the
fan inlet dampers. Aside from these minor deposits, both the fan and

outlet duct were clean.

Throughout this initial portion of the run (till the November 7 inspec-
tion), the clarifier was used as the final dewatering device. This re-
sulted in an average percent solids discharged of 23 percent, which is
somewhat lower than desired. The desirable solids concentration to

be discharged is 40 percent or greater.

Graphical representation . of the operating data for the first 30 days of
Run 601-1A is given in Figure 5-1. As can be seen, the control of
scrubber inlet pH and stoichiometry was not as good during the first
20 days of operation as during the latter 10 days. A summary of the
operating data for lime Run 601-1A, as of the November 7 inspection,

is as follows:
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Gas Rate = 26,000 acfm @ 330 OF
Liquor Rate to Venturi = 800 gpm
Liguor Rsts to Sprey Tower = 1200 gpm
Venturl L/G = 32 gal/mef

Sprey Tower L/Q = 84 gat/met

Sprey Tower Ges Velocity = 6.3 ft/mec
Venturf Presure Orop = 8 In. Ha0
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No. of Bpray Headers = &
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Liquid Conductivity = 3,700-5200 4 mhov/em
Olscharge {Clerifler) Sollds Conc. = 21-26 wt %

Figure 5-1

OPERATING DATA FOR VENTURI
RUN &01-1A
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Figure 5-1 (Continued)

OPERATING DATA FOR VENTURI
RUN 601-1A
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On-Stream Hours as of November 7 666

Average Stoichiometric Ratio, moles 1.10
Ca/moles SO, absorbed
Average Percent Lime Utilization 91
Average Percent SOz Removal 80
Inlet SO Concentration, ppm 1600-4000
Scrubber Outlet pH Range 4,5.5.5
Solids Dewatering Clarifier
Average Dissolved Solids, ppm 7000
Predicted Sulfate Saturation 150

It is of interest to note, f_rom the data in Figure 5-1, the effect of SOZ
inlet concentration on SOz removal; a drop of SO; inlet concentration
is invariably accompanied by an increase in SO, removal, and vice

versa.

Subsequent to the November 7 inspection, system control remained ex-
cellent, despite the varying SO, inlet load; stoichiometric ratio was
controlled between 1.02 and 1.16 and scrubber inlet pH between 7.8 and
8. 4.

In order to evaluate the effect of higher percent solids discharged
(higher dissolved solids concentration) upon system reliability, Run
601-1A was restarted on November 7 with the vacuum rotary drum
filter in series with the clarifier. However, problems with the filter
(filter cloth) resulted in intermittent operation of thid device and on
November 23 the centrifuge was put in service. The centrifuge, how-
ever, also had mechanical difficulties (high vibration) and was taken
out of service after a short while. On December 15, the filter was put
back in service and remained in operation, with periodic replacement
of the filter cloth, until the termination of the test. A summary of the
operating data for Run 601-1A, with both the clarifier and filter in ser-

vice for dewatering, is as follows:
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On-Stream Hours with Clarifier 1487

and Filter
Average Stoichiometric Ratio, 1.11
moles Ca/moles SO, absorbed
Average Percent Lime Utilization 90
Average SO, removal 85
Inlet SO, Concentration, ppm 1700-4000
Scrubber Outlet pH Range 4.6-5.4
Solids Dewatering Clarifier/Filter
Average Dissolved Solids, ppm 11,000
Predicted Sulfate Saturation : 190

Throughout Run 601-1A, the pressure drop across the chevron demis-
ter had been somewhat variable (0. 63 T 0.1 inches H,0) and, after
about December 1, 1973, there was a continual increase. On January
8, 1974, Run 601-1A was terminatea after 2153 hours (3 months) of
on-stream operation due to high I. D. fan vibration. The pressure
drop across the demister had increased from about 0.6 to about 1. 65
inches _HZO' An inspection was conducted on January 9 and the accum-
ulation of scale and solids within the scrubber system is shown in

Figures 5-2 and 5-3.

The mist eliminator was substantially blocked, partly by solids that
haa fallen down from the outlet duct work and partly by scale formétion,
mainly on the bottom (.inlet) vanes. The bottom demister vanes were
covered with 30 to 40 mil scale. The outlet ducting between the re-

heater and I.D. fan damper was covered with from 1 to 3 inches of solids.

The shell of the spray tower was covered with a 3/8 inch thick sulfate

scale below the bottom spray header and a 1/8 inch thick sulfate scale
between the top and bottom spray headers. The rubber lining was vis-
ible in an approximate 2-1/2 ft wide band immediately below the

demister. Noticeable scale and solids buildup occurred on the tips of
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several of the spray nozzles, especially on the bottom header. Some
of the Bete stainless steel ST -48 FCN spiral tip nozzlés were found to
be significantly eroded after approximately 4300 hours of slurry ser-
vice; of a total of 28 nozzles, 9 were severely eroded and 15 were con-

siderably worn,

Light 1/16 inch thick scale covered the venturi plug and a 1/8 to 1/4
inch thick scale covered the venturi walls below the plug. A 1/8 to

3/8 inch thick scale covered the walls of the flooded elbow.

About 3/16 inch thick sulfate scale was found in the rubber lined circu-~
lating slurry piping. Scale buildup, varying from 1/64 to 1/8 inch in

thickness, was also noted in the rubber lined variable speed pumps.

It should be noted that scale formation in the venturi, spray tower, cir-
culating slurry piping and pumps did not prevent continual operation of
the system or necessitate termination of the 3-month long lime relia-
bility test. However, scale particles in nozzles and strainers required

periodic maintenance.

It seems likely that the scale formation occurred, primarily, during
the latter portion of the test, when the clarifier and filter were used
for solids dewatering and the calculated liquor sulfate saturation was
about 190 percent. As mentioned previously, an earlier inspection of
the system on November 7, 1973, revealed a relatively scale-free
scrubber system. Prior to this inspection the calculated liquor sulfate

saturation was 150 percent,
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The next long-term lime reliability test will be made under conditions
intended to redl:lce recirculating liquor sulfate supersaturation and the
accumulation of solids in the outlet duct-work. Sulfate supersatura-
~tion can be reduced (1) by decreasing oxidation of sulfite to sulfate,

(2) by increasing percent solids recirculated, and (3) by increasing
effluent residence time. Oxidation can be reduced by inc'rea'sing the
scrubber inlet liquor pH and/or by sealing the effluent hold tank. Also,
the eroded stainless Bete spiral tip spray nozzles in the spray tower

will be replaced by Stellite-tipped Bete spray nozzles for the next test.
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Section 6

TEST RESULTS FROM THE EPA PILOT FACILITY
AT RESEARCH TRIANGLE PARK

It is recognized that operating reliability is crucial to the successful
application of limestone and lime scrubbers to utility boilers. This
fact was the central consideration in planning an experimental program
for the EPA pilot facility at Research Triangle Park. The approé.ch to -
the reliability question assumes that scaling by calcium sulfate and
sulfite is one of the most important problems. Therefore, the primary
objective is to identify the operating conditions that eliminate scale
formation. The secondary objective is to maximize the limestone and
lime utilization, which will strongiy influence operating cost when
reliability is established. This section summarizes progress toward

the improvement of process performance in these two areas.
6.1 - DESCRIPTION OF EQUIPMENT AND OPERATION

Two 300-cfm scrubbers are operated concurrently with flue gas ob-
tained from a natural gas/oil-fired boiler. Sulfur dioxide is fed from
cylinders to provide a constant inlet concentration of 3000 ppm. One
TCA scrubber is operated with lime, while the other with limestone ob-
tained from the Shawnee test facility. Limestone tests are conducted

in both TCA and multigrid scrubber configurations. Except for selected
tests, fly ash is not present in the slurry and the liquor is free of chlor-
ide, Both scrubbers operate with closed liquor loop using a rotary drum

filter for solids disposal (about 63 percent solids in sludge discharge).



6.2 MATERIAL BALANCES AS A BASIS FOR EVALUATING
PERFORMANCE '

It is essential that the primary reactions that occur in the two process
components, the scrubber and effluent hold tank, be determined from
among the various possibilities that have been proposed. For this
purpose, extensive material balances were made on limestone
scrubbers over a range of operating conditions. Typical analytical
data acquired for these material balances are indicated in Figure 6-1,
In order to set up the simultaneous equations that will define all
reactions in both parts of the system, it is necessary to measure the
rate of CO, evolution from the effluent hold tank., This was accom-
plished by sealing the tank and purging with air at a constant measured
rate. Orsat analyses of the purged gases provide direct data on CO,
evolution and O, absorption rates at the liquid surface in the tank,
Table 6-1 illustrates the type of information obtained from such
material balances. Among other things, the material balances show
that: (1) under normal operating conditions (stoichiometry of 1,25
based on SO, feed) about 70 percent of the total limestone dissolution
occurs in the scrubber; and, (2) most of the oxidation occurs in the
hold tank, about 60 percent of the total with a TCA, and 80 percent of
the total with a multigrid scrubber.

The reaction scheme consistent with the data from these material

balances shows two principal reactions occurring in the scrubber:
SO5 + HpO —= H't + HSO3" (6-1)

H' + CaCO; —= Catt + HCO3™ (6-2)
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Table 6-1

TYPICAL PERFORMANCE CHARACTERISTICS
OF TCA AND MULTIGRID SCRUBBERS AS DETERMINED
BY MATERIAL BALANCE

Absorbent: Limestone

Inlet SO, Concentration: 2800 ppm
Effluent Residence Time: 5 min.
TCA Multigrid
4% Solids 16% Solids

Stoichiometric Ratio, moles CaCO3/ 1.13 1.25 2.5

mole SO, feed
E.H. T. Oy Absorption Rate, 0.035 0. 035 0.014

acfm @ 93°F
E.H. T. CO, Evolution Rate, 0.084 0.062 0, 046

acfm @ 93°F
SO, Make Per Pass, mg/1 630 774 863
CaCO3 Dissolution in E, H. T., mg/1 357 316 259
CaCOj3 Dissolution in Scrubber, mg/1 626 814 1090
Dissolution in Scrubber, % of total 64 72 81
Total Oxidation, mole % 21 27 23
SO, Oxidized in Scrubber, mg/1 57 44 139
Oxidation in E, H. T., % of total 57 78 30
SO, Ppted in Scrubber as CaSOj;, mg/1 -23 218 454
SO3 Ppted in Scrubber as CaSOy,, mg/1 380 184 294
L/G, gal/mcf _ 65 48 48
Scrubber Effluent pH 5.4 5.8 6.2
Scrubber Feed pH 5.8 6.3 6.4
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SO, absorption by Equation 6-1 is enhanced as a result of the dissolution
of limestone by Equation 6-2, Dissolution of CaSO3 does not occur as
long as sufficient limestone is present to maintain the scrubber effluent
pH above 5.4 (see Table &-1). Dissolution of limestone by Equation 6-2
is completed in the scrubber effluent hold tank where it raises the pH.
As a consequence of the increased pH the bisulfite equilibrium is

shifted and sulfite is precipitatéd. In addition to Equation 6-2, the

primary reactions in the effluent hold tank are:
HSO3~ === H' + SO;~ (6-3)
SO3= + Ca.++ —_— CaSO3 (6-4)

The net unreacted species from the above sequence of reactions
(Equations 6-1 through 6-4) are H' and HCO3~ which build up in the
liquor returned to the scrubber at high pH (~6.3). The third major
reaction in the scrubber thus occurs when the pH is again dropped by
Equation 6-1;the lower pH shifts the bicarbonate equilibrium irrever-

sibly to CO), completing the reaction cycle:
HY + HCO3~ — CO, + H0 (6-5)

The material balances show that about 90 percent of the CO, is
released in the scrubber by Equation 6-5. The remainder is evolved

from the effluent hold tank.



6.3 IMPROVEMENT OF LIMESTONE UTILIZATION

The slowest reaction in the reaction cycle (Equations 6-1 through 6-5)
is the dissolution of limestone (Equation 6-2), Two important con-
sequences result: (1) the rate of limestone dissolution controls the
reactions that follow it in sequence; and, (2) the extent to which the
dissolution and precipitation reactions go to completion in the effluent
hold tank is determined by the kinetics of limestone dissolution in the

effluent hold tank.

The rate of CaSO3 precipitation is controlled by and directly related

to the CaCO3 dissolution rate. The kinetics of the overall rate-
limiting reaction (Equation 6-2) can thus be examined by measurements
>f the rate of disappearance of SO, in the effluent hold tank., This was
done in the pilot plant by operating at various effluent hold tank residence
times, percent solids and limestone stoichiometries, Figures 6-2 and
6-3 summarize these data, showing CaSO3 precipitation rate, r(mg
50, /liter /min. ), as a function of SO, concentration in the liquid phase,
CSOZ (mg SOj/liter), and limestone density in suspension within the
sackmixed tank, [Ca.CO3] in g CaCO3/liter. The analysis indicates
that the overall reaction can be approximated by a rate expression

‘hat is second order in sulfite concentration and first order in CaCOg

suspension density.

The high sensitivity of the dissolution/precipitation reaction to SO
concentration suggests that greater total conversion would be expected
in a reactor without backmixing. This can be shown mathematically

>y integration of the standard reactor design equation with the indicated
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second order rate expression for backmixed and plug-flow modes of
operation. An experimental comparison of these two reactor types
was carried out using vertical pipes arranged in a series of U-tubes
as a plug-flow hold tank., As shown in Table 6-2 the normal 65-75
percentllimestone utilization characteristic of backmixed effluent hold
tanks was increased to 85-90 percent by plug-flow. Scrubber feed pH

was likewise consistently higher in plug-flow tests.
6.4 FATE OF MgCO3; IN LIMESTONE FEED

The limestone used in the pilot scrubber is the same as that used at

the Shawnee test facility, and contains about 5 percent MgCO3;. Lime-
stone utilizations are calculated on the basis of the total CaCO3

content of the limestone. Since the MgCO3 component is present as
dolomite (CaCO3+-MgCO3), a like number of moles of CaCOgj is bound
in this mineral form. Operating experience, based on Mgtt levels

(ca. 700 ppm) observed in the closed-loop scrubbing liquor and petro-
graphic analysis of the unreacted spent solid, indicates that a maximum
of about 10 percent of the dolomite component of the limestone feed
dissolves. The remaining solid dolomite pé.sses through the scrubber
without participating in any scrubber reactions. Thus, the utilization
achievable with a dolomitic stone is less than that which can be expected
with a pure limestone. Likewise, the spent sludge from the scrubber

contains no leachable MgSOj.

6.5 CONTROL OF SULFITE SCALING

Insofar as limestone dissolution kinetics controls the steady state

liquor composition within the scrubber system, the rate of sulfite
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Table 6-2

COMPARISON OF BACKMIXED AND
PLUG-FLOW EFFLUENT HOLD TANK DESIGNS

Scrubber Type: Multigrid
Limestone: Shawnee (Fredonia), 16% +325 mesh
Backmixed Plug- Flow

SO, Feed Rate, lb/hr 4,84 4.93
Limestone Feed Rate, lb/hr (40% Slurry) 17.4 17.6
E.H. T. Residence Time, min. 6 6
Slurry Circulation Rate, gpm 12.7 12.7
Slurry Solids, % 7 7
Scrubber Feed pH 5.9 6.3
Scrubber Effluent pH 5.6 6.0
Scrubber Effluent Temperature, °F 127 134
Scrubber Feed Temperature, °F 126 124
SO, Feed Concentration, ppm 2930 3300
Stoichiometry (based on SO, feed) 0.87 0.87
Stoichiometry (based on SO, absorbed) 1.33 1.14
Percent SO Removal 65.5 76.1
Limestone Utilization, % 75 88
Sulfite Oxidation, mole % 17 10
Ca®t in Scrubber Feed, mg/1 440 100
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precipitation (Equation 6-4) exceeds that of limestone dissolution
(Equation 6-2) and supersaturation by sulfite cannot occur. As indi-
cated by the kinetic analysis, the limestone dissolution rate is
accelerated by increasing the SO, concentration or suspended limestone
density, or by reducing the limestone particle size. Should the lime-
stone dissolution rate locally exceed the precipitation rate of CaSOg3,
supersaturation and scaling of CaSO3 can occur. Tests with the pilot
scrubber at high limestone feed stoichiometries (which increase
suspended limestone density) at L./G of 65 and 3000 ppm SO, in the
inlet flue gas (which determine the effective SO, concentration in the
scrubber liquor) showed excessive scaling of the scrubber walls by
Ca;SO3 when the scrubber effluent pH rose above 6,2. This condition
corresponded to a stoichiometric ratio of 2.5 moles CaCO3/mole SO,
feed, with 93 weight percent of the limestone particles less than 325
mesh. As shown by Table 6-1, the proportion of CaCO3 dissolution
occurring in the scrubber is increased under these conditions. In
some cases material balances showed as much as 90 percent of the
total limestone dissolution occurring in the scrubber at high feed
stoichiometry. In such situations nearly all of the reaction sequence
is completed within the scrubber rather than delaying precipitation

until the slurry reaches the effluent hold tank as is normally the case.

Reduction of the effluent hold tank residence time will, according to
the reaction scheme discussed, build up the steady-state sulfite
concentration in the liquor, accelerating the rate of dissolution to the
point where it may no longer control the sulfite precipitation reaction.
The scrubber feed can then become supersaturated. Experience in-

dicates that this condition is not reached until the SOZ concentration
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.n the effluent hold tank liquor exceeds 800 mg/1 which occurs only
at very short residence times (less than 5 minutes), On this basis, ~
residence times shorter than 7 minutes are not recommended with

limestone scrubbing, particularly when oxidation is inhibited.
5.6 CONTROL OF SULFATE SCALING

As shown by the material balances, the dissolution of limestone in the
scrubber increases the concentration of Cat? by about 150 ppm at
L/G of 65. When the scrubber feed is saturated with CaSOy4* 2H,0
chis represents a 25 percent increase in the calcium concentration

at the bottom of the scrubber. Thus, even if no oxidation occurs, the
scrubber effluent will be supersaturated with calcium sulfate. In a
TCA scrubber, maximum supersaturation occurs at the first stage
support grid and rapid scaling at this point has been experienced in
che scrubbers with either limestone or lime feeds. In the absence

>f fly ash, the grid openings are plugged within 50 hours at L./G of

52. The presence of fly ash significantly reduces the rate of scaling,
as does increasing L./G. Other factors, such as humidification of
flue gas (128°F quench) and CaSOy4 seeding, had no appreciable effect
when scrubbing flue gases containing 3000 ppm SO,. Itwas concluded
chat L/G's must exceed 65 for TCA operation with saturated feed, and
:he presence of fly ash in the slurry is a positive benefit from the

scale-control point of view.
A limestone or lime scrubber is customarily visualized as operating

with two coexisting, but independent, liquid/solid systems involving

srecipitated CaSO3-1/2 H,O, crystallized CaSO4*2H,0, and saturated

6-12



mother liquor. Any sulfate generated by oxidation in the scrubber
must, according to this view, build up in the recirculating solution
until it is saturated with calcium sulfate. Crystallization of gypsum

thereupon removes the sulfate from the system.

It was shown by Imperial Chemical Industries (I.C.I,) in 1951 that
significant amounts of calcium sulfate are incorporated into the calcium
sulfite crystal lattice when it precipitates from scrubber liquors. The
amount of sulfate that could be so incorporated was experimentally
established at 0.225 mole SO3/mole SO, for precipitation in a limestone
slurry. The resulting compound was referred to as a ''solid solution, "
Although unsaturated operation of the I.C.I. Bankside scrubber was
never reported, the formation of the solid solution clearly affords an
alternate mechanism by which CaSOy4 can be purged from the system
without crystallization. Thus, if the rate of generation of sulfate by
oxidation is less than the rate at which sulfate is incorporated by the
precipitating CaSO,, the recirculating liquor is no longer constrained

to saturation by calcium sulfate.

That a closed-loop scrubber can operate unsaturated by the above
mechanism was first noted during the plug-flow hold tank experiments
at the EPA pilot facility, Unsaturation was evidenced by steady state
Cat? concentrations of only 100 ppm in the scrubbing liquor (about

1/6 the level of saturation with CaSO4* 2H,0). Material balances
confirmed closed-loop operation and direct dissolution of solid
CaS04'2H,0 in the scrubber liquor proved unsaturation. Tests of the
solid solution verified the characteristics reported by I.C.I., i.e., no
detectable gypsum by x-ray diffraction, and no gypsum extractable by

water. Therefore, the sulfate shown to be present by chemical analysis
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(9-17 percent of total sulfur) does not exist as a separate phase.
Confirmation of the presence of sulfate by chemical analysis was made
by dissolution of the solid solution in HC1, extraction and recrystalli-
zation of pure gypsum from water in the amounts indicated by analysis.
Intense x-ray peaks at d-values of 2.67 and 5, 34 have also been noted,
which are similar to those of calcium thiosulfate, Since thiosulfate
was shown to be absent by chemical analysis, these peaks are probably

characteristic of the solid solution,

Tests with the backmixed effluent hold tank showed that it could also
be operated in the unsaturated mode by sealing the top of the tank to
prevent air contact with the slurry. As indicated by the material
balances, most oxidation occurs in the effluent hold tank, Sealing the
tank eliminates this source and the total oxidation is reduced to about
'10-15 percent (CO, evolution from the tank provides a self-generating
blanket). Unsaturation of the liquor occurs when the oxidation falls
below the level corresponding to the maximum SO3/SO5 ratio in the

solid solution.

The oxidation level at which unsaturation occurs is shown in Figure 6-4
where calcium concentrations of the scrubber feed liquor are plotted
over the full range of oxidatioh in which the pilot plant has been oper-
ated. It is clear that calcium concentrations correspond to saturated
CaS0y4° 2H,0 above 19 percent oxidation and drop progressively as
oxidation is reduced below that level. The relationship between oxida-
tion and the SO3/SO7 mole ratio in the solid is given by:

Sulfite Oxidation = SO, Oxidized/(SO; Oxidized + SOz Precipitated)

= Ratio/(Ratio + 1)
(6-6)

where

Ratio = SO3/S0O3 mole ratio in solid
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Therefore, 19 percent oxidation corresponds to the maximum SO3/SO,
mole ratio of 0.23, which is in good agreement with the value obtained

by I.C.I. from laboratory measurements.,

Elimination of sulfate supersaturation of the scrubber effluent liquor
by operation in an unsaturated mode has been demonstrated in the
TCA pilot scrubber with both limestone and lime feeds. In either
case, the limitation of oxidation below 19 percent is the critical con-
dition for desaturation. Other factors that may affect solid solution
formation and the ability to operate unsaturated, particularly in the
presence of high concentrations of chloride, are less well defined.

The current work at the EPA pilot facility is focused in this area.
6.7 UTILIZATION IN LIME SCRUBBERS

When- CaO is the scrubber feed rather than CaCO,, dissolution kinetics
is no longer a constraint and higher utilizations can.be achieved in a
stirred tank of given residence time. Comparison of Figure 6-1
(limestone) and Figure 6-5 (lime) illustrates the difference at scrubber
feed pH of about 6 for 5 minutes residence time and 4 percent solids.
For lime scrubbing, raising the scrubber feed pH will increase the
amount of CO) absorbed from the flue gas and utilization drops as
Ca(OH), is recarbonated to CaCO3. This side reaction must be limited
if the advantage of CaO over CaCO3 is to be maintained. Table 6-3
summarizes a series of tests made in the pilot scrubber to determine
the effect of feed pH on lime utilization, The values of utilization
shown are based on the solids analysis and do not reflect losses in

the slaking step, which average about 4 percent of the total CaO content
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Table 6-3

EFFECT OF FEED pH ON LIME SCRUBBER OPERATION

Scrubber Type: TCA
Pressure Drop: 6.5 in, H,0
Effluent Residence Time: 5 min,
Percent Solids: 4%

Scrubber Feed pH

[ 7 9
CO, in Scrubber Effluent, mg/1 42 43 47
CO, in Scrubber Feed, mg/1 29 26 25
CO, Precipitated in E,H. T\, 13 17 22

mg/1

'CO, in Solid, mg/g 7 14 33
Lime Utilization, % 98 97 89
Cat? in Scrubber Feed, mg/1 585 570 845
SO, Make Per Pass, mg/1 506 569 500
A SO, Across Scrubber. mg/1 732 866 674
ASO, - Make Per Pass, mg/1 226 297 174
A Ca Across Scrubber, mg/l 298 255 240
SO, in Scrubber Feed, mg/l 216 188 64
Percent SOy Removal 81* 78 80
Sulfite Oxidation, mole % 26 20 19
Mgtt, mg/1 546 1000 40
Scrubber Effluent pH 4,9 5.1 5.1

*“OAP = 8.5 in.
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of pebble lime. It is clear from Table 6-3 that rec_arbonation is
significant at inlet pH of 9 and above. Also, magnesium is precipi-
téted from the liquor at pH of 9. These facts indicate that the optimum
scrubber inlet pH's are in the range of 7-8.

