Container Division

8209 C. R. 131
. WILDWOOD, FL 34785
TELEPHONE: 904/748-2900

FAX: 904/748-6370

C5740002 1/94

JEFFERSON SMURFIT CORPORATION & CONTAINER CORPORATION OF AMERICA |

February 2, 1995

RECEIVED

Florida Dept. Environmental Reg =3 6 19
2600 Blair Stone Rd :

Tallahassee, FL 32399-2400 Bureau of
Air Regulation

Air Permitting & Standards Section

P
Subject: Container Corporation Of America
Name Change

Dear Sir,

This is to inform you that on December 31, 1994 the name of
Container Corporation of America was changed to Jefferson Smurfit
Corporation (U.S.). The company will continue to do business under
the names Container Corporation of America and Jefferson Smurfit
Corporation.

If you need any more information or require any further submissions
concerning this matter, please contact me at 904-748-2900.

Sincerely,

DM'&H#

Dave Riddell
General Manager
Jefferson Smurfit Corporation U.S.

8209 C.R. 131
Wildwood, FI, 23478%
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A The Phoenix Project in general terms is the
regstarting or rebuilding of Container Corporation of
America of Fernandina Beaches' No. 2 paper machine which
is currently idle.

The project involves rebuilding that paper
machine toge&her with other equipment additions with the
intent to increase the capacity of this complex.

Q Okay. But you're not aware of any currently
operating facilities or equipment being retired or placed
out of commission as a result of new sources being
permitted or new equipment being permitted?

A No, I'm not aware of that.

Q Okay. So essentially the Phoenix Project is

designed to increase production quantity at the mill; 1is

that correct?

A That is one of its three major objectives, yes.
Q And what are the other two major objectives?
A . The second objective of that machine is to begin
’ RS

maaufacturing recycle medium at the mill. Right now we
make linerboard.

And the third major objective.of the machine is
to increase our availability of lightweight linerboard
which we are restricted right now on our two paper
machines to produce.

Q Okay. Have you made plans to be available for
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CONTAINER CORPORATION OF AMERICA, INC.
ENFORCEMENT HISTORY

On September 30, 1986 Jefferson Smurfit Corporation (JSC)
acquireéd a majority interest in Container . Corporation of
America, Ina. - (CCA). While CCA's history of noncompliance
prior to the acquisition by JSC would be irrelevant to a

permitting decision for a JSC permit, the entire history of

noncompliance of CCA and JSC 1is relevant to permitting

‘decisions for CCA permits.

1., OCS5 - Case No. 90-0346: DER issued an NOV on April 24,
1990 ieging’ that CCA's mill in Fernandina Beach discharged
200,000 .qallons of untreated industrial wastewater to the
Amelia K:w2r, in violation of the mill's permit conditions for
blologlcgh' oxygen demand (BOD) and total suspended solids

(TSS). OGC has reviewed a  draft consent order seeking
corrective <ctions..and 'a monetary settlement of $20,000, of
which $51ii 04 represents DER costs. The draft consent order

was returned to the N.F. District on September- 10, 1990, and
verbal:ggiééﬁéﬁf’between the parties has been reached.

2. OGC Case No. 89-1625: A Consent Order was entercd on
Aug:.st 2, 1990.<gIleging_that JSC's paper mill in Jacksonville
exczeded its industrial wastewater permit 1limits for BOD and
TSS. JSC agreed to pay a settlement of .$5,015.43, of which
$‘6> 43 represents DER costs.

3. OGC Case No. 89-0617: A Civil Compléint was filed with

| the Nassau Ccunty Circuit Court alleging that CCA burned tires

on 5 days at its Fernandina Beach mill in violation of fuel
restrictions for one of 1ts power boilers. "The Complaint
further alleges that CCA emitted black liquor, an unpermitted
pollutant, onn 22 occasions, violated -permit limits for
particulate matter 19 times, -~ failed "to notify DER of

malfeuctions 15 times, and emitted noxious <Ggases on 27 .

occasions. DER has made a. settlement offer of $297,000 plus
ccrrective action, which has not been accepted. No hearing has
yet becn set..-. - : :

4, OGC Case No '87-1145: ' A Consent Order was entered: on

May 25, 19882:;;;ggln§:>that CCA discharged shredded@ plastic

miterial into the Amelia River without a solid waste permit.
CCA agreed to pay a $3,200 settlement.

5. O0GC Cas 87-1124: A Consent Order was entered on
Jure 21, 19885£Ll§g1n5>that CCA of Fernandina Beach disj,osed of
cbal ash. and sludge (lime mud from ceusticizing green 1liquor
frcow recovery boiler) in several creeks without a solid waste
per: JL CCA a¢reed to pay a settlement of $1,600 and to submit
a plar for disposal of coal ash and sludge. .



6. OGC Case No. 87-0885: On September 17, 1987, DER sent -
to CCA of Fernandina Beach a draft consent order alleging that
it failed to submit continuous emission monitoring reports on
"time and seeking a settlement of $3,845.78, of which $95.78
represents DER' costs. On June 21, 1988, the N.E. District
rescinded the draft consent order.

7. OGC Case No. 87-0565: OGC received a draft consent
order on May 1, 1987 alleging that CCA violated air permit
conditions. No draft or final consent order has been located -
be1ng investigated. : :

B. OGC Case No. B86-1220: A Consent Order was entered on
July 27, 1987 alleging that hazardous waste (sludge and
condensate from tanks and process vessels) may have discharged
into the groundwater when CCA demolished or dismantled coal

gasification equipment in order to build Ccééigii%ir recycling
eged)

center in Jacksonville. The Consent Order violations
of groundwater and drinking water standards “for causing
pollution without a permit. Corrective actions were agreed
upon, but not a monetary settlement. '

9. OGC Case No. 86-0573: EPA issued a letter of violation
to JsC for various:é;éeged iolations of its Jacksonville paper
mill's No. 10 Power oiler, including. EPA alleged that .JSC
conducted initial performance tests .for PM, SOp. and NOy four
months late; did not install CEM equipment for opacity prior to
performance testing; conducted CEM performance evaluations for
SO0,, NOy, COy, and opacity a month late; did not maintain strip
charts for SO, and NOx from CEM for nearly one year; did not
submit  quarterly reports of "excess 'emissions for SO;, NOy and
opacity on time; and did not report excess emissions for 80jp
and NOy on several occasions.

OGC receiveda a draft consent order on May 14, 1986
requiring certain remedial actions such as internal audits of
CEM equipment and improved recordkeeping procedures, and a
monetary settlement of $10,000. No consent order has yet bheen
executed. The status of this case is being ‘investigated.

10. OGC Case No. 85-0501: A Consent Order was entered on
February 24, 198 \_g~leg£§§§ that Austille Packaging Company
(JSC) v1olated hazardous waste requirements for ‘accumulation
time, recordkeeping, exception reporting, personnel training,
maintenance and operation of the facility, arrangements with
local authorities, contingency plans, and emergency
procedures. JSC agreed to a monetary settlement of $5 647.64,
of Wthh $90.98 represents DER costs.

11. OGC Case No 85-0324: A Consent Order was entered on

‘February 24,. 1986_ that Austille Packaging Company
(JSC) wviolated hazardou waste requirements for accumulation

~time, recordkeeping, exception reporting, personnel training,



maintenance and operation of the facility, arrangements with
local authorities, contingency plans, and emergency
procedures. JSC agreed to a monetary settlement of $9,495.78,
of which $45.78 represents DER costs. The violations alleged
in this case are not duplicative of those in OGC Case No.
85-0501, which arose from a separate NOV.

84—-0984: A Consent Order was entered on

12.
April 3, 19%& g°> that CCA of Fernandina Beach violated
hazardous equirements for general inspections and

sampling and analysis. CCA agreed to corrective actions and a
$7,350 monetary settlement, of which $74.24 represents DER
"costs. ' .

13. OGC Case No. 83-0459: __A Consent Final Judgment . was
entered on April 13, 1984 @liégfﬁb’that CCA of Fernandina Beach
exceeded its VE limit on-9 occasions, failed to notify DER of
excess emissions 6 times, circumvented pollution control
devices 51 times, violated 1industrial wastewater permit
conditions 2 times, and failed to notify DER of malfunctions 2
times. CCA agreed to pay $64,000 in DER costs and a monetary
settlement of $36,000. ,

14. OGC Case No. 83-0395: On March 7, 1984+ EPA issued an
Administrative Order finding the following industrial
wastewater violations: 4 exceedances of the daily maximum for -
BOD, 1 violation of the daily average for BOD, 6 violations of
the daily maximum for TSS, 2 violations of the daily maximum

for temperature, and 1 violation -of the daily maximum for pH.
The violations occurred on 12 days during July of 1982 through
February of 1984. Two days worth of violations were the
subject of OGC Case No. 83-0459. However, EPA and Department
records apparently do not indicate any resolution of the
remaining violations. The legal case tracking system shows the
case as still being open.

15. OGC Case No. 83-0374: A Consent Final Judgment was
entered on February 28, 1985 whereby Austille Packaging (JSC)
‘%%;%gﬁ that it violated VOC limits in a nonattainment area and

iled to use required control technology. JSC agreed to
install control equipment and to pay a $62,000 settlement plus
$38,130.34 in DER costs. Further, JSC agreed to demonstrate
compliance by December 31, 1985, or risk penalties up to $5,000
a day (doubled if enforced by a court). '

On December 18, 1987 DER filed a Motion for Penalties for
‘failure to demonstrate compliance as agreed to in the Consent
Final Judgment. DER is seeking double the stipulated penalties
plus interest, costs, and attorney fees. The Motion is still
the subject of litigation. : '
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OGC# . FROBRAM1 E-~CO-DATE E-NOV-DATE E-FO-DATE STYLE
B61510 AF AUSTILL FACKAGING COMFANY (FRESS #2) VS. DER
861509 AF AL COMFANY (FRESS #4) VS. DER *-
B61508 ' . AF COMFANY (FRESS #5) VS. DER
_.B50501 Hi 100000 (JEEEERSDN“SMURFIT CDRPDRATIDN):NDER VS..
850324 HW 860224 BS060S QO0O00 AUSTILL PAC}AGING, INC.: DER VS.
830374 AF 831201 QOOO00 oooooo AUSTILL PACKAGING, INC.; DER VS.
..B30T82 Ak ATION OF_AMERICA
200346 IW TION.OF -AMERICA. DER VS,
890549 . IW ION:OF AMERICA’ V8. DER
...B91148. - _AF : NEF RECRATION_OF _AMERICA. VS. DER
2913501 AF CONTAINER CORFORATION OF AMERICA VS. DER
871700 AF CONTAINER CORFORATION OF AMERICA (#141871) VS. DER
871701 = _CONTAINER COREORATION_OE_AMERICA_(#141872) _VS. DER
BT1T0Z T AP ) RATION OF AMERICA " (#141873) VS. DER
871703 . AF ONTAINER! TION OF AMERICA (#141874) VS. DER .
e BTALTO4 AR CONTAINER COREORATION_OF..AMERICA: (#141875)..\S.. DER.
871705 AP CONTAINER CORFORATION OF AMERICA (#141877) VS. DER
871706 AF CONTAINER CORFORATION OF AMERICA (#141878) VS. DER
 B81126 AR sYetstetate) 000000 CONTAINER CORPORATION OF AMERICA (FERNANDINA BEACH); DER VS
861220 “TBW : v “SONVILLE); DER..VS..
870565 - AF JEFF SDN SMURFIT), DER VS
e BADFBE_ HW- a¥: ¥ - ;A DER-SH :
830459 AF Q00000 000000 Q0000 CONTAINER CORFORATION OF AMERICA; DER VS.
830395 Iw CONTAINER CORFORATION OF AMERICA; DER VS.
B711724 SW 880621 QOOQOQ sTulolatale! CONTAINER _CORFOBATION _OF _AMERICA: _DER NS
840011 . I T g NGO
830154 : ITAT
8'“()==1 = NTQ
800036 AF CONTAINER CORF. OF AMERICA VS. DER

CONTAINER CORF. OF AMERICA (JEFFERSON SMQRFIT CORF)DER VS.

5201183
871145

80971

00802

CONTAINER _CORE. OE _AMERICA _(RULE. CHALL FNFF 17=-4)

.ERNANDINA"DER VS

QOO0

QOOOO0

BRSON - SMURF 1 T).DER -VS :

JEFFERSON SMURFIT CDRFURATIDN DER VS.
JEFFERSON SMURFIT CORFORATION V5. DER
JEEEERSO B T I"I"IF?'__F_‘I']RATIHN Vs

871688

871689 -

e BT1 470
80261
84605373

QOOO00

JEFFERSON SMURFIT CDhPORATIDN (1444609) VS. DER.
JEFFERSON SMURFITT; U.S. EFPA, DER, % JACKSONVILLE BESD VS.
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DISCLAIMER

' This report was prepared for the U.S. Environmental Protection Agency by
- PEI Associates, Inc., Cincinnati, Ohio, under Contract No. 68-D2-395:, Work
-Assignment No. 40. The contents of this report are reproduced hereir as
‘received from the contractor. The opinions, findings, and conclusions ex-
. ._pressed are those of the authors and not necessarily those of the U.S.
"~ . .Environmental Protection Agency.
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- SECTION 1
INTRODUCTION

Under the terms of a consent decree between Container Corporation of
~America (CCA) and the State of Florida Department of Environmental Regulation
(DER), PEI Associates, Inc. (PEI) conducted an inspection of . em1ss1ons sources
at Container Corporat1on s Fernandina Beach Mill. Sources to be covered during
the inspection included the No. 5 Recovery Boiler and electrostatic precipita-
tor (ESP), No. 4 Recovery Boiler and ESP, No. 4 Power Boilaz and mechanical
collector (Bahco) and No. 5 Power Boi]er'and mechanical collector (Bahco):

Under terms of the work assignment issued by the U.S. Environmental Pro-
tection Agency (EPA), PEI was directed to compiete the following-tasks:

1. Inspect and determine the physical cond1t1on of “the ESP serv1ng
the No. 4 and No. 5 Recovery Boilers.

2. Inspect and'determ1ne the physical condition of mechanical col-
Tectors on the No. 4 and 5 Power Boilers.

3. " Review the preventive maintenance and emergency maintenance proce-
dures and determine the adequacy of these programs to maintain
compliance with applicable opacity and emission limitations.

This report presents the results of the inspection and the conclusions
drawn by the authors as a result of reviewing and evaluating the data obtained
from Container Corporation during and subsequent to the inspection. Based on
these cont]usiqns, recommendations are presented concerning possible corrective
action or the need for further study znd evaluation. These recommendations .
are not to be interpreted as~abso1uté or mandatory but are included for con-
sideration byyContainer Corporation in its response to DER. Any recommendation
should be investigated by Conta1ner Corporation for specific app11cab111ty to
the individual units.

A copy of the CompTaint for Civil Penalties and InjUnctive Relief and
Stipulation and Motion for Entry of Consent Final Judgment (Case No. 84-127CA)
is prov1ded in Append1x A.



SECTION 2
~ PROCESS DESCRIPTION

2.1 RECOVERY BOILERS

B ;r

(e

Container Corporation operates two black 1iquor-fired récdvery boilers
~ to generate steam and electricity. As.part of the combustion process, the
inorganic portion of the black liquor is reduced and drained from the boiler

=

hearth as a molten smelt. _ ‘ _

Black liquor is concentrated in both boilers from 50 percent so]id$ to
67 percent solids by noncontact evaporators. ‘Because the flue gases from the
recovery boiler a}e not placed in contact with the liguor, hydrogen su]fiqe
(HZS) is not stripped from the 1iquor. " | _ .

There are three areas of combustion in the recovery boiler furnace: the
secondary air zone, pfimary air zone, and the tertiary air zone (upper |
secondary air zone). Specific combustion processes occur in each zcae that
determine the areas of heat'release and the volume of combustion air required.

Liquor is fired through steam atdmizing nozzles producing a pop-corn
size drop1et} The'drop1ets dehydrate as they fall through the combustior
zone. Volatile hydrocarbons are evaporated and oxidized. Long chezin iydro-
carbons are reduced to a char that forms a char bed on the hearth of the
boiler. On the hearth, char is burned with primary air and sodium is rec:iced
'to sodium carbonate and sodiuﬁ sulfide. The molten smelt drains through the
char bed matrix and out through smelt spouts. |

Char is partially oxidized to carbon ‘monoxide (CO) that oxidizes to
carbon dioxide (COZ) in the upper portiun of the primary air zone. Sodium
in the smelt is oxidized and a portion is removed by the combustion air,
which is combined with-C0 to form sodium carbonate (NaZCO ). Sulfur in the
vapor phase is oxidized to sulfur dioxide (502) above ‘the char bed.

In Tow odor design boilers, the char bed temperature is maintained high
enough to increase the rate of sodium 1055. ‘Under oxidizing conditions and
high temperature, sulfur and total reduced sulfur (TRS) compounds react with



sodium and form sodium sulfate (N62504)- Typical char bed temperatures range
- from 1800° to 2000°F with high primary air temperatures (3400°F).

Because sulfur in the fired liquor is converted to Na2504 instead of
being released as $0,, the uncontrolled particulate matter emission rate is
higher than:from a conventional boiler. Because of elevated char bed tempera-
ture, the particulate matter is also finer than from a conventional boiler.

. 2.1.1 No. 5 Recovery Bojler

The original design of the No. 5 Recovery Boiler is a Babcock and Wilcox
(B&W) cross recovery low odor boiler. The design liquor firing rate is 125,000
“1b black liquor solids (BLS) per hour with a maximum peak rating of 125,000 1b
BLS/h (1000 ton air dried pulp) at 3000 1b BLS/ADT and and 6600 Btu/1b BLS.
"Actual DER permit limits are 157,000 1b/h of BLS. Total heat input rate is

750 x 10° Btush.

The boiler is equipped to fire both b1ack'1iqubr and residual oil. The
amount of residual oil fired is minimized to prevent formation of sticky salt
cake. | | /

The uncontrolled particulate matter emission rate from the boiler is
estimated to be 6.0 gr/dscf (~ 11,520 1b/h). Total design flue gac volume is
500,000 acfm at 400°F and 27 pefcent moisture. Based on the liquor fired,
approximately 46.7 dscf of flue gas is produced per pound of BLS fired. At
low excess oxygen levels (<4.0% oxygen), the volume of flue gas produced is
Tess than design. Under current operating conditions the boiler produces
dpproximate]y 348,500 acfm when fired at 151,000 1b BLS/h (~ 4.0% oxygen in
the flue gases). ’

2.1.2 No. 5 EST

The ESP serving the No. 5 Recovery Boiler was installed in 1979 as part
of the original Coﬁstruction of the source.. The unit was manufactured by
Environmental Elements Corporation (Kopper's) and contains two chambers with
six electrical fields in series in the direction of gas flow (Table 1).

Dust removal from the unit is by five drag conveyors in each chamber.

The drags move pefpendicu]ar to the gas stream dischzrging to screw conveyors
and ribbon mixer located under the center wall between the chambers. Positive
gas baffles are used between the three mechanical fields to prevznt gas
sneakage under the electrical zone. Baffles are also uséd between the irlet

3



TABLE 1. DESIGN SPECIFICATIONS FOR NO. 5 ESP

Manufacturer

‘Number of chambers
Number. of fields

Mechanical fields in direction of gas flow
Number of bus section/field
Gas volume

Gas temperature

Gas moisture .
Superficial velocity .
Treatment time

Gas passages

Plate spacing

Plate width

Plate height

Number of plates

Effective surface area
Specific collection area
Number of electrodes
Electrode 1ength'

Total electrode iength
Plate rappers

Electrode réppers
Distribution plate rappers
Turning vane rappers

T-R set number . -

T-R set size o

Orag hoppers”
Drag direction
Inlet dust loading

Outlet dust loadinc

Design efficiency

Environmental Elements
2,

6

3

2 -
500,000.2cfm
400°F
27% (volume)
2.68 ft/s

13.47%

124 .(62/chamber)
10 in. .
12.125 ft.

30.0 ft

378
270,630 ft
541.26 ft°/1000 acfm
5,952" '
31.3 ft

192,246 ft -

144 '

2

48

12

1500 ma
55 kV

4
Perpendicular

6.0 gr/décf
(11,520 1b/h)

0.015 gr/dscf
(28.8 1b/h)

99.75%




plenum drag bottom and‘1n1et_fie1d and .between outlet field and outlet
plenum. _ _ 4 '__
The inlet to the unit is from the bottom with gas turning vanes and gas
distribution plate to control inlet velocity distribution. Gas is emitted
through two stacks (one per chamber). - .

Design gas volume of the unit is 500,000 acfm (400°F) with a superficial
~ velocity of 2.68 ft/s. Total plate area is 270,630 ft2 for the three mechan-
A'ica1'fje1ds each containing 124 gas lanes (62/chamber). At the design gas
§o1ume. the specific collection area is 541.26 ft2/1000 acfm,

Electrode design is weighted wire with six electrical fields in the direc-
tion of gas flow. Each electrical field is sectionalized ig}o two bus sections
in each chamber (Hl and H2). '

Electrical voltage is supplied by 12 transformer-rectifiers (T-R) "sets
rated at 1500.m111iamp (ma) and 55 kilovolts -(kV). Electrical control is by
digital automatic control circuits. Power input is recorded by primary and
secondary meters (current and.vo1tage).

The design inlet dust loading is 6.0 gr/dscf or approximately 11,520
1b/h at design gas volume. Outlet désign grain 1oadihg is 0.015 gr/dscf or
28.8 1b/h. I |

2.1.3 No. 4 Recovery Boiler

The No. 4-Recovery Boiler is a B&W kraft recovery boiler. The boiler
was installed prior to promuigation of the New Source Performance Standard
(NSPS) for kraft retovery boilers and is subject to State of Florida DER emis-
sion standards for kraft pulp mills (i.e., 3 1b/3000 1b BLS fired).