The data in Table 6-3 confirm the observation reported by others
that the primary scrubbing reaction in the lime system is the dis-

solution of CaSOg3:
CasO; + H' —= cCa** + HsO," (6-7)

This is evidenced by the fact that the change in SO; concentration in
ligquid (ASO;,) across the scrubber exceeds the SO, make per pass in

++

all cases together with the increase in Ca™" concentration across the

scrubber.

It is notable that the reaction shown by Equation 6-5, which contributes
to pH buffering in limestone scrubbers, does not occur ixz.a lime system.
Consequently the pH drops to a greater degree when SO, is absorbed.

As indicated in Table 6-3, chaﬂge in liquor pH across the scrubber

(1-5 units) far exceeds the 0.5 unit typical of limestone scrubbers.

This lack of buffering is presumed to be responsible for the generally
lower SO, scrubbing efficiency that has been experienced with lime
scrubbing at the EPA pilot facility, compéred to limestone at a given

pressure drop.
At SO, feed concentrations in excess of 2500 ppm, the increase in

calcium concentration in the scrubber effluent resulting from CaSO3

dissolution (Equation 6-7)is responsible for CaSOy4 supersaturation
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and TCA grid scaling in lime system, in the same manner as CaCOj3
dissolution (Equation 6-2)in limestone systems. The most effective
technique for dealing with this problem appears to be the unsaturated
mode of operation discussed in the previous section. Control of pH,
oxidation and Mg*t conc entration to yield an unsaturated scrubber feed
and marginally saturated (to unsaturated) scrubbe'r effluent is an

achievable goal for either limestone or lime scrubber systems.
6.8 CONCLUSIONS

The following conclusions have been drawn from the limestone and
lime results of the TCA pilot-plant testing at Research Triangle
Park, with inlet SO, feed concentrations of 3000 ppm:

° For limestone scrubbing, control of the scrubber effluent
pH below 6.2 will prevent calcium sulfite scaling.

(] Optimum scrubber inlet pH (reasonable SO; removal and
reasonable lime utilization) for lime scrubbing is in the
7-8 range.

e Limestone dissolution kinetics are improved by plug flow

reaction; higher utilizations can be achieved by effluent
hold tank designs such as U-tubes or a series of stirred
tanks that approximate plug flow.

® For limestone scrubbing, dissolution of CaCO3 is the rate
controlling step for SO, absorption. For high-calcium lime
scrubbing, dissolution of CaSOj is the rate controlling step.

° Hold tank residence time must exceed 5 minutes in a lime-
stone system. 10 minutes appears to be a good choice.
For a lime system, 5 minutes appears adequate,

° The scrubber effluent will always be supersaturated with
CaS0O4*2H,0 when a scrubber is operated with saturated
feed.
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Supersaturation is maximum at the first stage TCA support
grid and rapid scaling of the grid by calcium sulfate occurs
at liquid-to-gas ratios less than 65 gal/mcf with no fly ash
in the system. The liquid-to-gas ratio must exceed 65 for
reliable operation with saturated calcium sulfate feed.

The presence of fly ash reduces the rate of scaling by
calcium sulfate.

Sulfate scaling can be eliminated by operating a scrubber

in the unsaturated mode. Closed liquor loop unsaturated
operation can be achieved in a chloride-free scrubber by
reducing oxidation below 19 percent. Under these conditions
the sulfate generated by oxidation is purged entirely as solid
solution (i. e. calcium sulfate in calcium sulfite crystal
lattice).

For limestone scrubbing, oxidation is a controllable variable
within the limits required for unsaturated operation. It can
be reduced by eliminating air contact in the effluent hold
tank (e.g., using sealed stirred tank or plug flow tank).
Further reduction can be attained by circulating high percent
solids (which affects the amount of liquor circulating through
the clarifier or filter).

Sulfate bound as solid solution is not extractable from the
spent sludge by water leaching. Therefore, the potential
for water pollution is reduced.

The dolomitic component of limestone feeds is essentially
inert and leaves the scrubber in the same form within the
sludge.
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Section 7

FINDINGS TO DATE

Based on Shawnee and EPA pilot facility testing to date, the following
items are preliminary findings regarding (1) scrubber design and oper-
ating parameters, (2) process chemistry/advanced concepts, and (3)

equipment/materials/instrumentation.

Scrubber Design and Operating Parameters

The TCA and the venturi/spray tower have potential for reliable op-
eration for both limestone and lime scrubbing. Due primarily to noz-
zle wear problems, insufficient data has been generated on the Marble-

Bed scrubber to assess its reliability potential under Shawnee conditions.

Conditions for best overall potential for reliable limestone scrubbing
operation with configurations comparable to the Shawnee scrubber sys-
tems are: an effluent residence time equal to or greater than 10 min-
utes and a percent solids recirculated equal to or greater than 10 per-
cent, for a liquid-to-gas ratio equal to or greater than 60 gal/mcf,
Variables which appear particularly important are liquid-to-gas ratio
and scrubber superficial gas velocity. Shawnee liquid-to-gas ratios
should be considered minimum values, since there is evidence that
values higher than attainable at Shawnee would further minimize the

potential for scrubber scaling and increase SO, removal and limestone



utilization. Superficial velocity is considered important since there
appears to be a certain value above which excessive demister entrain-
ment occurs. For the Shawnee demister/Koch tray configuration in
the TCA, this maximum velocity appears to be about 8 ft/sec. The
spray tower demister/wash system limitation appears to be about 6

ft/sec.

For lime scrubbing, the venturi/spray tower conditions which have
given good results in the operation to date are: (1) a scrubber inlet pH
of 8, (2) an effluent residence time of 12 minutes, (3) a percent solids
recirculated of 8 percent (40 percent of solids is fly ash), and (4) a
spray tower liquid-to-gas ratio of 64 gal/mcf. In addition to the im-
portance of liquid-to-gas ratio and superficial gas velocity discussed
for limestone systems, inlet scrubber pH is considered important in

lime systems; the value of 8. 0 has resulted in good performance.

The following factors should be effective in minimizing pluggage prob-
lems associated with chevron-tyi)e demisters: (1) minimize scrubber
superficial velocity consistent with cost, turndown, space and other
factors, (2) utilize a wash tray between the uppermost scrubber stage
and demister, and (3) wash demister from upstream (bottomsidé) di-
rectién with a mixture of clarified liquor and all available makeup water

and assure complete surface irrigation,

All three scrubbers have been effective dust collectors, since they have
reduced inlet particulate loadings from about 2-5 grains/scf to 0. 01-

0. 04 grains /scf.



Limited cascade impactor distribution data for the TCA indicates
effective particulate removal in the submicron range, For example,
at the highest pressure drop tested (9.7-9.9 inches HpO), TCA re-
moval efficiencies were about 95 percent in the 0.1 to 0.2 micron di-
ameter size range; decreased pressure drops resulted in significantly
reduced removal efficiencies. Further testing, however, is neces-

sary to validate this apparent high performance in the submicron range.

It should be noted that combined scrubber collection of SO, and fly ash
(no mechanical or ESP collecfion upstream of the scrubbers) seems to
have a major disadvantage. Né.mely, that roughly 30-50 percent of
slurry soiids is fly ash, which appears to be the most abrasive solid
component, Rubber lined components have shown little evidence of
wear. The following components, however, appear particularly sensi-
tive to erosion: TCA spheres, TCA support grids, slurry spray noz-
zles, centrifuge and venturi throat guide-vane assembly. Work with

vendors is in progress to improve these components.

Although it is too early for a definitive finding concerning the relative
advantages of lime versus limestone, the following are preliminary
observations: (1) lime utilizations are sﬁbstantially higher than lime-
stone utilizations; in the order of 90-93 percent for lime vs. 65-75 per-
cent for limestone, (2) pH control appears easier with lime since pH

is more sensitive to alkali addition than in the limestone system, where
the required excess is higher, and (3) preliminary at least, lime opera-
tion seems less prone to plugging and scaling problems, although rea-
sons for this apparent difference are not well understood. As mentioned
previously, the moisture content of the discharge slurry is higher than

desired for the lime testing.



Process Chemistry/Advanced Concepts

Generally operation at Shawnee for both limestone and lime has yielded
scrubbing liquors that were either saturated or supersaturated with re-
spect to CaSOy° 2H,0 and CaSO;° 1/2H,0. The following combination
of process variables appear effective in minimizing scaling potential:
(1) high liquid-to-gas ratios, (2) greater than 1 percent CaSO,*2H0
seed crystals in slurry, and (3) effluent residence times greater than
or equal to 10 minutes. To minimize demister scaling, dilution of de-

mister or wash tray liquor with fresh water appears to be effective.

Research on the small pilot scrubber at EPA-RTP has indicated that
it may be possible to operate in an unsaturated sulfate mode with re-
spect to CaSOy* 2H3O0, with potential freedom from gypsum scaling.

Low oxidation is essential to operation in this mode.

Plug flow effluent hold tank designs appear substantially more effec-
tive than conventional stirred tanks in enhancing limestone utilization.
They also help achieve unsaturated operation by reducing hold tank oxi-

dation. Further work is necessary.

It has been determined that the dolomite fraction of dolomitic limestone
is very slowly soluble and does not supply alkalinity under normal scrub-

ber operating conditions.

With properly calcined dolomite, magnesium does go into solution and,
when using dolomitic limes, SO, removal efficiencies are substantially
enhanced; this appears to be due to the increased amounts of solution

alkalinity in the form of magnesium sulfite (relative to sulfurous acid).



In limestone systems it is important to avoid high stoichiometries with
corresponding high pH's, because CaSOj3* l/ZHZO formed in the scrubber
precipitates and can lead to scaling. Lower limestone stoichiometries
are also effective in enhancing limestone utilizations, since limestone

dissolution is much more rapid at the lower pH's.

It appears practicable to substantially increase oxidation by air sparg-
ing in the stirred hold tank; this could lead to improved sludge charac-

teristics. Further evaluation is necessary.

The scrubbers are effective in absorbing HC1 from the flue gas (coal
has from 0.1 to .0. 3 percent Cl) leading to relatively high liquor chlor-
ide levels during closed loop operation. Although the effects of chloride
are not well understood, they appear, for example, to significantly de-

crease scrubber pH with subsequent loss in absorption performance.

Equipment/Materials /Instrumentation

Rubber lined, variable speed, centrifugal pumps with Hydroseals

or Centriseals are reliable for slurry service.

For a fuel oil fired reheater, an isolated or external combustion
chamber should be used to avoid quenching of the reheater flame

by cold flue gas.

The rubber linings of the scrubbers, pumps, pipes, etc., give
satisfactory erosion and corrosion resistances for slurry and flue
gas (quenched) services. Flakeline linings on the effluent hold tanks

and clarifiers are also satisfactory.



Type 316L stainless steel gives much better corrosion resistance

than type 304L in slurries containing chlorides.

A centrifuge gives satisfactory dewatering capability. However,

erosion on the metal surfaces is a major problem,

The dewatering and cake discharge capabilities of the filter, using
a nylon filter cloth, are satisfactory. However, the useful life of

the nylon filter cloth tested to-date is unsatisfactory,

Uniloc Model 321 submersible type pH meters gives better perfor-
mance than Model 320 in-line flow-through types.

The performance of Ohmart radiation-type and bubble-type density
meters is unsatisfactory. The performance of Dynatrol density

meters has thus far been encouraging.

Control valves in slurry service have generally been unsatisfactory,

Variable speed pumps should be used for slurry flow control.
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Section 8

. FUTURE TEST PLANS AT THE SHAWNEE FACILITY

Planr.. ag has been performed to formulate a follow-up test program
to the present Shawnee activities. It should be noted that theée plané
are quite preliminary in nature; they require additional funding which
has not officially been authorized and hopefully will be modified based
on utility and vendor inputs. Figure 8-1 presents the overall test
schedule for advanced limestone and lime testing which will extend
the present program through June 1976 The following are the ob-

Jectnves of the advanced program:

e Evaluate the effectiveness of automatic control systems -
for scrubbers experiencing widely varying flue gas flow
rates and inlet SO, concentrations.

e Investigate advanced process variations which offer
promise of enhanced reliability by completely eliminating
potential for gypsum scaling.

° For limestone systems, evaluate process variations which
offer potential for substantial increases in limestone utili-
zation, with subsequent decrease in sludge production.

e For limestone and lime systems determine the upper limit
of SO, removal efficiencies within the constraints of facility
scrubber configuration, pressure drop and liquid flow rate
limitations. This may be important if future air pollution
regulations require more stringent SO, control for power
plants.
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Figure 8-1. Preliminary Schedule for Advanced Shawnee Program




[ Investigate process variations and/or dewatering equipment
which are capable of producing a more acceptable sludge
product.

° Perform long term reliability testing on advanced limestone
and lime process variations which offer substantial improve-
ment over present process variations in one or more of the
following areas: potential reliability, limestone utilization,
SO, removal efficiency and improved sludge product charac-
teristics,

In order to attempt to achieve these objectives, the following rep-
resents our preliminary thinking regarding the elements of the

advanced program:

Limestone Testing

For limestone, based on the results of the present test program, a
single scrubber train will be selected for advanced testing; in all
probability this will be the Turbulent Contact Absorber. Design of
system modifications will be initiated during early 1974 with the aim
of supplj(ing a plug flow hold tank and other modifications necessary
for future testing. Facility capability screening tests will be the
first tests performed following the present test program. These
will attempt to evaluate the facility's present capability (without
modifications) in terms of (1) supplying the necessary oxidation
capability (via air sparging in the present effluent hold tank) to
produce an improved gypsufn-rich sludge product and (2) ability of
the present pH control-system to effecﬁvely adjust limestone feed
rates to correspond to wide variatioﬁs in flue gas and inlet SO,
concentration variations. Approximately two months are planned

for the necessary system modifications.



Subsequent to this, variable load testing for a period of approximately
2500 hours will be performed on the process variation subjected to
earlier reliability testing. The pH control system selected will
attempt to keep the chemistry of the system in balance despite the
wide variations in SO, inlet concentrations associated with normal
Shawnee coal supplies, and a pre-programmed flue gas flow rate
daily history (via duct damper settings) which will simulate a widely

varying boiler outpuf.

At the conclusion of this test, the effluent hold tank will be sealed
and process parameters selected to attempt to operate with the
lowest practicable oxidation; this will hopefully enable operation

in the ''unsaturated-gypsum' mode which has potential for elimina-
ting gypsum scaling as a potential operating problem. After comple-
tion of this testing, the plug flow hold tank will be tested as an
alternative to the present stirred tank; this configuration offers the
following potential advantages: (1) elimination of hold tank oxidation
allowing greater potential for unsaturated operation, (2) improved
limestone utilization and/or 802 removal efficiencies, and (3)
potentially improved pH control, since the more sensitive scrubber

outlet pH can be used as the limestone feed rate control variable.

In another attempt to increase limestone utilizations and/or SO;
removal efficiencies, additives will be tested for their ability to
increase limestone dissolution rates with corresponding improve-

ments in performance.
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Subsequent to this, process variations will be selected which offer
the potential for producing sludge with more desirable properties.
For example, oxidation of scrubber slurry will be enhanced (via
air sparging in a hold tank or by a separate oxidizer utilizing
Japanese technology) to produce a predominately gypsum/fly ash
product which should have vastly improved settling characteristics
over calcium sulfite-rich sludges. Advanced dewatering equipment
and liquor bleed stream treatment equipment might also be tested
with the aim of producing a more acceptable landfill material with-

out the need for a fixation treatm ent process.

Based on the results obtained prior to this point, two separate test
series will be performed; they will attempt to find conditions
associated with achieving maximum limestone utilization (minimum
sludge production) and maximum SO, removal efficiencies, respec-
tively, consistent with constraints imposed by scrubber type, pressure

drop limitations and reasonable process economics.

The last scheduled limestone run would involve long term reliability
testing on an advanced process variation selected based on results

of prior evaluation and optimization testing. The process variation
will be selected with fhe aim of maximizing reliability, limestone
utilization and SO, removal efficiency, and improving sludge charac-

teristics consistent with reasonable process economics.

Lime Testing

A single scrubber type will be selected for lime testing; based on
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results to date this will probably be the venturi/spray absorber. As
discussed under limestone testing, facility capability screening
tests and system modifications will be performed during mid-1974
with subsequent performance of variable load testing using hydrated

lime [Ca(OH), ] as the alkali.

Subsequent testing will be divided into hydrated lime and slightly
dolomitic hydrated lime [ Ca(OH),+ ~ 5% Mg(OH), ] test blocks.
This is planned based on the research data generated at the RTP
scrubber facility and communications with commmercial vendors
which indicate that dolomitic lime offers the following potential
advantages over low-magnesium lime: (1) higher SO, removal
efficiency potential due to higher concentration of the sulfite anion
in solution, and (2) higher potential for operation in the unsaturated-
gypsum mode, since higher concentrations of dissolved sulfates

have been shown to favor formation of CaSO3/CaSO4 solid solutions.

Two series of lime tests are planned which will evaluate sealed
stirred tank and plug flow hold tank variations on unsaturated oper-
ation and,in the case of the plug flow hold tank,on SO, removal

efficiencies and lime utilization.

A similar test series will be performed using dolomitic lime as the
alkali; however, thfee effluent hold tank variations will be evaluated:
the sealed stirred tank, the plug flow hold tank, and the conven-

tional stirred tank.
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Subsequent to this testing, two tést series will be performed with
the objective of maximizing SO, removal efficiencies, and improving
sludge characteristics, respectively. These will be similar in scope

to the limestone tests described earlier.

Finally, the last lime test would involve long term reliability testing
on an advanced lime (or dolomitic lime) process variation, selected

as the most promising based on a review of prior testing.
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Appendix A

CONVERTING UNITS OF MEASURE

Environmental Protection Agency policy is to express all measurements
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. Generally, this report uses British units of measure.

For conversion to the metric system, use the following conversions:

To Convert From To Multiply By

acfm nm3/hr 1.70

OF oC subtract 32 then
+1.8

ft m 0.305

ft/sec m/sec 0. 305

gal/mcf 4/m3 0.134

gpm £/min 3.79

. 2 : 2

gpm/ft £/ min/m 40.8

gr/scf gm/m 2.29

in cm 2.54

in. H,O mm Hg 1.87

lb-moles gm-moles 454

lb-moles/hr gm-moles/min 7.56

lb-moles/min gm-moles/sec 7.56
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RELIABILITY VERIFICATION TESTS
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B-4

Gazt Reta = 25,000 scfm @ 300 °F
Liquor Rate = 1,200 gpm

L/G = 64 gat/mcf

Gas Velochy = 9.8 fr/mc

E.H.T, Residenca Yime = 20 min
Three Stages, S in spheres/stags

Gas Inlot SO Cone. = 2,000-2,700 ppm

Scrubber Intet Liquor Temp. = 121-127 ¢F
Liquid Conductivity = 11,000-20,000 1 mhog/cm
Discharge (Clarifisr) Solids Conc. = 2644 wt %

Figure B-2

OPERATING DATA FOR TCA
RUN 510-2A
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B-5

Gas Rote = 25,000 ocfm @ 300 °F
Liquor Rat 1,200 gpm

L/G = 64 gal/met

Ges Velocity » 8.8 fi/mt

E.H.T. Residence Time = 20 min
Three Stages, 5 in spheres/stege

Ges Inlet 505 Conc. = 2,200-2,600 ppm

Scrubber Inlet Liquor Tamp. = 123127 OF

Liquid Conductivity = 18,000 - 22,480 . mhag/em
Discharge {Clarifier} Salidt Conc. = 3638 wt %

Figure B-2 (Continued)

OPERATING DATA FOR TCA
RUN 510-2A
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B-7

Ges Rota = 20,000 ocim @ 330°F
Liguor Rate = 800 gpm

L/G =53 gol/mct

Gas Velocity = 5.1 ft/tec

E_H.T. Residence Time = 30 min
Marble Bed Height ® 3.5 in

Gas Intet $07 Conc. = 2,100-3,200 ppm

Scrubber Inlet Liquor Temp. = 122130 OF

Liquid Conductivity = 25,000-30,500 1, mhovcm
Discharge (Cantrifuge) Salids Conc. = 60-66 wt %

Figure B-3 (Continued)

OPERATING DATA FOR MARBLE-BED
RUN 506-3A & 38



Appendix C

TEST RUN INSPECTION SUMMARY TABLES



Run No, _90l-lA

(Depletion Stage)

On Stream

Table C-1

16 Hours

Opcrating Date

April 9 thru April 10, 1973

Component

Scale

So0lids Deposits

Deterioration During Test Run Or At Time

First Hoticed

Gas Inlet Duct

Venturi
Scrubber

10 mil scale on walls
ard in flooded elbow.

Negligible

Negligible

Afterscrubber

5 mil intermittent
scale in afterscrubber
section, on and below
trapout tray, on and
below demister scrubber
at second from bottom
slurry header,

Negligible

Negligible

Rozz

B ﬁ_&pn_
vemister

Plush (2)

§ mil scale on fourth
{Top) and second alumy
header systens and
botton demister spray
haaders, (803-50. wt,.
€0-2.0% ¥t,3502-36.3%
wt., Auh-lo.bt wt, ).

Negligible

Negligible

Chevron Stain-

S mil acale precipitate

Top completely free of solids,

Negligible

less Steel on bottom vanes,
Demister
Reheater * had
IP Fan » -
Miscellaneous - » .
1) Bete Pog|TP 48 FCN #penotes not applicable or not inspected.
22; Top - Spyaying Systems Co. Ko. L H 7 PP
Bottom -]s::rnying Bystems Co. NoJ 3/4 H 6 W



Table C-2

Run No. 501=1A On Stream 629 Hours Operating Date _April 10 thru May 9, 1973
-
Corponent Seale Solids Deposits Deterioration During Test Run Or At 'H.ne
. Pirst Noticed
Gas Inlet Duct Negligible 3 f't.3 flyash accurmlation in Regligible

horizontal section of ductwork
upstream of saturation sprays.
(Result of 2475 operating hours)

Venturi Scattered thin scale Negligidle Guide vane bolts and surrounding area contimue to
Scrubber precipitate on walls; erode; two of eight annealed 316 stainless steel

flooded elbov had 35 bolts warrent removal,

mil scale. ($03=53.9%d

Ca0=14,7% wt,, S00-29.

6% wt,, Ash=l.T% wt.)
Afterscrubber |Intermittent scale in 12 t‘t.3 801148 deposit on bottom Negligible

afterscrubber section; | of trapout tray. Scattered 3 inch

25 mil on and below deep deposits on top slurry and

trapout tray;25 mil at | demister bottom wash headers.

secord from bottom

header spray area. 15

mil on and below

(503-57.6% wt., SOp-

1535 wt, ao-21 lu;

wt,, Ash-ﬂ totally
Nozzle. 25 mil scale on uco:ﬂ Five slurry nozzlenl pluggedy fouqd Slurry afterscrubber nozzles were worn but in good

h)ﬂpn, header nozzles; 15 mil nlurry nozzles partially plugged condition,
? mister | 8¢ale on top header in afterscrubber section.

Flush nozzlas,
Chevron Stain- |15 mil scale on bottom Negligible The 316 steinless steel demister was lightly pitted
less Steel vanes; scattered scale anl corroded with some bent vanes from handling but
Demister deposit on top of vanes denister was in good condition, Stainless steel

(503-66 €4 wt., CO,-50% denister was removed and polypropylene demister in-

\rt.., S0,-Trace, AShe stalled,

25.7% %
Reheater * inch 4ry solids in duct aborgStainless steel llom was geverely deformed on the

reheater; 3 burners cleaned., x?};}&efm m&% B‘e?%mmllm L &r
€ L inch wide
Component Scale Solids Deposits Deterioration During Test Run Or At Time
Pirst Nogieed
ID Fan * Thin dry solids film on fan
blades Regligible
Miscellaneous * » *
Bete Fog TF b8 Fer #®enotes not applicable or not inspected,

Top - Sprayi
Botton = Spq

hg Sys ems Co, No. 1 H 7
hying Systems Co. llo, 3/

b H6 W




Run Neo.