The boiler is a low odor design witﬁ a‘noncontatt liquor evaporstor.
The design steam flow is 482,000 1b/h. Désigh'boi1er process rate is 1000 -
tons air-dried pulp per day or 125,000 1b BLS/h. :

2.1.4 No. 4 ESP

The No. 4 ESP (sometimes referred to a§,3A ESP) is a weighted wire ESP
manufactured by.Envirohmenta1 E1éments (Table 2). The unit contains two
chambers with six electrical fields in series in the direction of the gas flow.
The outlet field in each chamber is divided into four bus secfions (2 T-R sets)
and the remaining fields in each chamber are divided into two bus sections.

Salt cake is removed by drag conveyors that discharge at the inlet end
'_of each chamber. Original design was for four drags\(Z per chamber) in the

5



TABLE 2. ADESIGN SPECIFICATIONS FOR NO. 4 ESP

Manufacturer
Number of chambers
Number of fields -

Mechanical fields in direction of gas flow

Number of bus sections/chamber

Gas volume

Gas temperature

Gas moisture

’ Superficial velocity
Treatment time-

Gas passages

Plate spacing

Pate width

Plate height

Number of plates _
Effective surface area
Specific collection area
Number of electrodes
‘Electrode length

Total electrode length
Plate rappers

ETectrdde rappers
Distribution plate rappers
T-R set number -

T-R set size

Drag hopper

Drags

 _Drag direction
~Inlet dust loading
Outlet dust loading
Design efficiency

Environmental Elements
2

"6

3

2 field 1-4
4 field 5-6

420,000 acfm
400°F

27% (volume)

2797 ft/s =
10.6s
94 (47/chamber)
10 in.
10.625 ft
30 ft
280
179,775 ft |
428.0 £t°/1000 acfm
3,948

32.3 ft

127,530 ft

48

72

8

14

1250 ma

55 KV

-

4

2

Parallel

3 gr/acfm (10,800 1b/h)

£ 0.012 gr/acfm (43.20 1b/h)

99.6%




direction of gas flow. A recent rebuild modified the unit to three drags
per chamber, Because of an inlet design change to the top inlet, drégs
have been extended into the inlet plenum. Moveable gas baffles are used
_between mechanical fields to prevent gas sneakage and dust reentrainment.

The gas inlet originally was from the bottom with top ges outlet, but
the 1n1et was converted to top inlet in 1983, The new inlet is equ1pped w1th
~an inclined baffle plate and perforated distribution plate to aid in gas
| velocity distribution. Outlet from the unit is through a single stack located
above the ESP roof |

Design gas volume for the ESP is 420,000 acfm (400 F) with a superficial
velocity of 2.97 ft/s. The total effective collection p]ate_area is 179,775
ft2 at design gas volume. The specific collection area 1s 428 ft /1000 acfm.
There are three mechanical fields in each chamber with 94 gas lanes (47/
chamber). Electrical current is supp11ed by 14 T-R sets rated at 1250 ma
and 55 kV. The T-R sets are controlled by digital automat1c control circuits.

2.2 POWER BOILERS

2.2.1 No. 4 Powér Boiler

. No. 4 power boiler is a B&W combination-fired continuous water tube boiler
firing residual oil and/or bark. The boiler is a spreader stoker with over-
‘fire and underfire combustion air, three air-swept wood spouts, and four oil
burners. The boiler is rated at 200,000 1b/h of steam at 875 psig and 890°F
at @ firing rate of 47,500 1b/h unhogged Southern Pine bark and 3,50C 1b/h
No. 6 fuel oil, or 13,500 1b/h No. 6 fuel oil alone (Table 3).

The particulate matter emissions are controlled by a mecnanical collector
system manufactured by Bahco (JCD Multicyclone) and purchased by Contziner
Corporation.from Combustion Equipment Associates, Inc. (CEA) of New York City,
New York. The Bahco JCD Multicyclone, manufactured in Sweden, is a dynamic
dust collector consisting of a number of horizontal cyclone tubes operating
in parallel and arranged perpendicular to gas flow. EachICyc1one tube has a
nominal capacity of 350 to 600 acfm. The JCD is built in modules thaet are
connected in parallel. As originally d?signed,'incoming flue gas is split by

- .a divefgeht plenum into two primary dust collectors, one upper and one lower.

~



\

TABLE 3. NO. 4 POWER BOILER DESIGN DATA.

Boiler manufacturer
Type
Fuel burners
| Bark
011 |
Spreader stdker

Dimensions
Grate surface area

Total heating surface

Total furnace volume

Steam, actual, 10° 1b/h
- Type fuel
Rate and load duration, h

Excess air 1eaving.boi1er, %
Burners in use

Fuel cohsumption, 103 1b/h

3 1b/h

team pressure at superheater outlet, psig

Flue gas leaving boiler, 10

Temp. of superheated steam, °r

Temp. of flue gas leaving air heater, OF
Furnace draft, in. of water |
Boiler and superheater draft, in. of water
Air heater draft, ir. of water

Dust collector draft, in. of water

Unit efficiency, %

i
B&W k

Continuous tube

I

3 air-swept wood spouts

4 circular burners

!

|
|
i

12' 14" x 22' 8"

254.5 ft°

79,114 ft2

11,440 3
200

011
Continuous
14

4

13.5

234

875

822

376 -

0.1

0.8

1.3
1.7
85.7,

net

200
011 and bark

Continuous

22
4

:3.5/47.5

298
875
890
430
0.1
1.4
2.7
2.8
73.5




Each collector consists of a first and second stage. Gas passes through the
first stage of the primary co]]ector'into the second stage and clean gas is
then dischérged to'the stack. Particulate matter from the first and second
‘ét:ges of the primary éo]]ectors is withdrawn by secondary fans into two secon-
dary collectors. Thése collectors are smaller than the primary collectors and
serve to concentrate the particulate matter for remc~val. Clean gas from the
'secondary collectors is then reinjected into the primary collectors and ‘passed
through to the'stéck. Particulate matter from the secondary collectors is
withdrawn by tertiary fans to four tertiary cyclones for dust removal. A fifth
hopper cyclone is used to collect large particulate matter that is collected

by settiing in the inlet of the secondary collectors. Cleagzgas from t:aese
cyclones is then discharged back to the inlet of the primar} coliectors.

2.2:2 No. 5 Power Boiler

No. S power boiler is a B&W combination-fired continuous wafer tube
boiler firing residual o0il and/or bark. The boiler is a travelling grate rated
at 160,000 1b/h of steam at 875° psig and 825°F firing 60,000 1b/h hogged
Southern Pine and hardwood bark. The boiler is also rated at 500,000 1b/h of
steam at 875° psig and 838°F firing 60,000 1b/h of bark and 20,200 b/h cf
Ne. 6 fuel oil (Table 4). | '

The particulate matter emissions are controlled with a Bahro mechanical
collector similar to that employed on No. 4 Pow=zr Boiler. .The Bahcc col-
lector on No. 5 Power Boiler, however, was originally dé;igned with four
primary collectors, two secondary collectors, four tertiary cyclones, and a

hopper cyclone,

2.2.3 QOperating Principles of the Bahco JCD Multicyclone

k. described previously, the Bahco collector consists of mocdul2rized
banks of tubular collectors arranged in parallel (Figure 1). Flue gis enters
each individusl cyclone tube via a distribution plenum. The gas is given a
cyclonic spiralling motion by adjustable turning vanes on the inlet cap
(Figure 2). The coarse dust is separated from the gas stream by centrifugal
force and is discharged tc a vertical dust plenum. As the gas.stream swirls

down the length of the cyciohe, higher pressure differential in the cenzer



TABLE 4. NO. 5 POWER BOILER DESIGN DATA

Boiler marufacturer

Type

Fuel burners
Bawi
011
Travelling grate
| Dimensions.

Total heating surface

Total furnace volume

Steam, actuai, 10° 1b/h

Type fuel '
Rate #nd load duration, h
Exces: air lesving boiler, %
0il1 burners i: use _
ruel consumption, 103 1b/h

Flue gas leaving boiler, 10°

1b/h

Stean pressure at superheater outlet, psic
Temo. of superheated :eam, °F

Ter~. of flue gas leaving oil heater, OF_

Furnace draft, in. of water

' Boiler and superheater draft, in. of water

Dust collector draft, in. of water
Un:t efficiency, %

Ba&W -

ContinUous tube, travelling
grate.

5 ajr-swept wood spouts
6 circular buraers

-

22I "8-" x 17' .1;5“

79,922 ft°

27,100 ft°

60 - 500

Barki 0il and bark
Continuous Continuous
34 » 23

. 6

0 20.2/60
310 . 645

875 875

825 836

360 - 3%

0.5 | 1.7

0.6 | 2.2

0.6 2.2

68.5' 79.0




ho

Bahco collection tube bank.

Figure 1.
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Figure 2. Bahco collection’ tube.
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tube directs approximately 92 percent of the gas stream over the three slots
of the tube. When the gas makes the 180° turn into the center tube, the gas
stream rids itself of finer particles because the cyclonic inertia aTready
imparted to these particles prévents them from making this turn (Figure 3).
The cyclonic or "scalping" stream set up by the turning vanes captures these
particles and carries them along with the coarse particles to the dust out-
~let. Clean gas is discharged from the center tube. '

[

Figure 3. Gas stream flow into center tube.

This gas now enters the second stage of the primary collector. The gas
stream passe: through a second stage of cyclone tubes where.further dust
'separation is accomplished. The second stage of the primary ccilector is
‘identical to th2 first stage with both stages incorpor:ted in the same
enclosure. Clean gas from the second'stage of the primary collector is passed
to the stack. ' | |

~
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Final separation of dust takes place in the{secondary collectors. The
dirty gas stream from the first stage of the priﬁary collector is transported
by secondafy fans through a smaller secondary collector. The dirty gas stream
from the second stage of the primary collector {s:simi1ar1y transported to
another secondary collector. Clean gas from the secondary collectors is re-
injected into the flue gas inlet of the primary collectors. Dirty gas from
the sec0ndary‘c011ectors is transported by tertiary fans to respective banks
of tertiary cyclones. The dust is concentrated and final dust removal is
acﬁmmp]ished. Clean gas from these cyclones is returned to the inlet of the
primary collectors. ' | ‘

B:-ause this collection mechanism relies heavily on the cleanliness of
the three slots of the centef tube, each cyclonic tube is éﬁﬁipped with a
self-cleaning device {Figure 4). This arrangement uses an electrically '
driven "reamer" for each collection tube, Appfoxﬁmately every 5 minutes, an
electric motor rotates a reamer shaft in each vertical row of tubes within the
collector. As the shaft rotates, the reamer assembly within the center tube
of each cyclone is partially withdrawn and then replaced. This reamer
assembly includes four rings that drag through th? length of the center
tube scrapping away any accumulated dust.

Approximately 8 percent of the total gas flow that does not enter the
center tuns carries the separated dust to the verticai dust plenum. This
plenum cownects all the tubes in each vertical row to the collection duct
underneeth the co]]ector

The Bzhro multicyclone is a typical multicellular straight-through
cyclone in that th- turning vane ring located at the inlet of each cyclone
tube is ezdjustable. The adjustment is made during boiler 6peration to
accommodate changes in g¢s flow {boiler load) and to keep the'preSSUfe drop
con:cant across the multicvclone. When the gas'f]ow decreases, the pressure
droo is kept constant by inserting the vanes. This increases the path Iength
of ¢as across the turning vanes creating a cyclonic flow with stronger cen-
trifugel forcs. | | |

 The unit is designed to maintain collection efficiency as boiler load
decreases down to 30 percent. This is accomplished by incremently iny2rting
the turnirg vanes in response to decreasiﬁg ges flow to maintain design |
F-o2ssure dfop- A constant pressure drop on & reduce: gas flow maintain:
centrifugzi force and thereby collection =fficiency will tend to increase
(Figure 5). |
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Automatic adjusthent\of the turning vanes i§ accomp]ished by differential

pressure sensors in the collectors. These.sensors transmit data to ;ontro11ers

that activate pneumatic cylinders or each collector. The pneumatic cylinders

engage the guide vane activating levers. The 1éQers, in turn, mechanically
insert 'and withdraw the vane rings of each tube (Figure 6). The gujde vane

“activating 1ever‘may also be engaged manually.

BEmEEN EEEC0

JCD MULTICYZSLONE.

DIFFERENT. AL PRESSURE SENSOR.
O “ERENTIAL PREESSURE TRANSMITTLR

DI FERRLNTIAL PRELSSURT. CDUTROLE_R‘ FOR. MANUVAL OR
AUTOMATIC OPERATOR .

DIFEERRLNTIAL PRESSURE: |u0«¢».T<:g’r. ==
PNEUMATIC ACTUATOR WITH POSITIONER,

GUIDT. VANLS ACTUATING LEVER

DIFFZAENTIAL PRESSUZE TAPS L
INSTRUMENT R s|UPPLY (FILTERED)

PLANT AIR SUPPLY (APPROX 50 P31G)

. -, n < ) )
<:) P -

Figure 6. Bahco guide vane adjustmént-systemﬁ

~
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2.2.4 Bahco JCD Mu]tiéyc]one Design Specifications for No. 4 Power Boiler

Figure 7 illustrates the general layout and gas flow of the Bahco dust
collector serving the No. 4 Power Boiler as originally installed. The first
and second stages of the two primary collectors each contain 192 tube:. The .
diameter of each tube is 9 3/4 in. with a 1ength of 34 3/4 in. and a center
tubeA1ength of 20 in. At a design gas flow of 85,000 acfm per collector, the
- gas flow across each tube is 443 acfm. S

The two secondary collectors each contain 32 tubes with dimensions
identical to the primary-tubes. At a design gas flow of 14,600 acfm per
collector, the gas flow across each tube is 456 acfm. Tab]e 5 gives a more
complete descr1pt1on of the technical spec1f1cat1ons for ea%ﬁ component as

originally desxgned _

‘ As constructed under these«specificétions; Bahco guaranteed a maximum

of 0.05 g/scfm of dry gas, at 170,000 acfm of 400°F flue gas with a moisture
content of 7 percent to 18 percent. Assuming minimum moisture (maximum'scfmd),
this amounts to 41.786 pounds of particulate matter per hour. |

2.2.5 Bahco JCD Multicyclone Design Specification for Power Boiler No. 5

Figure 8 i]]ustrateﬁ the general layout and gas flow of the collector
serving the No. 5 Powef Boiler. As can be seen, the Bahco collector for the
No. 5 Power Boiler is larger than the one for No. 4 Power Boiler. The co]]ec-
tipn system for the No. 5 Power Boijler cons1sts of four primary collectors,
two secondary 6o1lectors, and five tertiary cyclones. The first and second
~ stages of the four primary collectors each consist of 160 tubes. The two
secondary co]]ectbrs_each contain 60 tubes. The dimensions ofka1I the tubes
are identical to the tubes found in the Bahco collector serving the No. 4
Power Boiler (i.e., 9 3/4 in. diameter, 34 3/4 in, length, and a center tube
length of 20 in.). | ‘ A

At a design gas flow of 75,000 acfm per primafy collector, the gas fiow
across each tube is 469 acfm. Similarly, at a design gas flow of 24,400 acfm
~per secondary collector, the gas flow across each tube is 407 acfm. Table 6
gives & more complete description of the technical specifications for each

component as originally designed.
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TABLE 5. NO. 4 POWER BOILER BAHCO. DESIGN SPECIFICATIONS :

Steam production, 1b/h

Type of fuel _ -
Make of boiler

"Reinjection capability
Primary Collector:

Gas volume - inlet, acfm
°F
Moisture content (by volume), %

Gas temperature,

Dust load - inlet, gr/scfd
Specific gravity of dust.
Pressure drop, in, water
Collector type, JCD

Total number of tubes, No.
Arrangement

Cleaning device

Secondary Collector:

Gas volume - in]et, acfm .
Gas temperature,.oF
Pressure drop, in. water
Collector type, JCD

- Total number of tubes
Arradgement

CTeaningldevice

200,000

Bark and o011
B&W

Yes

170,000
400
7-18
1.0 |
Sand - 2.65, Bark - 0.3
2.6 x 2 |
12-1610

2 x 384

th‘f

4 (12 x 16)

Yes

14,600 x 2
400

3.14
04,0810

2 x 32

2 (4 x 8)
Yes

18
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TABLE 6. NO. 5 POWER BOILER BAHCO DESIGN SPECIFICATION , \

Steam production, 1b/h
Type of fuel '
Make of boiler

Type of grate or stoker‘
Reinjection capability

PEimary Collector:

Gas volume - inlet, acfm

Gas temperature, oF

Moisture content (by volume), %

Dust load inlet, gr/scfd
Specific gravity of dust
Pressure drop, in. water
Collector type, JCD
Total number of tubes
Arrangemént

Cleaning device
Secondary Collector:

Gas volume - inlet, acfm
Gas temperature, °F

Pressure drop, in. water -

Collector type, JCD
Total number of tubes
Arrangement

Cleaning device

500,000 -

No. 6 oil and bark
B&W
Detroit travelling grate

Yes

300,000 .,
400

7-18

1.0

Sand - 2.65, Bark - 0.3
2 x 3.14 |
10.1610

2 x 640

2'x 4 (10 x 16)
Yes

2 x 24,400

400

2.53 each

06.1010

2 x 60

2 (6 x 10)

Yes

As'constructed under_thesg specifications, Bahco guaranteed a maximumA
of 0.05 g/scfm of dry gas, 300,000 acfm of 400°F flue gas with a moisture
content of 7 percent to 18 percent; Assuming minimum moisture (maximum scfmd),
this amounts to 73.689 pounds of particu]até.per hour. |



SECTION 3 |
RESULTS OF THE INSPECTION

3.1 FIELD EVALUATION OF THE RECOVERY BOILERS AND ASSOCIATED ESP'S

The inspection of the recovery boiler operation consisted of an analysis
of power di«%{ribution in the ESP, status of rapper systems, condition of the
shell, «ad an internal 1nspect1on of the ESP for sa]t cake bu11dup, depos1ts,

= -

plate aiignment and warpage,. and corrosion. ~

Beca:se the boilers could not be brought down for internal inspection,
one chambe:.was selected for internal inspection. The chémber was jso]ated
from the flue gas stream by guillotine dampers. The lower and upper (pent-
house) doors were opened and the ESP cooled by natura] draft.

In order to evaluate the salt cake depos1t patterns and the effect1ve-"
~ness of rappers, the rappers were not used dur1ng the cool down period. After
‘an initial internal 1nspect1on, the rappers were activated and & second in-
ternal inspection was conducted to determine the. structura1 cond1t1ons of the
unit (i.e., warpage,,a11gnment, corrosion) and the cond1t1on of salt cake
deposits. _ | ' '

Al 1nterna1 entries were conducted in accordance with confined area
entry procedures as specified by the Occupational Safe:.: and Health Admini-
strztion (0SHA) and Container Corpor:tion. These‘procedures iﬁc]ude gas

analysis and lock out provisions.

3.1.1 No. S-ESD

The No. 5 ESP was observed on Monday, June 25 1984, and power levels
recorded on each T~R set and slectrical bus section. There are two chanbers
in the ES? each containing three mechanical and six electriczl fields in series.
_Each electrical field is divided into two parallei bus sections (Nc. 1 and.
No. 2). ’ | ; |

Tne outlet field transformer inbfhe north chamber had been removed from
ser-ice because of fluid contamination and the E ond F fields were being

~

serviced by the E +ield trensformer.

o



Tables 7 and 8 present the power levels that were recorded on each
It should be noted that the secondary current increased in a normal
A check of chamber and bus section

chamber,

manner from inlet to outlet in each field.
indicated the bossibi11ty of a close clearance or
This can occur as a

secondary current, however,
buildup in the No.

2 bus section of field C south chamber,

result of misalignment in the electrical field or instrument error caused by

improper gate opening in SCR circuits.
sentat1ons of power distribution in the unit.

Figures 9 through 14 are graph1c repre-

TABLE 7. NUMBER 5 RECOVERY BOILER CORONA PONER LEVELS
(SOUTH CHAMBER)

Parameter A B C D E - F
Primary current, amperes 85 115 145 210 175 220
Primary voltage, volts 270 225 285. 325 . 340 | - _3§0
Primary corona power, volts 22,950 25,875 | 41,325 | 68,250 59,500 | 79,200
Secondary current, mA 400 600 | 960 | 1,190 | 1,020 | 1,250

bus H1, mA 200| 300| 60| 600 | 540 660

‘bus H2, mA 200 300 360 590 | 500 | 620
Secondary voltage, kV _38 28 33 42 44 45

~ bus H1, kV 38 28 33 42 44 '45'

bus H2, kV 37 28 33 42 44 46
Secondary corona power, watts | 15,200 |16,800 31,680 | 49,980 |44,880 \56,250
T-R conversfon, p 66.2 64.9 76.7 72.2 75.4 

71.0
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© TABLE 8.

(NORTH CHAMBER)

1 h
NUMBER_S RECOVERY BOILER CORQNA POWER LEVELS

Parameter A | B __ C D E/F
Pm’hmary current, amperes 85 185 180 210 180
Primary voltage, volts 305 325 315 300 250
Primary corona power, volts 25,925 60,125 | 58,27S:= 63,000 45,000

- Secondary current, mA 340 1,100 1,060 1,200 1,020
bus H1, mA 270 580 570 600 510
bus H2, mA 200 - 520 530 600 510
Secondary voltage, kV 40 3 c: 35 32
bus K1, kv e 38 38 36 32
bus K2, kY 4z 38 38 36 32
Secondary corona power, watts 13,600 41,BOQ 40,280 42,000 32,640
T-k conversion, % | 52.4 69.5 69.1 66.7 72.5
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Overall corona powér'input to each chamber was high, 214,790 watts in the
south chamber and 170,320 watts in the north chamber. The lower power consump-
tion in the north chamber was partially the result of the loss of the outlet
field transformer and the possible imbalance in gas volume through the chambers.
The north chamber may be carrying approximately 12 percent more volume than

the south chamber. ‘ o _
Discussion with plant personnel since the inspection indicated -that turnf

ing vanes used in the duct upstream of the ESP inlet were fouled at the time
of the inspection which resulted in an imbalance in gas flow. Removal of this
material ahd subsequent statk'testing indicates that equal flow to each
chamber has been achieved. V-1 curves were produced on the north and south
chambers to evaluate internal conditions within the electrical fie]d'(Figures
15 and 16). Corona initiation Vo]tage in all fields appears to be low (12.

to 18 kV) indicating low salt cake ‘retention on the wires and effective
Crapping. | | |
The gas load V-1 curve pattern in the north chamber is typical except for
the Tow current and voltage in the £ field. ]his may indicate salt cake
buildup on bottle weights and wire frame or a clearance problem.

V-1 curves in the south chamber were not typical and were similar to
air-load curves especially in the outlet fields. High tgrrent readings indi-
cate a low dust loading aﬁd dust suppression of the corona.

Comparison of the general pattern between north and south chambers implies
that the north chamber may be receiving a substantially higher gas flow and '
- mass loading than the south chamber. No indication of insulator tracking was

observed in either chamber.

3.1.2 Rapper Functior

Salt cake is removed from wires and collection and gas distribution plates
with pneumatic rappers. There are 144 collection plates, 48 discharge wire
frames, an’ 8 distribution plate rappefs. Rapper function is variable and
rapping tim: is contro}]Ed by solid state cbntro] circuits and solenoids that
are enclosed in_é metal cabinet for weather protection. Manual activation
‘triggers are included on the valves for maintenance checks. Total system
troubleshooting can be conducted by replacement of printed circuit boards with
constant ru: cards. - | | |

~
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On previous inspections, rapper function was poor and many of the rappers
were not operating effectively because of condensed water in the compressed
air system. Container Corporation has installed an effective compressed iir
drying system to improve'rapper're1iabi1ity. No water was observed at the
compressed air point of the rappers. A long-term pfob]em, however,. has re-
sulted from dry compressed air. Rust that existed as a wet sludge previously
is now becoming entrained and fouling solenoid valves.  Air line filters have
been installed to remove rust prior to the solenoid valves. A rapper-by-
rapper inspection indicated 15 of 128 rappers either were not functioning or
were weak, or the rapper shafts were broken (6 on the south side and 9 on the
north side).- e | -

Turning vane rappers were not available for use because the solenoids
‘had been removed. One rapper shaft was broken and the p]ates were not rapped.
Wire frame rappers are isolated from the wire frame by synthetic polymer rods.
The rapper shaft is connected to the insulator by a block clamp. The insula-

- tor is housed in a tappered seat in the block and clamped using a spilt block
~and bolt (Figure 17). Over periods of continued operation, the ta.pered shaft
loosens and rapping energy'is not effectively transferred to the wire frame.
This problem is aggravated if the rapper shaft is not vertical anc¢ side stress
is p1aced on the connection. Shifts in the wire frame alignment can move the
support insulator latterally causing the shaft to be stressed wnen penetrating
the: penthouse'foof A visual inspection indicated on]y two shafts in the
south chamber operating at a detectable angle. '

3.1.3 Penthouse Insulators.

Barrel insulators are used in the penthouse to support wire frames and
discharge e]ectrodeé and isolate the h{ghvvoltage system from the ESF shell.
Moisture, dirt, or coatings on the insulator car result in electrical track-
ing to ground and ultimate failure of the insulator. An inspection of all
insulators in the south chamber penthouse was conducted and no evidence of
electrical tracking was observed (i.e., cracks, chips, etc.). The insulators
appeared clean and no accumulation of dust was observed in the penthquse.

3.1.4, Purge Air Fans and Heaters

Purge air fans are used on the penthouse to prévent dust from entering
the penthouse area. The ESP is operated at positive pressure and-sait cake
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can penetrate through the fapper shaft insulator support openings into the
penthouse. The area is pressurized to force gas flow into the ESP and pre-
vent dust penetration. Normally, the purge air is heated to prevent conden-
sation on the insulators and ESP shell. In this unit, even with the moderate
Florida climate, condensation does not appear to present a problem. - Penthouse
heaters and air filters are not used. No evidence of insulator failure, dust
bu11dup, or corrosion was observed.

~ A previous corrosion/erosion problem was observed on the ESP roof under
the purge air inlet opening. This failure was corrected by patching the roof
and installing a deflector plate under the purge air opening.

Ve

3.1.5 Gas Inlet and Distribution - g

The gas inlet to the ESP is from the bottom up into the ESP box (bot;om
entry). The inlet plenum is rectangu]ar'and the gas is turned by an inclined
set of turning vanes containing 16 individua1.vanes.' Each vane is a "L" shap2
with the long side toward the ESP inlet (Figure 18).

During the inspection, it was observed that a buildup of salt cake was
present on the horizontal face of the turning vanes, which was partially
obstructing the flow of gas on the south chamber inlet (the_north.chamber
could not be observed because of ESP operation). Discussion with plant per-
sonnel indicated that chronic fouling had occured and that all efforts to
maintain clean turning vanes were uneffective. In an effort to improve gas
distribution (i.e., reduce pluggage), a portion of the horizontal vane had
been removed. _ _ ' - A

It should be noted that both the gas distribution plate and turning vanes
are rapped by the same two rappers. As noted in the previous sections, the
turning vane réppers were not functioning. _

A visual inspection of the distribution plate from the tecp looking into
the inlet plenum indicated substantial pluggage of the perforated distribu-
tion plate (Figure 19). The fouling was sufficient to seriously affect the
gas distribution within the chamber and affect collection efficiency; Tt is
suspected that the pluggage is directing gas flow to the north chamber as
implied by the V-I curves and corona power levels. An inspection of the
north chamber inlet, however, could not be conducted to verify this suspicion.

It is also possible that the north chamber distribution plate w2z also fouled.
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Figure 19; South chamber turning vanes and gas distribution plate
- showing pluggage (looking down into inlet plenum,
vane lower portion of photograph).
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Chronic fouling of the inlet vanes and distribution plate usually occurs
because the plates are structurally rigid and rappers cannot impart ;uffi;ient
vibration to dislodge the salt cake. In many cases, this is initiated and
aggravated by sticky salt cake caused by low temperature (i.e., direct contact
'evaporation) or sulfur trioxide (503) adsorption (i.e., low salt cake pH).
Neither of these kéy elements in the formation of sticky salt cake were
apparent in this application.

A Improvements in turning vane and distribution plate rapbing have been ;
made since erection of this unit. Current turning vane installation (EnViron—
mental Elements) allows. the vane system to be partially free floated and rapped
- from the lower edge by a horiionta11y Tocated rapper;(Fjgurgi 20 and 21).

This allows a typical vane to horizontally travel up to 1.75 in. in an oscil-
Tating motion. This provides sufficient vibration to maintain clean vanes.

Distribution plates normally are rapped in a vertical rapper arrangement.
Improved plate vibration can be generated by using free floating plates with
rapping in a horizontal motion perpendicular to the plate face (Figure 22).

3.1.6 Drag Chains and Antisneakage Baffles

Drags in the ESP are located in the three mechanical fie]ds and the out-
let plenum (5 sets). The drags are installed perpendicular to the gas flow
allowing minimum chain-1ength and drag width. i

Because the drags are moving across the gas stream, positive baffles can
be used between the mechanical fields. An inspection of the baffles indicated
hinimum corrosion and no points of visual penetration. In several areas &

- salt cake buildup was observed or the structural beams between the me:hanical
fields above the baff]e'plates. Tne buildup, however, was not Jjudged suffi-
cient to disturb the gas f]ow_distribufion. The depesits are-in_]o;ations that
cannot béiefficient1y removed by normal methods (no_access'at structural level).
Removal can be accomplished by high pressure water from the tbp but this
practice should be avoided. Use of water at this location would result in
the need to completely wash the unit. Repeated washing will result in corro-
sion in the drag and shell areas. _ ‘

Historic pr6b1ems with drag chain alignment and shaft failure have been
noted. The plant has’insta11ed_shear pins in the drive shaft couplings and

Changed the shaft Tubrication from external lubrication to graphite.
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Figure 20. Possible modification to turning vanes to improve
rapping (upper attachment). -
(Courtesy of Environmentzl Elements Corporation)

.
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Drag chain alignment has been improved and drag chain wrecks eliminated.
The drag plates (scraper blades) have been lengthened to improve salt cake
removal at baffle corners. A normal bu11dup of salt cake was observed on
~ drag structural members but appears to be self limiting in that the b1ades
pass over the deposits on their return path.

_Co1}ected'dust rate is highest 1ﬁ the inlet field drag area and lowest

in the outlet field as expected because the inlet field collects approximate1y
'10 to 90 percent of the part1culate matter,
| A11 drag scrapers appeared to be in place and visually stra1ght Obser-
vation of the drags during their operation indicated even removal of the salt cake.

>

3.1.7 Salt Cake Deposits

=

A visual inspection was made of plates, wire frame (upper and lower),
and discharge wires in each section to judge the effectiveness of the rapping
process. An inspection was conducted after shutdown and a second inspection

was conducted after operation of the rappers.

Upper Wire Frame--

An inspection of the upper wire frame indicated minimum salt cake deposits
in Fields C,D, E,and F. A major area of buildup was observed in Fields A
and B and parficu]ar]y in Field A. The deposit was massive covering several
square feet of area. The deposit was approximately 12 to 14 in. above the
wire frame (Figure 23).

Shape and location of the deposits indicate that the cause of the buildup
is vertical gas flow from the inlet plenum into the area above the electrical
field. The gas,.prevented from continuing into the second mechanical field
by antisneakage baffles, passes into the electrical zone.

~ Presence of these.deposits can result in electrical shorts that either
trip the T-R set'or severely limit power input. The deposits, because of
their nature, usually do not result in complete grounds, but because of the
high resistivity (dry dust] allow a current to flow to ground (soft ground).

- The gas flow into this area is possibly caused by a buildup of deposits
and pluggage of turning vanes. In féct, the gas flow may have been increased
as a result of modification to the turning vanes (i.e., shortening of the vane
horizontal length). Periodic removal of deposits is necessary for continued
operation. The rate of depOsitidn is not known and the interval between

~
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Figure 23. Upper wire frame inlet field No. 5 ESP
showing salt cake depositsf
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preventive maintenance is not defined. If these intervals can be confined to
periods of normal outages, the deposits would not require forced outages or
operation with only a single chamber. With changes in inlet gas distribution,
improved rapp1ng, and modification to the gas turning vanes, the buildup may

be eliminated.

Plates-- _

_ An evaluation of salt cake buildup was made in a1l mechanical fields from

the drag bottom to the upper wire frame afea. No area of abnormal buildup

was observed prior'to rapbihg As expected, a heavier deposit was observed

in the inlet field w1th almost no deposits in the out]et f1e1d After rapping,

the plate deposits were uniformly 1ight. - _
The salt cake had a white, nonagglomerating appearance and was nqt’sticky

or crustal. Salt cake had the normal appearance of a low odor boiler operated

at low excess air,

Lower Wire Frame and Bottle Weights--

In the inlet mechanical field (A/B) and second mechanical field (¢/D),
the bottle weights had large masses of salt cake in several locations (Fig-
ure 24); The number of deposits was low (<20) and the deposits were randomly
distributed in the field. The accumulations were both hard and crusty and
in some cases discolored (yellow/white). The size of the deposits was large
‘enough to reduce clearances and produce soft grounds between plates and wires.

The deposits could be dislodged manually but were not able to be removed
by rzpping. Plant personnel indicated that_thé presence of deposits can be
confirmed by evaluating the'poWer readings. In some'casés the deposits can
be removed by constant rapping in fhe affected field. Wher this is not
successful, entry must be made into the unit for manual removal.

Soft deposits on the wire frame were easily removed by rapping and in
mahy cases appéared to be self 1imited by electrical sparking between the mass
and ground. The sparks dis]odgéd'the soft flaky salt cake preventing further
~ accumulation and establishment of a complete ground. Sparking as a result of
reduced clearance reduces the ability to achieve full corona power in the
affected field.

The presence of soft grounds composed of hard crusty material is charac-
teristic of salt cake being wet and drying out. These deposits are commonly
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Buildur of salt cake on bottle weights

Figure 24.

C field south chamber.
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found in low temperature direct contact applications. Also these deposits
are not uniform as would be expected from condensation on low temperature
areas (i.e., near wa11s)f Discussion with plant personnel indicated that
when drag repairs are made, the ESP bottom mey be washed to aid in maintenance.
Water could have splashed up on the wire frame initiating the growth of the
deposits in a random manner. | -

A routine internal inspection program is neEessary to eliminate or con-
‘trol deposits of this type. After the internal inspection, maintenance per-
sonnel must remove the deposits by 1jght1y'h1tting the bottle weights with
hammers. This can be accomplished during routine outages or on .scheduled

inspections depending on the frequency of outages.

. “‘

3.1.8 Wires

A random inspection did not indicate any areas where wires had been
removed from the collector in a manner that would affect performance. No
lanes were observed in any electrical field with less than four wires. It
should be noted that at the corners of the wire frame one wire must be
eliminated to allow the support pipe to be attached to the Tower wire frame.
In these lanes, removal of w1res can be more cr1t1ca1 than in the other
lanes in the field.

A11 wires are equipped with shrouds to prevent wire. burn off and spark-
1ng at the top and bottom of the electrical field. An inspection of the wires
did not indicate incomplete rapping and no deposits were observed except as-
noted in the area of the bottle we1ghts

3.1.9 Plate Warpage and Alignment

A random inspection of each field from the bottom and top did not indi-
Cate any area of plate warpage. An 1nspect1on of the bottom wire frame
however, did indicate a ' shift in the frame in the d1rect1on of gas flow and a
rotation of the frame. This alignment was correlated with the difference ir
secondary current in the C field bus sections No. 1 and No. 2 (61C mA and
360 mA). At the haximum point, the alignment was shifted -approximately 1 in.
- (Figure 25). | '

The movement of the wire frame indicéted that one corner of the frame
had moved vertically approximate1y 1/8 toc 3/1€ inches downward. This allowed
the Tower frame to move in the direction-of gas flow and to twist.
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Plant personnel repositioned the frame by tightening the frame support
nut on the barrel insulator, which raised the frame (Figure 26). Alignment
was achieved without lateral adjustment of the jack screws positioning the.
“insulator. _

An air-load test was conducted on the south chamber prior to .startup and
the deviation in C field secondary current was corrected. A check of C field
during gas-1oad conditions after the outage indjcated bus sections balance had
been restored (i.e., Hl was 700 mA and H2 was 630 mA). |

After the outage, corona power was recorded in each chamber. Tables 9 _
“and 10 present the power levels for the south and north chambers, respectively.
An increase in secondary power is noted in each-chamber. This was a result
of boiler load changes between the two periods. The air-1o££ test conducted
_ prior to startup of the south chamber, continued to indicaté internal clear-
ance problems specifically in fields A and D (Figure 27). These were suspected
to be caused by residual salt cake deposits in the unit during manual attempts
to dislodge and remove the large mass of salt cake above the upper wire frame
in the A field. No explanation can be offered for the low clearance indicated

in the D fie]d.
3.1.10 T-R Set Controls

The T-R set control cabinets were installed in an air conditioned dust-
~ free room. Inspection ofthe T-R control panels did not indicate accumulated
dust or deposits. Air circulation and temperature were adequate for protec-
tion of circuits (heat removal). _ o |

During the inspection one T-R.set main breaker malfunctioned as a result
of a loose wire (3 phaée-feed). During the outage of the south chamber for
internal inspection, the_breaker was repaired. Discussion with plant person-
nel inqicatéd that HZS corrosion of electrical components (i.e., breakers,
printed circuit boards, etc.) was a chronic problem. Filter elements in the
air supply to the T-R set contro]lroom are designed to remove particulate
matter but not gaseous contaminénts such as HZS’ 502, énd 503.

3.2 NUMBER FOUR ESP

No. 4 ESP was observed on Tuesday, June 26, 1984, and corona power
input levels recordecd for each T-R set. The ESP is divided into two chambers, -
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each containing six e]ectr{ca1 fields in series. The fifth and sixth fields
are divided into two electrical sections each cohtafning one T-R set. Each
section served by a T-R is divided into two bus sections identifizd as Hl and
H2. R |

Table 11 presents the power levels from thé T-R set control panels. The
calculated power input to the unit was 345,180 watts on the primary side and
241,625 watté on thé secondary side (assuming a conversion efficiency of 0.70).

TAALE 11. RECOVERY BOILER NUMBER 4 CORONA POWER LEVELS

( A ' Fields ,
Parameter A1) JB{2) TC(3) JDT4) TENBIJFNE)TEST)]F KB)
Primary current, 162 158 168 175 185 230 | 205 177
-amperes :
Primary voltage, l~210 190 . 180 190 250 330 250 250
volts _
Primary corona 34,020 | 30,020 | 30,240 | 33,250 45,250 75,900 [ 51,250 | 44,250
power, watis _ : :
Secondary cur- 650 625 . 575 700 730 1,300 870 740
rent, mA : ‘ |
bus H1, mA 360 400 300 300°| 460 610 | . 475 410
bus HZ, mA 360 400 350 450 490 660 55¢ 460
Secondary corona | 23,814 | 21,014 !21,168 | 23,275 |32,375 |53,130 | 35,875 | 30,975
power, watts
(calculate:!]

The seccndary current pattern in the unit increased from inlet to outlet

-as dust was removed from the gas stream (Figure 28).

rent (Figure 29) from inlet to outlet, however, indicated that the north
chamber had a suppression in the last field (F). A1l other fields appeared
rea:snably balanced (north to south).

The sum of the current drawn by each bus section Fields A, B, C and D

was significant?y higher than that indicated by the meters when measuring

totzi current from the T-R set.

and F(S).

£3

A plot of chamber cur-

This was ¢1so observed in E(N), E(S), F(n),
Because of this deviation, chamber balance may not be indicative
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of internal differences between sections. V-1 curves could not be produced
because the No. 4 ESP is not equipped with secondary voltage mgters.

3.2.1 PRapper Ffunction

The No. 4 unit is equipped with pneumztic rappers to remove salt cake
from the wires and plates. There are 72 plate rappers, 48 wire frame rappers,
and 8 distribution plate rappers. A check of rapper function indicated only
two rappers were not functioning at the time of the inspection and one rapper
boot was leaking. Several rapper rods were loose on the shaft of wire frame
rappers. This was caused by. the failure of the clamp connectﬁng the insulator
shaft to the.distharge frame shaft., (See discussion concerning No. 5 Recovery
Bo%]er rappers.) No evidence of water in the compressed air=was noted, Fil-

ters were used in the air 11nes_td trap rust.

3.2.2 Penrthouse Insulators

A visual check of penthouse barrel insulators did not indicate cracks,
chips, or other evidence of e]eéfrica] tracking. The 1nsu]ators also appear
clean with no dust accumulation, During the rebuild of the No. 4 ESP, the
plant replaced ceramic barrel insulators with alumina. This has eliminated

insulator failure from héat Stress. '

2.2.3 Purge Air Fans and Heaters

The purge air fans on the penthouse were operating but the plant does
not use the heaters. No failure of the insulators has occured because of the
colc purge air. The use of cold purge air does not appear to affect perform-

ance of the unit.

3.2.4 Gas Inlet and Distribution

The original design of the ESP was a bottom inlet, top outlet gas flow.
Over time, the p1ant has experiehced chronic fouling of the inlet duct, turning
vanes, and gas distribution plate. In an attempt to solve this problem, the
inlet Qas redesigned to ailow top inlet. The drag was lengthened to allow
salt cake removal from the inlet and outlet plenums. The inlet has a baffle
to assist in gas distribution. An inspection of the gas distribution plate
from the north chamber inlet field (between lanes) did not indicate pluggage

~of the p]afe openings.
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- The top inlet may be a concern in that the gas vector is down and may
result in gas sneakage under the inlet field baffles as the drag chain operates.
Gas sneakage in this area would severely affect ESP performance because the
total co]]ected weight of salt cake passes under the baffles at this location.
Confirmation of ges sneakage must be-made using a full flow gas velocity dis-
tribution test (i.e., hot wire anamometer). Analysis should also be conducted
to define the direction of gas flow in the area behind the gas distribution
plate to determine if there is a downward flow into the drag area.

3.2.5 Gas Baffles

Gas baffles are used to prevent gas sneaéégé under the electrical fields
in the drag bottom. Because the drags move 1on§itudina11y parallel to the
gas flow, positive sealing of fields cannot te accomplished because openings
fof passage of drag blades and chains must be provided. Gas baff]esvare con-
structed of 1/8 in. steel plate suspended from a permanent b]ate above the
drags. The baffle is free to swing in either direction'pivoting on a length
of chain or ring. Slots are cui in each baffle to allow passage of'drag
chains. When a scrapper blade reacﬁes the baffle, the plate rotates out of
the path ahd then falls to'the vertical position after the blade has passed.