502=1A

On Btrean _ 276 Hours

Table C-3

Operating Date June 13 thru Jums 26, 1973

Component

Scale

801143 Deposits

Detorioration During Test Run Or At Time
First Noticed

Gas Inlei Duct

*

-

Vonturi
Serubber

5 mil scale on wallg)
20 mil scele on walls
of flooded elbow,

- (503-43.64 wt.,
00,-7.9% wt.,
805-19.% wt., Ash-
6.64 wt,

Kegligible

Forth and east gulde vane cross breces were eroded

in arc shapee of § inch lengths13/16 inch maximm
depth and 54 inch length, 1 inch maximum depth
respectively. The south and vest cross breces were
eroded to arc sheps but less severely. The guide
vanss, guide vane bolts, ed splash seal nuts and
bolts vere slao significantly eroded. Most of the
erosion tock place io 923 hours einoe the Pebruary 'B

Afterscrubber

10 mil scale on walls
beneath trapout tray

b ££.3 so11ae Aeposit on dottow
of trapout tray. Scattered <2
inch solids deposits on top

slurry header and bottom demiste
wash header,

Tegligble outage.

Norzles 1) Negligible One plugged slurry nozzle Afterscrubber slurry noztles vere eroded but stil)
Sprn)‘ in good condition,
Demister
Plust, (2
Chevron Poly- {1/16 inch scale on top | Scattered infrequent solids de- Negligible
propylens vanes. (503-47.2% wt., posits on bottom vanes; about
Demister sog;m.s; wt,, COn= 1/3 £t.2 flow area is blocked at
2.5% wt., Ca0-1.6} wt,,] four corners at demister support
Ash-33,9% wt.) bvar Junctions,
Reheater * 1/16 inch dry solide in duct Stainless steel sleeve continues to deteriorate but
above reheater at slover rete than in past, Hleeve 1s severely
bulged anll warped on the north side with two cracks,
eachcf inches long. Refractory has dsteriorated
slightly, is severely cracked, but still intact.
Burners are oil coated tut not dazaged or deformed,
ID Fan b Thin dust ocoating on fan blades;
fan d re had no significant Negligible
solids deposition.
Conponent Scale Solids Deposits Deterioretion During Test Run Or At Time
First Noticed
Misoellanmmous » » ™
‘1) Bete Pog TF $8 FCT1! #Denotes not applicable or not inspected
(2) Top - Sprarifg Systenms Co. No. U7
RBottom - “prjying Svstems Co. lo. 3/R HEY

C-5



Table C=4

Run Ko, _ 503=1A On Stream __ 256 Hours Operating Date June 29 thru July 11, 1973
Component Scale Solids Deposits Deterioration During Test Run Or At Time
First Roticed
Gas Inlet Duct - » »
Venturi 20 mil scale on walla; Negligible Erosion on guide vane cross braces comtimues,
Scrubber 35 mil scale on walls in
flooded elbow,
(503-79.1% wt., C0,-23%
wt,; 80,-0.9% wt., Ash-
15.0% v%., Ca0-2.6f wt.
Afterscrubber |15 mil scale on walls é-l inch golids deposit on bottoxn Negligible
beneath trapout tray, of trapout tray.
Much of scale on wall
belovw demister had dis-
solved and disappeared,
during test 503-1A.
Nozzles Hone Three slurry spray noxitles were KRegligible
(l_kpray plugged by debris,
g)emister
Flu.n{z
Chevron Poly- None Scattered, nonuniform Q-l ineh Negligible
propylene solide deposita on top of bottom
Demister vane and on second vansj four
co rrer sections were heaviest
covered as about 1/3 of their
flow area was blocked at’top of
bottom vane.
Reheater » » »
ID Fan » » -
Miscellaneous - * *
1) Bete Pog [T? 48 PCN 1icable or not inspected.
§2 Top - Spjaying Systems Co. No. 1 *emotes aoct applica j
Bottom - ISpraying Systems Co. No.l3/L HOW
Table C-5
Run No. _ SOM-1A and 505-1A On Strean 23 Hours Operating Date _ July 11 thru July 12, 1973
Conmponent Scale Solids Deposits Deterioration During Test Run Or At Time

Pirst Noticed

Gas Inlet Duct » o »

Verturi 35 mil scale on walls; Hegligible Ercsion of guide vane croas braces has contined; the

Scrubber 30 mil scale on walls oJ maximm depth of the arc ahape pattern on the north
flooded elbow; and east sides have increased to 3/16 and 1/8 inch
(503-82.14% wt,, COn-L7H respectively in 278 operating hours. The south and
wt.; SO,-2.4f wt., Ash- sast guide vane cross braces had not significantly
13.3% \l‘%.) ! eroded during this time period,

Afterscrubber { 30 mil scale on walls 0-3/B inch soft 801ids on bottem | Some of 316 atainless steel piping supports wers
beneath trapout tray. of trapout tray. signigicantly pitted but still in good comdition.
Some of scale on walls
from previous runs had
diseolved and Aisappered

Nogzzles Negligible One plugged slurry norzle in Negligible

(1)epray afterscrubber,
Demisten

Flush (2)

Chevron Poly- Negligible 3-1 Inch 8011ds present on 7/11 | Some broken and warped plastic demister vanes, but

rropylene are slightly leas prevalent on demister is still in good comlition, It has been in

Demister 7/12/13. place since May 10th inspection; .556 operating hours.

Reheater L) 1/8 inch dry solids deposit in Three large crecks in atainless steel sleeve (1l-2 ft.

gas duct above reheater, long, 2-1 f£t. long) at section joints, Steel reheater
shell showed no discolorstion sinmce 6/26/73 (278 brs.)
ID Fan 3 T<2 Tnch mon~uwni¥orm solids de- Fegl1gibls
posit on fan inlet dampers.
L
Miscellaneous » * -
El Bete Pog TP 48 PCN
2) Top ~ Spryying Systems Co. No. 1L § 7 *Denctes not applicable or not inspected,
. Bottow - §praying Systems Co. No.[3/u H6 W

C-6



Table C-6

Run No. 506-)A On Btrean 417 hours Operating Date 1/25/73 - 8/13/13
Corponent Scale S8011ds Deposits Deterioration During Test Run Or At Time

Pirst lNoticed

Gas Inlet Duct

L

Veoturi
Scrubber

15 mil scale on walls;
15 mil scale on flooded
olbow walls.

Small amount of solids under
splash seal flange.

Erosion continues on north and esst guide vane
cross braces, guide vanes, and guide vane nut-bolt
assemblies. Erosion contiauing on top splash seal
flange. Maximum depth of arc shapes on no. and
east guide vane cross braces had increased 3/32
and 3/16 ‘inchen respectively during 417 hours.

After Secrubber

20 mi) ecale on all &
slurry spray headers a.mJ
on bottom half of wall
expanse between trapout
tray and demister.

Three 4 £1° of solids on bottom
of trapout tray and on walls
adjacent to trapout tray.

Regligible

Nozgles - 20 mil scale on after 3 plugged slurry nozzles in Negligible

gpray (1) scrubber slurry nozzles.| after scrubber,
Demisters

Chevran 5 mil depoait on Large aolida fell on top from Large solids deposits (one of 3/U4 ft3) fall on

Polypropylene |scrubber walls above gas duct above. Pplastic demister from gas duct above and 444

Demister (a) |demister. significant damage. 10% of top vanes were ghattered

SO,-Lh.2%WT Ash-27. by these solids. Plastic demister was removed
S02-27.9%WT COp- .TIHT and 85 demister was installed.

Reheater * Several deposits of @s100in¥ Refractory was severely cracked but atill intact.
at reheater outlet. 2 dnch Sleeve was Adistorted badly at north side; cracks
solids on gas duct walls above between section joints.
reheater.

ID Fan . S inch solids deposits on bottom| Experienced considerable difficulty during test rua
of inlet danpers. in controlling gas flov by gas dacper positioning

and had several shear pin failures on damper linkage
between dampers and damper coatrol drive.

Miscellaneous - » Venturi soi outlet probe (APLO20) waa partially

covered vith solids; too extenaive a covering oo

- this element could give faulty and useless datas.
\8J Used both tbp and bottom demister flush # Denotes not applicabld or not Inspected.
(I) Bete Fog TF 48 FCN

2 - Spraying Systems Co. No. 1 H 7
(@ Eg&w 4 s,’;,xmg Systems Co. No. 3/t H6 W
Table C-7
Run No. S07-1A On Stream _ _ 163 Houra Opcrating Date 8/22/73_- 8/29/13
Component Scale Solida Deposits Deterforation During Test Run Or At Time
First Hoticed

Gas Inlet Duct * * *

Venturi

Scrubber Negligible & 5 mil solids on walls and No additional erosion on guide vane.cross braces
flooded elbow. during this 163 hour period. Some erosion of

corrosion specimens and splash seal flange, Haynea
6B and 316 88 test wear bars were installed on tfop
of north and east cross braces.

After Scrubber| Negligible Negligible Negligible

Nozzles Regligible Qoe slurry nozzle was plugged. Negligible

8pray (l)
Denute(
Flush (2),

Chevron SS 20-40 =211 loose Light duat coating on top and Negligible

Demister crystalline scale on bottom vanes was& 5 mil thick. .

walls above demister. Several 2 inch thick small
50lids deposits fell from gas
duct and lay on top.

Reheater * Carbon deposit in No. 3 burners.| Refractory was severely cracked;a 1/2 £t hole has

Solids in duct above reheater. been oxidired in the SE sleeve opposite the No. 2
burner, another 1/2 £t< hole next to it due to
sleeve joint separation.

ID Fan * Negligible Negligible

Miscellaneous * * »

# Denotes not pplicable or not inspecfed.

(1) Bete Fog [TF 48 FCN
(2) Top - Spfaying Syatems Co. No. L H 7
3/LH6W

Bottom -Fpnylng Systems Co, No.




Table C-8

Run No. S50T-14 Co 8treas 271 Hours Operating Date _8/29/73 - 9/9/73
Component Scale 8011ds Deposits Deterioration buring Test Run Or At Time
First Noticed :
Gas Inlet Duct . - -
Venturi Hone 3-l inch solids on Venturl wells| Guide vene nut-bolt assembly oo inside position
Sorubber sround bull nomsle. BSmall on north and east sides was 1/2 ercded. 316
amoust (€1/4 inch depth) of stainless steel test bar on east side shows
so0lids beneath flange. observable wear; Haynes 6B on north side does not.
) (test bars have been in service for 271 hours).
After Berubber None Negligible Negligible
Hoxzles
spray (1) Negligible Negligible
M!ttl‘
Flush (2)
Chevron 88
Deniaster Negligible 5 mil solids oa bot vanes. Negligible
13 addition, two, 2 £i< sections
in the top ME sector vere plugge
294 ard 75% respectively. 10
mil solids deposit on top vanes.
Reheater L 1/4 inch thick solids in duct Piece of refractory found on top of demister
above reheater. {1" x 2" x 3"). 88 Blesve continues to deform;
holes in sleeve are enlarging.
ID Fan L 3 mil solids on blades; dampers Expension joint above ID fan has one 4 inch crack
were clean, {long) and several 1/2 inch long cracks.
Mlscellaneous * A -

#Denotes not =

licable or not inspect

(1) Bete Fogrr U8 PN
Top - 8 ing Systema Co. Ho. YH 7
Bottom { Spraying Systems Co, N 3/k H6 W
Table C-9
Run Fo. 508-14 on Stream 28 Hours Operating Date 9/11/73 - 9/12/T3
Component 8cale Sol1d4s Depoaits Deterioration During Test Run Or At Time
Pirst Noticed
Ges Inlet Duct, o - hd
Venturi - - A4
8crubber
After None 2 nil dust coating Negligidble
8crubber
loulu(l) Hone Begligible Hegligible
8pray
Demister
rush (2)
Chevron 83 Hone S mil solids on scrubber wvall | Negligible
Demister (a) above deaister. - 2 mil solids
dust on top vanes. Some of
smell localiged solids present
on esst sida on 9/11/73 have
disappeared.
ID Fan - Some solids on botton dazpers. -
Reheater * 2 inch scattered red solids in .
sas duct above reheater.
Miscellaneous - * -
(8) Used top §nd bottom demister flusy.
# Denotes not gpplicable or not inspecged.
1} Bete FPog|?P 43 Fcu
2) Top - Spiaying Systems Co. No, lrl 7
Bottoa -[Spraying Systeas Co. NoJ 3/4 H é ¥
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Table C=10

509-1A, 511-1A .
Fun No. _ 520-1A, 532-1A On Stream 80 Hours Operating Date  9/12/73 - 9/16/T3
Coaponent Scale Bolids Deposits Deteriorstion During Test Run Or At Time
First Noticed
Gas Inlet Negligible 1 inch thick, 6 inch wide band Negligible
Duct (a) at saturation spray area.
Venturi Hone Some of s5lids around bull Continued erosicn on upper flange of aplagh seal

Berudber (b)

pozsle of 9/10/73 inspection
vere gone.

and its accompanying nut-bolt assemblies. 1/3 of

' nuts on inside position of north and esst guide vam

cross breces eroded avey. 316 88 vear bar was more
severely eroded than Baynes 6B but erosion was more
severe on east side than on north side.

After 10 mil scale on walls Hone FRegligible
Scrubber. beneath trapout tray.
Roztles Hone 3 plugged alurry nogsles in Regligible
8pray (1) after scrubber section.
Deniste
riush (2
Chevron 88 Hone Heavy solids on top and bottomd Negligible
Demi:ter Top - 3/4 inch solids in KB
corner
- 1/4 inch in SR
- 3/8 inch in 8W
- 1/2 inch in NW quadrent.
Bottom had 1/2-1 inch wedge
deposit blocking 50% of flow
area on east side, 1/h inch
solids on wvest side, °
Rehester - 1/16 inch eolids in duct ebove | 63 aleeve has 2-1/2 ft< holes, one vas made by
reheater. Carbon deposit in oxidation by No. 2 burner. Refraectory cracks
burner No. 2. up to 2inches wide but not as deep as to reheater
shell. Hew slecve and refractory is being installe
ID Fan * — 1-1/2 1ach {avg) 3 Inch (mx) Negligible
solids on bottoa of damper
blades.
Hiscellaneous - - ]
{n Saturatioq sprays (rew water) vere|used as there was no flow to the \enturi scrubber.
©) Ho slurry flov to Venturi scrubber

= Denotes no

applicable or not inspd

cted

(a gate r%g TF 4 PoN
op - Spraying Bystema Co. No. 1 H 7, Bottom - Spraying Systems Co. Ho. 3/b H 6 ¥



Table C-11

Run No. 501-2A (Depleticn Phade) On Stresa Hours 22 Hours Operating Dates_3/22/73 - 3/23/T3

Deterioration During Test Run Or At Time
Component Scale Bolids Deposits rirst Noticed
Gas Inlet Negligible 1/5 of veatri-rod gas ﬂ.gv Negligible
Duct area was plugged by 3 ft
of solids..

TCA Berubber |5 mil scale precipitate ! Monme Hegligible

on walls beneath bottoa

bed. {803-19.7% Wt,

802 - 32.9% Wt, Ash -

39.1% Wt).

Hossles

spray (1) Hone None None

Cooling (2)

Chevron 88 1-2 mil scale on HBone Wegligible

Douister bottom venes.

Reheater L Hone Refractory and 88 sleeve were in very good comndition.

ID Fan * Light limestone dust oo Negligible

blades.

Miscellaneous - * »

1) S8preco|full cone, free flow nosgles, Na. 1969.

2) Cerami¢ nozsle (5/8 inch opening).
* Denotes not applicable or not inspedqted.

Table C-12
Run Fo.__ 501-2A on Strean Hours_, 253 Hours Operating Dates__ 3/23/7T3 - 4/6/73
nntri-ro:a
Deterloration During Test Run Or At Time
Component Scale 8olids Deposits First Noticed

Gas Inlet * T0% of vantri-rgd assembly | Negligible

Duct blocked by 5 ft° of solids.

TCA S8crubber | 5 mil iron oxide scale | None Hone

on walls immedistely
beneath Koch tray.
1
’°:;,.:; (1) Kone None Negligidle
Cooling (2)
Chevron 88 1/16 inch scale Negligible Negligible
Demister precipitate on bottoa
vanes,

Reheater Negligible Negligible 88 sleeve had not warped or deformed. Reheater refractory
above the burners had cracked and exposed expanded metal
retaining grid; refractory was repaired,

ID Fan Hone Light dust coating. Maximum fan blade deformation from straight line patterm
was .167 inch.

Miscellanecus - » -

* Denotes no applicable or not inspepted.

(1) spraco +nll cone, free flow nogsies, No. 1969,
(2) cerasmic|norzle (5/8 inch opening) 3/23/73 - 3/27473
oven pipe nipple (1.0 tnch openfng)3/27/73 - b/6/73
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,n Bo.__ 501-2A

Table C=-13

. on Stream Hours 92 Hours Operating Dates__ 4/7/T3 - 4/11/73
: Deterloration During Test Run Or At Time
Component Bcale _Bolids Deposits . -First Noticed

Gas Inlet Begligible 60% of ventri-rod flow Hegligible

Duct area was_blocked by about
b-1/2 £t3 aolids deposit.

TCA Berubber | Negligidle Hegligible Negligible

!o;ll.u (1) - - .

Cooling (2)
Chevron 88 » - .
Demister

Reheater * - .

ID Fun - * -

Miscellaneous * - -

21 S8praco Jull cone, free flow cosgles, No. 1969
2) . Ceramic]nosxle (5/8 inch opening). :
* Denotes mpt applicable or oot inspected.
Table C-14
Run HNo. 50L-2A On Streaa Hours 86 Hours Operating Dates %/12/73 - 4/16/73
Deterioration During Test Run Or At Time
Component Scale 8olids Depoaits Pirst Roticed

Gas Inlet Negligible 5 £t3 of solids had Negligible

Duct blocked 50% of ventri-rod
flow area (solid was
deposited in 86 hours).

TCA Bcrubber | Hegligible 4 « 5 inch solids deposit The flange of the main stesm sparger line i{mpide the
on west wall beneath Koch scrubber bad partially separated. Three of four nut-bolt
tray. : assemblios required mhcmt,

Kozsles Regligible 'Ventri-rod was removed Ceramic cooling spray nossle for ventri-rod vas found

spray (1) and replaced with the broken,
Cooling (2) k4 original Bete Fog nossled
: (8T 24 FCA). Taree of four
slurry nossles were
partially plugged.
Chevron 88 Begligible Fegligidle Negligible
Demister

Reheater » » .

ID Pan * - *

Miscellaneous - » *

1) S8praco full cone, free flow nosxles, Ko. 1969,
2) Ceramic|noszle (5/8 inch openinaf
Denotes ndr applicable or not inspqcted.
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Table C-15

Run No,_  0l-2A tn Strean Hours 127 bours oOperating Dates_ 4/17/73 - /23/73
Deterioration During Test Run Or At Time
Component Beale Solids Deposits First Hoticed

Gas Inlet Regligible ki £t3 molids deposit Megligible

Duct upstream of cooling spray
nozsles.

TCA Bcrubber | Negligible 2 = 3 inch slurry solids Entire 5 inch middle bed had fallen into the bottom bed
on the east and west walls| Adue to 2 holes in support grid. Pour of six grid sections
beneath Koch tray. st this elevation were replaced.

Nozezles Negligible The top cooling spray Negligible

Spray 1) nogsle, a Bete Fog
Cooling ST 32 FCN nozsle was
plugged. Replaced Bete
Pog nogele vith Spraco TLB
nogzerle.
Chevron 83 1g4 Hegligible Negligible
Demister Negligible eglig: glig:

Reheater * 1/3 gallon of carban was 83 sleeve was still of circular shape and vas not deformed.
deposited at No., 2 burner.| Recently repaired refractory (April 6th) was in excellent
1/16 inch solids covered condition. .
duct above reheater.

ID Fan - Light dust coating on Negligible
blades.

Miscellaneous L * About one dosen collapsed spheres in each bed were replaced

(1) Spraco fhll cone, free flov nozzles, No. 1969.

(2) Four, Bete Fog 8t-24 FCN nozzles

Denotes nof applicable or not inspqcted.
Table C-16
Run No. 502-2A On Stream Hours 289 Hours Operating Dates 4/27/75 - 5/10/73
Deterioration During Test Run Or At Time
Cozponent Scale Solids Deposits First Noticed

jas Inlet Negligible A wedge shaped, u-1/2 rt3 | Negligible

Duct solids depoait hed accusu-
lated on the botton of the
gas duct upstream of cool-
ing spray.

I'CA Scrubber 5 mil scale on walls Scattered 0-3 inch solids Negligible

beneath bottom grid. accumulation on bottom of
Koch tray.

Nozzles * North cooling spray nozsle| Negligible

spray (1) was plugged.
Cooling (2

:g:matais Negligible Negligible Regligible

Reheater * * -

[F Fan » » »

iscellaneous - - 0-201 pump ehaft seal was repacked.

Sl) Spraco full cone, free flow noszelles, No. 1969.

2) Four, Spraco 7 LB 316 SS nozrles]
* Denotes nT applicable or not inspgcted.




Table C-

17

Run Mo, 502~-2A On Stream Hours 268 Hours Operating Dates 5/20/73 - S5/21/T3
Deterioration During Test Run Or At Tisoe
Component Scale 8olids Deposits Firat Noticed

Gaa Inlet Kegligible 60-70% of gas duct flow Hegligible

Duct area immediately upstream
of cooling sprey nogsles
blocked by 7-1/2 ft” of
solids,

TCA Scrubber | Inasignificant localized One inch aolids deposit on] G(rid wires in several areas of the top end bottoa bed grids

acaling. slurry nossles; no other were noticesbly eroded during test run; however, no grids
- additional solids. were removed.
Rozszles W Negligible 3 of & cooling spray Hegligible
8pray nosggles plugged.
Cooling(2) 2 south slurry inlet spray
noszles partially plugged.

Chevron 88 Negligible Additional Bottom vane flov area of Negligible

Deminter Bcale. west quadrant
blocked by solida,

Reheater * - .

ID FAN » » .

Miscellaneous * - »

# Denotes nof] applicable or not inspegted.

(1) spraco full cone, free flow nosz)ea, No. 1969.

(2) Four, Bdte Fog ST-32 FCN noszles)

Table C-18
Run Ho.__ 503-2A - 508-2A On Stream Hours 163 Hours Operating Dates 5/22/73 - 5/29/13
; Deterioration During Test Run Or At Time
Coup Scale Solids Deposaits First Noticed

Gas Inlet Negligible 5-1/2 £t3 wedge ahape Negligible

Duct deposit on bottom of gas
duct immediately upstream
of cooling aprays.

ROTE: To prevent solids
buildup in the gas duct,
the sootblower noxzsle
and blowing cycle was

. altered a8 well as the
bottom cooling spray
nogsle was capped.

TCA Scrubber| HNegligible 2 = 3 inch eolids on west Loosening, bending and erosion of grid vires contloues.
wall, and 1 inch on east Two grid sections of the bottom bed vore replaced; in
wall, immediately below one, 4 lineal inches of wire were missing.

Koch tray. .

Nozsles (1) Regligible South cooling spray Regligible

Spray nossle and associated

Cooling (2 header were plugged.
Southeast slurry nossle
was partially plugged.

Chevron 88 Negligible Regligible Begligible

Demister

Reheater Negligible Negligible Reheater refractory sbove burners cracked and exposed

expanded metal to flame. Reheater sleeve is etill
circular and in good condition. Beversl smll section
cracks at velds.