The unit is divided into three mechanical fields with six electrical
fields in series. ‘A baffle is used between the inlet p]enumAand inlét field
(A), between fields B and C, between fields D and E, and between‘the outlet
field (F) and tne outlet plenum. ‘

3.2.5 Drag Scrapers

Three drag scrapers are used {n eacH cﬁémber running in parailel from
~ the outlet pTenum to the inlet plenum. Collected salt cake is discharged
-into a transverse_screw conveycr and discharged to a ribbon mixer. The drive
or head block shaft is located in the inlet p]ehum and 1is. connected to the
drive through the ESP shell.. On each drive shaft two gear sprockets are
mourted on which a chain is placed. The tail block for each drag is located
1n the outlet p]enUm. Two chains between the head and tail shaft must be
aligned and tensioned to prevent the drag from running off the sprockets and
weakening. Angle iromn scraper blades are mounted between the chains. '
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‘ As the chain péir is rotated over the drive sprockets, the scraper blades
- -are dragged along the ESP bottom pushihg salt cake ahead of the blades. Chain
tension must be maintained to'prevent the drags from 1ifting over the salt
Cake. OGuides are also provided to maintain the chains in line with the

shaft sprockets. ' ‘ ' '

The No. 4 ESP bottom is not flat, but contains a crown of approximately
1-1/2 inches at the wall between the two chambers. Guide rails are used in
‘the bottom of the ESP to level the shell bottom and é]1ow the:drag blades “o
move freely over the shell. An inspection of the drags did not indicate that-
any blades were missing (i.e., abnormal spaces on chains) or that the chains
were out of the guides. '

Baffles are used between the inlet and A fie]d,.betweéﬁzB and C fields,
between D and £ fields, and between F field and the outlet plenum. The baffle
at the inlet plenum consists of two plates for each drag chain that extends
down to the top of the bottom drag blades (approximately 6 1néhes'from floor).
The baffle has slots that allow the passage of chains without movement of the
baffle (Figure 30). In order for the blades to complete the rotation, the
baffle must be moved out of position by the scraper blade. Free movement of
the baffle is allowed by suspending the plate by a short length of chain.
When each scraper blade passes, the flue gas seal is broken providing an
opening Under the gas treatment zone. - :

The baffles between the remaining fié]ds are constfucted of two mova’b1e~
baffle plates with a rigid étruétura].member between them. One baff1e is
provided for passage of the upper drag chain scraper blades, and the other
is provided for passage of the lower blade in the opposite direction (Figures
31 and 32). Each moveable baffle is suspended by a chain that allows it to
swing freely in either direction. These baffles are shorter in length than
those used in-the inlet field. Also, the plates fit closer providing a more.
positive seal. When scraper blades on all three drags are in line across the
chamber, a large opening is presented between the fields. If the blades are
spaced -3t regular distances, two successive baffles may be opened between the
fields, which provides a gas sneakage path. During the inspection, the blades
appeared to be staggered across the chamber. Staggered placement of blades
across the chamber presents the minimum open baffle area at any period of time
(Figure 33). The number of blades per chain (distance between blades) should

be checked to prevent simultaneous opening of successive baffles on each drag.
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Figu%e-30. Antisheakage baffle between inlet fielc
- and inlet plenum No. 4 ESP.
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Figure 31. Lower antisneakage baffle allowing passage
of lower drag scraper blade between
fields B and C No. 4 ESP.
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. Figure 32. Upper antisneakage bzaffle.
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Figure 33. Possible drag scraper blade positions to prevent

gas sneakage.
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The plant has experienced several problems with the drag system that
have resulted in down time requiring extensive maintenance. The mos® serious
problems occured when the drag chains kink in the guides. and become entang]ed
in the baffles or when the scraper blades become dislodged from the chain.

When the chain stops, the drive continues tc move until the motor overheats}
the gears are stripped, or the chains break. The additional stress‘on the
head and tail block results in movement and m1sa11gnment of the drag chains.
In an effort to prevent chain wrecks, the p]ant has installed shear pins in
the drive shaft couplings. These pins are designed to break and allow the
drags to stop before major damage occurs.

In order to prevent massive dust accumulation when th2 drags stop, the
plant has designed a motion indicator that senses the movenint of the drag
chain scraper blades. A swinging weight that is attached to a shaft extend-
ing outside of the shell is placed in the path of each drag chain. When a
" blade passes, the arm rotates and falls back to a vertical position (Figuré
34). On the outside, a switch is bositioned that indicates movement of the
shaft at regular intervals. Loss of regular switch activities sounds an
alarm indicating drag malfunction. This design is more reliable than conven-
tional methods that sense drive shaft motion or motor current.

During the rebuild, the plant increased the drag head shaft, jnsta11ed
'stronger chains, changed scraper plates, and improved alignment. In an effort
to reduce dust weight in the drag bottom, the drag speed was increased. After
the rebuild, a period of drag problems occured when scraper biades on .the
inside wall of the south chamber ‘caught and removed nine swinging baffles
The loss of baffles resulted in wrecks of the-chains, drive shafis, and sc<rew
conveyor. . This problem was unforeseen and not expected after -the rebui]d. A
third drag on each chamber was installed to =2duce the width.. The-dreg length
was extended into thé inlet plenum. Also, to reduce bearing fzilure on head
and tail b1ocks¢leach iron block was replaced with permanentTy_]ubricating

graphite bearings.
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Figure 34. Drag scraper motion indicator
interior paddle. _ ‘




3.2.7 Salt Cake Deposits -

Plates-- ' _ , ,
| A visual inspection of the collection plates was- conducted prior to rap-
ping to evaluate rapper effectiveness. A uniform thickness of salt cake w2s
observed in each field.. The heaviest deposits were observed in the ﬁn1gt
field with the least deposits in the outlet field. A thicker deposit was
noted in the outlet field of the No. 4 ESP than in No. 5 ESP. Even after
rapping, the deposits in the outlet field were still present. It appears that
a significant particulate matter loading is entering the last field.

Upper Wire Frame-- . | ' R
- An inspection of the .upper wire frame did not indicate:gny salt cake
~deposits. There was no indication of gas flow in the area above the.gas

treatment zone.

Lower Wire Frame and Bottle weights--'

Hard deposits of salt cake were observed on the bottle weights (Figure
35) in the A, C, and D fields north chamber. The deposits were 8 to 10 inches
in diameter and were in contact with the plates. Almost all the deposits in-
volved a pair of bottle weights in the gas lane. In both the second and third
mechanical fields, the bottle weights were frozen and wire tension was not
being maintainéd. This i; not, however, considered to be the cause of the
crusty deposits. As discussed in Section 3.1.8, these deposits were probab]y

caused by water introduced during drag chain repair, . ;

3.2.8 Plate Repair .

Deterioration of the lower portion of the p]ates'oécured from impaction
of the plates on the alignment pins, corrosion, and erosion. As par: o7 2
partial rebuild, Container Corporation removed the lower portion of a“fected
plates and designed a metal sandwich to extend the plates to tHe design length.
The,repéir material is’approﬁimate]y 24 inches long and extends the full width.
of the plate. Slots are cut in the repair plate to allow clearance for stiffners.
No stiffner is used in\the new plate material. Figure 36 is a simtiiiied draw-
ing of the system. Bzcause of the clearance between plates and thinness of
metal, the extensions could not be welded in place. - Instead, short biocks
were used with nuts to close the sandwic: at the lower portion of the collec-

tion plete. To prevent reduction in cieirance from projéction of boclits
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Figure 35. Buildup on bottle weights and wire
south chamber No. 4 recovery boiler,
: inlet field.
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Figure 36. Plate repair method No. 4 ESP.
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through the plate, the ends were cut off flush with thé‘nut. Thi; reduces the
number of screw threads available for attachment.

Approximately 48 plates were repaired in the south side and 60 in the
north side. Since the rebuild, four plate sandwiches have opened resulting -
in electrical clearance reductions and/or grounds. Thﬁs has occured as bolts
and nuts_have separated under rapping action. When this «zcurs, a new bolt:
is installed and the nut tackwelded in position to prevent loss. It is not
‘considered practical to reinspect and tackweld all of the remaining bolts.

It appears, however, that this has ceased to be a problem. Figure 37 shows
the completed repair in the north chamber of the ESP. Splits in the plates
were observed at the lower edge that are thought to be the result of impact
of the plates on the alignment rakes. Figure 38‘shows the upper portion of

a split not covered by the plate repair.

3.3 RECOVERY BOILER OPERATION

The operation of the recovery boiler determines the weight of salt cake
entering the ESP, the particle size distribution, temperature and moisture '
content of the gas stream, énd'the tota1'gas volume, Both.recovery boilers
are equipped with noncontact liquor evaporators. The use of noncontact
evaporators increases inlet loading over conventional designs and reduce- gas
stream moisture content. Norma11y, 50 percent of the boiler particulate matter
loss is recovered in the cascade evaporators. ' o

The boilers are also low odor design which forces the conversion of SO2
‘and TRS to sodium complexes (NaZSO and Na2504) This also increases the
amount of particulate matter lost from the furnace. To operate at iow odor
conditions, the char bed temperature and air must be controlled within narrow
‘limits. A decrease in char bed temperatue wil re5u1tiinihigher S0, and TRS
~emissions. The formation of SO3 from the SO2 can result in serious particu-
late matter modification in the ESP, which causes loss of corona power and
reduced efficiency. ' _ "

In reviewﬁng the operation of the ESP,‘it is necessary to ana1y;e boiler
operation to determine if'operating practices can have an impact on ESP per-
formance. Normal areas of review include but are not limited to: boiler
-excess air, firing rate, residuel oil-firing, and collected sait cake pH.

~
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Figure 37. Plate repair No. 4 ESF,
betwen e]ectrica'l fields A and B.
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Figure 38, Close-up plate repair No. 4 ESP
showing plate split.



The flue gas volume treated by the ESP is defined by the volume of com-
bustion products procuced by black liquor combustion and the excess air con-
tained in the flue gas entering the ESP. The volume of gases produced by
burning black 1iguor at a specific mill varfeé with wood species, season,
cut time, and pulp yield. The.vo1ume; howeve?, is'reasonab1y constant over
long periods of time. Moisture in the flue gas is introduced by hydrogen
conversion in the liquor, water fired with liquor, and steam used in soot
blowing. Given the black liquor solids fired and the normal soot blowing
rates, thé total volume of gases produced is proportional tc firing rate.

“An increase in volume can occur if boiler excess air is increased result-
ing in an increase in superficial velocity through the ESP,;_f significant

“increase in volume can reduce ESP efficiency. Recent stack tests were reviewed
.to compare the measured flue gas volumes to the deéign volumes of each ESP.
Also, one year of boiler logs was reviewed to determine the range of boiler

excess air.

3.3.1 Recovery Boiler Number 5

A stack test was conducted on No. 5 Recovery Boiler on November 8-9,
1983. The total gés volume measured was 348,584 acfm at a'temperature of
4349F. The firing rate was 151,055 1b BLS/h and the exceSS oxygen in the flue
gas was 4.0 percent (24% excess air). At stoicometric éonditions, approxi-
mately 45.87 dscf of flue ga's wés-produced per pound of black Tiquor solids
burned. The flue gas velocity was 1.98 ft/s thfough the north chamber and
1.76 ft/s through the soUth chamber. These are. lower than the design. velocity
of‘2.68 ft/s and increases the potential efficiency of the unit by increasing
residence time (Table 12). | ' |

Design specific collection area (SCA) of the ESP is 541.26 ft/1030 acfm
of treated gas. 'The actual SCA under stack test conditions is 776.4 ?tZ/IOOO
actfm. The design removal efficiency is 99.75 percent at a gas volume of
500,000 acfm and at an inlet loading of 6.0 gr/dscf. Assuming a proper gas
"distribution through the unit and -norma] power input levels, operation at both
higher SCA and lower velocity should result in a higher collection efficiency.

‘A review of one year of boiler logs indicated that the boiler had not
been fired at rates in excess of those documented during the stack test and
that boiler excess air was consistent with operation of a low odor design
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TABLE 12. COMPARISON OF STACK TEST OPERATING CONDITIONS
TO ESP DESIGN CONDITIONS - NO. 5 RECOVERY BOILER

Test '
Parameter 11/09/83 Design -
Flue gas volume, acfm ' 348,584 500,000
Flue gas volume, dscfm ‘ . 143,358 224,093
Flue gas. temperature, °F ' 434 : - 400
. Flue gas oxygen, % _ o 4.0
Flue gas moisture, % | - . 26.7 | 27
- , - (vet.)
Superficial velocity, ft/s ’ ,1.87 - 2.68
Specific collection area, ft/1000 acfm T 77684 = | 541.26
Treatment time, s 19.22 13.4
Actual emission rate, gr/dscf | - 0.0101 0.015
1b/h E 12.42 ' 28.8
Allowable emission rate, 1b/h ‘ 41.5

boiler. The average flue gas oxygen at the boiler outlet was typicaT]y 1.5
to 3.0 percent oxygen and the average value was 2.01 percent. During startup,
shutdown, or upset conditions, the flue gas oxygen was observed tc e 8.0 to
9.0 percent for short periods of time. 'Thesé periods also corresponded to
the firing of residual oil for increased heat input and boiler stability.

At a normal firing rate of 150,000 1b BLS/h and at an excess oxygen of
9.0 percent, the flue gas volume would still be below the design gas volume
of the ESP, o '

Salt Cake pH-- .

The pH of.salt cake collected by the ESP is an indirect~1ndication of
the agglomeration characteristics of the salt cake. As the pH of salt cake
is reduced by adsorption of SO3 from the gas stream, the particles agglomerate
and become sticky. These particles are hard to remove from the ESP plate by
rapping and can accumulate to a significant thickness. As the -thickness in-
creases, the resistivity of the dust layer increases. This results in a
'voltage drop across the layer. -
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If a heévy salt cake layer develops, the ESP corona power input decreases,
which results in low collection efficiency. Typical power input is character-
ized by low secondary voltage (>50 kV), and increased sparking at low cur-
rent. The formation of SO3 from 502 is increased as boi]er‘excess air in-.
creases or when residual oil is fired in the boiler. When firing residual
0il, boiler excess air 1s'typica]1y increased to ensure complete combustion.
“Also, residual o0il used on the east coast contains higher levels of vanadium
(>200 ppm). Vanadium is an efficient catalyst for convertmg.SO2 to 503.
Firing of residual 0il has been.shown to increase corrosion in direct contact
evaporation systems and to form acidic salt cake.

Container Cbrporation collects salt cake from the transverse screw conveyor
discharge from the ESP and analyzes the salt cake pH on two-hour intervals.
Normal pH is >8.5 but at high excess air or during residua] 0i1-firing the pH
may be as low as 6.2, '

The plant has observed that the salt cake becomes st1cky at pH s below
9.0 and therefore the practical 1imit for operation has been established at
9.5. The average value for one year of log entries was 10.09 with a high of
12.82 and a low of 5.47. The low values corresponded with periods of high
excess air and/or residual-oil firing. Because of the delay between gas
stream‘SO3 increase and salt cake discharge from the ESP, a 2 to 4 hour delay
was observed between-operating parameter changes and pH changes. ~A total con--
sumption of 01l was not obtained but based on the review of 300 days of bqi1er
logs, 178 days were recorded when oil was being fired in the boiler. The
periods of oil usage are not cont1nuous and may last from 1/2 to 4 hours
depending on need. A summary of average, low and high excess oxygen and sa]t
cake values for each operating day reviewed is provided in Table 13. Alsc
a graphical plot of salt cake pH, excess oxygen, and number of o0il guns firing
is provided iniAﬁpendix B; o ' |

3.3.2 Recovery Boiler Number 4

A stack test wes tonducted 6n‘recovery boiler number 4-oh-May 18, 1984,
The measured gas volume was 310,506 acfm (406°F); Boiler firing rate was -
134,507 1b BLS/h and the average flue gas excess oxygen was 5.0 percent. At
stoichiometric,conditions,'approximaté1y 47.58 dscf of flue gas was'produced
per 1b of BLS firgd. Average flue gas ve]ocity'through the ESP was 2.19 ft/s,
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TABLE 13. SUMMARY OF BOILER FLUE GAS EXCESS OXYGEN
AND SALT CAKE pH ON NUMBER 5 RECOVERY BOILER
(6/1/83 to 4/26/84)

Salt cake pH Boiler flue gas oxygen
Average High T Low Average. High Low

10.0 0.0

10.09 12.82 5.47 2.01

~which is lower than the design velocity of 2.97 ft/s. The decrease in
velocity should increase the potential collection efficiency of the ESP. The
residence time is increased from 10.6 to 14.3 seconds (Table 14). Design SCA
of the ESP is 428 0 ft /1000 acfm and the actual calculated-yalue dur1ng the
test was 578.9 ft /1000 acfm.

'TABLE 14. COMPARISON OF STACK TEST OPERATING CONDITIONS
TO ESP DESIGN CONDITIONS - NO. 4 RECOVERY BOILER

Test
Parameter. 05/18/84 Design
Flue gés volume, acfm 310,506 - 420,000
Flue gas volume, dscfm 140,223 188,238
Flue gas temperature, °F 406 - 400
Flue gas oxygen, % 5.0'
Flue gas moisture, % 27.3 27.0
Superficial velocity, ft/s - 2.19 2.97
Specific collection area, ft/1000 acfm 578l9‘ 428.0
Treatment time, s 14,3 10.6
Actual emission rate, gr/dscf 0.044 10.026
| 1b/h 52.87 43.20
Allowable emission rate, 1b/h 134,51 '

A review of one year of boiler logs indicated that the test firirg rate

and flue gas oxygen were normal for operation of the boiler.

There are

periods, however, when flue gas oxygen {excess air) is high, which increases

flue gas vo]umé. A sensitivity analysis indicates that a flue gas oxyaen of

‘9.0 percent at maximum firing rate would be necessary to achieve design gas
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volume. The average flue gas oxygen for the review period at boiler outlet
was 2.87 percent. Values of 7 to >10 percent were observed during periods
when residual oil was fired. Of the 300 days reviewed, residual oil was fired

on 107 days.

Salt Cake pH--' , _

‘The pH of salt cake collected by'the ESP is_checked every two hours and
recorded on the boiler log. The average value for boiler logs that were
reviewed_(6/1/83 to 4/26/84) was 10.0. The minimum value recorded was 4.56,
which is.be]ow the trigger point for sticky salt cake defined by Container
Corporation (i.e., 9.5). -Lower pH periods cofresponded to high residual o1l
firing periods with corresponding high excess air. Tt was also observed that
during periods of boiler Upset or oil firing the normal two hour pH data are
not recorded. Table 15 provides a summary of pH and excess oxygen levels.

‘These data are graphically presented in Appendix C.

TABLE 15.  SUMMARY OF BOILER FLUE GAS EXCESS OXYGEN
AND SALT CAKE pH ON, NUMBER 4 RECOVERY BOILER
(6/1/83 to 4/26/84)

Salt cake pH ' " Boiler flue gas oxygen
Average High Low Average High Low:
- 10.00 12.04 4.56 2.87 ~10.0 0.0

Rebuild of Number 4 ESP--

Number 4 ESP was rebuilt to correct corrosion or erosion of collection
plates during & scheduled outage beginning in January 1984. During the re-
build, approximately 108 p]atés were repaired and several efectrodes were
replaced. A]ignment was corrected and corrosion in the shell repaired. Wire
frame, bott1e'wéights,~and support rods (pipes) were sandbiasted and cleaned.
A change in 1nlet_deSign (bottom to top) was made to reduce distribution
p]ate p]uggage, and drags were extended into the new inlet plenum. To reduce
drag alignment problems, a third drag was installed in each chamber.

Drag head shafts, chains, and tail shafts were strengthened and permanent
Tubrication installed (graphite) to eliminate the need for external lubrica-
tion. The drag hopper bottom was leveled by instaliing rails for the drag
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scrapers. After the rebuild, bolts securing 4 out of 108 plates repaired (48
south, 60 north) released, resulting in grounds. These were repaired and |
further problems have not occurred. _

A large number of wires broke after startup resulting in grounds. In-
spection of the wires by Container Corporation indiéated thet wires were break-
ing at thé crimp (shroUd)._ A1l Qires were not pull tested and as a result '
improper crimps were responsible for the high failure rate. Wires were re-
moved and pull tested (100%) to eliminate the failure.

' Original failure of plates was suspeéted to be the result of corrosion,
but plate splits were a complication. Splits appear to be caused by an align-
ment Shift that:p1aced the plate on the lTower alignment rods (pins). A change
in the lower plate alignment system was made to prevent rappihg of the plates
onto the grid. Wire frame support insulators were changed from porcelain to
alumina during the rebuild. The unit had experienced chronic insulator track-

ing and the alumina eliminated the problem.

3.4 BAHCO COLLECTORS

3.4.1 Modificatiohs to Bahco Collectors

In August of 1981 a major modification was completed on the Bahco ccllec-
tion system serving the No. 4 Pdwer Boiler. This modification consisted of
removing the secondafy collector serving the first stages of the two primary
collectors. In place of this secondary collector, a settling chamber was
installed (Figure 39). The purpose of the settling chamber ic to_coW?ecf,
coarse particulate matter from the discharge of the primary collectors. Finer
particulate matter escaping the settling chamber is routed to a newiy installed
bank of four tertiary cyclones. Clean gas from the tertiary cyclones is rein-
jected into the inlet plenum of the prfmary collectors. '

The rationale behind this modification was to reduce maintenance on the
secondary and tertiary dust hand]ing'systems. Because the secondary collector .
reduced gas flow, elimination of this unit would maintain gas f]ow_to the
tertiary systems and thus reduce grain loading. Reduced grain loading would
ease maintenance of the tertiary system due to abrasion. |

Additional modifications to No. 4 Bahco included removal of the hopper
cyclone serving the dropout chambers in the inlets of the'secwndary collectors

-~
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~ and removal of the spare tertiary cyclone serving the second stage_secondary
collector. It should a1s6 be noted that the boiler reinjection system is not
operated and that collected dust from all components of the system is dis-
charged to an ash pond for waste water treatment.
The Bahco system serving the Number 5 Power Boiler remains essehfia]]y

the same as originally installed. One system'modification has been made in
. that dusf collected from all system componenté is routed to an ash pond for
waste water treatment. Currently, the boiler reinjection system is not.used.
_ Finally, the design of these Bahco systemé.and their associat:d emissions

guarantees assumed inclusion of existing multicyclones ahead of the Bahco
collection systems. These mu]ticyc]ones; however, were removed when the Bahco

Peae~3

systems were originally installed.

3.4.2 Eva]hation of Bahco Collection Systems

During the course of PEI's fie]dvevaluation,'the Number 4 Power Boiler
‘'was operating and the Number 5 Power Boiler was not. A complete internal
and external inspection was conducted of thé Bahco system serving the Number 5
Power Boiler and an external inspection was performed on the Bahco system
serving the Number 4 Power Boiler.

Internal Inspection of No. 5 Bahco--

A1l collectors were entered via manways in the inlets. In addition, the
space between the outlet of the first stage and the inlet of the second stage
in each collector was iﬁspected. The first stage inlets of all collectors
were found to be clean except for some minor vane buildup on the eastern most
tubes of the western.primary éo]]ector on the lower level. Sonic horns have
been installed on three of the four primary collector inlets.

Inspection of the spaces between the first and second stages of each
collector afforded the 0pportun1£y'to inspect the reamer assemblies serving
the first stages of all collectors. Entry was not possible in the outlets of
the two upper primary co11ectofs nor in the .outlets of the -two secéndary
collectors. A minor number of inoperable reamers were found in most cases
éxcept in the outlet of the first stage of the east primary collectcr on the
lower level. In this case, 19 out of 192 reamer assemblies, or approximately
10 percent, were inoperable. In all cases, reamer assembly failures oczurred

in the same place. Figure 40 is a photograph of the reamer assemblies in one .
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Figure 40. - Cyclone tube gas outlets showing reamer.assemblies
and activation shaft. :



vertical row of tubes. On either side of the tube outlets are the vertice]
dust plenums. In the case of a reamer assembly failure, the pin attaching
the reamer assembly to the reamer activatiné arm had either broken or fallen
out.

In addition to the 19 reamers found ihoperabWe. deposits of dust on the
floor between the first and second stages were found to be in excess of all
the other collectors. Further, the inlet of the second stage of this collec-
tor showed partial pluggage of the tube vanes. |
.A The abnormal deposits of dust in the lower two primary collectors seem
to be the result of maldistribution of incoming flue gas. Figure 41 illu-
strates the inlet plenum layout for all four prjmary collectors. Flue gas
from the boiler air heater is routed parallel and above the collectors, makes -
a 90° turn to vertical, and splits between east and west plenums. Four 90°
branch ducts from these two plenums feed the upper and lower collectors.
Dropout chambers ahead of each 1n1et collect large particulate matter as the
f]ue gas makes the final turn into the collector. Because each set of upper
and lower collectors are fed by the same vert1ca1 p]enum heav1er grain load-
ing can be expected in the lower collectors due to the added inertia imparted
to the particulate matter by gravity. '

Abnormal dust deposits on the floor between the f1rse and second stages
of the lower level eastern collector and the eastern end of the lower level
western collectors are indicated in Figure 41 by a series of “st.“ This pat-
tern also suggests a higher gas. flow in the eastern vertical plenum or &
left-to-right gas maldistribution. This left- to r1ght maldistribution may
be caused by partial p1uggage of the bo11er a1r heater, stratification, or
partial obstruction of the main plenum. |

It was discovered upon nntry that pneumat1c vibrators were at*ached to
the tube vane guide arms in-some sections of each collector (Figure L2).

These vibrators are designed to loosen dust accumulation on the guide vanes.
During the inspectien, several of these vibrators were still in service. It
should be noted that when activated, 1ittle or no dust was dislodged from the
adjoining guide vanes.

Information received from plant personnel that the guide vanes on all
tubes are locked in the 0% position (fully inserted) was confirmed during the

inspection. One exception was noted, however,.in that the guide vanes on all
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Figure 41. 1Inlet plenum arrangement of
No. 5 Bahco primary collectors.
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tubes in the second stage of the eastern co11éctor on the lower Tevel were
found to be partially withdrawn. -

During the inspection it was found ‘that the guide vanes of all tubes,
whether clean or partially plugged, showed no evidence of excessive;abraéion.
In addition, no evidence of breaches in structural integrity or signs of cor-

rosion were evident.

External Inspection of No. 4 and No. 5 Bahco--

© An external inspection of both collection systems revealed that the most
severe maintenance problems on both units occur in the secondary and tertiary
dust collection systems. Because of heavy grain loading of abrasive dust in
these systems, secondary and tertiary ductwork must be reinfgrced using
abrasive resistant plating (Figure 43). Reinforcement is c;iticaT at turns
in the ductwork and on secondary and tertiary fans. Because these fans are
not isolated and must carry the dust load, fan caéings.must_be reinforced
. and fan blades replaced with abrasion\resistant blades. In addition to duct-
work and fans, the inlet of the fertiary cyclones had been reinforced. Rein-
forcement fabrication is accomp1ished on-site by welding overlapping plates
across failed surfaces. | ‘ |

Inspection of the drop-out chamber hoppers on the primary and secondary

co11eCtors.revea1ed evidence of hammer blows tc the sides of the hoppers to
dislodge pluggage (Figure 44). It should be noted that inleakage in or
around these hoppers above the rotary valves allows oxygen to enter a confined
space occupied by dust which may contain enough carbon from boiler carryover
to initiate combustion resulting in excessive heat or fire. '

_Maintehance Practices and Collector Operation--

As noted previously, reinforcement of failed components in the setondarx
and tertiary systems is accomplished on-site. A team of plant maintenance o
personnel are enlisted in an ongoing preVentive maintenance program on this
problem.

In addition to the reinforcement efforts, orvginal expansion join's
throughout the system have been replaced with abrasion resistant material.
This replacement effort has served to reduce inleakage due to abraiion

effects on the jcint material.
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Figure 43. Secondary air ductwork reinforcement used to prevent
‘ abrasive failure.
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A1l original rotary valves in the system have also been replaced with
rotary valves incorporating adjustable seals. ‘This has decreased inleakage
'around.the rotary air: locks, The original design proved inadequate when
components experienced expansion and contraction under varying temperatures.

- Internal inspection and maintenance of the collectors is performed during
scheduled outages when all tubes are cleaned. Signs of vane wear prove to
be'tﬁe only external clue to the possibility of internal tube wear or tube
integrity failure. Internal tube wear is most pronounced at the point where
the gas stream leaves the guide vanes and initiates contact with the tube
wall (Figure 45). As can be seen, the wear pattern follows the line of cyclonic
action across the tube's inner wall, According to plant personnel replace-

ponr 3

ment of a single tube requires approkimate]y two hours.

‘Operation of the Bahco collection system on the Number 4 and 5 Power
Boilers requires that the guide vénes in the primary and secondary cq]]ectors
be set in the proper position to méintain design pressure drop across each
collector given the boiler l1oad. As was cited previously, ;ontainer Corpora-
tion has locked the guide vanes on all collectors in the 0% (fully inserted)
position. Thiy was done in an attempt to reduce maintenance on the guide
vane activation system and/or to maintain the highest efficiency possible at
all boiler loads. The guide vane adjustment system cannot, at the present
time, be used in the automatic mode but can be activated manually from the
top of each collector. - .

Proper operation of thése units also requires that the volume of air
removed by the secondary and teftiary systems approaches nomina! design values.
With the periodic assistance of consultants from Bacho, Contaire- Corporation
has made adjustments to fan damper settings and replaced defecti+e comnponents
to correct abnormal‘operating conditions. In between these evehts, hewsver,
damper settings are locked while boiler loads vary. A histdfy of fan fail-
ufes-and problems ‘in bé]ancing flows in the secondary and tertiary systems

have been documented.

No. 4 Power Boiler Qperation-- ‘

Table 16 gives actual boiler and collector parameters recorded during
‘the inspection of the Number 4 Power Boiler as well as design param:ters.
It'shou1d be noted that no design data were available for the Number 4 Power

~
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tube showing tube wear.

Figure 45. Removed cyclon
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TABLE 16. DESIGN AND ACTUAL PARAMETERS FOR NO. 4 POWER BOILER
' AND NO. 4 BAHCO

Parameter Design Actual:
Steam flow, 1b/h : 200,000 . ' 59,000
" Steam pressure, psig : ) : : 875 834
Steam temperature, °F A 890 778
Excess-air, % _ C ' : >92
'Feed water pressure, psig . ' 1,228
Feed wafer temperature, Of ‘ | | ' 360°
Fuel feed rate. (bark only), ton/h 30 8,58
Flue gas temperature, °F _ , C 400 380
Moisture (fuel), % i' - 45
AP Bahco 1lst stage, in, H20 o | © 2.6 o 1.5
AP Bahco 2nd stage, in, H20 - 3.14 . 1.9
Flue gas volume per tube, acfm 443 185
Opacity, % o 3P

%Calculated assuming 60 percent boiler efficiency.
bAs measured by plant opacity monitor.

Boiler based on continuous load firing bark alone. Based solely on heat input
into the boiler at a steam flow of 200,000 1b/h design and 59,000 1b/h actual,
the load at the time of inspection was estimated to be 28 percent. Estimated
boiler efficiency was 60 percent. Firing bark only, excess air was conserva-
t1ve1y estimated to be 92 percent (10% oxygen)

Given the data in Table 16 and using the F-factor for dry bark of 9,640
dscf/lo6 Btu and. the given percent moisture of the bark, the actual flue gas
volume was calculated to be 71,000 acfm. With the two primary collectors con-
taining.a total of 384 cyclone tubes, the flow across each tube was calculated
to be 185 acfm/tube with a recorded pressure drop across'the first stages of
‘the primary collectors of 1.5 in. of water and 1.9 across the second stages.
It should also be noted that at the time these parameters were recordec, the
plant opacity monitor was recording an opacity of 32 percent. At a load «f
28 percent on a bbi]er.firing_bark alone a*t 50 percent fuel moisture, it is
likely that the boiler flame temperature was decreased. Given that bark fuel
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is highly volatile and‘produces a high_quantity of hydrocarbons during com-
bustion, a Tow flame temperature sets up'unfavorab1e conditions for complete
combustion.. This results in shifting the particle size distribution towards
more production of fiﬁe'particulate matter at a reduced flue gas volume.

Each cyclone tube of the Bahco collector serving the Number 4 Power
Boiler-is designed to operate at approximately 443 acfm per tube with an
excertable range between 350 to 600 acfm per tube. Below 350 acfm per tube,
coliection efficiency drops sharply. Below this flow rate the cyclonic action
within the tube is severely hampered or does not occur. If the cyclonic action
faile to generate or is severely distorted, flue gas will pass directly through
the opén orifice of the center tube. With a lack of cyclonic action in the
tubes, only particles greater than approximately 200 um are-Eo11ected in the
inlet drop-out chambers. If the cyclonic action is simply weakened, collec-
tion of finer particulate matter will be severely hampered. Reduced'cyclonfc
action al.o reduces collection efficiency in the midrange of the pértic]e size
distribution. In either cése, light scattering particles less than 2 um are
‘not collected regardless of collection efficiency..

Given z boiler load of 28 pefcent with a reduced gas flow across each
primary tube of 185 acfm and pressure drop readings almost half of design,
it is possible that this boiler did not meet the mass emission standards. It
'should be noted, however, thet Contéiner Corporation coniends that emission
testing has confirmedAthat the No. 4 Power Boiler meets the mass emission
standards at reduced loads. Test results indicative of this condition were

not available at the time that this report was prepared.



SECTION 4
MAINTENANCE PROCEDURES

Container Corporation conducts bothlpreventive maintenance (PM) and
~routine maintenance of the ESP's., The procedures for scheduTing and assign--
ing personnel are the same as for the process equipment.

Normally, maintenance of the'units.is divided along craft 1inesv(i.e.,
electrical and mechanical). The electrical department has responsibility for
rappers, T-R set controls, and all internal compdneﬁts of tgg ESP except the
drags. The mechanical department is responsible for drags, drag drives, and
ribbon mixers. _

Periodic PM inspections are conducted externally by the electrical de- -
partment. Al1 internal inspections of the units are conducted by the electri-
cal department. Any internal condition that is determ}ned to be the result of
drag failure is assigned to the mechanical department for resolution.

An electrical foreman is assigned to each shift with two electricians.
The foremen are periodically rotated into other process areas. Genéra]]y
the rotztion period is 6. months, but the rotated foreman is available for
consultation. ' .

Discussion and inspection of the %SP with the senior‘e1ettrica1 foreman
(Mr. Guthrie) indicated that the maintenance staff is experienced and well-
Versed,in the operation, maintenance, and troubleshooting. of ESP‘prob]ems.'

4.1 PM INSPECTIONS -

PM inspections are éonducted each day by the day shift electricians to
verify proper function of major ESP components. Items checked include rappers,

T-R set power levels, and drag function.”
~ An annual PM inspection is conducted on each ESP to allow major maintenance

to be conducted. Items covered during the annua’ outage inciude bolts and
bearings, attachments, ribbon mixers, and alignment of plates and wires. The
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~unit is also washed out to remove salt cake accumulation, aid in discovery of

corrosion, and aid in the inspection.

4.2 SCHTDULING OF REPATRS

Schedu11\g of repa1rs determ1ned dur1ng rout1ne inspections is necescary
to provide for efficient use of personne] and maintenance resources, and to
ensure that proper parts and materials are available.

As problems are diagnosed, personnel (maintenance, operators, environ-
mental, etc.) complete a work order request for repair. Because all work
cannot be compieted immediately, a priority system is used to determine the
. timing of. needed repairs. This system evaluates the need ﬁg{ crisis or
emergency action versus delayed or scheduled repair.

A1l work order requests are evaluated by planners and placed into one of
four categories. The highest priority is designated as A which requires
immeciate action. Second priority is designated as B*, which requires action
as soon as practical. The third category is designated as B, which means
schedule repair within 3 days. Lower priorities repairs are delayed until a
scheduled shi't down (or when unscheduled outages occur for another reason).

Maintenénce planning meetingé are scheduled on Muinday, Wednesday, and-
Friday. Maintenance staf+ pick up all A priority work orders prior to 8:00
a.m. each day and complete those before‘initiating Tower priority items.

.This type of work crder system is very similar to that used by many
facilities and is quite effective and 2fficient in hand11ng maintenance
activities. _ ’

In an effort to determwne the types of repair conducted on the ESP over
tbt previcus year, a copy of work orders was requested. Container Corporat1on
untortunitely does not retain copies of work orders after completion of the
repair. £ computerized cost tracking system is used, however, to assign
maintanance st to process units and equipment (DOW). Review of these
- recoris cues ot adequately specify malfunctions or repairs for each unit |
because the records are intended to track man-hours (cost) for budget purpcses.

‘Table 17 provides & summary of man-hours expended on the No. 4 and 5 Re-

covery Boilers. It is exprcted that the total man-hours expendéd exceeded



TABLE 17. SUMMARY OF MAN-HOURS EXPENDED FROM DOW®

Month No. 4 Recovery Boiler No. 5 Recovery Boi]er
s 661.6 195

286 . | 300 | . us

3/84 . 1042 319.5

4/84 | 297 . | 185.5

5/84 _ 256 ' 160

3/1/83 to 1868.5 (LP) .

2/29/84 54.75 (R) =

From interpretation of work order codes from DOW report.

thoée documented. For the purposes 6f-ESP recordkeeping and diagnosis of
chronic problems, a‘more specific work order recordkeeping system is required.
There are several systems available for work order maintenance tracking. "All
computer syStems generally have, limitations in their ability to input detailed
narrative information. Where practical, each piece of control equipment should
be identified by a unique code. Components that typically require‘repair, in-
spection, or rep1acément should be further identified. Normally a 10 point
. 80 character nérrative. the nature of the problem, component description,
and repair model (i.e., adjustment, replacement, uncorrected) can be docu-
mented. .An example computerized system used by a utility is provided in
Appendix D. A system is only as effective as the reporting provided in the
work order response. A two parf work order is reCommended.‘ One describes
the problem and the second describes the répair completed (i.e., fﬂndings,
parts, etc.). Through the use of the computer, the types, frequency, and
repetitiveness of the problems can be analyzed using !z2y words and/or codes
for specific prob1em$. |

Without en effective recordkeeping diagnosis system, failures are not
correlated with causal factors. Through the use of diagnostic analysis,

maintenance costs can be substantially reduced.
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4.3 CONFINED ENTRY RECORDS

. As a supplement to the work orders, PEI reviewed the confined entry
reports completed £y the electrical department. The procedure for confined
entry requires a check of the enfry area gas composition. A reason for entry
is specified and nccasionzlly spezific problems are recorded. Between March 1,
- 1983, and February 28, 1984, 10 entries were made into the No. 4 ESP and 16
were made into the No. 5 ESP. Nineteen entries were made thét could not be
associated with a specific unit. o

Tables 18 and 19 provide a summary of specific problems that were docu-
mented. Several events'were not identified and therefore they could be
associated with an individual unit. - _ -

_ ‘ ' a
TABLE 18. _NUMBER OF CONFINED ENTRIES MADE FOR INSPECTION OR REPAIR

‘ No. 4 RECOVerY No. 5 Recovery No. 7 Power | Unit not
Date Boiler ESP ____Boiler ESP Boiler ESP specified
3/83 : 2 ' 3 | 5
4/83 3 2 : ' | 7
5/83 2 BT B :
6/83 | 1
7/83 | s | 4
8/83 | 5 | S 1
9/83 '
10/83 | 2
e | R ,
12/83 | 1 | )
/84 L 3
2/84 - ) |
Total 10 : '15 s | 19

a , .
Besed on confined entry permits,



PROBLEMS IDENTIFIED DURING CONFINED ENTRY?

TABLE 19.

| o ‘Unit not

Problem No. 4 ESP No. 5 ESP No. 7 ESP | specified
Grounds 3 12 1' 8
Broken wires’ 2 5 3 8
New wires 40 . 28
Alignment - | 1 - 'Jj_ :1

Plate repair ' 1 ' |

- Transformer ' 2 S - 1
- Insulators | 2
,Misce]?aneous B 1 1 3

®Based on confined entry permits.

4.4 ON LINE MAINTENANCE

Container Corporatibn conducts on line maintenance of the recovery
boiler ESP's, which allows the boiler to continue operation. When an internal
problem develops (drag-alignment or stoppage, wire break, ground, or insula--
tion failure, etc.) an inspection must be conducted and repairs made. The
normal procedure is to close the isolation guillotine at the inlet to the
affected chamber, deenergize the ESP chamber, open lower and upper doors to
cool the unit and purge the system, perform~confinEd entry check, and enter
the unit for inspection. Problems identified are corrected, or if extensive,
scheduled for future repair. |

During thas'period, the total flow of the boiler is treated by the re-
maining chamber. The remova]-efficiency'of the one chamber ‘s reduced because
of higher superficial velocity and lower effective SCA. The SCA with both
chambers on line is very high. It is possible that the ESP's could comply
with the particulate matter and opacity standards using one chamber at re-
duced boiler load (i.e., ~ .65%).

" The need for on-line maintenance is recdgnized by the manufacturers and

users of all modern ESP's. The requirement to shut down the boiler for routine
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preventive maihtenance will eventua11y result in serious deterioretion of the
boiler and ESP because of increased corrosion during Stért-up and'shutrdOWn.
The particu]éte matter emissions. will also increase. Isolation of one chamber
for maintenance should not be considered circumvention of control require-
ments. _

Periods of one chamber opération should be recorded and archived, and.
isolation reported to the appropriate agency under the guidelines of the agency
permit. To define the limits and.botential emissions, a stack test should be-
conducted for one chamber operation at various boiler loads. A Method 9 obser-
vation should be conducted during testing to-produce a baseline for future

reference. ' .

4.5 ESP SAFETY

ESP safety can be divided into two areas of concern: electrical hazard
and confined «rea entry. The procedures for electrical hazard protection
include the apilication of key'ihter1ock procedures and a tag-out system.

Main breakers are thrown, T-R sets}grounded, and doors opened. _The'key’inter-
Tock system prevents entry with electrical power on the unit. As z recundant
system, and to prevent accidental closure of th: unit with percsunnel inside,

a tag is placed on each breaker, switch, lock oUt,.or door entrv. The tag is
placed on the device by each persbn enterihg the unit and canui . be removed

by any one except the person tagging the unit out. Thi:z is zn extremely safe
procedure and if follcwed, provides for maximur safety. Grounds are also

. provided at each-entry pcint, which are clippe¢ to the wire frame, insulator,
or T-R set conduit te ultimately ground the electrical system;

Confined area entry prc-edures are consistent with NIOSH requiremzats.
Before any person can enter_tﬁe £SP (pesathouse, inlet, outlet, drags, etc.),
the atmospnere in the enclosure must be evaluated and a entry permit completed.

Gases confirmed zre combustables, HoS, oxygen, CO, C0,, and SU,. Permitted
maximum levels for HZS_and 502 are less than that specified by NIOSH, Table 20

provides Container Corporation maximum permissible limits.



TABLE 20. CONFINED AREA ENTRY MAXIMUM VALUES

Gas. ) ' Maximum value allowed
tombustible gases (methane) : <10% (volume)
H,S8 | : : <10 ppm (volume)
co | | <25 ppm (volume)
o, | <0.25% (volume)
S0, ' . | ' <2 ppm {volume)
Oé 219.5% volume

A
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SECTION 5
© CONCLUSIONS

~ Based on the results of the internal inspection of control devices serv-
ing the recovery boilers and power boilers, and data provided by Container
Corporation, the'following conclusions are drawn. '

5.1 NO. 5 RECOVERY BOILER | -

Operation of the No. 5 Recovery Boiler is reasonably steady with minimum
swings in firing rate and'changes in excess air. The firing rate and excess
air are maintained within values that result in the total flue gas volume
being Tess ‘than the design gas volume of the ESP.