1D Fan - 1 inch solids accumulation] Kegligible
on bottom of inlet dempers

Miscellaneoud * * 72 T% of plastic sphores vere damaged, Horth stoam

sparge header under the Koch tray had vibrated loose fros

('3 l%pnco3 \énrcone* fre;aglov nossles, No. 1969. the main header.

our & - zles
+ Denoteés fot n;gifcagfe or ,',‘3{ }nlfocted.
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Table C=19

Run No. 509-2A On Stream Hours 465 Hours Operating Dates__ 6/5/73 - 6/25/73
Deterioration During Test Rua OF At Time
Cozponent Scale Solids Deposits First Noticed
Gaa Inlet Negligible Negligible Negligible
. Duet
TCA Scrubber] 60 mil acale on walls 1/2 rt2 of scale-solids QGrid wires continue to deteriorate.Pive top grid sections
beneath bottom bed. stalactites on NE corner jhadbroken wires; L grid sections were replaced; one was re-
(503-71.6% Wt, S0p = of bottom grid (so3-h8.8$ paired in place by tackwelding.
2.2% Wt, Ca0-5.84 Wt Wt, S02-9.3% Wt, Aah-hl.u
Ash-20.44 Wt) 35 mil wt).
scale on walls be-
neath top and bottom
beds.
No:llén ) Negligible North cooling spray Negligible
Spray 2) nogsle ves plugged; all
Cooung( L4 slurry spray nozzles
were partielly plugged.
Chevron SS 1/16 inch scale on Negligible Negligible
Demister bottom and second fro
bottom vanes (SO3-
67.9% Wt, Ca0~0% Wt,
S0p -2.79 Wt, Ash-
28.64 wt).
Reheater * 1/16 inch dry flaky solid Two small cracks (3 and 6 inches long) at section joints
above reheater. of 83 sleeve. Refractory in excellent condition since its
repair during 5/30-6/5 outage. Burner shrouds are in good
condition, not oxidised.
ID Fan Negligible Light dust coating. Negligible
Hlacellaneoy 3 » €2 208 spheres colispaed or weTa
othervise damaged.
% Denotes npt applicable or not insgected.
ilg spraco full cone, free flow nozfles, Ro. 196G.
2) Three, Pete Fog ST-32 FCN nozrlqgs.
Table C-20
Run No. S10-2A On Stream Hours 297 Houra Operating Dates__ /27/73 - T/10/73
Deterioration During Teat Run Or At Time
Coxponent Scale Solids Deposits First Noticed
Gas Inlet Negligible Negligible Negligible
Duct
TCA Scrubber | 30 mil scale on walls Negligible Loose and bent grid wires were discovered on seversl grids,
beneath bottom grid (SO but grids did not require replacemsnt.
Th.5% Wt, SO,-1.5% Wt,
Ash-22.T% Wt) 20 mil
scale on wells above
bottoa bed.
Rozszles 65 mil scale on slurry | Top and gouth cooling spray| All 4 slurry nossle throats were eroded and conteined 1/16
gpray (1) -61.9% wt, nozzlea vere partially inch grooves; nozsles are atill in good condition, however.

Cooling (2)

nossles (SO.
Ca0-0% Wt, 302-10.14 wt
Ash-25.1% Wt).

plugged. All 4 slurry
nossles were partially

plugged.

Chevron 85 60 mil scale covered 1/2 inch solids between Negligible
Dezister bottom venes (80,-75.2%| bottom venes in SW corner.
Wt, Ca0-0% Wt, s%i- Other sections partielly
2.8% Wt, Ash-21.4f wt) | plugged.
Rebeater » 1/8 inch dry solids in gas | 83 sleeve had 5 cracks, only 2 are significant (= 4 and
duct above rehester. 8 ioches long)jonly one small crack above No. 2 burner in
refractory.
ID Fan * Light dust coating on Negligible
blades. Nonuniform 1-2
inch solids accumulation on|
inlet dampers.
Misceilaneous| 1/3 of the bottom grid * *
was covered with 1/L4
inch stalactite acale.
~ (303-91.8% Wt, Ash-9.2%

Wt, S0p-1.0% Wt) -

* Denotes nof

Sl Spraco
2) Thres,

Full cone, free flow noxs
ete Fog S9T-32 FCN nozile

applicable or not inspe

pted.
les, No. 1969.
.
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Table C-21

Run Ho. 511-2A On Stream Hours 15 Hours Operating Dates 7/10/73 - 7/11/73
Deterioration During Teat Run Or At Time
Comp Scale Bolids Deposits Firat Noticed
Gas Inlet Negligible Regligible Negligible
Duct
TCA Scrubber | 5-10 mil scale on bottom - Regligible
of bottom grid Jn 15 hour
period 50% of grid wos Scaled .
Previous stalactite
scale had increased in
length ™ 051nch (soat-,m
Wt, 80,-2.17% Wt, -
3.2% WE, Asb-17.7% WE
present composition)
0.3 inch scattered
scale was more densely
populated on east and
north walls than on
7/10/73.
Nozzles
Spreay (1) Negligible Negligidle Negligible
Cooling (2)
Chevron 88
Demister * * b
Reheater * » -
ID Fan * . A
Miscellaneous - - »
# Dpenotes nof applicable or not inspdcted.
il; Spraco full cone, free flow nozgjes, No. 1969.
2) Three, Jete Pog 8T-32 FCN noszlep.
Table C=22
Run No. 511-2A, 512-24, 513-2A On Stream _ 20 Hours Operating Date July 11 thru July 12, 1973
Component Scale 8o0lids Deposite Deterioration During Teat Run Or At Time
First Roticed
Gaa Inlet Duct Negligible Negligible Negligible

TCA Scrubber 15 mil scale on walls 3/16 inch soft solids on valve Five grid sections were replaced due to locse and/or
beneath bottom bed. The| rims on bottom of Koch tray. é bent wires. One lineal inch of wire was missing from
5-10 mil scale on 50% inch solids on west wall beneath] the west central section of the bottom gria,
of the bottom grid on Koch tray.
July 11 had disappearedy
ozzles * T'orth cooling epray noszle part-| Cooling sprey nozzles (ST-32 PCN) have eroded signifi-
1) Spray ially plugged. cantly after 1340 hours operation, but are still quite
(2) cooling operative,
Chevron Stain- * Additional £ inch solids on Negligible
less Steel bottom vanes in southweet corner
Demister remainder had 1/8 inch additiona
solids buildup.
Reheater * » -
ID ¥Fan * » »
Miscellaneous L Top of Xoch trey had <5 mil

solida deposit even with no irrid
gation water during 64 hours of
tests 512-2A and 513-2A,

Spraco fu]
Three, Be

&

1 cone, free flow noxsld
e Pog 8T-32 FON nossles

s, No. 1969,

C-15
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Table C=-23
Run No. 514-24 On Stream Hours 493 Hours Operating Dates 7/22/73 - 8/13/73
Deterioration During Test Run Or At Time
Component Scale 8olids Deposits First Noticed
Ges Inlet Negligible 7 3 deposit at elbov on Negligible

Duct

bottom of duct.

TCA Scrubbder

3 wll scale below
bottom bed. 30 mil sc
between second and
third beds. 60 mil
scale between top bed
and Koch trsy.

le beneath Koch tray.

& {nch sollds on weat wall
Bottol
ray vas clean excf
in SW corner.

of Koch
for 2 rt

Two grid sectlona were repleced becsuse of broken wirea.
p BSeveral other sections contsined loose and bent wires.
2ad

Nozzles ¥ Top coollng apray noszLe Coollng spray nossles (AT-32 YCN) ere eroded but stlIl In
Spray(lze) was plugged. good opersting condition.
Cooling

ok ST | A= T0% of Flov sres

evron

Negligible

Continued corrosion of vanes {partlcularly topacst vanes).

Demister was plugged by 1/8
inch (avg) scale on
bottom two vanes.
(80,-50.9% Wt, 80,-
0.4g wt, Anh-k&.ﬁ wt)

Reheater 4 Carbon deposit in No. 3 38 sleeve ia deforming on northeast side. Right crecks at

burner. Light solids in section joints of sleeve -only 3 over 6 inchesjseveral
Quct sbove rehester. 1/h inch wide vertical crecks in refractory.

ID Fan * Negligible Hegligible

Miscellaneoud 75% of bottom grid wvas) - 14 of spheres of bottom two beds were punctured or dimpled.
covered with varying All of high density polyethylene spheres in top bed (milky
scale-solids deposits; wvhite) were in good condition after 493 hours. G-203
some areas vere coveref pump shaft sleeve was grooved and required replacement.
with as much as 3/L anfd
1 inch atelactitea.
(802-70. 7% Wt, §0o-
3.4 wWt, cao-2L,.3% wt,
Ash-04 Wt).

* Denotes ngt applicable or not insppcted.

21; 8Spraco full cone, free flow mzxu, No. 1969

2) Three,Bqte Fog ST-32 FCH nossles|
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Table C=-24

Run No. 515-2A On Btream 571 Hours Operating Date August 16 thru September 10, 1973

Component Scale 80l14s Deposits Deterioration During Test Run Or At Time
First Noticed

Gaa Inlet Duct Negligible Solida on TE-2007; remainder of Nogligible

solids in.gas duct inlet west ne-
gligidble.

TCA Berubber
Scattered

New .188" scale unifomd
1y covered the walls
beneath bottom bed. New]
scale between bottom

and Koch tray avg, .

inch, 2-3 inch stalac-
tite scale on bottom

grid, Scattered non-uni
form scale-solids of 1
inch max, depth, (Pare‘
ticularly on west aide)

1-6 in,“ and 2-4 1n,° holes in wire grid sections of
third grid, Spheres from top bed had fallen into
niddle bed, Becomd grid had two lineal inches of wiwe
missing, Four of five steam sparge branch headers
and main hesd flange were lodse.

Nozzles
(1) spray
(2) cooling

Negligible

Top and south cooling spray nose-
tles were plugged. Three slurry
spray noszles were partially
plugged,

Erveive grooves in slurry sprey nozzle throsts were
Pe1l inch deep (maxz.)$ nogsles were otherwige im good
condition,

Chevron Stain-
less Steel
Demister

#4504 of gas flow ares
at bottom two vanes wad
blocked by scale and
solids.

$mall scale
strip about three indm
v(ride ubo;; Qemister,

'(807-80.3% wt., S0,-
1.9; w., nh-17.8§ wt)

Negligidle

Bpraco fu
Three, Be|

8

L1 cone, free flow nozslg
e Fog BT-32 FCN nossles

la, No. 1969.

Component Scale Solids Deposits Deterioretion During Test Run Ox At Tiwme
FPirst Foticed

Reheater - 1/b and 1/8 inch solids in gas Stainless steel sleeve was distorted; nev sleeve
duct entering and leaving re- will be installed.l/k inch vertical cracks in
heater, respectively. refractory.

ID Fan - Fon-uniform 3 inch deep (max,) Regligible
eolids on bottom of dampera. S
mil dry dust on dback of blades.

Miscellanecus * * G=201 punp impeller and inner casing wett eroded

and pitted to various depths of .200, .275, .300
inches at impeller rim, hudb amd at suction inlet
respectively, punp inner casing was loose.
=203 and G-205 pump sleeves grooved.

C-17
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Table C=-25

Run No. 501-3A (Depletion Phase) On Stream Hours 34 Hours Operating Dates 3/14/73 - 3/15/73
Deterloration During Teat Run Or At Time
Component Scale 8olids sits First Foticed

jas Inlet Negligible Negligible Negligible

et

marble Bed 5 mil scale on slurry Negligible Hegligible

Jerubbent piping and walls.

271., 5%-80, Wt
10. 5$-so3 Wt
fozzles * - *
Blu.rry(_l.,z)
Cooling °
chevron 88 5 mil scale on bottom Hegllgible Begligible
Jemister vanes. No scale oo
top vans®.
jeheater Negligible Bmall amount of woisture Hegligible
and solids.
i 0 - 50.7% Wt)
- 35.0% wt)
(Ash - 1.3 Wt)

D Pen . 1/16 inch solids accumu- .

lation on back of blades.
No appreciable solids on
inlet dazpers or duct.

Lscellaneous| - Ld -

! Denotes no}l applicable or not inspected.

1) Bottom hegder - CE nev improved nogzles

Top Header - CE new improved nozzld4s
2) Bete Fog 4r-20FCM nozzles {four)
Table C-26
Run Ho.  501-3A On Strean Hours 158 Hours Operating Dates  3/16/73 - 3/23/T3
Deterioration During Test Run Or At TLme
Component Scale Solids Deposits First Noticed

Ges Inlet » 1 £t3 of solids on north | Wegligible

Duct sides

Marble Bed Bottom slurry headers snd noszles covered vith 3/8 | Negligible

Serubber inch seals - solids (Agh-60.1% Wt, Bog - 22.7% Wt,

80, - 11.1% wWt).

Nozgles (1) Bottoa slurry spray noggles covered with 3/8 inch The cooling spray header and three of four spray nossles
Slurry (2) acale - solids (Ash - €0.1% Wt, 80,. - 22.7% wt, were obatructed by small pleces of wood and scele. Two
Cooling 80, - 11.1% Wt). of the bottom slurry nossles vere plugged.

Chevron 88 Hegligible 1/8 snch slurry deposit ca| Negligible
Demister bottom vanes. Light dust

covering on top vanas.
Reheater Regligible O - 1/4 inch dry solids in| Negligible
outlet duct above reheater
[D Pan * Light solids coating. Tvo of eight fan blades were significantly warped. One
blade had & mximm Asformstion of 0.56 inches from a
straight line pattern.

Wiscellaneous * [ -

* Denotes nop applicable or not inspected.

1) Bottom Hegler - CE new improved nojzles.

Top Headey - CE new improved nozzlis.

2) Bete Fog 1T-2CIFCN nozzles {Four).
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Table C-27

Run Ho. 501-3B Gn Btream Hours 26 Hours Opersting Dates__3/30/73 - 3/3)/73
Doterloration Durlng Test Rua O At Tiae
Component Scale Solids Deposite Firet Noticed
Gas Inlet - Small molids deposits on Negligidle
Duct the north_and south sides
(<1/2 £¢3).
Marble Bed 10 mil mcale on walls, | Negligible Negligible
Scrubber slurry headers, and
slurry noxsles (BO3 -
60.0% Wt, BO, - 2473
Wt, Ash - 9.3% Wt).
Nozzles ) 10 @il acale on the toj - »
smx-x—y‘l2 and bottom outer aurfades
Cooling of the slurry headers.
Chevron 88 1/10 inch solids-scale |accumulation on bottom venes| Negligible
Demister (see scale analysis abgve). 1/16 inch soft flaky
‘ solids on top vanes.
Reheater * - 68 aleeve has deformed end distorted slightly but otherwise
in good condition.
ID Fan * Light Dust Coating. No further deformation observed or measured.
Miscellaneous * - -
% Denotes nog applicable or not inspdcted.
(1) Bottom Hejﬂer - CE new improved nojzles.
Top hLeadern] - CE new improved nozzlgs.
‘2) Dete Fog S-20PCl nozzles (Four).
Table C-28
Run No._ 501-38 On Stream Hours 83 Hours Cperating Dates__ */2/T3 - 4/6/73
Deterioration During Test Run Or At Time
Cozponent Scale Solids Deposits First Foticed :
Ges Inlet . 1 £t3 (total) zolids Negligible
Duct deposit on north and south
side.
Marble Bed Negligible Negligible Regligible
Scrubber
Rozzles (1)
‘Slurry (2) - - .
Cooling
Chevron 88 1/16 inch scale on top| Negligible Kegligible
Demister vanes, (Ash - 50.2% Wi,
§0, - uh.0% wt, 80, -
5.2‘ Wt).
Reheater * Negligible 8S sleeve has varped and deformed to an elonelt;od oval
shape. Refractory deterioration rete increasing.
Presently has significant number end size of cracka.
1D Fan * Thin dust coating. Negligible
Miscellaneouq - * L
# Denotes nqt applicable or not inspgcted.
(1) Bottom Hedder - CF. new improved nogzles,
Top Headey - CE new improved nozzlg¢s.
{2) Bete Fog T-20FCN nozzles (Four).
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Table C

-29

Run No. _ 501-3B On Stream Hours 390 Hours Operating Dates  4/6/73 - &/22/73
Deterioration During Test Rub Or At Time
Coxponent Scale S_S_olgdn_bepﬂ;u Pirst Noticed
Gas Inlet Negliglble 2 £t° of slurry-ash soft Negligible
Duct solids on north and scuth
© pidesn.
Marble Bed 10 mil scale after 26 -~ 12 tt3 of acale-solids 29% of Marble bed was plugged or in stratified pattern
Scrubber hours;5 mil additicnal | removed from slurry pipingy] (initial plugging stage).
scale after 473 hours, , nozsles, bottom of
bed and valls.

Nozeles (1) Up to 1 inch of scale-aplids on slurry piping and The swirl vanes in 13 of the 16 bottom slurry nogsles
8Slurry (2) norsles. (Ash-btl. by wd, 80, ~ Lk.T% Wt, 805 - 27. have completely disappeared, the remaining 3 were oaly
Cooling Wt, Ca0 - 12.6% wt). rexnants of thelr original site . 14 shape after Tél hours

operation. The 6.top nozsles were only lightly o.™ded.

Chevron 88 Top had 1/16 inch nonuflform uénle and solids accu- | Hegliglible

Demister mulation. Bottom covered vith 1/8 uc#a
slurry solids,

Reheater * ]./1.6 inch of dry socot and Refractory continues to crack. B8 sleeve continues to
solids in Auct above deform on north side; curreatly haa "teardrop" shepe.
reheater. Burners vere
cleaned.

ID Fan * Thin soot and solids coating. Ko further blade deformation.

Miscellaneous * Froa random samples in the glass sphere bed, the average

sphere veight loss during this test was about &4.

# Denotes not spplicable or not inspgcted.

‘1) Bottom Hesfler - CE new improved nojfzles.

Top Header] - CE new improved nozzlgs.

{2) Bete Pog

-20FCN nozzles (Four ).

Table C-30
Run No.  502-3A 0n Stream Hours 285 hours operating Dates  4/25/73 - 5/7/73
Deterioration During Teat Run Or At Time
C t Scale 8olids Deposite First Noticed

Gas Inlet Negligible About 6 £t3 of soLids Regligible
Duet - blocked 60-T70% of the

duct immediately down-
strean of cooling sprays.

Marble Bed 5 mil acale beneath bed;. See mlscellanecus Negligible
Bcrubber (not on walls) 10 mil below.

scale above ded on
plpiinns, nozzles.
5% wt, CO5-7. %
“30 -24.1% vt, Ash-

Nozsles 5 mll scale on nozrles| Negligible All 16 bottom slurry noxslea are without swirl vanesj
Blun-y(l) below bed, 10 mil acal remnants of the three vanes on 4/23/73 are now gone. ALl
coou:u( on pozzles above bed. 6 top slurry nozzle swirl vanes are in good conditien.

Chevron 88 Bottom vanes covered Soft solids from 1/4 - 1/2] HNegligible
Denlster with 10 mil scale. inch depth were on

Top vanes covered with| scrubber walls above
1/l solids and brown denister.
-cnlc.ois -55, 3‘ 't»

80 -6
vt, Ash-33.7%

RBebeater Hegligible 1/16 ioch ary solids Iittle cbange in reheater refractory condition. 55 sleeve
actunulation immediately in "teardrop” shape but no cracks or holes as of present
sbove reheater(R,0-10.3% | tiss,
wt, Asb-lD,2¢ wt, EC-42.2
wt, E80,-7.4% wt).

biin Wegliglble YBIn-zolsture-solids #11n | Ho further deformatlon of fan biades.
coating.

Miscellan 60% of bed was in strati- 8méll hole in 88 expansion joint above ID fan. DH of

”‘W fied pattern with wousually leaking liguid .4. This hole was repeired during outage.
large amount of solids on
the marbles but only
(1 ££2)was plugged.
® Denotds not applicable or not Rnspected. (1) Mttoﬂ*:?_" = CE new D otalas.
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Table C-31
Run No.___ 503-3A On Stream Hours 267 bours Operating Dates 3/11/73 - 5/22/73
Deterioration During Test Run Or At Time
Coxponent Beale 8o0lids Deposits First Noticed

Ges Inlet Negligible 1-1/2 £¢3 of solids on Regligible
Duct north side and south side.

Marble Bed Bottom slurry headers ahd nozzles and west wall Bed retaining grid was further secured in 4 aress.

Scrubber under the bed were coveped with 1/2 - 1 iach scale
solids deposits, (S03-3B.2% Wt, Ca0-30% Wt, 8O-
15.9% Wt, Ash-20.3% 9t)

Nozgles (1) Bluryy nozzles covered | North and south most coolink Cooling spreay noszles in | condition, B8wirl venes in
Slurry' y with 1/2 - 1 inch alu.rry sprey nozzles were partisllly top slurry spray nozzles {Cozbustion Engineering) still
C°°1108(2 ascale deposits. plugged. 3 of 16 bottoam intact,

slurry nozzles were plugged.
C-E noztles removed, Spracq
8M pozzles installed.

Chevron 88 Kone Bottom covered with light Negligidle
Demister dust coating. Top of top

vapes covered with 1/8
inch soft solids deposit.
Rebester Nane 1/8 inch solids deposit 88 sleeve continuss to waiF and refractory to crack but
: in duct above reheater at slover rate than in past.
"(Ash-21.3% wt, H,0-11.T% vy
HC-6T% wt).

ID Fan - 1-2 inch asolids dapoait No further fan blade deformation.
on bottom of damper blades
Thin solide-moisture coat.
on fan blades.

Miscellaneous| bl Marble Bed was plugged in The outer casing rubber liner of G-304 pump was severely
stratified rov pattern eroded and pitted around the suction inlet {up to 1/4
over 25% of its ares. inch deep) due to & plece of slurry norzle belng lodged in
Stratified areas varied in]l the guction line next to the impeller. Tvo thrust bearings
severity of plugging. and one {noboard had nommslly wore out and were replaced.

1) Bottom Header - CE new improved nozzles.
# Denotes nofk applicable or not inaspqcted, Top Heeder ~ CE new improved nozzles.
(2) Bete Pog ST-20FCN nozzles (four).
Table C-32
Run No. 506-34 and 505-3A On Stream Hours 234 Hours Operating Dates 5/25/73 - 6f4/T3
Detarioration During Test Run Or At Time
Cozponent Scale 8o0lids Deposits First Noticed

Gas Inlet 15 mil iron oxide scale} 3-S5 fta flyagh accumulation] ‘15 mil iron oxide scale buildup during 3752 opersting hours.

Duct upstrean of cooling sprays -
(deposit of 3752 hours
operation) 1 ft” of solids
downstream of cooling
spreys.

Marble Bed Slurry piping under the] bed vas covered with avg. Regligible

Scrubber 1/8 inch slurry-scale deposit. (S03-43.3% Wt, Ca0 -

5 mil scale on piping 37.5% Wt, 80, - 7.3%, Ash
and walls above bed 7.8% we).
during this period. .

Nozzles (1) 1/8 inch elurry-scale 6 of 16 bottom slurry None of the Spraco 8 M noszles had eroded or deteriorated
Slurry =/ ) deposait nogzles were partially during this period. Four, 16 inch long, 1/2 inch diameter
Cooling (2 plugged by glaas spheres. pnipplea were added to 8T-24 FCN nozsles in an attezpt to
. All top noztles clean. keep inlet gas duct so0lids deposita at a minfmum,

- Chevron 88 50-60 mil scale an Light solids on bottoa. HRegligible

Demister demjster top and on ’

scrubber walls sdove
denister (50,-T0% Wt
C20-11.9% w?? soi -.6;
Wwt, Ash - 6.8¢ wt),

Reheater - Regligible Reheater refractory is badly cracked but still iptact. 88
sleeve has warped but has no cracks. No, 2 burner shroud
has axidized significantly.

ID Fan - Light solids coating., KNonq The small hole in the BW corner of the expansion jolnt above
unlform, scattered 1 ianch the ID fan that was repaired at the end of test 502-3A, 500
s0lids on bottom of inlet | operating hours earlier, needs repairing agaias.

Mlscellaneous * 6 1t (12%) of ‘marble bed (1) Bottom Header *Spraco & nozzles.

- #De vas plugged. Another 60% Top Header - Spraco & nozzles.
"°fﬁip88£ lx.:puublo or not of bed 18 in stratified pattern. (o) pete Fog ST-2QFCN nozzles (P-ur).