. Both the design and actual area SCA and superficial velocity of the ESP |
exceed normal values necessary to achieve -the NSPS for low odor boilers. - Fre-
quent monitoring of salt cake pH is accomplished to prevent the formation of
sticky salt cake that would adverse1y affect ESP performance. The residual
031 fifing rate is kept to a minimum to prevent the formation of sticky salt

s

cake. _
Rapper system function was adequate with the exception of inlet turning
vanes that were inoperative. As a result of changes in inlet gas turning |
vanes to prevent pluggage, the gas fiow vector is above the trez:oment zone in
the first field. This has resulted in calt cake accumulation anc grounding

of the electrical distribution systém;_ﬁThf,gas distribution through the box

is also affected beﬁéﬂsé of pérf;véted §1a;efp10ggage;

Electrode to plate alignment was-movéd,in one electrical section, but was
immédiately corrected. Overall powcr input was hish with normal distribution .
(inlet and outlet) within the unit. ' \

Random salt cake deposits were obser-=d on the bottle weights and the
- wire frame that resultec in soft grounds. Thess were suspected to be caused
by water being spleashet o the bottle weichts during drac maintenance. These
deposits were removec by plant personnel during the inspection. Rapping

~
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effectiveness was Judged to be good as no genera] deposits were observed on

the plates or wires.

5.2 " NO. 4 RECOVERY BOILERS

Operation of No. 4 bdi]er is similar to the No. 5 unit. It appears,
however, that load sw1ngs and bo11er upset periods are more frequent on the
- No. 4 unit. Based on the salt cake pH, it appears to be difficult to main-
‘tain good salt cake quality. _

- At operating firing rates and excess air levels, the flue gas volume is
. Tower than the design volume for the ESP. The design SCA is lower than that
for the No. 5 ESP-but still within exceptable limits. An external inspection
irdicated that rapper function was adequate andfprevious problems with water
~in the air lines had been corrected.

An interné] inspection also indicated that similar bottle weight and
wire frame buildup was occurring on with the No. 5 unit. These were removed
by plant personnel during the inspection. '

Salt cake was being effectively removed by the rappers in all fields. A
heavier accumulation than normal, however, was observed in the outlet field.

A1l antisneakage baffles were 1n place and functioning with free move-
ment. The effectiveness of these baffles is not known, -however, and there is
som: questidn concerning the gaS flow in the treatment zone. The design
change to top inlet has prevented dist~ibution plate pluggage but may have
resulted in 9as sneakage.

5.3 - OPERATION AND MAINTENANCE PRACTICES

The knowledge of personnel operating the ESP appears better.than“norma1
and the staff has superior experience in maintenance of the units. An effec-
tive PM program is used in identifying and correcting operating problems.

The oh]y deficiency observed in the program concerns the maintenance
records for the ESP. Work orders are not maintained after completion of the
work and DOW are not completed in sufficient detail to adequately document |
repeating problems. The chronic failure or reoeating of maintenance problems
cannot be determined by management because diagnostic records are not main-
tained. Permanent maintenance records (i.e., work orders, computer summary
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reports, inspection reporté, log boeké, ha]function reports, etc.) would aid
in diagnosis and troubleshooting of repeat problems. -

The practice of one chamber operation during maintenance fis commsn in
the industry and the unit can be operated at réduced load without vicolation
of the emission standards. Container Corporation has used this technique
during PM and normal maintenance periods. The use of this method, when mass
and opacity standards are not violated, should not be considered as a bypass
of the control device. ' |

General maintenance of the ESP's is superior, but severa: chronic prob-
Tems must be addressed and solved to reduce the frequency and duration of
malfunctions. These areas include: turning vane and distribution plate
pluggage on No. 5 ESP, gas sneakage above the inlet field NBT 5 ESP and under
the fields in No. 4 ESP, and formation of soft grounds.

5.4 BAHCO COLLECTORS

The Bahco collectors serving the No. 4 and No. 5 Powe: Boilers are
experiencing heavy chronic abrasion damage. Abrasion has resulted in
penetration of air into the secondary and teftiary air system. Inleakage
reduces particulate matter removal from the primary separators and =i 0ow:
penetration through the system. Container Corporation has conducted and con-
tinues to concuct daily repair to the ducts.

The high abrasion results from a high grain loading and the presence of
sand in the fuel. There is an indication that the systems were specified and
designed at a much Tower loading than the current operation. The diiference
is primarily based on the removal of a multicyclone originally instalied on
the boilers. Specific details concerning the removal of the muiticyclone
during Bahco installation are not known. . _ |

Changes in the No.4 unit have reduced significantly the rate of erosion,
but abrasive damage continues to occur. Abrzsion is not uniform th-iughout

"the system and is heaviest in the lower pair of primary collectors. Because
of inlet plenum design, larger abrasive particulate matter is stratified in
the Tower primary collectors.

Removal efficiency of the collector is affected by the free passaze of
flue gas through slots in the inner tubes. Reamers are used in these tubes to



maintein the openings. Continuous inspection and maintenance is necessary to
maintain the desired efficiency. Currently an annual inspection is conducted
to determine the status of the reaming devices. It should be noted that
failure of individual tube reamers cannot be determined from outside the

. device during operation.

The Bahco has the unique ability to adjuét pressure drbp by changing
inlet vane positior. To maintain collection efficiency over a wide range of
Qberating conditiors and gas volume, the vane is moved in or out of the col-
lection tube. Current operating rates and turn down of the boilers have re-
sulted in the collectors operating below minimum recommended gas volume even
considering inlet vane adjustment. At low boﬁ]er']oads; the collector is not
effective in removing fine particulate matter, which hesu1t§‘in higher opacity
levels. Considering the high maintenance to the collectors and the wide range
of boiler operation, alternate control technology méyrbe more applicable.

ESP's, fabric filters, or wet scrubbers are possible alternative tech-
nologies that could be used to control the particulate matter emjssions from
bark-fired boilers. Fabric filters, however, are not pkactica1 because of
high residual carbon in the ash and the potential for bag blinding and fire.
ESP's are applicable to wood-fired boi]érs, but do not treat carbon particu-
Tate maiter with high efficiency. Therefore, in order to obtain high removal
efficiencies and to limit ESP size, carbon must be reducéd. A brimary col-
lTector would be required to remove char, carbon, and sand before the gas
stream is treated by an ESP. _

A ventu-i scrubber would be effective in removing all particulate matter
species. During oil firing, however,‘scrubber Tiquor would require pH control.
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SECTION 6

RECOMMENDATIONS

As a result of the inspections at Container Corporation, the following
areas warrant improvement or change tc reduce ma‘funct1ons, and/or excess

em1ss1ons

1. Improvement in gas distribution at the inlet of No. 5 Recovery
Boiler ESP, by rapping of turning vanes.

2. Improvement in rapping of perforated p]ate at the 1n1e+ of No. 5
Recovery Boiler ESP.

3. Development of a specific work order recordkeeping system fgf the
recovery boiler ESP's. Computer or manual systems are equat.y
effective if the records are maintained for diagnostic purpcies.

4. Review of the inlet design and antisneakage baffle system oleo.'4
Recovery Boiler ESP to determine if sneakage is occurring under the
treatment zone. :

5. Balance gas volume to both chambers of No. 5 Recovery Boiler ESP.

6. Institute PM inspection to remove wetted salt cake from bott]e
weights and lower wire frame, caused by drag washing during drag
maintenance. Removal during the maintenance period may pre/ent a
future outage caused by hardened deposits.

7.- Consideration should be given to the installation of secondar:
voltage meter on No. 4 Recovery Boiler ESP, which would allow
diagnosis through the use of V-1 curves.

8. Conduct & Method 5 stack test to verify compliance of ESP No. 4 and
~ No. 5 using one chamber at full boiler load or define maximum toad
under which one chamber operation ensures compliance.

9. An engineering study should be conducted to determine i< a precollector
can be installed to remove ab- ,s ve sand part1cu1ate me -.er from the
flue gag entering the Bahco vitiiactor.

10. Reaming frequency should be ircrezsed to prevent bu11oup between
tube cleaning of Bahco co11eceors ' - :
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11.

12.

13

If boiler loads or power levels are consistently below design values,
collector tube removal should be considered to more closely match
the collector to actual gas volume during turn down preriods.

To reduce maintenance and malfunction of the Bahco collectors,
alternate collection systems such as ESP's or venturi scrubbers

should be considered.

A11 maintenance to the Bahco systems should be documented to
address the areas of most serijous abrasion, inleakage, and

pluggage.

'.d
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APPENDIX A

COMPLAINT FOR CIVIL PENALTIES
AND INJUNCTIVE RELIEF
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IN THE CIRCUIT COURT OF TEL
FOURTH JUDICIAL CIRUCIT, 1IN
AND POR NASSAU COUNTY,
FLORIDA

STATE OF FLORIDA DEPARTMENT
OF ENVIRONMENTAL REGULATION,

CASE NO.:

Plaintiff,
vs.

CONTAINER CORPORATION OF AMERICA,
a Delaware Corporation,

Defendant.

e e e et e e et e e e e

" COMPLAINT FOR CIVIL PENALTIES
— AND INJUNCTIVE RELIEF

A

Plaintiff, STATE OF FLORIDA DEPARTMENT OF ENVIRONMENTAL
PFGULATION (the Department}, sues Defendant, CONTAINER CORPORATION
UF AMEKICA, and alleges as follows:

Jurisdiction and Venue

1. This is an action for injunctive relief, damages, cost
recovery and civil penélties in excess of $5,000.00, exclusive of
interests and costs. -

2. This Court has jurisdiction in this cause pursuant to
Sections 26.012, 403.121, and 402.131, Florida Statutes.

3. Venue in this cause lies in this county becauée the
e2vents and activities involved herein have taken place within this
:oﬁnty and/Defendant operates ité business in this county.

Parties

4. The Department is the administrative agency of the State
of Florida charged with the duty to protect Florida's air and
water resou:ées_and'to administer and enforce Chéﬁter 403; Florida
Statutes, and the rules promulgated thereunder, Florida -

'Admiﬁistrative Code Title 17. Concomitant.with this duty is the
aufhorit; 6 seck damages, civil penalties, and cost recovery for
‘violations of Chapter 403 and Florida Administrative Code Title
17, and to seek injunctive relief to prevent further such

violations. §§403.121, 403.121, Fla. Stat.
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g, - Defendant is a Uelaware corporation registered with tﬁe
Secretary of State to transact-business in the State of Plorida
under the provisions of Sections 607.307 and €07.321, Floridg
Statutes.

6;. Defendant owns and operates a pulp and paper mill located
at North Eicnth Street, Fernandina Beach, Nassau County, Plorida.
In conjuncgion'with the operation of the mill, Defendant operates
a wastewater treatment systeﬁ that discharges effluent into the
Amelia River. ' )

| 7. Defendant has owned and operated Ehis'facility at all

times relevant to thxs cause,

Alleqatxons Applxcable to Counts 1 throuah IV and vii=

8. Defendant's pulp and paper mill includes two recovery
boilers (referred‘to as Recovery Boilér #4 and Recovery Boiler 15)
and three power boilers (referred to As Power Boiler #3, Power’
Boiler ¥4, and Power Boiler #5). All five boilers can reasonably
be expected to cause visible emissions.

9. Visible emissions are ;missions of "air pollutants the
opacity of vhich is greater than five percent. Fla. Admin. Code
Rule 17-2.100(174),

10. Visible emissions are pollution within the meaning of
Section 403.031(2), Fla. Stat.

1l. Any source of air pollution must obtzin a permit from the
Deparctment before such source can bé_operated, unless specifically
exempted from permitting.

12, Defendant's recovery and povef boilers are currently
aubhorlzed to ope:ate SUbjeCt to the terms of the follow;ng
permits Lssued by the: Department : . -

a. Recovery Boiler #4 - DER Permit No. AD45-3174%5
(expires September 30, 1985)

DER Permit No. AD45-~22774
(expires October 19, 1984)

b. Recovery qulef #5

DER Permit No. A045-3174¢
(expires August 31, 1985)

c. Power Boiler ¢3

DER Permit No. AO45-39806
(expires March 31, 1986}

¢. Power Boiler 4

105 -



e, Power Boiler 5 - DER Permi: No. ADO45-39807
(expires March 31, 198¢.

13. Plorida Adminstrative Code Rule 17~2.610(2)(a) prohibits
the emission of air pollutantq the opacityvof vhich is equal to cr
greater than 20 percent unless a higher visible amisgion standnrd.
is specifically established for a source by the Department.

14. The Department has not established a higher visible
emissions'standard for Defendant's Recovery Boiler #4. 1In DER
Permit No. A045-22774, the Department established an alternative’
visible emissions standard of 35 percent opacity for

Defendant's Recovery Boiler #5. ' —

15. Defendant's Power Boiler #3 is an existing fotail.tucl
steam generator with a heat inpuﬁ rate of less than 250 million
Btu per hour. '

16. Florida Administrative Code Rule 17-2.600(6)(a) provides
that existing fossil fuel steam qeﬂerators with a heat input rate
of less than 250 million Btu per hour may emit maximum visible
emissiﬁns of 20 percent opacity except that visible emissions as
dark as 40 percent opacity may be emitted for no more than two
minutes in any hour.

17. DER Permit No. AD45-31746 requires that visible emissions
from Power Boiler #3 not exceed 20 percent opacity except that =
maximum of 40 percent opacity may be emitted for two minures in
any hour. . ‘

18. Power Boiler #4 and Power Boiler #5 are carbonaceous fuel
burning equipment subject to the requirements of Florida
Administrative Code Rule 17-2.600(10)(a). _

19. Rule 17-2.600(10)(a) prohibits carbonaceous fuel burning
equipment permitted prior to-July 1, 1974, from haQinq visible
emissions in excess of 30 percent opacity. However, visible
2missions may reach a maximum density of 40 percent opacity for no
more than two minutes in any hour. ‘

20. DER Permit No. AD45-39806 requires that visible eanissions
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frém.Powe; Boiler ;4 not exceed 30 percent opacity except that a
maximum of 40 percent opacity may be emitted fdr t;o minu;es in
any hour. . ..

21. DER Permit No. AO45-39807 provides that
Defendaﬁt‘s Power Boiler 65 may emit visible emissions not to :
~exceed 30 to 40 percent opacity.
| 22. Violations of Chapter 403, Florida Statutes, and rlorida
Administrative Code Chapters 17-2 and 17-4 subject the violator to
a maximum $10,000 penalty for each violation. Each day on which a

violation occurs constitutes a separate violation. §403.141(1;,

Fla., Stat.

- -

23. The Department incurred valid costs and expenagi in
ihvestigating, tracing, and controlling the violations alleqed~
above. Section 403.141(1) makes any person who violates Plorida.
Administrative_cédé'Chéptef 17-2 or the provisions of any permit
issued by the Department liable to the Department for reasonable
costs and expenses of the state in tracing the source of the
discharge and in contrélling and abating the source and its
pollutants. ‘

. COUNT I

24. On January 19, April 6, and April 22, ;983[ visible
emissions of greater than 20 percent were emitted from Recovery
Boiler #4. .

25, The.visible emissions of Recovery Boiler #4 on January
19, April 6, and April 22, 1983, constitute violations of Florida
Administrative Code Rule 17-2.610(2)(a) and Section 403.161(1)(b),
Florida Statutes. . ' - . .

26.’ On March 2, March 4, March 11, and April 1, 1983,
Recovery Boiler ls-gmitted visible emissions in excess of 35

' percent opac;ty.

27. . The visible emissions from Recovery Boiler #5 on March 2,
March 4, March 11, and april 1, 19873, constiﬁut&'violations of DER
Permit No A045-22774 and Section 403.161(1)(b), Florida Statutes.

28. Power Boiler 3 and Power Boiler #4's visible emissions

~
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on April 6, 1983, exceeded 40 percent cpacity. Viaible exissions
from Power Bﬁiler #4 on August ‘8, 1983, also exceeded 40 peréent.
opacity.

29. The visible ‘emissions from Power Boiler #3 and Povir
Boiler 94 on April 6, 1983, and the viaible.enissiona from Power
Boile; #4 on August 8, 1983, constitute violations of DER Permits
. . No, A045-31i46 and No. AO45-39806, Florida Administrative Code
Rule 15-2.600(5)(b)1; and Section 403.161(1)(b), Florida
S;atutei. A - ‘

| 30. On March 2 and March 11, 1983, the visible emisuions from
Power Boiler #5 exceeded 40 percent .opacity.

31. The March 2 ana March 11, 1983, visible enissidns from
Power Boiler 45 constitute a violation of DER Permit No. »
A045-39807, Florida Administrat;ve Code Rule 17;2.600(5)(b)1 and'
Section 403.161(1)(b), Plorida Statutes. | '

COUNT 1II

32. Excess emissions are ehissiona of pollutants in excess of
those permitted by Plorida Administrative Code Chapter 17-2 or any
permit issued under the authority of Chapter'l7-2. Fla. Admin..
Code Rule 17-2.100(56).

33. Excess emissions which are caused entirely ‘or in part by
poor maintenance, poor operation, Or any other equipment 6: ‘
process failure which may reasonably be prevented during
malfunction are prohibited. Fla. Admin. Code Rule 17-2.250(4).

34. The Defendant'’s pulp and pﬁpEr mill emitted excess
emissions on Januﬁry 15, January 19, March 2, Marci 4, March 11,
April 1, April 6, April 22, anc August 8, 1963, Those excess
emissions occurred during malfunction and were caused enﬁirely or
in part by poor maintenance, poor operation, or any other
equ;pment or process failure which could reasonably have been
prevented.

COUNT III
35. When excess.emissions result. from malfunctions or

malfunction causes a source to operate in violation of permit
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conditions, the owner or operator of the emitting facility is
-required to notify the Department immediaiely. fla. Admin. Code
Rules 17-2.250(6) and 17-4.13.

36, On January 15, 1983, Defendant's pulp and paper mill
;mitted excess emissions.. Defendant did nét notify the Department
ur;til May 2, i983; that a mlfun.ction had occurred on January 15, -
183, which resuited in excess emissions. -

37. \On March ¢, l983[ Recovery Boiler #5 emitted excass
visible emissions. Defendant did not notify the Department until
May 2, 1983, of a mﬁlfunction résulting~in the March 4, 1983,
excess emissions. =

38. On March 8, 1983, Recovery Boiler #5 emitted excess
visible emissions. Defendant did not noti{fy the Department of a
malfunction regulting in the March 8, 1953, excess emissions.

49. on Maich 11, 1983, Defendant's Power Boiler 5 emitted
excess visgible émi;sions. Defendant did not notif? the Department
until May 2, 1983, of a malfuncﬁion resulting in the March 11,
1983,.éxcess emissions. _ '

40. On April 1, 1983, Recdvery Boiler OSAemitted excess
visiple emissions. Defendant did not notify the Departmenﬁ until
April 5, 1983, of a malfunction resulting in the April 1, 1983,
ercess emissions. ' |

41. /On April 22, 19€2, Defendant's ﬁecovery Boiler #4 emitted
excess visible emissions. Defendant did not notiff the Departuwent
until May 25, 1982, of a malfdnction resulting in the April 2,
1983, excess emiscions. |

"42. _ Defendant violated Florida Administrative Code Rules
17-2.25C(6) and 17-4.13 and Section 4{(:3.161(1)(b), Florida
Statutes, by not immediately reporting malfunctions Qccu¥ing on
January 1I, March 2, March 4, March 1l1. april 1, and April 22,
1983, wnhich resulted in excess emissiony being emitted from

Defendart's pulp and paper mill.
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COUNT IV

43. Plorida Administrative Code Rule 17-2.240 provides thst
no person shall circumvent any air pollution contrel device. or
allow the emission of air pollutants, without the app%icable_air
pollution control device operating properly.

44, Nﬁmber 3A precipitator is an 2ir pollution control device
operated by the Defendant for the purpose of reducing the lavel of
sir poilutan;s emitted from Recovery Boiler 74. .

45. Number S precipitator is an air pollution control device
operated by the Defendant for the purpoae'of reducing the level of
air pollutants emitted from Recovery Boiler'lsa_. |

46. On Januarf 19, January 20,.Janua£y 27, January=30,
January 31, Pebruary l, February 4, February ll, Pebruary 15,
February 25, February 27, Harﬁh 1, March 13, March 14, March 15,
March 29, April 5, April 6, April 8, April 9, April 12, April 1S,
April 19, April 22, April 27, April 28, April 29, May 1, May 4,
Hay 8, May 14, May 27, and June 14, 1983, Defendant circumvented

¥3A precipitator or allowed the emissior of air pellutants from

Recovery Boiler #4 while #3A precipitator was not operating

properly.

47. On February 9, February 25, Harch.z, March -4, Harcﬁ 5,
March 22, March 30, April 1, Aprii 7, April 17, April 18, April
19, April 24, April 25, April. 29, May 6, May ll, and May 30,
Defendant circumvented #5 precipitator or allowed the emissicn cf
air poliutants from Recovery Boiler #5 while Us precipitato; was

not operating properly.

. Allegations Applicable tec Counts V through VII

48. On May 2, 1979, the Department issued Permit No.
1045-17462 to Defendant to operate a 25 millien gallons per day
(MGD) industrial wasteQacer treatment system, Under certaih
condjtions.set forth in the permit, Defendant‘was authorized to
discharque 2ffluent from its treatment system into the waters of
Amelia PRiver.

49, The expiration cate for Permit No. I045-17462 °

(hereinafter the "permit") was March 31, 198l1. Defendant was

~
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grahted a limited éx:c“sioh of this‘pe;mxt under the terms of a
"Stipulation of Extension of Permit and Final Order,” which
authorized continued operation of Defendant's waatewaﬁer treatment
system under the conditions of Permit No. 1045-17462 until
December 1, 1983. _

50. Under specific coﬁdition Mo. 3 of the permit, the

discharge to the Amelia River must be "consiscent at all times

-

"with the water quality standards set forth in Chapter 17-3, P.A.C.
(Florida Adminstrative Code]." .
51. The Amelia River is catagorized as Class II] waters of

the State pursuant to Fla, Admin. Code Rule 17-3.081.