Table C-33

Run Ko. 506-3A On Stream Hours 14 Hours operating pates_ 5/8/73 - 6/9/73
Deterioration During Test Run Or At Time
Cozponent Scale Solids Deposits First Hoticed
las Inlet * Hone Negligible
Duct
warble Bed Hegligible Regligible Negligible
Scrubber .
fjozsles 1) - 3 cooling spray nostles werqd The spray of 8 of the 16 bottom slurry nossles on west and
Bl.urr;( 2) completely plugged; remain-| esst sides of scrubber was deflected by overflov welr
coonng( ing one was partially downcomer piping. These nossles were extended 10-1/2 inches
Pplugged. tovard the ded. Cooling spray system was modified with
3-7 inch long, 1 inch diameater nipples and §T-32 FCX
nossles.
“hevron 88 Negligible Negligible Negligible
Demister
teheater - » "
[D Fan L » -
tlacellaneous » 50% of Marble Bed vas in ®
stratified row pattern.
(Incipient plugging stage).
t Denotes nqt applicable or not inspgcted.
) Bottom Heafler - Spraco &4 nozzles.
Top Header|- Spraco 84 nozzles.
) Four Bete Fog ST-20FCN nozzles.
Table C-34
Run No. - 506-38 On Stream Hours 115 Hours Operating Dates 6/15/73 - 6/19/73
Deterioration During Teat Run Or At Time
Cozponent Scale Solids Deposits Pirst Noticed
as Inlet Negligible 1 ft3 of slurry solids Regligible
Duct downstrean of the cooling
sprays.
arble Bed 1/8 inch scale-slurry dgolids on slurry piping below *
Bcrubber bed, Walls below and gbove bed had 10 mil and
5-10 mil scale depoaltqs respectively.
ozeles » Horth and middle cooling -
Blu.rryu) spray nozrles were plugged.
Coolzl.ng(2 South nozrle was open,
hevron 86
Demister » * -
eheater * * Part of propane gas supply piping was cracked and propane
fusl adjusting screw was inoperative; could not relight
reheater.
D Fan R ) -
dscellaneousy - 1 £t2 of marble bed was -
plugged. 12-14% was in
stratified row pattern,
rl
Denotes nst applicable or not insppcted.
)} Bottom Heafler - Spraco &{ nozzles,
Top Header] - Spraco & nozzles.
) Three Bete Fog ST-32PCN nozzles.
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Table C=-35
Run No. 506-38 On Btream Hours 130 Hours Operating Dates 6/26/73 - 7/2/73
Deterioration During Test Run Or At Time
Componeat 8cale Solids Deposits Jirat Hoticed
Gas Inlet Hegligible & f£¢3 golids deposit on Negligible
Duct north and south sides down-
‘atream of the cooling sprays
Marble Bed 3/8 inch average scale-polids deposit on slurry Negligible
Berubber piping beneath bed (so3 }67.24 wt, 80,-5.5% wt, Ca0-
2.64 wt, ash-22.7% wt)3| 50 and 1 scale on
walls above and belov bpd, respectively. (80 -77.5‘1
wt, 80,-1.3% wt; Ca0-Of wt, ash-21.3% wt). 3
Noszsles (1) 3/8 inch scale-slurry |Horth and south cooling The throat end vhirl chambers of 13 of 16 bottom Bpraco BM
Blurry (2)] deposit on bottom spray nossles vere plugged. slurry sprey noszles vere severely eroded after 493 operat.
Cooling slurry spray nozsles. ing hours. (The remaining 3 bottom noszles vere plugged).
The top 6 nossles wers in good condition., B of 16 bottom
slurry nossles vere replaced with new Spraco 8M nossles.

Chevron 88 20 mil acale on bottom | At middle vane, 1/3 of Hegligible

Demister vanes; 50 mil scale demister was complotely
on top vanes of plugged while 1/3 vas
cozposition (80.-8B1.5% | partially plugged.
wt, cao-oi wt, 302 114
wt, ash-16.8% wt)

Reheater . 1/8 inch solids deposit in | Reheater refractory cracks continued to enlarge on
duct above reheater. north aide. 68 sleeve wvas not cracked but was deformed.

Sleeve wvas replaced.

ID Pan » 2-3 inch deposit on bottom Expansion joint above ID fan still leaking. (B8ee run 505-3A
of inlet damper. Light ,| report of June Lth). Discharge is of lov pH (about 2.4).
solids coating on blades.

sce eoua| 20-15 mll scale in About 9% of Eed was pluggeds Flake lining in tank D-301 scraped Flos inch groove) by
suction unel of G-303ﬂ 14 in stratified pattern. the 8 inch overflow weir d r was
and B pumpa. -10% installed Auring the March 31, 1973 ouuse
wt, 22-1‘ -t. -72-55
wt, =5,
1.58 wt).
1) Boltom Header - Bpraco BN nozzles.
» . 'op Header - Sprac zzles,
Denotes npt applicable or not uuTcted @) 'rhne oS TER %ﬂo ovales.

Table C=36
Run Ho. 507-3A and 508-3A On Stream Hours 37 Hours Opersting Dates 7/10/73 - 7/11/13
Deterioration During Test Run Or At Time
Component Scale Solids Deposits Pirat Noticed
On:mi:let Regligible 2 12 of 1 inch deep solidasd HNegligible
_Marble Bed 20 and 10 mil scale 3/4 - 1 ioch solids on west
8erubber deposited on walls and| two bottom slurry pipes. -
slurry piping beneath
and above marble bed
during the above perioq.
Nozzles (1) * * 5 of 16 bottoa elurry nossles were plugged. Nortb cooling
Slurry spray noegle was partially plugsged.
Cooling (2)
Chevron §8 15 mil scale on 1/8 and 1/4 inch solids on .
Demister extrens north and north and south guadrents
south sectiona of top bottom vanea. Remainder
vanes. bottom vanes covered
.only with duast coating.
Reheater * » -
ID Yan . » -
Miscellaneous L] 30% of the Marble bed was -
plugged. & P across bed o
4 in B0,
# Denotes n¢t applicabdle or not insppcted.
(1) Bottgmﬁge:dar - Spraco &M nozzles
Top Header - Spra o
(2) T™o, Betq fog ET-%% no‘z'ﬁ%ﬁ'
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EPA ATXATLI-SCRUBBING TEST FACILITY--SHAWNEE POWER PLANT

Interim Report of Corrosion Studies

_ Identification and solution of corrosion and erosion problems
associated with construction materiasls are important goals in a program
for the design and evaluation of limestone - wet-process systems for
removing sulfur dioxide from stack gas at coal-fired power plants. The
program at the Shawnee Power Plant is a cooperative effort among the
Environmental Protection Agency (EPA), Bechtel Corporation, and TVA.

Earlier corrosiqg tests made in pilot-plant studies by the
Process Engineering Branch of limestone - wet-scrubbing systems at
Colbert Power Plant showed that some materlals of construction were
durable while others were severely attacked under plant operating
conditions (Process Engineering Branch reports--Sept. 1971, Dec. 1971,
July 1972, and Aug. 1972).

At the request of the EPA in 1972, the Process Engineering
Branch of TVA started corrosion tests of 17 alloys and 7 nonmetals at
21 strategic locations in three parallel scrubber systems at the Shawnee
Power Plant. The systems were the venturi, the Turbulent Contact
Absorber (TCA), &nd the Hydro-Filter; each of these had the capacity
to handle ‘30,000 acfm of gas.

After the systems had been operated from 1700 to 2200 hours,
the results of corrosion tests and of plant inspections showed that
greatest corrosion had occurred in areas such as inlet ducts and venturi
where wetted gas or gas and slurry flowed at high velocity. Typically,
the stack gas contained 0.3% SOz and 3 to 5 grains of fly ash per cubic
foot. Deposits of solids, such as limestone and fly ash, prevented
erosion but caused corrosion of the concentration cell type in some
areas. The most resistant alloys tested were Hastelloy C-276, Inconel 625,
Incoloy 825, Carpenter 20 Cb-3, and Type 316L stainless steel. Hastelloy
C-276 was the most durable and also the most expensive; Type 316L stain-
less steel ranks fifth in durability but eleventh in cost of the alloys
tested. Rubbers, such as butyl, natural, and neoprene, showed good
resistance. With some exceptions, units of plant equipment made of
Type 316L stainless steel or lined with neoprene or with polyester
inert flake material were durable. Testing work is being continued.

*Process Engineering Branch of the Tennessee Valley Authority.



ogram end Plans

Program: The limestone - wet-scrubbing program for sulfur
oxide removal at Shawnee is funded and directed by EPA. The Bechtel
rporation designed the plant facility and TVA built it. TVA 1s operating
e plant under a test program developed and directed by Bechtel. Evalua-
on of construction materials by exposure of test specimens at strategic
cations and by inspection of the plant equipment is an important goal in
€ program.

Plans: Responsibility for conducting the evaluation program
Shawnee was assigned TVA in March 1972. Zﬁéport to Air Pollution
ntrol Office, EPA (Contract No. PH 22-68-67, June 28, 1968), by Bechtel
rporation (March 2, 1972);7 The Process Engineering Branch of the
vision of Chemical Development was given this task. Zihformal memo-
ndums--H. W. Elder to R. D. Young (April 5, 1972) and Ronald D. Young
H. W. Elder (April 7, 1972);7 This work includes procuring test
terials, making test specimens, fabricating suspension equipment for
ools and racks of specimens in the plants, and reporting test results.
so included are periodic inspection and evaluations of plant equipment
r corrosion and wear.

Bechtel Corporation specified 20 materials of construction that
nsisted of 17 alloys and 3 nonmetals to be tested at 24 designated loca-
ons in the three plants. [ﬁéterial List of Corrosion Coupon Test Rack
/15/72) and Drawings SK-M-102 through 109 and SK-M-111 (Job 6955),
chtel Corporation;§

Plant Facility: TFigure 1 is & view of the plant showing the
ree parallel scrubbing systems--the venturi, the TCA, and the Hydro-
lter.

Power plant stack gas at an average temperature of 320°F (300°-
0°F) flows through a UO-inch duct to a system where it is sprayed for
midification and for cooling. It then passes through limestone slurry

a particular type of test scrubber for sulfur dioxide removal. After-
rd, it is freed of mist in a separator, reheated to between 235° and
5°F to vaporize mist and eliminate a plume, and discharged through a fan
d duct to the atmosphere. Scrubber effluent is clarified to remove
lids which are discarded and the liquor is then recirculated.

Some features common to all the systems are described below. A
-inch duct is used to carry the stack gas at 320°F from the No. 10 boiler
the power plant to a test system; each duct is made of 10-gage carbon
eel, ASTM A-283, and is insulated except at flanged joints. The 4O-inch
ct connects to another gas duct made of Type 316L stainless steel. This
ct is equipped with two sets of spray nozzles (the first for humidifying
A the second for cooling the gas) and an air-operated soot blower.



Downstream from each sulfur dioxide absorber and mist eliminator unit
there are a stalnless steel duct, a refractory-lined reheater fired with
fuel o0il, an induced-draft fan of stalnless steel, and a stack of stain-
less steel. For liquor handling there are a slurry recirculation tank,

a scrubber effluent tank, and a liguor clarification system. The effluent
hold tank and a clarifier tank are made of carbon steel A-283 and coated
inside with Flakeline 103 which is a Bisphenol polyester resin-fiber glass
coating menufactured by the Ceilcote Company. The recirculation tank,
clarified water storage tank, and reslurry tank are made of carbon steel
and lined with neoprene.

Distinguishing features of the systems are as follows. In the
venturi scrubber system shown in Figure 2, the gas 1s scrubbed in a venturi
unit made of Type 316 stainless steel and then passed through a neoprene-
lined spray tower (afterscrubber) with a chevron-type separator in the top
for mist recovery. In the TCA system, shown in Flgure 3, gas is scrubbed
in a mobile bed of wetted balls, and the mist is removed in a Koch
FlexiTray and chevron-type separator in a tower lined with neoprene. In
the Hydro-Filter system shown in Figure 4, gas is scrubbed in a flooded
bed of marbles, and the mist is removed in a chevron-type mist separator
in a neoprene-lined scrubber tower.

Preparations for Corrosion Tests

With Bechtel's approval, several improvements were made in plans
for the design, preparation, and installation of test specimens. Non-
metallic materials added to the test materiesls list included Qua-Corr, &
fiber glass-reinforced furan resin, and the rubbers--butyl, natural, and
neoprene. Stressed specimens of five alloys were also added to detect
stress-corrosion cracking under plant opereting conditions.

Disks: Disk-type specimens, 2 inches in diameter, were prepared
from the 17 metals. A weld was made (according to menufacturer's recom-
mendations) across the diameter, and after being welded, the metal was
cooled slowly in still air to simulate conditions of constructing or
repairing large equipment. Whenever it was avallable, metal stock of
l/8-inch minimum thickness was used, and the surfaces were machined
smooth after the welding. Some alloys availlable only in thinner gages
could not be machined, so the weld beads were smoothed by grinding. A
hole, 23/64 inch in diameter, was drilled in the center of each disk for
mounting. '




Three nonmetallic materials, Bondstrand 4000, Flakeline 200,
and Transite, were also prepared as 2-inch disks and mounted on spools
along with the metal disks. Flakeline 200, a coating material, was
applied on mild steel disks by the manufacturer. Bondstrand 4000 and
Transite are self-supporting materials and are obtained in sheet form
for disk preparation.

Stressed: A strip approximately 1/8 by 1 by 5-1/2 inches was
welded at midlength, machined to smooth all the surfaces, and formed into
e U shape. One-half-inch holes were drilled in each end of the strip to
accommodate a bolt (Type 316 stainless steel, 1/4 inch) fitted with
Teflon insulators for applying static stress in the specimen.

Coated: Because of their large sizes of approximately h—1/2 by
4-1/2 inches, the plate specimens of Qua-Corr plastic and the butyl,
natural, and neoprene rubbers were mounted on & separate rack. Qua-Corr
is a self-supporting material; the rubbers were applied on mild steel
specimens by the manufacturer. The durometer "A" hardness values of the
rubber-coated specimens as received were as follows: natural, 34-37;
butyl, 54-56; and neoprene, 64-65. -

Mounts and Suspensions: Spools and racks for mounting the test
specimens and also the suspension equipment for installing them in the
plants were constructed mainly of Type 316 stainless steel. Bolts and
nuts were annealed to remove stresses caused by cold-working in threading
operations. To prevent loss of fasteners through vibration of equipment,
two nuts were locked by forcing them together.

At some test locations inside plant equipment, brackets were
attached as permanent fixtures by welding, and then the spools of specimens
were bolted to them. In other locations, spools were fastened to existing
pipes by the use of band-type clamps. In a tank, spools were suspended by
means of a 1/8-inch strip or a 3-inch pipe that was bolted to the top.
Sleeves (3/8-inch wall by 6 inches long) of soft butyl rubber were placed
around the 3-inch specimen support plpe as cushions to prevent abrasion
damage to the Flakeline coating or neoprene lining on a tank wall. No
specimens were installed inside pipelines or fittings.

Figure 5 shows the three types of assemblies used for mounting
the corrosion test specimens. These were:

(A) Stressed--with 5 U bends
(B) Rack--with three rubber-coated plates and one plastic plate

(c) Spool-~with 20 disks consisting of 17 alloys and 3 nonmetals
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A Teflon sleeve was used to insulate the specimens from the supporting
stainless steel bolt, and Teflon spacers or washers were used to prevent
contact of the dissimilar materilals.

Figure 6 shows prepared specimens and support equipment before
shipment from the Office of Agricultural and Chemical Development (OACD)
to Shawnee in August 1972. A few racks of specimens are shown attached
to 3-inch pipe and to 1/8-inch-thick strap.

Test Exposures, Conditions, and Procedures

Test specimens of materials listed in Tables I, II, and III were
installed in the three plant systems in August 1972. Table IV gives the
analysis of each of the 17 metals tested. Specimens were exposed at test
locations identified by series 1000, 2000, and 3000 as shown in Figures 2,
3, and L; however, specimens (1004-6) were omitted in the venturi after-
scrubber tower that was to be modified. All specimens remained in the
scrubber systems from August 12, 1972, to February 3, 1973, except those
in the TCA system which were temporarily removed for preliminary
evaluation in November 1972.

Plant Operation: Usually, one system was operated at a time,
although all three could be operated simultaneously. Operating hours
in the exposure period are shown below.

Hours
System Idle Operated
Venturi : 2340 1840
Turbulent Contact Absorber 2535 1667
Hydro-Filter® ' 1950 2203

2 Also called marble bed.

Plant Process Materials and Deposits: Typical compositions
of inlet and outlet gas at the scrubber systems are tabulated below.

Stack . Scrubbed
Component gas gas

S05, % o 0.3 0.05-0.2
COz, % 13 12
N2) % 711' ' 69
Oz, % 4-5 L
H0, % 8 15
Fly ash, gr/std f£t° 3-5 0.02



Temperature of the inlet stack gas from unilt 10 boiler averaged 320°F
(300°-350°F) and that of the exhaust gas after being reheated was 235°
to 265°F.

Ranges in properties of liquor in the different tanks of the

three scrubber systems are summarized below.

Liquor in tanks
Recycle Effluent Clarifier

Temperature, °F 70-125 75-130 70-100
Solids, % by weight 415 4-10 0-30
pH 5.3-6.4 5.6-6.8  6.0-7.6
Composition, % by weight
CaS04°2H0 1.0-3.0 1.0-2.0 0-6
CaS05°1/2H0 1.5-5.0 1.5-3.5 0-10
Unreacted limestone plus _
fly ash 1.5-7.0 1.5-4.5 0-15
Water 85-96 90-9% 70-100

Table V shows analyses of deposits from the three systems in
the plant. These scale and solid deposits from tanks and scrubber equip-
ment exposed to the limestone scrubbing liquor in the three systems were
composed mainly of calcium, sulfite, sulfate, and carbonate in the ranges
of percentages shown below.

Percent
Component by welght
Ca0 26.41
S02 9.18
S0g 2L
COo 0.5-6

Soot that deposited in stacks above the gas reheater contained the
following on a dry basis: 27 to 6L4% ash and 36 to T3% hydrocarbon.
Moist soot contained 2 to 13% Hz0.

Exposed Specimens: Pictures were made of specimens when removed
from the plant as shown in Figures T-12. Then the specimens were cleaned
and their corrosion rates and physical condition were determined as shown
in Tables I through III along with properties of gas and liquor at various
test points.




Inspections of Plant: Equipment in the plant systems wes
inspected for corrosion and erosion damege during the first week of
February 1973.

Durometer "A" hardness valuee of rubber lining on equipment
and on test specimens were measured with a Shore instrument--Type "A-2,"
ASTM 2240. Unfortunately, hardness of most lined plant equipment was not
determined before plant operation; so data from the rubber vendors were
ordinarily used as reference values. Temperature of the atmosphere varied
from 35° to 60°F as did the temperature of equipment during the plant
inspection. A decrease in temperature would be expected to increase
rubber hardness. Values for neoprene linings are .mmmarized in Table VI
for the plant equipment and in Table VII for test specimens afiter exposure
to plant operating conditions.

Results of Plant Inspections
and Corroslion Tests .

In this section, plant inspections are described first, and
then the results of corrosion tests under different exposures in equip=-
ment are given. Some of the observations on plant zaulipment were made
by or in collaboration with R. E. Wagner and R..C. Tuils, engineers with
TVA at Shawnee Power Plant.

Carbon Steel Ducts for Inlet Stack Gas--Plext Equipment: A
product of general corrosion thinly coated the inside walls of these
ducts where they had been insulated. A thicker corrosion product covered
inner walls of uninsulated duct sections (at flanges) because heat loss
through bare metal to air cooled the stack gas and condensed corrosive
liquid containing carbon dioxide, oxygen, and sulfur oxides. Such
localized corrosion was pronounced in the Hydro-Filter duct; and subse=~
quently in February 1973, the plant personnel fully insulated this duct
as well as those to the other systems.

Small quantities of fly ash had deposited in ductwork areas
where the gas flow changed directions, but this caused no apparent
problem.

Stainless Steel Ducts for Inlet Stack Gas--Plant Equlipment:
In each duct between the carbon steel section and the scrubber unit
there are: three nozzles of Type 316 stainless steel for spraying
liquid to humidify gas, and one nozzle of Type 309 stainless steel
for blowing air to dlslodge soot. At the TCA and the Hydro-Filter
(but not the venturi) scrubbers, there are four nozzles of Carpenter
20 alloy for spraying recycle slurry to cool the inlet gas.
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The ducts, in general, were not appreciably corroded. Slight
abrasion occurred in areas which were not coated by solids, but corrosion
of the concentration cell type was present under the accumulations of
solids.

Spray nozzles for gas humidification in these ducts were operated
for the number of hours shown below.

Percent of

Duct to Spray hours operating hours
Venturi 567 31
TCA 0 0
Hydro-Filter 2203 100

The conditions of the soot blower nozzles were as follows: at TCA--good,
ind at Hydro-Filter--severely corroded. (The nozzle in the venturi system
vas not inspected.) Nozzle corrosion.at the Hydro-Filter was attributed
to the use of the water sprays for gas humidification upstream which would
yield hot corrosive mist containing carbon dioxide, oxygen, and sulfur
>xides. '

Two of the four nozzles of Carpenter 20 stainless steel used
for cooling gas to the TCA scrubber were plugged and two were severely
2roded internally. Erosion was caused by high-velocity flow of cooling
slurry consisting of water, limestone, and fly ash.

Stainless Steel Ducts for Inlet Stack Gas--Corrosion of Test
jpecimens: Specimens located in ducts below gas humidifier sprays
:orroded as follows in mils per year: 1 to more than 330 in venturi
system, 1 to 17 in TCA, and 1 to more than 300 in Hydro-Filter. (See
oints 1002, 2002, and 3002 on Figures 2-4.) The high rates in ducts to
the venturi and Hydro-Filter systems are attributed to previously men-
sioned hot corrosive spray from humidifier spray operation. (Compare
l002, 2002, and 3002 on Figures 7, 9, and ll, respectively.) Type 316L
showed good resistance in the venturi and TCA ducts but had localized
ittack (18-mil groove and minute pits) in the Hydro-Filter duct. Other,
nore expensive alloys, such as Hastelloy C-276 and Inconel 625, showed
sood resistance in the ducts to the three systems as well as in other
r»arts of the systems as described later.

In the duct to the TCA system where no humidification was used,
-he temperature of the gas was 260° to 330°F, and the conditions of the
ionmetal specimens were: Transite--good, Flakeline 200--fair, and
Jonstrand--poor. All three of the materials were in poor condition in
mmidified gas to the venturi and Hydro-Filter units.
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Venturi Scrubber--Plant Equipment: Bolts and nuts of Type 304
stainless steel used to assemble internal parts of the venturi scrubber
had failed twice in plant operation before they were replaced with ones
of fully annealed Type 316 stainless steel.

The neoprene-lined duct between the venturi unit and the after-
scrubber tower was in good condition. Durometer A hardness of the lining
was 67.

Venturi Scrubber--Corrosion of Test Specimens: The specimens
were installed directly below the vertically mounted venturi as shown at
point 1C1l1 of Figure 2. Gas.and slurry (laden with compounds of sulfur
oxides) at a high velocity caused more severe corrosion and erosion
damage to specimens in this location than in any other in the three
systems. Specimens of nine alloys and three nonmetals failed. Figure 7
shows that spool 101l was clean and only 8 of the 20 test specimens
remained at the end of the 1840-hour test period. The five alloys that
showed the lowest corrosion in mils per year were: Hastelloy C-276--5 mils,
Inconel 625--5 mils, Incoloy 825--T7 mils, Carpenter 20 Cb-3--1k4 mils, and
Type 316L stainless steel--15 mils.

The other three remaining alloys and their corrosion rates
were: Cupro-nickel 70-30--49 mils, Monel L0O0--57 mils, and Hastelloy B--
100 mils.

The three rubbers (butyl, natural, and neoprene) were in good
condition, but the plastic Qua-Corr failed as shown fourth from the left
on 1011 in Figure 8. Both Figures 7 and 8 show severe erosion damage to
the chemically resistant Teflon spacers on the spools at location 1011.

Towers in the Venturi, TCA, and Hydro-Filter Systems--Plant
Equipment: In general, the neoprene lining on the wall of each tower
was in good condition (Table VI). Hardness values and comments are
listed below. ’ ' :
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Tower

Durometer hardness
Original® MeasuredP

Comment

‘Venturi
(afterscrubber)

TCA

Hydro-Filter

60-65 52-60

Wear was apparent in a small area

near a nozzle. The highest hard-
ness was near the top and the
lowest was near bottom of the
tower.

60-65 53-63% Highest hardness was in the miad-
section and the lowest was near
bottom and top of the tower.

60-65 65-T2 Slight impact damage was probably
caused by foreign sharp objects.
Highest hardness was in the mid-
section and the lowest was near
the top of the tower.

8 From vendor's data--hardness was not measured in the plant before tower

operation.

Measurements. in plant were not made at same temperature because of

weather changes.

Solids deposition in the towers varied as described below:

Venturi
(afterscrubber)

TCA

Hydro-Filter

A heavy deposit was present as follows: on the walls
below trapout tray in bottom; on a 30-inch-wide band
of the wall below the mist eliminator (chevron); and
on bottom (1/2 the area) of the mist eliminator near
top of tower.

Multilayered deposits of solids covered the walls of
the tower. These decreased in thickness from 1 inch
at bottom to 1/16 inch at top. The mist eliminator
(chevron) was partly clogged. No loose solids were
present because the unit was cleaned 2 weeks before
the inspection.