3

52. Fla. Admin. Code Rule 17-3.121 sets forth the following
water quality criteria which apply to all Class III surface waters
except within zones of mixing:

(13) Dpissolved Oxvgen - in
predominantly fresh waters, the
concentration shall not be less than 5
milligrams per liter. In
predominantly marine waters, the
concentration shall not average less
than 5 milligrams per lite: in a
24~-hour period and shall never be less
thar 4 milligrams per liter. Normal
daily and seasonal fluctustions above
these levels shall be maintained 'in
both predominantly fresh waters and
predominantly marine waters,

(28) Transparency - the depth of
" the compensation point for
photosynthetic activity shall not be
reduced by more than 10 percent
compared to the natural background
value.
Fla. Admin. Code Rule 17-3.061 sets forth the following additional

appiicable water gquality criterion:

(2)r. Turbidity - shall not exceed 29
Nephelometric Turbidity Units (NTU's)
above natural background.

53. "Zone of mixing” or "miving zo0ne” means a voiume of
surface water containing the point or area of discharge and within
which an opportunity for a mixture of wasves with receiving

surface waters has bwen afforded. Flz. Admin. Code Rule

17-3.021(32;. Defendant's permit Joes not authorize or specify a
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mixing zone for'discharée into_the Amelia River.

S4. Even if a mixing zone were authorizec by the Depariment,
Fla. Admin. Code Rule 17-4,244(1)(i) providas that the following
additional standards apply within the mixing 2one for Cl::w III
waters:

1. The Dissolved oxygen within a

) mixing zone shall not average less

than 4.0 milligrams per liter in
the,mix;nq.zone_volune; and,
2. The turbidity within the mixing
zone shall not avarage greater than
41 Nephelometric Turhidity Onits in
the mixing zone volume above natural
background. ’ )

55. Regardless of the existence of a mixing sone, PIE. Main.
Code Rule 17-3.051(l) requires that all gurface waters of the _
state at all places and at all times must be free from industrial
discharges which, alone or in combination with other substances:

(b) "Float as debris, scum, oil,
or other matter in such amounts
as to form nuisances; or
(c) Produce color, odor, taste,
turbidity, or other conditions in
such degree as to create a
nuisance.
. COUNT V
56. On or around May 2, 1983, defendant discharged effluent
from its facility into the waters of the Amelia River.
57. Defendant's discharge of gfflueni into the Amelie River

caused violations of special condition No. 3 of the permit in the
following "respects:

a. The discharge reéulted in an unnaturally colored
greenish-blue plume in violation of fla. Admin. Code Rule
17-2.051(1)(c).

b. The diséharge caused the dissolved oxygen levels in the
Amelia River to be depressed to 0.0 milligrams per liter, in
viélation of the water qualiiy c;iteria e#:ablished in Fla. Admin.
Code Rules 17~2.121(13) and 17-4.244(2)(i)1.

c. The discharge caused turbidity of approximately 190 NTUs
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over natural backgfounL for the Amelia River, in violation of the
water quality criteria established in Fla..Admin. Code Rules
17-3.061(2)(r) and 17-4.244(2)(i)2.

d. The discharge caused the transparency in the Amélia River
to decrease by approximayely 90 percent, in violation of the water
quality criteria established in Rule 17-3.121(28), P.A.C.

S8. On or around June 9, 1§83,_Défendant_diacharqoﬁ affluent ,
from its facility into the waters of Amelia River.

59. Defendant's discharge of effluent into Amelia River
caused-.violations of special condition No. 3 of the parmit in the -
followinglrespe:ts. _

a. The effluent discharge resulted in a plume in fﬁ: Amela
River which had.a dark oily film floating on the surface of the
water, in violation of Fla. Admin. Code Rule 17-3.051(1)(b).

b.  The ‘discharge caused the dissolved oxygen levels in the
Amelia River to be depressed to 0.0 milligramé per liter, in
violation of the water quality criteria established in Pla. Admin.
Code Rules 17-3.121(13) and 17-4.244(2)(i)1. _

c. The discharqga caused turﬁidity of approximately 190 NTUs
over nﬁtural background for the Amelia River, in violation c¢. the
. water quality criteria established in Fla. Admin. Code Rules
17-3.061(2)(r) and 17-4.244(2)(i)2.

d. The discharge caused the transparency in the Amelia River
to decrease by approximately 90 percent, in vioclation of the water
quality criteriua established in Fla. Admin. Code Rule
17-3.121(28).

60. Defendant's dischafges as described.in'pa:agraphs 56
through 59 are a violation of Section 403.161(i)(b), Fla. Stat.,
in that it is a violation of Chapter 463 to violste or fail t6
comply with any permit or rule issued or adopted by the Depar:iant
pﬁrsuast to its lawful authority.

‘ 61l. Defendant's discharges as described in paragraphs 56
through 59 are also a wviolation of Section-?OB.OSB(l); Fla., stat..:

whicn prohibits any perscn; without written authori:ation from the

~

—
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" Department, troﬁ discharging into waters of the state any waste
which reduces the quality of'the receiving waters below the
élassificacion established for them, Defendant had 'no such
written authorization.

_ COUNT VI
62. Ceperal Condition No, 3 of the permit requires that

(1)f, for any reason, the permittee
does not comply with or will be
unable to comply with any condition
or limitation specified in this
permit, the permittee shall .
immediately notify and provide thae
department with the following
information: (a) a description c¢f
and cause of non-compliance; and (b)
the period of non-compliance,
including exact dates and times: or,
if not corrected, the anticipated’
time the non-compliance is expected
to continue, and steps being. taken
to reduce, eliminate, and prevent
recurrence of the non-compliance.
The permittee shall be responaible
for any and all damages which may
result and may be subject to
enforcement action by the department
for penalties or revocation of this
permit.

=

63. ©Defendant failed to notify the Departmen: of tﬂe
discharge desc~<ibed in paragraphs 56 thfough 59, in violation of -
its permit General Condition No. 3.

6;. Defendant's failures to notify tﬁe Department.of the
discharges described in paragraphs 56 through 59 are violations of
Section 403.161(1)(b), Fla. Stat., in that it is a violation of
Chapter 403 to fail to cohply with any permit {ssued by the
Department pursﬁant tc its lawful authority.

COUNT VII V

65. The Depértment incurred reasonable costs ané expenses in

investigation, tracing, and controlling the vi6lations alleged
.above.' Section 403.141(1) makes any person who violates or fails
to comply with any Department rule, order or permit liable to the
Departmenf.for reésonable costs and expenses of the state in
tracing the source of the dishcarge and ir controlling and abating

the source and its pollutants.
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Praver for Relief

WHEREFORE the Department requests that the Court enter
the following relief tc the Department and against the Defendant:

A. Impose‘upon Defendant a civil penalty not to exceed
$1G6,000 for each violaticn, for each day that each violation has
o;:urred;

B. Permangntly enjoin Defendant from operating Recovery
Boiler #4, Recovery Boiler 05, Power Boiler #3, Power Bollaer #4,
and Power Boiler #5, except in such a manner as to prevent the
emission of visible emissions in excess of those allowved by

Florida Administrative Code Chapter 17-2 and the applicable

-c—
-

permits issued by the Department; .

C. Direct Defendant to notify the Department by the end of
next busingss day of any malfunction at its pulp and paper mill
which results in excess emissions of air pollutants; and to file a
complete written feport withip<seven days'of'the occurrence of the
‘malfunction on.the causes of the malfunétion and measures taken to

. 4 . .
correct it and to prevent i;lfrom reoccurring;

'D. Permanent:.y enjoin befendant f;om circumventing pollution
control-eqhipment and from allowing air po}lutants to be emitted
from any source w{thin its pulp and paper mill without the
applicable pollution control device operating properly:

E. Direct the Defendant to file with the Départment within
90 days a compre.2nsive description of all processes ;nd sources
of emissions where such circumvention could occur along with a
progrém to prevent suck from occurring:

‘F. Direc: Defendant to hajntain properly all facilities. and
eguipment so*as to prevent -excess emissions of air pollutants; and
to file with the.Department within 90 days a compreﬁensivé.programA
for proper operation and maintenance of all facilities and
eguipme:t, including a training program for all persons'
responsible for the proper operation‘and maintenance;

G. Permanently enjoin Defendant €from discharging effluent

into the Amelia River in violation of its permit conditiona and



the water quality sta;dgrds of the Department.

H. Direct Defendant to nctify‘the Department by the end of
the next business day of any discharge that results in a violation
of its permit conditions or any applicable water quality standards
of the Department; and to submit a cémplete written rapcrt within
seven days of the occurrence on thé causas of the occurrence and
the measures taken to correct it and keep it from reoccurring.

I. Direct Defendant to file with the Dapartment within 90
days a comprehensive.proqram for proper maintenance and operation
of gll facilities and equipment, including a training program for

all persons responsible for proper maintenance and operation, to

e

prev?nt further discharges into the Amelia River in violation of’
its permit conditions and water quali;y standards.

J. Enter Qn award to the Department pursuant toISection
403.141, Pla, Stat., for damages caused to the air, waters and
propertf of the state and for the Department’'s costs and expenses
in tracing, controlling and abating the source of pollution.

K. Take such other action as the Court may deem necessary.

. . H
Respectfully submitted this O\Fl day of February, 1984,

~ Db Swmy
DEBRA SWIM -/
Assistant Gener:l Couneel

DANIEL E. TROMPSD:
Deputy General Counsel

State of Florida Department
of Environmental HKegulation
2600 Blair Stone Road
Tallahassee, FPlorida 32301
(904)488-9730
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IN THE CIRCUIT COURT, FOURTH
JUDICIAL CIRCUIT, IN AND FOR
NASSAU COUNTY, FLORIDA.

CASE NO. 84-127TCA

TATE OF FLORIDA DEPARTMENT OF
ENVIRONMENTAL REGULATION,

Plaintiff,
Vvs.

CONTAINER CORPORATION OF AMERICA,
a Delaware corporation,

Defendant.

STIPULATION AND MOTION FOR
ENTRY OF CONSENT FINAL JUDGMENT

This sﬁipulation and’ Motion for Entry of Coﬂ;;nt Final
Judgment is entered into. this g3ﬁ day of April, 1984, by the
State of Florida Department of Environmental Regulatién}
Plaintiff, and Container. Corporation of A;erica, Defendant.
Plaintiff and Defendant stipulate to the following facts and move
the Court to accept the terms of settlemen; set forth herein and
enter a consent final judgment as final disposiﬁion of this case:

1. This Court has jurisdiction in this cause pursuant
to Sections 26.012, 403,121, and 403.131, Florida Statutes, and
Section 5, Article V, of the Constitution of ;the‘ State of
Florida.

2. Plaintiff is the State agency empOHeEed with the
duty to enforce the provisions of Florida Air and Water Pollution
Act and Sections 403.011 through 403.401, Florida Statutes
(1981).

3. .Defendant is a Delaware corporation registered with
the Seé;etary of Staté to transact business in the State of
Florida under the provisions of Sections 607.307 and 607,321,
Florida Statuter-, Defendaht owns and operates a pulp ané paper
mill locate¢ at Nor=h . Eighth Stfeet, Fefnandina Beach, Néssau
County, Florida. 1In conjuné:ion with the operation of' the mill,
Defendant operates a wastewsTer treatment system that discharges

effluent into the Ame ia River.



4. Plaintiff brought this complaint which was sefved
on Defencdant on March 8,.1984, and answered by Defendant on March
ZB; }984. In resolution of the matters alleged in the complaint
and responses thereto, the Plaintiff an¢ Defendant agree to the
following terms and conditions:

{1}  An independent contractor to be funded by the
United States Environmental Protection Agency shall pertorm. a
compliance audit on the air emissions of Defendant's mill,locaéed
i; Fernanding Beach, Florida. . If that éontractor is hbt PEDCO,
then it will be a contfactor mutually agreeable ﬁo both Plaintiff
and Defendaht.

2y Defepdant shall, within ninety (90) dzys of the
completion of.the audit, present a plan to Plaintiff to bring
Defendant's mill into compliance with the air emissions audit
where said audit determines there.are violations of state and
federal law, 'Wwithin ninety (90) days of 'that submission
Plaintiff shall approve that plan and any. modifications to_it..
within'eighteen (i&) months of receipt of'Plaint;ff's approval,

. Defendant shall satisfactorily bring the air emissions of the
mill into compliance with all ;tate laws and regulations pursuant
to said plan. Verification of said compliance. shall be in
accordance with approved Department of Environmental Regulation
and Uni;ed' States Environmental Protection Agency methods.
During the interim, the facility is still required to meet
existing state and federal rules and construcfion/dperation
permits currently on file with DER and U.S. EPA. Any disputes
over mazters contained in this paragraph shall be resolved by the
Court urless the parties mutually agree to an alternative dispute

fesolution forum. | .

(3) Defendant agrees to contribute to the Nassau
County_School Board the sum of $18,000.00 per year for a period
of two (2) vears to fund an enVifonmental science program at,
Fcrnandina Beach High School. Payments shall be made on or.

before June 1, 1984, and 5une 1, 1985.
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{4) In reportiﬁg éxcess emissions, ..Cantainer
Corporation of America shall be reguired to notify the FDER by
phone ‘and in writing of any exceedance tha£'requires reporting
pursuant to Rule 17-2.250, Florida.Administrative Code.  Further,
Container Corporation of America shall notify the FDER by phone
within the first 30 minutes of any exceedance expected to
continue beyond a two-ﬁour period. If an obligation to notify by
phone occurs outside of FDER regular business hours, such
notificgtion shall be.made at the beginning of the next business
day.

(S5) In order to be more responsive to the concerns of
the community and the FDER, Container Corporation oF America
shall be notified by FDER in a timely manner of any complaints or
concerns expressed by either FDER or the cémmunity at large. In
the case of any visual inspection by the FDER, the compliance
cofficer who observes Container Cbrﬁoration of America's operation
will come onto the property and review his or her findings with &

" member of'Container Corporation of America's environmentai group
at the time of the observance if a member is aQailable for this
consultation. If a non-compliance is observed, a copy of that
report will be mailed to Defendant as soon as it is-prepared. 1In
the event the FDE# is notifieé of a concern or complaint by a
citizen or representative -of the community, FDER shall notify
-Container Corporation of Americ: of the nature of the complaint
that same day, if posgible.

(6) Defendant agrees o pay to the State of Florida
Department of Environmenﬁal‘Regulation Pollution Recovery Trust
Fund the sum of 564,000.00.as repayment to Plaintiff for costs

- o . o
and expenses of their investigative and regulatcry activities in

this matter. Payment shall be made on or before June 1, 1984.

(7) Defendant shall allow authorized representatives
of the Department access éo the property at reasonable times for
purposes of determinin: compliance with this stipulation or the

rules and regulations of the Department.



(8) ?laintiff expressly reserves the right to initiate
appropriate leggl action to prevent or prohibit the future
violation of appiicable statutes, or the rules promulgated
thereunder. |

(9) Nothing herein walves any right Defendant may have
to seek modifications, variances, or other relief from any
requirement imposed by state or federal laws, regulations, orders'
'or permzts from the appropriate regulatory ;qenczes. Provided,
however, that any such appl1catlon shall not relieve Defendant
from compliance_with the terms of this &greement.

{10) Plaintiff expressly rese£Ves. the rigﬁsr to seek
civii penalties under Sections 403.121 and 403;1417 Florida
Statutes, in the event Defendant fails to comply with the terms
of this Stipulation and the Consent Final‘Judqment.

(11) Entry of the Consent Final Judgment does not

relieve Defendant of the need to comply with applicable federal,

state or local laws, regqulations, or ordinances.

S. The Court shall retain jurisdiction to enforce the
terms of this Stipulation and the Consent Final Judqmeﬁt by
contemét proceedings o; by the entry of any other appropriate
orders. ' | |

6. All noﬁices in writing or by phone shall be
directed to the Plaintiff at the Northeast Florida District
Office located at 3426 pills -Road, Jacksonville, Florida 32207,
All notices in writing or by phone shall "be directed to the
Defendant =zt the Container Corporation of America mill site

located atiNorthAEighth Street, Fernandiﬁa Beach, Floricda 329034.

/ ’/,L}/ i K Do

HUR ‘15 JACOBS DANIEL H. THOMPSON
JACOES & MULLIN State of Florida Departmen: of
Post Office Drawer I Environmental Regulation
Fernandina Beach, FL 32034 Twin Towers Office Building

(904) 261-36%2 or 255-607C 2600 Blair Stone Road
: Tallahassee, FL 32301
(904) 488-9730
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IN THE CIRCUIT COURT, FOURTH
JUDICIAL CIRCUIT, IN AND TCP
NASSAU COUNTY, FLORIDA.

CASE NC. 84-127-CA

STATE OF FLORIDA.  DEPARTMENT
OF ENVIRONMENTAL RLGULATION, °

Plaintiff,
vs.

CONTAINER CORPORATION OF AMERICA,
a Delaware corporation,

Defendant.
) /

"CONSENT FINAL JUDGMENT

fHIS MATTER having come before this Court purguant to a
s;ipulation and Motion for Consent Final Judgment between the
pafties previocusly filed with the Court, and the Court being
fully advised 'in the premises and that the parties are in
agreement as to the appropriate resolution of this matter as
embcdied in said Stipulation, it is therefore

ORDERED AND ADJUDGED that the terms of the Stipulation
and Motibn'for Consent Final,Judgﬁent between the partiés dated
april ___Ll__; 1964, are adopigd and incorporated herein and,
accordingly, it is _ ‘

FURTHER ORDERED AND ADJUDGED that the parties shall act
in compliance with and shall be bound before this Court by the
terms of said Stipulation and the Court shall retain jurisdiction
to.enforce the. terms of this Consent Final Judgment by contempt
proceedings or by entry of any other appropriaté.orders.

DONE AND ORDERED this /?‘{ day of April, 1984, at

Fernandina Beach, Florida.

/) Teun S, Osy

7 CIRCUIT JUDGE

Copies to:

DANIEL H. THOMPSON

Staze of Tlorida Department
of tavironmental Regulation
2600 Blair Stone Road '
Te:lahassee, Florida 32301
“atynrney for Plaintiff .

> I. JACOBS
& Mullin

"¥fice Drawer I

ar¢iina’ Beowh, Floride 32034 ~
Attorney for Defendan:
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COMPUTER COMPILATION OF PARTICULATE
CONTROL EQUIPMENT MAINTENANCE RECORDS
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ABSTRACT

This paper explqins what can‘be expected froﬁ computerized
maintenance record systems, Most systems currently in use '
are general record-keeping ?rograms. As such, they are not
very useful in providing a data pase for managerial decisions.
They store and retriéve but do not- compile the lé?}e amounts

of data involved in'a typical set of maintenance records.

The price of small computers is.dropping rapidly as
their capabiiities expand. A small computer, egquipped with
appropriate_p;ograms, can hﬁndle the records—for a typical
plant. Relatively inexpensive customized programs can
enable the computer system'ﬁo produce concise,. understandable
reporﬁs of maintenance costs and éomponent failure frequencies.
‘The results attainable by data_compilation.are illustrated

with.examples.
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- I, INTRODUCTION

The.ability to learn from your experiences is especia’ly
important in the ever-evolving fielé of particulate removal
systems. A utility should be able to use its experience to
guide future eguipment expenditures anéd to schedule maintenance
of existing equipmeént in a timely fashion. For application
in these ways, the utility maintenance data must be available’
in a reliable, ccncise, and guantitative form.

II. TYPICAL RECORD-KEEPING METHODS

Most plants use similar systems for keeping records. of
repair werk. An operator or maintenance technician notes a
problem and wiites a maintenance request form describing it.

The maintenance request is sent to the appropriate maintenance
department which then schedules the werk according to priority
.and available manpower. A maintenance staff leader..describes
the cause of the problem and the action taken on the maintenance
reguest fcrm. ’

If repairs are postponed because parts are unavailable
or the nroblem cannot be corrected while the .plant is in
operation, the maintenance reguest form is filed as work
waiting for parts or work waiting for an outage.

After the repair is complete, the maintenance request
is filec acceréing to the sys:tem involved. Most plant
accounting departments also provide a way for recording
manpower &ad eguirment costs of repairs by system. However,
the classificatinns used fcr accounting purposes are usually
in terms .0of majur pieces of equipment (e.g., boiler, coal
handling svstem etc.) #ad make it impossible to identify
spacific problem components. lthouch some plants try to
collate maintenance reguest forms by component and p*ob7em,
few actually succeed. Information orcarnized ir. this way
would be useful because it points out recurrinc problems.

The reccrd syvstem at most plants is basec on the
‘mainterance recuest forms. These forms are usually adeguate
for their primzry funczion of icdentifvinc ané initiating
ma:ntennncc weik, however, mos: dc not frlfill their _econca*y
functicn as melatenance reccrds benavs: ‘they are either too
compler z¢ be Iilled..oun, Or toc simpie to provice.adeguate
informacion. Additionally, outace work is-‘often‘done without
the use of mainterance reguest forms and causes incomplete
reccrds. In any case, the maintenance recuest forms themselves
ar< not a good medium for lonc-tern .reca2rd keeping. Aften a
reiaztivaiy short time, so many forms aagummula e that soruting
through them tc determine recurrinc prculems is a. burdensome
task.




, For the EPRI study "Reliability Assessment of Particulate
Removal Systems" (EPRI-RP 1401-1), ESP and fly ash removal
system maintenance request forms from several plants were
collected and the information was compiled manually. This
procedure was very time consuming. A record system which
would automatically maintain a running total of failures and
costs by component would provide an accurate guantitative
profile of problem areas. A well-planned computer -based
~system-can fulfill these reguirements.