Scale, 1/16 inch thick, was on walls, piping, and
spray nozzles. Slurry deposit was 1/4 to 1/2 inch
thick on a narrow band of wall below and adjacent

to the mist eliminator and on the bottom of the mist
eliminator.
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Corrosion of Type 316 stainless steel components of the towers
ranged from mild to severe as described below.

Venturi . Surfaces under solid deposits had generally developed
(afterscrubber) small pits. The wall of the outlet duct below the
gas reheater, although clean, was pitted.

TCA _ Grids that supported packing showed negligible corrosion,
but their top surface showed some abrasion from the
moving bed of wetted balls. The Koch FlexiTray was
clean and showed no apparent corrosion after 985 hours'
service. However, the top side of the mist eliminator
(chevron) had undergone severe general corrosion and
pitting after 1667 hours' service.

Hydro-Filter Corrosion of the mist eliminator (chevron) and other
components of Type 316L stainless steel in this tower
was not detected.

Spray nozzles of Type 316 stainless steel were generally in good condition
after handling slurry in the venturi afterscrubber and the TCA towers, but
nonmetal nozzles in the Hydro-Filter tower were damaged. Four of 16 nozzle
locations had been previously blanked when nozzles had failed and no spares
were available. <Some of the plastic nozzles beneath the glass sphere bed
in the Hydro-Filter were damaged and had been replaced with nozzles of
improved design. The remaining original nozzles were badly worn, and two
of four improved design nozzles had failed. Of six soft rubber nozzles

at a higher level in the Hydro-Filter, four were badly eroded; in one,

the lining of the whirl chamber had torn so as to plug the outlet, and the
casing was cracked.

Towers in the Venturi, TCA, and Hydro-Filter Systems--Corrosion
of Test Specimens: In the afterscrubber of the venturi system, specimens
were not installed because oflplans to alter the arrangement of sprays.

In the TCA scrubber tower, test specimens were mounted at three
elevations (see Figure 3 and Table II). Those above the third grid for
holding mobile packing hollow plastic spheres at location 2006 were '
exposed to gas and liguor. Those below the FlexiTray at 2005 were
exposed to gas and droplets, and those below the chevron mist eliminator
at 2004 were exposed to gas and mist. Figure 9 shows that spools of
specimens which had been exposed at 2006 and -2005 were partly covered by
solids, but those at 2004 were clean. In the period August 12 through
November 3, 1972, movement of the mobile bed had caused some erosion at
2006._ The eroded specimens were replaced with new ones that were placed
within a wire mesh container to protect them from erosion by the balls.
At all three locations, the corrosion rates were 1 mil per year or less
for Carpenter 20 Cb-3, Hastelloy C-276, Incoloy 825, Inconel 625, and
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Type 316L stainless steel. Gas and mist at 2004 below the mist eliminator
causcd crevice corrosion on Incoloy 825 and minute pitting on Type 316L
stainless steel. It also caused the greatest corrosion of mild steel

(250 mils) and Cor-Ten B (268 mils per year). Pitting and/or crevice
corrosion occurred on most of the other alloys exposed in this tower.

The corrosion of stressed specimens 2004 shown in Figure 10 was about
equal to that of the counterpart disk specimens in Figure 9.

The condition of the nonmetallic materials tested in the TCA
tower ranged from poor to good. The three specimens of rubber and two
of the three specimens of Bondstrand were in good condition.

In the tower of the Hydro-Filter system, tests of corrosion
specimens were conducted at two locations (see Figure L4 and Table III).
dne was in the liquor and inlet gas at 3006 below the marble support grid,
and the other was in the gas and liquor at 3005 above the marble bed (see
Figures 11 and 12). All of the test specimens were coated with scale and
deposit. The following alloys were corroded at rates of 1L mil per year
>r less: Carpenter 20 Cb-3, cupro-nickel 70-30, Hastelloy C-276, Incoloy
325, Inconel 625, and Type 316L stainless steel. Monel 400 and Hastelloy B
nad rates of less than 1 to 4 mils per year in the two locations. Mild
steel and Cor-Ten B had the greatest rates--37 and 40 mils per year,
respectively, above the marble bed; and 1h and 13, respectively, below
the bed. Pitting and/or crevice corrosion occurred on the other alloys.
I[n the liquor and inlet gas at 3006, Bondstrand was good, and the slakeline
and Transite were fair. 1In the gas and liquor at 3005, Bondstrand Qua-Corr,
ind the three rubbers were good, and the Flakeline was fair.

Exhaust Gas Systems--Plant Equipment: Each exhaust gas reheater
for heating the scrubbed gas to between 235° and 265°F is identical in the
three systems (Figures 2, 3, and 4). The refractory lining, 3 inches
thick, in all the reheaters had cracked, mainly near the burner ports.

The lining of the venturi reheater had the largest cracks and was coated
#ith fuel oil.

In the venturi stack, soot saturated with oil had deposited, and
on two occasions such a deposit had ignited and burned. In the TCA exhaust
stack, soot saturated with oil was also found, but no fires had occurred.
[n the Hydro-Filter system, the soot deposit in the exhaust duct was
thinner, indicating that combustion of fuel oil in the heater had been
nore efficient than in the other two systems.

Downstream from the reheater in each system, there was no
apparent corrosion of the stack made of Type 316 stainless steel.
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. At the induced-draft (I. D.) fan of each system, soot and fly
ash accumulated on the fan blades and housing to depths of 1/16 to l/h inch.
In general, the thickest deposits were on stationary parts, and the trailing
faces of the blades accumulated a thicker deposit than other areas of moving
parts. Deposits were smallest in the fan for the Hydro-Filter where no oil
was detected. Measurements of the blades and shrouds of Type 316 stainless
steel showed only slight variastion in thickness from the original values
determined before the plants were operated. Slight bends on the periphery
of two blades on the fan for the Hydro-Filter and one blade on the fan for
the TCA system probably occurred because of stress relieving, but these
bends caused no apparent problems.

A stainless steel sleeve (40-inch diameter by 4 feet high) has
subsequently been installed in each reheater. Also, burner nozzles of
different design and having much better atomizing characteristics were

-installed. The sleeve and nozzles should promote essentially complete
combustion of oil before hot combustion gases combine with the scrubber
exhaust gas and thus should minimize problems with oil and soot deposits
in the stack and fan.

Exhaust Gas Systems--Corrosion of Test Specimens: Corrosion
test specimens were mounted in the exhaust stacks in each system 8 to 10
feet downstream from the reheater as shown at points 1007, 2007, and 3007
(Figures 2, 3, and 4). Temperature of heated exhaust gas in contact with
the specimens was usually between 235° to 265°F. Tables I, II, and III
give corrosion data. Figures T through 12 show the soot- and ash-covered
specimens after exposure.

In the stack of the venturi system, the corrosion of the test
specimens was slightly more severe than in other systems. Oil-saturated
soot had caught fire and destroyed the Teflon insulators-and spacers.
(See item 1007 on Figures 7 and 8.) Five of the highly alloyed materials
and Type 316L stainless steel were durable, however, corroding at rates
of less than 1 mil per year. Five other alloys had corrosion rates of
1 to 5 mils per year, and the rates for mild steel and Cor-Ten B were 16
and 18 mils. Aluminum 3003 was pitted to a depth of 70 mils during the
exposure period. Transite was in good condition after the test, but
Bondstrand and Flakeline failed apparently because of overheating.

In the TCA exhaust stack, the corrosion rate was elther
negligible or less than 1 mil per year for eight alloys including
Type 316L. (See item 2007 on Figures 9 and 10.) Cor-Ten B and mild
steel had rates of 2 and 3 mils per year with minute pits. Pitting of
other alloys ranged from minute to depths of 12 mils. Flakeline 200
and Transite were in good condition but Bondstrand failed.
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_ In the stack of the Hydro-Filter system, corrosion of specimens
as slightly greater than in the TCA system but less than in the venturi
ystem. (See item 3007 on Figures 11 and 12.) Five alloys, including
ype 316L stainless steel which had minute pits, were corroded at rates
ess than 1 mil per year. Several alloys were pitted, and the deepest

it was 18 mils in E~Brite 26-1. Attack of mild steel, Cor-Ten B, and
luminum %003 was L4 to 5 mils per year with crevice corrosion under the
eflon insulator. Flakeline and Transite were in good condition, but
ondstrand failed.

Corrosive attack of the stressed specimens by reheated stack
as was about equal to that of the counterpart disks in each test.

Effluent Hold Tanks--Plant Equipment: An effluent hold tank
O feet in diameter and 21 feet tall is located directly under each
crubbing tower: D-101 for the venturi, D-201 for the TCA, and D-301
or the Hydro-Filter systems. The shells are made -of A-283 carbon steel
oated inside (80 mils minimum thickness) with Flakeline 103 manufactured
y the Ceilcote Company. This coating is a Blsphenol-A type of polyester
esin filled with flake glass (25-35%).

Each tank was in good condition except for minute cracks at the
unction of some baffles with the tank walls. Stains of iron rust indi-
ated that the cracks penetrated the Flakeline coating. All cracks were
ithin 8 feet of the bottom of a tank. The neoprene-lined agitators were
n good condition, and only slight wear was noted on the leading edge of
he blades. The hardness of the neoprene had changed little if any (see
able VI). The Bondstrand 5000 and the Type 316L stainless steel down-
omers showed no evidence of attack in either tank. In tanks D-101 and
~301 there were slightly worn areas where the butyl rubber insulator on
he specimen suspension pipe (15 feet long) had rubbed the wall.

Effluent Hold Tanks--Corrosion of Test Specimens: Corrosion
est specimens were mounted in the effluent hold tanks 15 feet below the
op. Figures 2 through 4 identify the locations and Figures 7 through 12
how pictures of test specimens by numbers--1008 for the venturi, 2008 for
he TCA, and 3008 for the Hydro-Filter systems. Tables I through III show
hat corrosion was less than 1 mil per year for several alloys in the
hree tanks.

In the venturi system tank, nine alloys, including Type 316L
tainless steel, had corrosion rates of 1 mil per year or less without
ocalized attack. The eight other alloys were attacked locally and had
orrosion rates of 1 to 18 mils per year. Four specimens were pitted
p to 24 mils deep. Crevice corrosion occurred on eight specimens. The
ate for mild steel was 18 mils and that for Cor-Ten B was 14 mils per
ear, both with crevice corrosion.
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The TCA effluent hold tank was in use only during the last
45 hours of the 1667-hour operating period, so corrosion rates are less
representetive than those at the two other tanks which were used con-
tinually during operating periods. Corrosion was less than 1 mil per
year for nine alloys. Appreciable corrosion in mils per year occurred
to several metals as follows: aluminum 3003, 20; Cor-Ten B, 170; and
mild steel, 210. Apparently significant generesl corrosion of these
alloys occurred during the extended period that the tank was idle,
but there was only minute pitting and no crevice corrosion.

In the Hydro-Filter tank, corrosion was less than 1 mil per
year for 10 alloys, including Type 316L stainless steel, without
localized corrosion. Aluminum 3003, mild steel, and Cor-Ten B were
corroded at the greatest rates--2 to 5 mils per year. Pitting occurred
on three alloys, and the deepest pit was 5 mils on Type 304L stainless
steel. Crevice corrosion occurred on 7 alloys.

In all three of the effluent hold tanks, the following showed
good resistance: +the butyl, neoprene, and natural rubbers; the Bondstrand
and Qua-Corr plastics; and the Transite. Because of abrasion on one face,
the specimens of Flakeline 200 were in only fair condition. Flakeline 200
is similar to Flakeline 103 except that it 1s formulated for application
by "brush or spray" instead of by "trowel or spray." Apparently, the
application of Flakeline 103 coating inside the effluent tanks was
superior to that of Flakeline 200 on the test specimens.

Recirculation Tanks--Plant Equipment: Each of the scrubbing
systems has a recirculation tank 5 feet in diameter by 21 feet tall as
follows: D-104 for the venturi, D-204 for the TCA, and D-304 for the
Hydro-Filter. These tanks were lined with neoprerie sheet l/h inch thick,
and the blades and shaft of their egitators were also lined with neoprene.

The linings on all of the tank walls and the agitators were in
good condition. A thin scale had deposited that would protect the surface.
Durometer A hardness values for the neoprene linings, however, were not
consistent (see Table VI). The hardness values were higher than the
original for the lining in Hydro-Filter tank D-304, and they were lower
for the agitator blades in TCA tank D-20k.

Recirculation Tanks--Corrosion of Test Specimens: Corrosion
test specimens were suspended 8 feet below the top in recirculation tanks
D-104 (venturi) and D-304 (Hydro-Filter); they were 15 feet below the top
in D-204 (TCA). See Figures 2, 3, and 4. Corrosion was negligible or
less than 1 mil per year for several alloys in the three tanks (Tables I
through II1). The greatest attack occurred on Cor-Ten B and mild steel.
Items 1012, 2012, and 3012 on Figures 7, 9, and 11, respectively, show
the spools of specimens after exposure.
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In venturi tank D-104, the rate for Cor-Ten B was 12 and that
»vr mild steel was 19 mils per year. The rate of attack on the other
.loys was less than 1 mil per year. Pitting and crevice corrosion
:eurred only on Type 410 stainless steel.

In TCA tank 204, the corrosion rate was 5 mils per year for
yw-Ten B, 5 mils for mlld steel, and 2 mils for aluminum. Pitting
:curred on seven alloys with the maximuym depth of 10 mils on Type 304L
.ainless steel. Crevice corrosion occurred on four alloys.

In Hydro-Filter tank D-304, the corrosion rate was 10 mils for
yr-Ten B and 11 mils per year for mild steel. Type 410 had pits T mils
iep and three alloys underwent crevice corrosion. The other alloys were
vtacked less than 1 mil per year.

In general, localized attack was less prevalent in the recircule-
.on tanks where agitation was more vigorous than in the effluent hold tanks
:xcept in D-201 that was used only 45 hours).

Bondstrand and Transite were in good condition after the test in
ich tank, but Flakeline 200 was only falr because of abresion on one face
" each specimen.

Clarifier Tanks--Plant Equipment: Clarifier tanks D-102 for the
mturi and D-302 for the Hydro-Filter are 20 feet in dlameter and 15 feet
11; and tank D-202 for the TCA is 30 feet in diameter by 15 feet tall.
«ch tank has a coned bottom that is positioned 3 ‘to 5 feet above the
yandation elevation (Bechtel drawings M-8 and M-9). The tanks are of
.28% carbon steel coated inside with Flakeline 103. Mechanical equip-
:nt inside the clarifiers is made of Type 316L stainless steel. Tank
302 was not inspected because it was in use for testing fillter
juipment. .

The Flakeline 103 coating in tanks D-102 and D-202 was in good
mdition except for cracks at the junctlon of the overflow welr and the
111. Iron rust had bled through the cracks. The stainless steel equip-
nt had not been attacked. However, four carbon steel bolts used to
ichor the underflow cone at the bottom of the two tanks had rusted.

‘Clarifier Tank--Corrosion of Test Specimens: A spool of corrosion
15t specimens was suspended in the fluid 5 feet below the weir in clarifier
inks D-102, D-202, and D-302. These tanks are not shown in Figures 2
irough 4 (see Bechtel drawings M-8 and M-9). Items 1013, 2013, and 3013
1 Figures 7, 9, and 11 are pictures of specimens after exposure. Tables I
irough ITI show corrosion data.
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In the venturi tank D-102, seven alloys including Types 30LL
and 316L stainless steel showed negligible corrosion, and two other alloys
had rates of 1 mil per year or less without localized attack. Cor-Ten B
and mild steel had rates of 5 mils per year. Pitting occurred on four
. alloys, and the greatest depth was 12 mils on aluminum 3003. Five alloys
had undergone crevice corrosion.

In the TCA tank D-202, six alloys including Type 304L and
Type' 316L stainless steel showed negligible attack and seven other alloys
had rates of 1 mil per year or less without localized attack. Cor-Ten B
and mild steel were corroded at rates of 6 and 8 mils per year. Two
alloys were pitted; the deepest pit was U mils on Type 410 stainless
steel. Localized corrosion occurred on Cor-Ten B and Type 410 stainless
steel.

In the Hydro-Filter tank D-302, a total of nine alloys including
Type 304L and Type 316L stainless steel corroded at less than 1 mil per
year without localized attack. The rates were 7 and 9 mils for Cor-Ten B
and mild steel. Four alloys were pitted; Type 410 stainless steel had the
deepest pit, 16 mils, and four alloys had undergone crevice corrosion.

_ Transite was in good condition in the three clarifier tanks;
Bondstrand was good in the venturi and the TCA tanks but poor in the
Hydro-Filter tank because of spalling; Flakeline 200 was falr in the
three tanks.

Clarified Process Water Storage Tanks--Plant Equipment: Clarified
water storage tank D-103 for the venturi and D-303 for the Hydro-Filter
systems are 10 feet in diameter and 9 feet tall. Tank D-203 for the TCA
system is 13 feet in diameter and 9 feet tall. Each tank has four baffles
and & shell of carbon steel lined with 1/4 inch of neoprene of durometer A
hardness of 55-60. Each tank has a three-blade agitator with diameter as
follows: 14 inches in D-103 and D-303 and about 42 inches in D-203. The
agitators and shafts are lined with neoprene.

Conditions of linings in the clarified water tanks are described
below.
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Tank Tank No. Condition of lining on

'enturi D-103% Tank: Excellent
Agitator: Noticeable wear

'CA D-203 Tank: A lap joint, 8 inches long, was
loose where bottom liner extends upward
1-1/2 inches to make overlap on wall
liner near a baffle on west side.

Agitator: Slight wear
ydro-Filter D-303 Tank: Good
Agitator: Noticeable wear. Cuts at

several places were possibly made by sharp
foreign objects.

" Two pieces of thin gage metal were on floor of tank.

It appears that the durometer A hardness of the neoprene might
ave increased slightly up to 11 units above 60 as shown in Table VI.
owever, the temperature (60°F) of the linings during the inspection was
ower than the standard (73°F) specified in the ASTM designation, D22L0-68.

Reslurry Tank--Plant Equipment: Tank D-401 is used for reslurrying
aste solids removed in the clarifier. It is identical ‘in size and in con-
truction to storage tank D-103 already described. All the neoprene linings
ere in good condition and hardness tests were not made.

Neoprene-Lired Centrifugal Pumps--Plant Equipment: During the
orrosion tests in the scrubbing systems, Hydroseal pumps were in service;
mpeller diameters were 12, 17, or 20 inches. These centrifugal pumps were
anufactured by the Allen-Sherman-Hoff Company. All wetted parts were
ined with neoprene of a durometer A hardness specified to be 54 to 56.

When the pumps were dismantled, inspection showed that the linings
ere not damaged severely in any except pumps discussed later. However,
ear of varying degrees was found. The grooving of neoprene linings on
mpellers and casings was least in the TCA system and greatest in the Hydro-
ilter system. General wear of the linings was slight, but a little more
oticeable in the Hydro-Filter system. A durometer A hardness of the
iners ranged up to 16 above the specified maximum; this was fairly general
or the three systems. (The temperature of the linings when tested was
elow the standard of T73°F; this would cause higher values.)
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Packing glands caused severe wear on the stainless steel
components of pumps G-102 and G-202; these are the thickener underflow
pumps for slurry containing about 50% solids.

The output of slurry feed pumps, G-108 and G-208 had decreased
.over a period of weeks. These are rotary screw-type pumps (Moyno) used
for pumping limestone slurry containing about 60% solids. Inspection
revealed that increased clearance between the stator and the rotor,
because of wear of the rubber lining of the stator, allowed excess
leakage. This was corrected by - replacement of worn parts.

Pump G-40l, reslurry tank pump, was dismantled for modification.
The rubber-lined impeller and casing were neither grooved nor worn
appreciably. Hardness values of the linings were not determined.

Some of the Hydroseal pumps have been replaced since February
with Centriseal pumps produced by the same manufacturer. Sealwater
required at the Hydroseal pumps- had added more water to the system than
could be tolerated for closed-loop operation.

Valves--Plant Equipment: The stainless steel check valves at
the discharge of several pumps for each scrubber system were inspected.
These valves are ASTM A-351, Grade CF-8M body, Type 316 plate, and
neoprene seal. Generally, these valves had worn slightly and their
surfaces were smooth and polished.

The L-inch neoprene pinch valve upstream (of FE 1061) from the
bottom slurry header in the afterscrubber tower of the venturi system
showed no signs of chemical attack and only slight evidence of wear.

Piping--Plant Equipment: Neoprene-lined piping was inspected
at the inlet to all pumps that were dismantled for inspection or seal
modification in the three scrubber systems. Elbows, tees, and open ends
of the piping showed no evidence of wear or deterioration. The neoprene
lining 3/16 inch thick with a specified durometer A hardness of 50 plus
or minus 5 was applied by the Rubber Applicators, Houston, Texas. .
Hardness values were not determined during the inspection.

Discussion

Process Materials: In the SO, removal plant, the inlet stack
gas, the limestone absorbent, and their reaction products are corrosive
or abrasive. Components of stack gas, such as COp, Op, and SOp, dissolve
sparingly to make condensate or water corrosive. Fly ash in stack gas
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and the limestone in absorbent slurry are abrasive, especially in high-
velocity streams. Slurry containing limestone, sulfite, sulfate, and fly
ash forms deposits on metal to cause localized corrosion. (In future
tests, chloride in gas or in makeup water should be considered along with
compounds of sulfur as a likely corrosive in areas where it might be
concentrated in a residue.)

Materials of Construction: Materials in the plant consist mainly
of: carbon steel in the inlet duct for stack gas from the power plant;
stainless steel, Type 316L in the scrubbing system ducts, the venturi
scrubber, removable internal parts of scrubber towers, the outlet gas
duct, the fans, and stack; neoprene-lined carbon steel in the venturi
afterspray, TCA and Hydro-Filter towers; neoprene-lined carbon steel in
the . reclrculatlon, clarified process water, and reslurry tanks; Bondstrand
and Type 316L stainless steel downcomers to the effluent hold tank;
Flakeline 103-lined carbon steel in the effluent hold and clarifier tanks;
refractory~-lined gas reheater; and neoprene-lined pumps and piping.

Corrosion--Plant Equipment: In general, materials used in
construction of the three scrubbing systems showed good reslstance to
attack. Carbon steel ducts were slightly attacked by inlet stack gas
when at temperature below the dew point.

Inlet stack gas, after being humidified by spray water, attacked
stainless steel ducts and nozzles as follows: slight erosion of bare duct
surfaces; concentration cell-type corrosion (pitting and crevice) of
surfaces underlying deposits; and severe corrosion and erosion of surfaces
(nozzles or projections) subjected to impingement.

In the venturi scrubber, the limestone slurry and gas discharging
at high velocity corroded and eroded stalnless steel parts,. but apparently
did not damage neoprene lining in the duct.

In the towers of the three systems, slurry and gas flowing at
low velocity caused only slight corrosion and erosion of bare removable
parts of stainless steel, such as packing supports and FlexiTrays.
Movement of the mobile packing (hollow plastic spheres similar to Ping-
Pong balls) caused some erosion of grid wire in the TCA absorber.

Cause for severe corrosion on the top surface of a chevron-type
nist eliminator in the TCA tower 1s not known. However, 1t is likely
that some mist passing through a Koch FlexiTray located below would collect
on the chevron mist eliminator and evaporate to form a residue high in '
compounds of chlorine and sulfur which would be corrosive. Pits observed
in the outlet duct from the venturl afterscrubber might also have been:
caused by such a residue of chlorine and sulfur compounds. Periodic
washing to remove residue might decrease the corrosion.
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Nozzles of stalnless steel were more durable than those of
rubber or plastic for spraying limestone slurry in the towers.

Rubber lining on the tower shells, though coated usually with
slurry solids, was generally in good condition.

Exhaust gas stacks of Type 316L stainless steel were apparently
in good condition after exposure to gas reheated to between 235° and 265°F.
Sleeves and improved burner nozzles installed at the gas reheaters should
improve fuel oil combustion and thereby minimize troublesome socot deposi-
tion and a potential fire hazard in exhaust gas stacks.

Flakeline 103 linings in the effluent hold tanks and clarifier
tanks were generally in good condition except for cracks near attachments,
such as baffles and weirs, to the walls. Bondstrand downcomers were in
good condition to effluent hold tanks.

Neoprene linings were in good condition in the recirculation,
clarified water, and reslurry tanks. Slight to noticeable wear was
apparent on neoprene-lined agitators in these tanks. Neoprene-lined
piping was inspected near pumps and it appeared to be in good condition.
The neoprene linings of casings and impellers in centrifugal pumps were
not severely damaged, and the least wear was on those in the TCA system
and the greatest on those in the Hydro-Filter system. Decreased output
of limestone slurry (60% solids) by two rotary screw-type pumps (Moyno)
required that neoprene-lined stators be replaced. The rotors are of
stainless steel.

Corrosion--Test Specimens: 1In general, the least attack occurred
to test specimens in the TCA system and the greatest to those in the venturi
system. With few exceptions, the greatest loss of weight from metal speci-
mens occurred in inlet duct areas exposed to wetted flue gas and in venturi
outlet area exposed to slurry and gas at comparatively high velocities.
Damage to some nonmetallic materials occurred in these areas also. Slurry
impingement on the specimens caused erosion and corrosion. Pitting and
crevice-type corrosion were minor where erosion and general corrosion
kept the specimens clean. Generally, in most areas where solids accumulated
in the three scrubber systems, the surface of the underlying specimens
showed localized corrosion. However, each of the 17 alloys tested showed
good resistance at one or more test locations in each scrubber system.

The three rubbers were tested at only six locatlons; they showed good
resistance in all tests. The maximum service temperature was exceeded
for some nonmetallic materials in the inlet gas duct and exhaust gas duct.
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Table VIII is a summary of data from all the corrosion tests
conducted in the three different scrubber systems. It shows the com-
parative resistance of the materials tested without identifying the test
conditions. The metals are grouped into four categorles with respect to
decreasing corrosion resistance. The evaluation is based on corrosion
rates determined by weight loss and/or resistance to pitting, crevice
corrosion, and other types of localized attack.

Corrosion of Hastelloy C-276 was negligible to 5 mils per year;
this alloy showed no evidence of localized attack in any test location.
Next in resistance were the alloys Inconel 625, Incoloy 825, Carpenter
20 Cb-3 and Type 316L stainless steel with corrosion retes ranging from
negligible to 5, 7, 1k, and 15 mils per year, respectively. These alloys
had very few pits and/or corrosion crevices. One specimen of Type 316
stainless steel was grooved and the weld of another was attacked.

Three nonferrous alloys, cupro-nickel 70-30, Monel 400, and
Hastelloy B, had minimum rates of less than 1 mil and maximum rates of
49, 57, and 100 mils per year, respectively, with one or two specimens
pitted. In three tests of Monel and in one test of cupro-nickel 70-30,
the welds were inferior to the parent metal.

_ A group of five alloys that included Type 446 stainless steel,
E-Brite 26-1, Incoloy 800, USS 18-18-2, and Type 30L4 stainless steel, had
rates that ranged from negligible to a "greater than" value which indicates
that the specimen was completely destroyed at one or more test locations.
The values for failures ranged from greater than 1Lh0 mils per year for
Type 446 to greater than 200 for both USS 18-18-2 and Type 304L stainless
steels. These five alloys were highly susceptible to localized corrosion.

Another group of alloys which consisted of Type 410 stainless
steel, aluminum 3003, mild steel A-283, and Cor-Ten B hed minimum rates
of less than 1 mil per year and maximum rates of greater than 250 for
Type 410 to greater than 1400 for mild steel and Cor-Ten B. Pitting
and crevice corrosion occurred on these four alloys.

In general, the stressed specimens (5 alloys only) were not
corroded at rates higher than their counterpart disk-type specimens,
and no cracks were observed.

Of all the alloys tested, Hastelloy C-276 was the most durable
and also the most expensive. Type 316L ranked fifth in durability and
about eleventh in cost. The values for cost comparison are based on
costs of tubing and sheet with Type 304 stainless steel as unity (1.00).
(See Tabvle VIII.)
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_ Specimens of Bondstrand L4000, Flakeline 200, and Transite werc
tested at 21 locations. Bondstrand showed good resistance in 12 tests
and poor in 9 tests. The evaluations for Flakeline were: 2 good, 1b
fair, and 5 poor; and those for Transite were: 1L good, 2 fair, and
5 poor. Only six specimens of each of 'the plastic Qua-Corr and of the
rubbers, butyl, natural, and neoprene, were tested. The results were
five good and one poor for Qua-Corr and six good for each of the rubbers.

Summary

Test specimens and equipment exposed for about 6 months in three
test SO, removal systems at Shawnee Power Plant were evaluated for corrosion
and wear.

The most severe damage occurred in plant areas exposed to
humidified stack gas containing fly ash, COg, Op, and SO, at.elevated
temperature and high velocity; to gas and slurry discharging at high
velocity from the venturi; and to gas and mist leaving an absorber.

Metals covered by limestone-fly ash deposits were not eroded
but were subject to corrosion of the concentration cell type.

Neoprene-lined towers, ducts, and tanks, as well as rubber-lined
test specimens, were durable. Some wear was apparent on neoprene linings
of pumps and agitators. :

In limited tests, reinforced plastics, such as polyester, epoxy,
and furan, were less durable than rubber as lining materials.

Seventeen alloys were tested in twenty-one exposure areas in
three systems of the plant. The maximum corrosion rates in mils per year
for the five most durable specimens were as follows: Hastelloy C-276,

5 mils; Inconel 625, 5 mils; Incoloy 825, 7 mils; Carpenter 20 Cb-3, 1k
mils; and Type 316L stainless steel, 15 mils. Hastelloy C-276 is the
most durable and expensive of all the alloys tested; Type 316L stainless
steel ranks fifth in durabllity and about eleventh in cost.

This corrosion study is being continued on materials of
construction for the SO, removal test facility at Shawnee Power Plant.

G. L. Crow
H. R. Horsman
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TABLE 1

Covroston Teote Conducted {n the Venturi Syutem of the Limestone - Wet-Scrubbiog

Procoss for Sulfur Dioxide Remuval from Stack Ous at Bhawnoce Pover Plant

(Teet period~-Aug. 12, 1972, o Feb. 2, 1Y73; opersting time--1840 nours or 76.7
days; and 1dle time~.23h0 hours or 97.5 days)

Corrosion specimens Exhuaust Liquor
Bxvosed 1 . I Gas and gaa Effluent Recycle io
pos T otevrustnonsnsssrsensrasessnssansrssovs Inlat gas ADra heated liguor srifier
Locations (Bes Fig. 2), Refurence No. ».venvensos o o0 '(TWJ “To8 1_1_8\]2_: ﬂﬁr%‘—
gas
Temperature, *F ....iiieivnieiinsnnereninnsnnaes. 2753502 B0-170  255-265 - - -
Velocity, ftfsec ....iiiieiiiiiian... ceeieaes 2060 15-L5 2060 - - -
Flov rate, 1000's of actunl rv.:'/mn 10-30 8-25 10-30 - - -
Composition, $§ by volume
SOg et evetiei i ia et eirasenttatrsinnttttenss 0.5 0,2 0.2 - - -
COp tviirtererertssosnrennsnnnosnsannosnasornas 13 12 12 ~ - -
NG ornatonreneiiessannsrneroassnrnsaristasrnas T4 69 69 - - -
Og +vovnne . cereeen P 4.5 b L] hd - -
8 15 15 - - -
Fly ash, sr/a'.nndurd 3 e 3-5 0.02 0.02 - - -
Liguor
Temparature, °F . e eeveseretaaatee e e e - - - 90-13%0  T0-125 T0-100
Soudu,lbywtght - - 4-10 k-10 0-20
3 T - - 5.8-6.8 5.6-6.5 6.0-7.0
Cumpostition, $ by weight o
CaS04PHpO Lot tiiiriinvrrnnnsrocnasoneronsrans - - 1.0-2.0 1.0-2.0 0-4
Ca303° 1/@Ha0 viiriiiiii it i, - - 1.5-3.5 1.5-3.5 0-7
Unrcacted Limentone plud £1y ash voovienenaieos - - 1.5-,5 1.5-L.5 0-10
LT - - 90-96 90-96 80-100
Corroniun rale of me Lulub, mllu/,yr
Alumtoun 5005, weld BERLIOO ..vueeererorececennans >160 > 55 Plo P24, - <1 P2, -©
Carpenter 20CU-3, weld Carpenter 20Cb-3 ......0... <1l 14 <1 Neg. Neg . Neg.
Carpenter 20CL-3, veld Curpentuer 20CL-%, vtreased - <l Neg. - -
Cor-Ten B, weld BBOLB-CY ..vvvriveerinertonnnnonns > 290 > koo 18, 3 1y, © 12 5, -
Cupru-nickel (0-50, weld B259 RCUNE ....vue.s.... 13 4 pas, 4 1 <1
E-Brite 76-1, veld B-Brite 26-1 covvuevrranrrnnns > 10 >190 Po, -2 <1 Neg. Neg.
E-Brite, 26-1, veld E-Brite 26-1, etruvesed ....., - - <1 Neg. - -
Haatelloy B, weld Hentelloy B vuvuvvereresnaenses 28 100 4 2, Pu <1 <1, P
Hagtelloy C-276, weld Hustelloy C-276 ....vvvonss <1 .5 4 Neg. <1 Neg.
Incoloy 800, weld Inconel 82 ... i viveveerennans 48, .e > 190 <1 <1 <1 Neg.
Incoloy 825, weld Incoloy 65 .i.vvvivnvirasnnnnes <1 7 <1 <1l <1 <1l
Incoloy 825, weld Incoloy 65, aetreceed .......... - - 1 Neg. - -
Inconel 629, weld Tneonel 625 .ovunvnevronnnnaens <1 <1 <1 Neg. Neg.
M11d-atec) A-283, veld BHOLZ .vvveneerevriensanos >33 > 1400 16, £ 18, .© 19 5
Moncl LOO, weld Munel U00 v.uvuecriveneevanosonans 10 51F L 1 <1 1, P2
Type SOLL, Wweld TYPe BUBL +vuvernerrrvvcareesnsea 63, = > 200 1 <1, - Neg. Neg.
Type JOML, weld Type 308L, streased oovveeeeeisns .- - 2 <1, .¢ - -
Type 516L, weld TYPE 3L6L oruevnsereeseseeenannes 1 15, -f <1 Neg. <1 Neg.
Type S16L, weld Type 316L, streased ,ovevvnaiens - - <1 Neg. - -
Type 410, weld Type 209 coiiivaarinonsonssrscanne > 1% > 250 5, -4 P12, - P}, -¢ <1, ¢
Type b6, weld TYPe 309 .ovvreereersnronsessersss > 10D > 1o 1 <1, -  Neg. <1, -°
USS 18-18-2, weld Inconel B2 ..oiviieneinnniines > 1bo > 200 2 PS5, Neg. P10, -¢
Evaluation of nometallic muturlalsé
Plastice .
pondu Lrand h000 (Fibuy glass—reintorced epoxy ), Poor Poor Poor Good Good a
Flakeline 200 (Incrt I'lakes and polyestersredn), Poor Poor Poor FatrP Fatr® Fatr®
Qua-Corr(Fibur glusu—rcinforced furan resin)... - Foor - Good -
Rubbery
Butlyl 26666 (Cupolymer of {sobutylene-leoprene). - Good - Cood - -
Ntradl 15705 (Polylooprune) .ooeeeveeoesnns veae - Good - Oood - -
Neoprene Y150 (Chloreprene polymee} covoaovans - Cood - Good - -
Ce rumle
Transtte (Portiund cement and wsbestos) ..,.... ~ Poor Poor Good Good Good god
a

6 ( Dy when oprey water was uked,

No sprny waler wis uscd to humidify the gun when the temperature was 275

®-330°F; temperature was 125°F for

The "yrenter thnn” (>) clgu ts used when s gpeclmen wae completely destroyed. "p" preceding s number indi-

caten pltting during the exposure period Lo the depth in mils shown by the number, end “Pm" indicales minute
pita. "Neg.,” negitgible, no welght loss or localized attack.

Crevicy corronlon et Terlon insulator,

-3

heated,
Bevere locnlized nttuck of purent metal,

Atiack of weld.

T m o0

used ; poor, falled or seveculy do.mugod
Evidcence of abrasion on vdge of dpeclmen.
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TABLIE 11

Corrosion Tests Conducted in the TCA System of the Limestone - Wet-Serubblag

Process_for Sulfur Dioxlde Removal from Stack Qas at Shawne: Power Plant

(Teat perlod--Aug. 12, 1972, to Feb. 3, 1973; opersting Lime--1667
hours or 69.5 days; and idle time--2535 hours or 105.6 days)

Liquor
»sion speanimens Exhauet in
Inlet Gaoc and Gas and Geas and gas Bffluent Recycle clari-
20884 1N Ltreaietiataiarie et anentoteeiann gas liguor droplets mist (pheated) li%uor liguor _fier
:ations (See Fig. 3), Reference No. ......e.... 20028 20060 2005 200k 2007 2 2012 2013
IPOTBLUTE, °F vervevnrnsceenssanersavessneee. 2602310 70-125  70-120 70-120  235-269 - - -
Pelty, fifsec il Tse0 62 50 kB 2560 - . -
w rate, 1000's of actusl ft3/min .....eerveens 15-30 11-22 11-22 11-22 15-30 - - -
sposition, % by volume
SR A GO 0.3 0.05 0.05  0.05 0.05 . . .
308 tereecetiriteaeitatiitiattatnsainrrasrnenns 13 12 12 12 12 - - -
1o cierioironensnanns Th 69 69 69 69 - - -
VRS heearanann e sacasianans 4.5 4 4 b b - - -
8 15 15 15 15 - - -
fly ash, gr/standard £t3 ......iviiiieiinnenans 3-5 0.02 0.02 0.02 0.02 - - .
n
PEratuTe, °F tiiiiiraiiiiitiiaianininnriinents - - - - - 1108125 85-125 85-100
Lids by Welght ,.vvvriavnonannrsnsosonrsrers - - - - - -10 T1-15 0-30
o, By MO - - - - - 5.96.3 5.6-6.k 6.3-7.6
iposition, % by weight
800 CHED -1 rr et e - - - - - 1.0-2.0 1.5-3.0 0-6
38908 °L/2HE0 tiiiierenriraetrtairncntsarnsaeens - - - - - 2.0-3.5 2.5-5.0 0-10
Jnreacted limestone plus fly 88h ....cervsarens - - - - - 3.0-4.5 3.0-7.0 0-15
JALEY .t vurtrviananronrtrononnnns et eesrieeans - - - - - 90-9k 85-93  70-100
yaion rate of meuledj mils/yr
iminum 3003, wald ERILOO «uveeenenrenenseneroes 2 L, b 26, R0 1, P2 20 2, P 1
—penter 20Cb-3, weld Carpeater 20Cb=3 ...coe... <1 Neg. <1 <1l <1 Keg. <1 Neg.
mpenter 20Cb-3, weld Carpenter 20Cb-3, stressed - - - 1 <1 2 - .
*_Ten B, weld EBOIB-C3 ...v.evvvenensoennnnnees 15, PO 13, e, By 268 2, m 170, Pm 5, Pm 6, -
yro-nickel 70-20, weld B259 RCUNL .evevevnnnnns 2 <1, -8 e, - 17 <l 3 <1 <l
Jrite 26-1, veld E-Brite 26-1 .....cevvierennes <1 P2, - $ 1, M P Neg. Neg. Neg.
irite 26-1, weld E-Brite 26-1, stressed - - - 2. Pm <1 - -
jtelloy B, weld Hastelloy B ............ <1 6 6 15 <1l 2 <1 <1
itelloy C-276, veld Hastelloy C276 «.......... <l Neg. <l Neg. Neg. Neg. <l Neg.
:0loy 800, weld Inconmel 82 .......... <1 ., B 8, -° P19, " Pn Neg, pe Pm
:0loy 825, weld Incoloy 65 vivererierocnesnies <1 «<1, -8 Heg. e Neg. Neg. Neg. Yeg.
:0loy 825, weld Incoloy 65, stressed .......... - - - 1, - <1l <1 - -
:onel 625, wold Inconel 625 .. ..vveviarranares <1 Neg. Neg. Neg. <1 Neg. Heg. <1
ld stael A-283, wold BSOL2 .i...ievesvernnrocss 17 23 250, 3, w210, m 3 8
rel 400, veld Monel HO0 ...iiiiiiiieniiiranins 1 1 155 - <l 2 <1, <1
e 30L, weld Type 20BL ...evvuevvvnneansnsess, <1, M P65, -5 P13, ¢ F23, - P16 o PLO, - Neg.
e 30LL, weld Type 308L, Btressed ....ecveevses - - - LI <l Neg. - -
26 316L, weld Type 316L v cvuinieinnronnnssres <1 Heg. <1 <1 <1l <1 feg.
ye 316L, weld Type 316L, stressed ..o.seeevecs. - - . < 1, - <1, <1 - -
se 410, weld TYpe 309 ..vvermenrcerersninsinnes i, Pu  Pm, - 6, - P2, - P12, - Pu  Pa, - P4, -€
e WU6, weld TYPE 309 viveriererrnrnanensnrnnns <1 P5, -¢ P19, -° P18, e P6 <1 P7, - <1
3 18-18-2, weld Inconel B2 ..ivivnvirnnnenennss <1l P4 - , =& P16, - P5 <1 P, - <1
Liion of nonmectallic materialsd
istica
londstrand 4000 (Fiber glass—reinforced epoxy), Poor Poor Good Good Poor Qood Good Good
Flakeline 200 (Inert flakes and polyester reain). Fair Poor Fair Fair Qood Fair Fair Fair
wa-Corr (Fiber glass—retnforced furan restin).. - - - Good - Good - -
bers
utyl %,666 (Copolymer of leobutylene-isoprene). - - - Good - Qoecd - -
fstural 1375 (Polylsoprene) ........c.ceveesvns - - - Qood - Good - -
feoprene 9150 (Chloroprene polymer) ......... - - - Good - Good - -
~aruic ’
fransite (Portland cement and asbestos) ....... Qood Poor Fair Poor Good Good Good Good
spray water was used at test location 2002 during the corrosion test period to humidify the gas.
rause test speclmens were worn by movement of plastic balls during the period 8/12 to 11/5/75, new specimens were
italled 11/17/72. The data given were determined from the last 995 hours of operation.
* apecimens were immersed in the slurry only during the last 44,5 hours of operating time, and the corrosion rate was
termined on Lhis basis. However, the high rates for aluminum, Cor-Ten B, and mild steel indicate that these alloys

re corroded during idle time also.

t “greater than" () slgn is used whon a specimen was completely destroyed

ring exposure period tn depth in mils shown by number, and "Pm," minute pits.

calized attack.

avice enrrosian at contact with ‘letlan insulator.

ralived attack of hrat—altecled zone of weld.

ar on edyge of speclwen due to movement of plastic talls.

1e of speclmen Jumaged Ly impact of sharp object.

tack of weld,
aluatiog,:
e, fatled or soverely aamege:t

Yool
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Corronion _specimens

TABLE_1I{

covrasion Tenty Conducted in the Hydro-Rlter Bystom of the Limchtone - Wel-Scrubbing

Procens_for Buliur Dioxlde Removal from Stack Gus at, thavace Power Plant

{Teot puriod--Aug, 12, 1972, to Fob. 1, 1975; operating tim:-.220%
houra or 91.8 days; and idle time-.1950 bours or 81.3 days)

Exposod 10 coiiiiiiisiaieriiiresiannrettreenranes
Locatfona (8ce Fig. h), Reference No, ...........

gas

Tempernture, °F
Veloelly, ft/ace ..

§0p
COR «vvvvvrnvannn
Ne veienns

O2 trrvsvsessvsonsrenerennssnnsses

HaO vovnvvnnnnnane
Fly ash, gr/etandard 3., ... .0viueveevnnanses

Liquor

Temperature, °F ..

R R IR

Flov rate, 1000'a of actual ft3/min (ivvvivrennns
Composition, % by volume ’

cesen cranaee
srevs
sass

Bolida, % by velght .o..vuervnersntaersossarsnses

PH ...vvivanen

Compoaition, $§ by welght,

Ca304°7Hg0 .
CASOy"1/2H50 ...

Unreacted ltmeatone plue fly Aach .ooeven..

Water ...

Corronion_rate of metala? mils/yr-

Alumfnum 3003, veld ERL100 ....

Carpenter 20Cb-5, weld Carpenter 20Cb-3

Carpenter 20Cb-3%, weld Carpenter 20Chb-3, stressed
Cor-Ten B, weld EAOIA-CS «iiiviviiniiniiennenianes

Cupro-nickel 70-50, weld B259 RCuNi

E-Brite 26-1, veld F-Rrite 26-1
E-Brite 26-1, veld E-Drite 26-1, stressed .......

Hactelloy B, veld Hantelloy B ..

cereaasaesss e

Hastelloy C-276, veld Hastelloy C-276 «iovevecnns
Incoloy 800, wveld Inconel 82 ....cvcvpereenvanens
Inroloy B25%, weld Incoloy 65
Incoloy {125, wveld Incoloy 65, stressed +o.cvveven
Inconel 625, weld Inconel 625 ...cvouvsvsntannons

Mild steesl)
Monel %00,

316L,

USS 18-18.2, wveld Inconel 82

410, veld Type 309 ......
L4, weld Type 309

A-283, veld EB012 «ivvvvnnrrvesrncnnns
veld Monel 400 .. oireieananreansanens
WELd TYPE J0BL trvvvereeenrecanconeers
veld Type 308L, stressed ...ooeevvsaes
veld Type 316L +ucoviveenvrvrnnsnreans
weld Type 316L etregsed .....ccocvvens

Cetseaasevtaatoinasne

Eveluation of nonmetellic materiale®

Plastics

Bondstrand 4000 (Flber gless reinforced epoxy).
Flakeline 200 (Inert flakes and polyester redn).
Qua~Corr (Fiber gless reinforced furan resin)..

Rubbers

Butyl 26,666 Copolymer of iscbutylene-isoprene).
Natural 1375 (Polyisoprene).....c.eoovesssrvaans

Necoprene 9150
Cernmlc

(Chloroprene polymer) .........

Trannite (Portland cement and asbesto8)........

Liquor
end inlet

Inlet Ena 8“

120-150 95-135
20-45 3-8
10-23% 10-23%

0.3 0.1
13 12

T4 69
k.5 L

8 15
35 0.02
> 160 P9
L, Pm Neg.
> 300, ko
35 1

> 130 <1, Pl
n 2
<1 Reg.
93 <1, P19

2 Neg.

<1l Reg .
> }00d 3
30, - <1
> 1 P12, ¢

Gl18, Pm Neg.
> 100 P8, ¢

> 90 P9, -¢
> 120 P8, -¢
Poor Good
Poor Fair
Poor Fair

Gas and

iiquor
3005

95-130
10-23
0.1

12

69

15
0.02

A
-
LV - ]

P10
18, -¢

Neg.
<1, =€
P}, -¢
Fi0, -¢
P9' _C

Ooodr
Fair
tocafl

Cocaf
Gocaf
Goca T

()oodf

Exheust
gus Bffluent
heated liquor
3007 5&8
235-265 -
25-60 -
12.5-3% -
0.1 -
12 -
69 -
[ -
15 -
0.02 -
- 75-125
- 4.10
- 5.6-6.4
- 1.0-2.0
- 1.5=3.5
- 1.5-b4.5
- 90-%
5,-¢ 2, -
Pm Neg.
<1l <1
h! -¢ 5, -
’ 5 <1
P7 Neg:
<1, P18 <1
2 <1
<1 <1l
1 <1l
<l <1
1 <1l
<1l, Pm Neg.
A
3 <l
1, Po <1, -©
<1, Po p5, -
<1l <1
<1, Pn <1
5: -c Pﬂl -c
1, Pm <1, ¢
2 P, -
Poor Good
Good Fair
- Qood
- Good
- Good
- Good
Good Good

Recycle

liquor
3012

Good
Falir

Good

Liquor in
clarifier

3013

15-100
0-20
6.1.7.4

0-b
0-7
0-10
80-100

23

4 =
8 Aa/\’\ A
- A A e = N o ]

<l, -©

Good

Gpray water was used at all times at teat point 3002 to humidify the gas.
The "greater than” (>) sign 1s used when s specimen was completely destroyed.

during the exposure perind Lo the depth in mila shown by the number, and "Pn" indlcates minute pita.

no welight loss or localized attack.
Crevice corrosion at Teflon ineulator.

¢
d Attack at weld.
e Evaluation:

poor, failed or neverely damaged.
f Bpecimen was damaged by impact of sharp instrument during the exposure period.

"G," groove of depth in mile shown.

Good, little or no change in condition of epecimen; falr, def
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"Neg. "

"P" preceding & number ilndicates pitting

negligidble,

{nite change, probably could be used;



TABLE IV

oe-a

Compositions of Allovs Tested in the Limestone - Wet-Scrubbing Systems for Sulfur Dioxide Removal from Stack Gas at Shawnee Power Plent
Crerical analvsis, %
Allovs C Cr RES Fe Cu Mo Mo Si P S A1 Ti (z7erg
1. Alumirum 3003 - - . o7 0.0 . 1.0-1.5 0.6 - _ Pal. . Za 0.1, Total .15
2. Carpenter 200b-3 0.67* 1921 32-33  Bal. 3 25 2.00" 100 0.035% 0.035%* - - Cb+Ta 8xcC
3. Cor-Ten B0 0.066 0.2  0.018 Bal. 031  0.010  1..20  0.29 0.012 0.051 0.05% - Vv 0.05
L. Cupro-nickel 70-30° - - 31,00 0.5 67.79 - 0.52 -  0.003 0.005 - - 2Zn 0.03k, Po C.002
5. E-Erite 26-1° 0.001 26.17 0.08 Bal. 0.0  1.00 0.01  0.19 0.010 0.012 - - N 0.010
6. iastelloy B° 0.01  0.19  Bal. 5.75 - 26.20 0.58  0.01 0.005 0.006 - - Co 0.85, V 0.26
7. Hastelloy ¢-276° 0.0 15.87  Bal. 5.9 - 16.32 0.49 0.01 0.012 0.010 - - Co 1.8, W 3.51, ¥ C.25
8. Incoloy 800° 0.04 21.11 31.32 U45.01 0.0 - 0.84 0.31 - 0.007 0.48  0.46
9. Incoloy 825° 0.0k 22.28 Le.22 28.30 2.12 - 0.56 0.3k - 0.001 0.06 0.66
10. Incomel 625 0.1% 2023  Bal. 5.00% - 8-10  o.5" 0. o0.005* o0.005% 0.4 0% co 1.0%, o+ Te 3.15 - L.15
11. Mild Steel A-283° 0.17 - -  Bal. 0.037 - 0.t8  0.07T0 0.015 0.G% 0.005 -
12. Monel 400° 0.09 - 64.66 1.00 33.06 - 1.08 0.08 - 0.008 0.004 -
13. Type 304L 0,030 1820 8-12  Bal. - - 2.00%  1.00* 0.045% 0.030% - -
1. Type 316L 0.0308 16-18 10-14  Bal. - 2.0-3.0 2.00*  1.00® 0.045* 0.030% - -
15. Type 410° 0.062 12.7  0.16 Bal,  0.05 0.05+  0.43  0.k0 0.0k 0.018 0.069 - N 0.03k, V < 0.0%
16. Type Lu&P 0.10 24.6 0.50 Bal. 0.045 0.10 0.T1 0.57 0.018 0.010 0.008 < 0.2 N C.13, V < 0.3
17. Uss 18-13-2° 0.065 18.2 18.0  Bal. 0.03  0.018  1.50  1.9% 0.007 0.009 0.001 - N 0.0k

2 Maximuz,
Analysis was supplied with the material received for use

in corrosion tests.
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Table V

Analyses® of Deposits in Limestone - Yet-Scrubbing Syvsters for Sulfur Sioxide Semoval from Stack Gas at_Srawnee Power Plant

Jdentification of sazple Corzosition, & by weignt
Cate Surzber 3cale Or siuigce deposic Soct materield
Vesturt tem Locztion CaC ) 3Co S5C- Co Mz0 Cirers Ask gC Zycrocarbon
2/3,73 Vb 2172 Scale from recirculation tzox D-10L. 25.4 5.0 37.3 1.2 - 25.5 - - -
2/23/73 VD 22373 Soot. “ron gas duct about 25 feet sbove reheater. Co- - - - - - 56.0 12.8 . 31.2
(64.2) - (35.3)
TCA System
2/3/13 TCA D 12373  Scale from recirculation tank D-20i (Test 2012). 31.2  10.k  23.7 6.3 - 23 - - -
2/3/13 TCA D 22373 Scdle from spool of corrosion specimens (Test 2005) 28.5 17.6 27.% 0.5 - 25.9 - - -
2/5/73 TCA D 125T* Scale frmm scrubber wall below and near Koch tray. 39.7 15.8  25.9 2.0 0.2 15.4 - - -
2/5/13 TCA D 22573 Sca]:é from grid-wvall junction, elevation 396 feet L1.2 15.8 24.4 6.2 o0.21 12.3% - - -
1-1/2 inckes.
2/22/73 TCA D 122273 Rust-colored scale from corroded demister. 3.6 L2 83.2 0.0 - 9.0 - - -
2/12/73 TCA D 121273 Tar-like material from duct 25 feet downstream - - - - - - 25.2 7.8 67.0
from reheater. . (27.3) - (12.T)
2/12/T3 TCA D 221273 Tar-like material do-nstream from and pear reheater. - - - - - - 39.3 1.7 59.0
(40.0) - (60.0)
Hydro-Fiiter System
2/2/13 HFD-2273 Scele from corrosicn spool above marble bed. 29.5 1T.6 27.4 0.5 - 249 - - -
2/8/13 HFD-23T3 Deposit from bottom slurry nozzle. 28.8 9.6 k.7 2.2 - 17.7 - - -
2/23/713 HFD-223T73 Soot from gas duct about 25 feet above reheater. - - - - - - 36.L n.7 51.9
(41.2) - (58.8)
General Overation Equipment

3/1/73 3173 Scale from reslurry pump G-401. 39.3 0.% 1.8 20.1 - 26.7 - - -

a -
Information taker fram reperts deted arch and May 1973 by R. E. Wegner of inspections made February 1, 2, arnd 3, 1973 of the Hydro-Filter, the venturi,
and the TCA scrubber systems.

Values in parentheses are on a dry basis.



TADIE VI

Hordnese of Neopreno Ll_.nil_xge of Equipment ln the Three Limestone - Wet-Bcrubbing Systems

for_Sulfur Dioxide Remuvul from Stack Oae nt Shawnes Pover Plant

(Exposure period: Aug. 12, 1972, to Feb, 3, 1973)

Test

. temp., Durometer "A" hardness

Location of hardness teot SF®  Original Final

Venturi System (1840 Opernting. Hours)
Afteracrunber Tower:

Eight, fnches below Type 316L stainless steel 8t venturl 88CLION o seevcecnscerase . 60 to 65 67
Above trepout tray (approximnte elevation 388 ect) ...eveverosseeoe cieraans . 60 to 65 53 ¢o0 60
Three inches belov mist eliminBtor ... . civevererionessrsonsserinnns . €0 to 65 54 to 60
Three feet AbOVE MISE CLIMINALOT tu 'y 'vnsrverosorserosonsossess . 60 to 65 53 to 55
Four tnches Lelow Type 316L utainlees oteel duct tO reheater .. .isecererescesess . 60 to 65 52 to 54

Clarified Process Wnter Stornge Tank, D-103:

Above 11quid level .......vivrinicninionens 60 55 to 60 64 to 65

Below 11quid level ..vveeuneniinnasanannn, 60 55 to 50 61 to 63
Recirculation Tank:
FLve fCEU BLOVE DOLLOM ot tut e et ueioinsanvonaiisaonanneseacananeressstaosnsnnoss . 55 to 60 65 to 69
Blades Of AGLLALOY 4 uuiut et e tntneneessassornsassenrasassosinnsertosretessosansss ~ 60 to 70 63 to 67
Bladea of Agltator In:
Effluent hold tonk DaXOl . uuieuesunnesaenennronsorassnssssssosnesssassriossassssns - 60 to 70 65 to 66
Recirculotion tank DalOh . ..iviuivene,unan.. - 60 to 70 63 to 67
Pumps 0-101, G-10?, G-103, and (-104:
IMPCLICTA ANQ CRBLNEE o v v te ot st oo iuansaasrosossoiosesestssaostseoastoittsonenanss - Sk to 56 60 to T0
New tmpellers and cnasings (APRTEB) L. i iviesersetarisrsseronsvesnssssronesnnncanss - - 6h to T2
TCA System (1667 Opernting Houvs)
Scrubber Tuwer:
Middle of wnll and G 1nchco DulOW MANVAY s vt o erartesotantssassassoisvratosres - 60 to 65 55
Six inches ALOve bottom grid (FOUT WALIB) & .svsrveasreresrarrossnososinsonosssrss 60 60 to 65 58 to 60
Three feet nbove bottom grid near tesl apool 2006 tuvevivresrsiarersrniisivsasres - 60 to 65 59 to 63
FOUr o0t BULOW KON LIAY cueatoetoneeanaesaeiasassanosaedeisnsssosatiososssansss - 60 to 65 59 to 60
TVO feet ABOVE KOPR LIMY | uuttetaiasanorosiatassasnsenfernasnssetoitonssnsesss - 60 to 65 53 to 55
Clarified Process Water Storage Tank, D-203:
ALOVE 11GUIA 1EVEL tuinrvnnrnsnsesasuannsasersssrinotssensdersasnssssaissorsssssss 60 55 to 60 62 to T2
Belov 11QUId 1eVOL .uuuvssvarecsnnssasiasertsrsrsnsssasserssnsssresssriaorsernrse 80 55 to 60 64 to 70
Recirculation Tank, D-20L: i
Four and one-half fcet nboOVe BOLLOM . .y.ueureorverorastnrasenssroroseronasarsons 4o 55 to 60 60 to 66
BLAAES Of MELLALOI utvsssuessusonneeororasssensasionescosessssosssansesassnsasns bo 60 to 70 Sk to 56
Blades of Agitntor In: .
Effluent Rold tanK D=201 +.eucssssssiarsiesesiosniinsessssassnisssssssssssrssssss 40 60 to TO n
Recirculation tAnk De20l . .iyeuenusnernsssroianareasoorasasrarostnsntvoseansassa - 60 té TO 54 to 58

Pumps 0-201, G-202, and G-20k:
Impellers 8nd cAasingl . .iecisserarssiorsssatoneortssaosasossssesaneosssisrosanense

54 to 56 61 to 68

Hydro-Filter Syetum (220% Operating Hours)

Scrubber Tover:
Five 1n7hes bolow marble BEA ouueruuivrvrsorortnensasateatooiarsrrsossssoasasrone 36 60 to 65 68 to T2
S1x 1nched PLOVE Murble DA i ieieiiiiarsrarrersrasasssrssssstssatostionssaraona 26 60 to 65 70 to 7L
Above demtaver and £ {nohCs DRLOW TCAUCET ou.sonrorssaacsssnrarassnassssrossaaves 36 60 to 65 64 to 67
Three inchea bulow Type 316L stainlese 5teel BLACK vueviveoiesvrrciairsvarsaness 36 60 to 65 63 to 70

Clarificd Process Water Stornge Tnnk, D-303:

ABOVE T1QUIA LAVEL 4 uvuus e et osoatonsnsnsannssanssasssossonnsssnsastorsnasioness 60 55 to 60 60 to 61

Brilow LIGUID JoVE] et evueneuiossorosasrorossosnsnssesssoasssesentssretonasiarsrs 60 55 to 60 58 to 60
fleelrculation Tunk, D-304:

Flve feel ubove boltom .. ... ettt iaaaane e tmecanasatoaaattnsorosittntarcnanss - 55 to 60 15 to 80

BlBdes Uf AZILALON . .oieuueraesosasonnriasassstosrasseoorscastssnsssesiossesasons - 60 to 70 67 to 70
Bindeu of Agitntor In:

ECCIuent hold Lank Dal0L cvuveten s atoeasnasstsosvnnsnasssonsassasesassstonnasnsess bo 60 to T0 63 to 66

Herirculolion Ltk DaB30M Louutisuerornsencossssonsnsaeissssnssesssastostonsonsane - 60 to 70 67 to 70

Pumps G-301, G-J03A, G-303B, and G-30L:
Impcllcrn’(\ndcnulngo et en s aaeeenteaneses et et et eere ittt ce s tatatioratansaannt 35 54 to S6 52 to 68

Atmnspheric temperature varied from about 35° to 60°F while teste for bardness vere belng mads.

Valuen not determined by TVA bul were takea from information eupplied to contractors ror bidding on construction,

The instrumeni used to detemmince the durometer hardmesn of ncoprene linings during ifnspection of the plents

(Feb. 1-3, 1973) waa Shorc "A-2," ASTM D22h0. Note that the meesurcments vere made over a wide range of temperatures;
therefore, an exact comparison of hardnees velues is not poseible, Usually three or more teste vwere made in an area.

Do e
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TABLE VII

Hardness® of Rubber Liningb Specimens Tested in the Limestone — Wet—Scrubbing

Systems for Sulfur Dioxide Removal from Stack Gas at Shawnee Power Plant

(Exposure period—Aug. 12, 1972, to Feb. 3, 1973)

Durometer "A" hardness

Location of Butyl
specimens® (26,666)

5456 (55)

As received

Venturi System (1840 Operating Hours)

1008 56-58 (57)
1011 5458 (56)

TCA System (1667 Operating Hours)

200k : 56-59 (5T)
2008 5458 (56)

Hydro—Filter System (2203 Operating Hours)

3005 55-58 (5T)
3008 5458 (56)

Natural

(lﬁzﬁl
3437 (35)

3940 (40)
4143 (k2)

3842 (40)
36-39 (38)

35-39 (38)
37-40 (38)

Neoprene

(9150)
6465 (64)

6063 (61)
62-63 (62)

5961 (60)'
59-6L (62)

58-62 (60)
61-65 (63)

& Pour tests were made of each specimen in the laboratory at T8°F with a
durometer type "A2," ASTM D2240, manufactured by The Shore Instrument and

Manufacturing Company. Values in parentheses are averages.

b Specimens of butyl, natural, and neoprene liners were applied on mild steel
coupons by the Gates Rubber Company.
¢ See reference numbers on Figures 2-4.
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TABLE VIII

Compilation of Corrosion Data of Materials Tested in the Three Limestone - Wet-Jcrubbing Syatems

for Sulfur Dioxide Removal from Stack Gas at Shawnee Power Plant

Corrosion®
» b On basis of SPecimemplttedc~ Specimens  Specimerswith other
a Cost comparison weight loas, Depth, mils with crevice types of attack

Metals A B milsile range No, Minimum Maxioum attack, No. No. Area
stelloy C-276 9,29 - Neg. to S - . - - - -
ronel 62% 6.59¢ 6.05 Neg. to 5 1 - Minute - - -
r0loy K25 L her 3.73 Neg. to 7 - - - 1 - -
*penter 20Cb-3 h,21 3,713 Neg. to 1b4 2 - Minute - - -

e 316], 89 1.39 1.61 Neg. to 15 3 - Minute e 1, 1 (;185, weld
ro-nickel 70-30 1.80% - <1tohky 1 ) 18 - 1 Weld
el hoo 2.937 5.61 <1 to 5T 1 . 2 1 3 Weld
itelloy R 9.h7 - <1 to 100 2 - Minute - -

e hh6 83 - - Neg. to 140 9 Minute 19 11 - -
irite 26-1 - 1.85 Neg. to 190 10  Minute 18 2 - -
r0loy 800 2.5k 2.70 Neg. to 190 6 Minute 19 3 1 -h

i )18-18-2 - - Neg. to 200 11  Minute 16 11 - -
»e 304L S8 1.11 1.11 Neg. to 200 b Minute 23 11 1 -h
ve 410 S8 1.92 0.93 <lto>250 15 Minute 16 16 - -
minum 3003 - - <1 to> 550 9 2 T0 5 - -

d Steel A283 0.34° 08of - <1to>1k00 2 - Minute 2 - -
‘~Ten R - - < 1 to > 1400 5 Minute 3 1 1 Weld

Condition

.11c Materiale Good Fair  Poor

datrand 4000 12 - 9
keline 200 2 14 5
-Corr 5 - 1
!

¥yl 26,66 6 - -
ural 1375 6 - -
iprene 9150 6 - -
naifte 14 2 5

ompilation is based on 21 tests of each material except for Qua-Corr and the three rubbers {butyl, natural, and

ene) with which only six teats were conducted.

comparison values are based on Type 304 stainless steel having a value of 1.00. "“A" ia& based on commercial quality

£~-10,000 feet of 3/h-inch outside diameter by 0.065-inch average wall which is cut to 20-foot O-inch lengths.

rmation from Carpenter Technology Corporation (August 7, 1973)./ "B" is based on 1/8-inch sheet in 20,000-pound
ﬁnrormuon from J. M. Tull, Atlanta, Georgia, by telephone (July 2, 1973),

ctual depth of penetration in mils during exposure periods is indicated in Tables I, II, and IIT.

s are 1isted in their approximate order of decreasing corrosion resistance.

d,

.ens.

ove in parent metal was 18 mils deep.

‘e localized attack of parent metal.



HYDRO-FILTER TCA VENTUR!
(FLOODED-BED (MOBILE BED OF (FOLLOWED BY
OF MARBLES) PING-PONG BALLS) AFTER-SCRUBBER)

FIGURE |
THREE PARALLEL SYSTEMS OF LIMESTONE-WET-SCRUBBING
TEST FACILITY AT SHAWNEE POWER PLANT
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TOP OF STACK

~ DUCT-40"0D1A. !
(TYPE 3i6L SS) 57-8%“

LEGEND:

®\_ LOCATION OF TESY
== SPECIMENS
{RACK,SPOOL OR STRESSED)

9 GPECIMEN OMITTEO IN CURRENT RUNS
(AUG 8, 1972--- FEB. 2,1973)

Y CARBON STEEL ASTM A-283
€ TEST 1013 WAS CONDUCTED IN

I.0.FAN
(TYPE 3I18L SS)

B
CLARIFIER TANK D-102 NOT SHOWN
° ° VALVE (PSV, .
24"BUTTERFLY) .26-6
STRESSED H— |31 l
- ] f |
|&hﬂ' ' aLe
SPOOL 7-93
L 4
| i p——— i g o ——
e —|1-— % REHEATER(F-OI,
T ; REFACTORY LINE
CARBON STEFL .
_?;;l__.t.bms%qlsg) 13-6
750.0. 0.
CATWALN. 9 00.,877
(TO POWER (TYPE 316 L SS)
BUILDING)
— 1 ee—m .
i L o "t
GAS INLET DUCT(40"DIA,10GA. B2 N (o 150-0
CARBON STEELD) :
EL.397410" SPRAY 17-0°

HEADERS | |o- SCRUBBER

TYPE 316L S.S. STRUCTUR;

(ATO B)

Y -

SCRUBBER TOWER

| {INEOPRENE LINED
I\ GoeD° CARBON STEEL)
. 13:6
r_-ran'/,“om. INSIOE - l

= !

o o

LOWER
ACCESS DOOR
SPOOL

um' SECTION'f|

VENT
(ry

> v ale
SPOOL [ IXER 1n-33
NEOPRENE LINED —
{CARBON STEEL, B-C -0 (¥-101) )
, L DOWNCOMER
7012 54 1 -r*‘ 4a’DIA. TYPE 3161
n ! 1| HoLD TaNnk
rooL - ; 4+ (D-101 FOR
) SCRUBBER .
Ip50008) - EFFLUENT, 2283
RECIRCULATION —»{ SPOOL FLAKELINE
TANK (D-104, STRESSED |, |ooN3 COATING
NEOPRENE LINED ! “CI" _‘_? svscsﬁ ON
careon sTeeLr ool U || 20-0"] M E
i Al L] : GROUND LEVEL
EL. 3458°-0"
FIGURE 2

VENTURI SCRUBBER SYSTEM, (C-101)



YOP OF STACK

37:8;
LEGEND:
GD\ LOCATION OF TESTY
7= SPECIMENS.
(RACK, SPOOL OR STRESSED) 1.0. FAN
© CARBON STEEL ASTM A-283 (TYPE 3161 SS)
® YEST 2013 WAS CONDUCTED IN
CLARIFIER TANK D-202 NOT SHOWN ]
DUCT-40"DIA. 30-¢*
{TYPE 3161 SS) :
] sPoOOL J
" ala
3.9l

REHEATER (F-201,REFRACTORY
LINED CARBON STEEL =~
SHELL.INSULATED)
73%°00.,67'31 0.

,GROUND LEVEL

EL. 34%-0"

MIST ELIMINATOR (CHEVRON) —\
FLEXITRAY oo
GAS INLET DUCT (40" 6'-11"SQ. INSIOE 180-0°
DIA., 10 GA. CARBON L RUBBER LINING
STEEL) © 170"
EL. 397°10 ~ |- SCRUBBER
TYPE 3I16L S.S ¥ STRUCTURE
(A TO B)
ACCESS DOOR N
Reny SCRUBBER TOWER
. : (NEOPRENE LINED
: CARBON STEEL) _,' .
SPOOL so b sPoOL 1356
: MRy __ GRIDS
E]m D (BALL SUPPORT).. 0 <o INSIDE
----- 4+ — | p____._______ [ }
1"_
. Aloo |
@ Ll MIXER SN LY
MIXER (3012)° T (v-201) ,
(Y-ZOG)\C’F_JLJ. "II ,‘4 R | P
= o) S ‘_ = DOWNCOMER (4014,
T T .: 1 TYPE 316L S8)
|
'I‘ | , ' c /I [ Ho[‘;o TI(&)P:‘K
SPOOL~.}! . E )t (D-201 F
. b oph. h‘- L | scrubsen .
‘H"” | STRESSED | | EFFLUENT  22'83"
RECIRCULATION — | o shooc | { FLAKELINE
TANK (0-204, B A RACK s 103 COATING
NEOPRENE LINED | |l ] P ‘o ~ON CARBON
carson steeL) 14| LI LY, g o i,—;, STEEL®
: B I | - ) .
iy | ﬁ;.i.l_:_r;::;_;;.t
FIGURE 3

TURBULENT CONTACT SCRUBBER SYSTEM, TCA-(C-201)
{MOBILE BED,-- PING-PONG BALL)
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/. TOP OF STACK

{ 0
) LT
37'83
LEGEMD:
®\_ LOCATION OF TEST
J—'SPECI EN Ay
{RACK, SPOOL on STRESSED) 1.0 FAN
9 CARBON STEEL ASTM A-283 HL(TYPE 316L 55)
® TEST 3013WAS CONDUCTED IN
CLARIFIER TANK D- 302 NOT SHOWN
30™-¢"
SPOOL T _}
STRESSED 4@ 3'-'9-;-'
TR 1 e e et —— t
REHEATER (F- 301, REFRACTORY jf* EEEEES e
LINED CARBON STEEL - L%‘ — 150'-0
SHELL INSULATED) |'Ij 80" | y_g
73%" 00,6710 9!
e
S
i [ﬂ,.r_:m..,v -
pucT agou
_GAS INLET DUCT(40" ’(SS)E
"DIA.,10GA. CARBON SCRUBBER
STEELO) —\@’ | [~ STRUCTURE 17-0"
EL.391'-)0" i
TYPE 316 L 88 ——=f 1] ! ’ ]
@ 10 ®) ) L4 ]
ACCESS DOOR —IJ-/#&" -4 STAIR 13'-6"
SPOOL/,
. | - SPOOL 8ER
" - H ¥ SCRUB
6-117275Q. INSI0E ~__ | ! K TR acx (NEQPRENE_LINED X
! z ... S,Ressgo; CARBON STEEL) I7-¢
= '
i \GESJ .
) W-33
GRID L Lt——MIXER
(MARBLE SUPPORT) ﬁ/_f (v-301)
Y i
b HERE
QOI2D- goowwcoun :
8POOL — (4'DIATYPE 3I6L 9S)
i . HOLD TANK Iy
RECIRCULAT ION STREssED | | - li Ll —0-301, FLake- 22783
TANK (D-304, N3+ 5pooL ~ LINE 103 COAT-
NEOPRENE-LINED ]! " DrRack ING ON CARBON
CARBON STEEL) = . STEELO)
e e
_ ey by . LRG| GROUND LEVEL

FIGURE 4

EL 34%-0"

HYDRO-FILTER SCRUBBER SYSTEM, HF- (C -301)

(FLOODED BED OF MARBLES)
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€v-a

STRESSED
(U-BEND)

TYPICAL

ASSEMBLIES

FIGURE 5
OF CORROSION

TEST SPECIMENS
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FIGURE 6
CORROSION TEST ASSEMBLIES AND SUPPORTS READY FOR INSTALLATION IN PLANTS



LP-a

EXHAUST]|GAS (HEATED)

EEE!’!ttm.:c:m: T

1013
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