A good maintenance record system should fulfill both
the communications reguirements of the plant maintenance
departments and the long-term record keeping requirements of
the utility. The keys to a good maintenance record system
are a maintenance request form that is simple yet complete,
and an information file that permits ‘easy retrieval.

-
— =

III. THE MAINTENANCE REQUEST FORM

A good maintenance reguest form is important because
the form is used frequently by many people. The form regquirements
must be self-explanatory to preclude the need for repeated
instruction of personnel. Care must be taken to include
“Only items necessary for the dual purpose of promptly executing
repairs and providing relevant historical information. ,

Examination of nine plant maintenance record systems
kas indicated that a maintenance reguest form should include
a: least the information on the example printed in Figure 1.
The format of the form must permit plant personnel to £ill
in the regquired data quickly and accurately. It must also
place important data in prominent positions. Finally, the
format should be adaptable to computevlzed organization of
relevan* data. .

‘Figure 1 is an example of 2 maintenance reguest for:m
that meets the requirements Zor comprehensive maintenance
data collection. It is desicned with four basic sections:
the categorical breakdown section, originator's section,
craftsman's section and maintenance foreman's  section. The
originator checks the assignment, priority, and unit status
related to the problem and briefly describes the problem
notec. BHe writes the date and time and signs the form.

The maintenance foreman determines the cause .of the
problem and when it can be corrected (immediately, when
tools and/or parts are available, or during a scheduled
outage). He signs and dates his entry. He describes the
repair after it is completec. '

The maintenance supervisor lists the materials, material

costs, and manhours expended in mzking the repairs. He then
signs and dates his entry.
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The boxes at the top of the form are the keys to organlzing
th: maintenance data in a form suitable for use in computer
compilation. Short but clearly Oescrlptlve words must be
selected to identify items reguiring maintenance. The first
box identifies the plant unit on which the problem has.
occurred. The next four boxes identify the problem component
in relation to the system, subsystem, and major sssembly in
which it is located. For example, the bearings of a fly ash
transport blower can be identified as follows:

Svstem - pollution control
Subsystem - ash removal
Component - transport blower

Subcomponent - bearings p

Such an identification system would make it easy to
sort maintenance reguests and thus keep track of equlpment
failure frequencies.

In melementlng a maintenance record system, a utlllty
should take action to encourage its proper use. The utility
should alsoc require plant personnel to use the maintenance
request system to record outage work.

IV. THE RECORD FILING SYSTEM

A good filing system is essential for retrieving maintenance
record information. The ability to compile and sort the
files in a number of ways is desirable. -For instance, a
plant with several units would want maintenance records A
sorted by unit number. But to iden+ify problem areas, the
records should-be sorted by equipment regardless of unit
number. R sort useful in personnel administration to determine
optimum derartment size would be by maintenance aepa*tmen*
handling tne repairs. The desired methods of sorting the
informatioa will vary from plant to plant or even within the
same plan: over a period of time. For many reasons, ir is
important to organize the data base in a manner suZficierntly
flexible to accommodate future changes in the use of the
inf Oa.matl(.an .

- Many utility companies are converting maintenance
requests into computerir=d data files, using commercially
available general-purpo:sa record-keeping programs. Such
programs generally permi+ storing a short description of the
problem, the action taken, and most other informat.on from
the maintenance reguest form. This stored information can
be sortec and listed in several ways. However, these computer
routines only list each maintenance request entry, anéd do
not perfcim data compilation.
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Other utilities use more sophis:ticated programs which
permit storage of additional information such as maintenance
labor costs and subcontractor material and labor costs.

Again, these programs permit several different types of
listings, and some also permit totalinc of costs by system.
However, most programs in use today list individual malntenance
reguests as principal output. This type of listing is

uSAally too bulky to be of use to management personnel.; A
better approach would permit grouping of the data by component
and indication of the number of maintenance requests in the
component category. A graphical presentation of this data
~would make problem areas immediately visible and eliminate

the need for searching. through page after page of maintenance
request llstlngs.

The output from the computer program is probably the
most important aspect of the entire system but it is often
neglected. The output is the only part of the system that
need be seen by utility management. The data must be:
presented clearly so that trends in equipment maintenance
can be detected immediately in a guantitative way. .With
information organized in this way, the utility can make
educated and well-justified dec;s;ons on eguipment expenditure.

To point out.trends direct comparisons must be presented
in the output. For example, the maintenance costs of various'
plant systems over the same period of fime could be compared.
Alternatively, maintenance costs fur. one piece of equlpment
could be compared over time. The ’‘irst type of comparison
would point out high-maintenance e uipment while the seccnd
would indicate eguipment in deterimrating condition.

Figure 2 is an example of how data can be formatted to
assist in staffinc decisions. 1In this bar chart format, it
is easy to compare how repairs and wo:kload are distributed.
amonc the major maintenance departments. Similarliy, Figure
3 compares the numbers of repairs delayved because of tocl or
parts outages, and could assist in determining how tc allocate
Zunds for inventory buildup.

Figure 4 presents a format for the display of repair
nfornation. t compares maintenance data in three categories
for subsyseems cf the air pollution control system. The
size of each bar section clear: v indicates the magnitude c<f
problems caused by that subsysten. This type of graph also
allows reacdy comparison of whether a problem is labor,’
material or capital-intensive by cowvaring the size .0f a
section Irom one bar to another. ’

"As an examole of the flewibility whlch is desirable in
data compilation, the ash removal subsystem data from Figure

4 is broken down to the component level in Figure 5. ”an,

the information recarding ¢. «ransport line comoone“, is

further brcken down tc its subcomr feners level ir Figure €. The data
‘'presented on these last two grapis 1s on toc low a level tc be
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part of the regular program output. However detailed
information should be available on reguest to permit exact
identification of problem eguipment.

V. SOFTWARE CONSIDERATIONS

- The flexibility which is such an important part of this
system, is largely dependent on -the computer programs: which
. direct the system. A program is a set of instructions which
guide the computer through the functions which must be
carried out and. thereby, give the system its characteristics.

. Functions accomplished by the software include data
entry, data retrieval, editing, compilation and, firally,
report preparation. The requirements for the software must
be laid out carefully to ensure a successful svstem. The
data entry software should be designed for eff::ient use
with simple but specific equipment identification methods.
The data compilation software should be designed t&™permit

- data breakdowns that are as flexible as possible. ' The
report preparation software should be designed to produce
reports which are simple and easy to understand.

VI. HARDWARE CONSIDERATIONS

The most important factors to consider in computer.
equipment_selection'are: program memory size, operating
speed, data storage capacity and investment cost.

The size of program memory limits the sophistication oI
the programs and, 'therefore, limits the flexibility of the
system. However, even today's microcomputers are generally
equipped with enough memory for guite elaborate programs.

. The computer's operating speed is important only if
operating charges are based on usage time. With a micio or
mini computer dedicated to this one task, there would be no
additional cost for longer run times, only minor opera: :=
inconvenience. Therefore, operatinc speed is not a criwical
consideration. ' ' :

Data storage capacity is nrobably +he most influsruial
factor in aete*mlnlng the size of the computer syvstem “ec,m-r-
for this applicatior. The malu.enance data is suored on
'magnet*c disks 'so that it is accessitle o the cumputer foi
processzng as the programs call for it. The stcrage capacity
is defined in terms of characters. Mlcrocomputers are
adeguate for applications which acquire up to 1 ox 2 million
characters of data to be available at the same tim:. Auplications
requiring more storage are better handled by minicomputers.



If the oata from the maintenance reques:t forms is
placed on disk as shown in Table 1, each maintenance Ieguest
can be storec as 370 characters. This woulc permit s:orage
of data from about 3000 maintenance reguests on a popular
microcomputer disk format which can store 1.25 million
characters. Three thousand records is about two months'
data storace for a plant produc;ng 50 maintenance request
~ forms per day.

The hardware investment can be as low as $10,000 for a
microcomputer and increases with the reqguirements of the
system. Software cost will vary with complexity, but once a
program is written, it can be used by any number of plants
Therefore, the cost of software development does not have to
be borne by any one plant or utility.

Once the system is installed and running, virtually the
only operating cost is in the manpower required to enter and
maintain the data. Hardware operating costs are minimal for
micro or mini computers.

So, quantitative maintenance data should be available
to utilities for a relatively small investment.

VII. CONCLUSIONS

A malntenance recozd system as described . above will
provide a utility with quantitative data about its own
equipment problems. Armed with this type of information,
the utility will be better equipped to solve its mairntenance
problems. Quantitative and concise information will nelp
reduce costs in three ways. It identifies ané defines.
problems, thereby expediting solutions. Secondly, it provides
information useful in optimizing levels cof plant s.a-fing
ané inventory. Pinally, it will aid ir accurately evaliuating
-future capital. expenditures comnl.ted to alleviate operating
and malntenance problems.

(168)
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Table 1

Maintenance Request Data Storage Reguirements

éharaéters Field
6 Mainﬁenance Request Number
2 Unit No. - |
12 . System . . . Subcomponent (3 digiti'x 4 categorieé)
16 -driginator'Name -
8 Origination Date
4 Origination Time
3 Assignment, Priority, Unit Status
65 _ Problem Descriétion
16 . Foreman Name
8 ~Date of Work
1 | JOb.Status
65 Cause of Problem
65 Work Done
16 N SuperJisor Name
- 8 - Completion Date
65 Materials Used
4 ‘ Total Manhours
§ v'. Material Cost
370 Total Charac:iers
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Another result of the study was the implementation of the

Work Reguest System. This is the area I will address today.

This document (Attachment C) is used in each of our fossil stations.

The document serves these basic functions:

1)

2)

Authorize and define work to be verformed by the
maintenance function,
Used as an input document for entry of information into

data processing and cost accounting system.

These functions are attained by:

(a)

(b)

(c)

(@)

(e)

§roviding for systematic screening and authdrization
of requested work

providing information required for the planning,
scheduling and coordinating of all authorized work

to be performed

accumulating information of job progress and cost as
a basis for improving and reporting on cbﬁt and per-
formance |
supplying supérvision and craftsmen with complete job

instructions and the estimated time to complete the work

" pinpointing ecuipment in need of modification, redesign

or replacement
collecting data on maintenance operations and costs for

use in planning, budgeting and special studies.

Again on Attachment C, some of the key areazs are as follows:

1)

"Date" - The date is the day the problem was discovered
or the job defined. It is used to determine execution -

"first in, first out" on egually important jobs.



2) "Approved by" - Tﬁis verifies the need for work ané
job priority.

3) "Priority" - Job urgency is classified on a {code)
scale from 1 to 5. Priority one's (1) are for émergenéy
work. Priority two's (2) are for urgent work which
should be completed during the day. Three’'s and four's
(3 and 4) can be delayed and planned. Five's (5) are
work jobs which must be compléted during an outage.

"4) "W.R. No." - The work request number is the document
control numbér_assigned by the planning group.

5) "Equipmenﬁ Number" - Ali major equipment and equipment
coOst centers are given a nuﬁber. That.number forms the
basis for cost classification.

6) "Description of work"‘f Originator describes work to be
done with details stated Clearly and concisely. Plahner_
may add information. |

7)  "Estimated Labor" - Planner completeS'this'section; by
breaking the job down into steps, l;stiﬂg the'crafts in
proper sequence, specifying crew size and hours required.

é) "Material description” - Planner enters description of
material, stock number, and quantity needed.

9) “Action taken" - A space is provided on the back of the

- document for the job supervisor or craft personnel per-
forming the task to enter action taken.

The actuazl manhours are recorded on the time distribu;ion

sheet by job anéd craft personnel. This .is shown as Attachment D

anc is also used for payroll tickets.
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Data from the work request system has been stored on computer
files. Variéus programs have been deveioped'to seiect, sort, and
analyze this data. For example, looking at the last six months in
1981, BeleWs Creek data on Attachment E, we can observe the normal
wofk force of 10,000 man hoﬁ:s jump to 30,000 iﬂ October bec#use
of a major unit outage. With a 300% work force increase, a good
ddcumenf system is needed to insure control.

Using pribritf to classify the same data and adding together
the man hours in:priorities "1" and ”2ﬁ:.we.find 11,600 of the &8,100
hours or 15% of the total in this group. ‘This is showh in Attachment
F. A high percentage of'p:iorities "1" and "2" work destroys the
work force effectiveness.

.A unified equipment numbering system is used for all major
.equipment asséciated with the production of electricity'énd/of

’

operation of Duke Power's fossil steam stations. Each major piece
of equipmen; has an éssigned_number ;o that thelmaintenahce costs
associated with its repair and upkeep can be*éccumglated in an
equipment history file. |

The Equipment Number is a six (6) digit number with each

digit de=zignating the information listed below:

First digit . - The Basic System

Second digit | - The Basic Type of Equipment

Thiré & Fourfh digits' - The Cléss of Equipment

Fifth & Sixth digits - The Identity or Number Assignec to

a Piece of Egquipment

Example of an Equipment Number:

wm
I
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X X XX . XX
T;Umbers the piece cf Eguipment
Ciassifiés the piece of Equipment
States the Basic Type of Egquipment ﬁhat the piece of

gquipment belongs to

States the Basic System that the piece of equipment is part of
The first digit in the equipment number is used to designate
the basic system that a piece of equipment is part of. Belowv is

a list of basic systems for use in the application of egquipwent

numbers:
Basic System Baéic'System
Number ' . Title
\1' ’ ' Steam Generator
2 ' . | Turbine-Generator
3 : | Condensate ané Feedwatesr
4 ' ' Fossil Fuel Handling.
5 - " Ash
6 . ' Compressed Gas
7 . - Service Wate:x
8 : Condensers and Condenser

Cooling Water Systen

s ' ‘ . Reserve:
0 : ' Miscellaneous

For example, a definition for an ash system has <he foiiowing'

limits: |
' A. Bottom Ash - Shall begin at and include the bottom ash

ﬁopper(s)_of the boiler along with the ash sluicing
eguipment. \

B. Fly Ash = Shall begin with and include economizer hoppers,

precipitztor hoppers, Zly ash silo, primzry air fan

5-25 _ | (174)



hoppers (Belews Creek) and associated piping and

eguipment.

C. Pyrites - Shall begin with the attachment to the pulverizer

mill and terminate at the entrance to the ash sluicing

line.

D. Does not include service water pumps or piping.

E. Does not include sump pumps.

F. Shall include pumps used'solelyyfor ash and soot removal.

These must be understood by all plant personnel involved to

' properly assign the numbers.

- —
-=

Using the basic equipment number and sorting on, the f.irst

‘digit, the report shown in Attachment G can be compiled. Also,

note that each group has been broken down by priorities. .

The second digit in the equipment number is used to designate

the basic type of equipment that a piece of equipment belongs to.

Below is a list of basic types of equipment for use in the applica-

tion of eguioment numbers.

" Basic Type
Number

1

2 .

~1

Basic Type'
Title

Pump

Valve

Prime Mover

'Heat Exchanger

" Precipitators anc Dust

Col;ectors

Power Transmissicn,
Conveying and Pregparation

Electrical Switch Gear,
Electric Ccntrols and
Servo Controls

Reserved

- (1758



Basic Type ' Basic'Type

Number _ Title
° Reserved
0 : Miscellaneous

These nine' (9) basic types of equipment give adeduate break-
down for equipment identification. The third and fourth digits in
‘the equipment number are used to classify a piece of equipment.

Using‘the first'four-digits of the equipment number, we can
‘obtain a more detailed listing of equipment cost by name of actual
device. This is sho@h in Attachment H. ' =

By looking at a Specific type pf’equipment, such as the sulfur
burner system, a listing of each job completed with dgsc:iption,
date, and manhours is avaiiableL This is shown in Attachment I.

Additional data can be obtained by looking at a specific
priofity and equipment type 4s shown iﬁ Attachment J.

By sorting acéording to date and equipment, other information
can be seen as in Attachment K.

By looking at a specific equipment type, eqﬁipment history
can be determined which may help in design and preventati?e main-
tenance. This is shown in Attachment L. |

HIn summary, the work regquest system.(l) has made higher main-
.tenance performance possible, {2) has provided adéquate maintenance
thrdughout the plants, and (3) has reduced maintenance costs.

Through computer utilization, the statior management can
effectively monitor performance, equipment failures and manpower

productivity; thereby acting upon and correcting potential work

- difficulties.
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PP00EBC0RRE000000O)

pe-35

80)

-
>
I,

e e e e e e e e e TOTAL M/M
evTYSTEY NANE¢o PRIORTTY 1 PRIORITY 2 PRIORITY 3 PRIORTTY 4 PRIORITY S (Pi IMCL.)
n/K I . N/ 1 K/ X © NN X Kik X

UNCLASSITTED (] IR | 751 3 32 419,184 9.2 73R .3 20,827
PISCEELAREQUS M . 434 A 1,208 .8 4,853 0.7 3,478 3.7 14,398
FYZAM GENERATOR 593 20 3,9 1.4 2,859 1.2 3,3 1.3 13,018 .S 23,587
JWRBINE GENFEYTOR 14 .2 322 .4 251 A 322 4 4,028 7.9 5,043
ZEUDINSATE FEEDUATER 1"z .4 542 .8 234 3 a2 A WAL 7.3 6,291
TUSSTL FUEL WANBLING 1,512 1.4 1, 1.3 72,490 2.5 2,387 2.4 2,222 2.1 19,346
& c 92 T 894 1.8 1,937 1.6 909 1.9 234 1.9 4,748
COMPRESSED AIR k] o 91 A 425 1.9 1,848 7.5 N 2,294

STRWITE VATER ~ N 9 1.9 8 1.8 24 2.7 38 4.3 97
CONDENSER SYSTEM .73 .2 242 .9 "ny 1.3 1,023 3.8 878 1.3 2,438
Uy 16TAL 3,212 .3 9,878 9 18,022 1.1 36,138 4.0 31,989 1.5 98,228
STATION TOTAL 3,02 .3 8,878 918,022 1.1 38,134 4.8 31,990 1.3 99,228

IJ‘



ATTACHYENT H

“'

BELEUS CREEK

EQ HANE NAKHOURS
ELECTROSTATIC PRECIPITA 2,989
SULFUR BURNER SYSTEM 918
ECONOMIZER HOPPER . T
PRECIPITATOR MOPPER 1,082
PRI AIR FAM HOPPER (BC) 117
CLINKER GRINDER 727 .
SLUICE HANDLING PIPING 1T T
SEPARATOR TANK . 3s5%
ASH LINT ‘ _ 1,393
BRY ASH 7IPING (PRESS § 563
BOTTON ASH HOPPER T 1,499

~ KILL PYRITE SYSTEX 468
JFINAL TOTALS 19,246

5-35 ' (184)



REQUEST
Sisis
33211
33211
48127
31374
21288
23289
23238
23333

23333

48334
34347
34348
343439

JATE
31401
Hun
[ 1Y4% 1
L34 3]
17:2an
[ LAY ]
[ ] SANE 3]
[ TR
pe2¥ 1
[ +{3 3]
82381
121481
121781
121791

EQUIP TOTAL

RESUEST

JATE
32471 #2781
328318 133581
sari #3381
$Irc4 #8136
33401 . #8638}
L PR 4 EIN
380 #3833/
3331 8321
33¢2: 04381
33827 #84381
5382y sesim
S422¢ 112781
S423¢ 11U
EQUIP T3TAL
DATE
42181
$31481
843081
§e2381
$y23s:

$24%:

921282

EQUIP TOTAL
EQ NAME TOTAL

RAKHOURS

RARNOURS

12

* Lie o Mo ®e m

BELEUS CREEX
SULFUR BURKER STSTEN
131821

JOI HARE

24 SULFUR Pumi

1) SULTUR PUR?

b SULFuUL Puar

29 SULFUR PURP

2 3 RWLFUR PUNP CHECX VALVE
23 4NLi P

2% SULFUR PUAP

2y sulFua Pune

2% SULFUR PUNP -

‘2. SULFLR PUAP

13 SULFUE PUWP
23 SULFuR Pump
23 BULFUR Pithp .
2Y SuLFuR Punp

SULFUR

BELEUS CREEK
SULFUR BUANER STSTEM
191923
JO} NARE
LIng

82 UNIT SULFUR LINE
82 UXIT SULFUR LINE
32 SULFUR STYSTEX

SULFUR
suLFie
SULFuR
SULF 7
SULIUR
SuLktt
SULFUR
UNPLUB
UNPLUG

SULFUR
suLxur
SULFLY
SuLsug
SUL/ R
suLFUR
SULFUR

LIECTION ‘HEABERS
EJECTION HEADERS
EJECTIGN HEABEXS
EJECTIoM HEADERS
EJECTION HEADERS
LJECTION HEADERS
EJECTION HEABERS
SUFLUR NOZILES

SUFLUR NO2ZLES

BELEUS CHEEX
SULFUR BURMER SYSTEN
) 131424
JO) NARE
CaR
LINE
3YSTEK RECORBER .

-LEAE AT Czi HOOV-UP

LEML AT CAS HOOX-u?
Liik AT Cair HOOK=-UF
WLAL AT CAs HODK-yP

CORFUSTION AIR FLOV
TL-17 SO3 SYSTEN

17 563
SuLFuR

SYSTEM
SYSTEN

ATTACHMENT |

DESCRIPY 10N
2-4-SULFUR PUN’
20-3ULFDR PUNP
-3 FIR PUN ,
2) SBLFUT PURP LEAX
29-SULFUR PURP CHECT VALVES
REPAIR SULFUR PLwP '
REPEIE SULFUR PUN*
FEPAIR SELFUR PURP
REMILD SHLFUR FUKP
REXUIL) SULFUR PUNP :
13 SLLFUR PUMP_QLIVE OIL LEAK
23 SULFUR PUMNP REPAIRS
1P SULFUR PUAP REPAIRS
29 SULFUR PUMP REPAIRS

DESCRIPTION
SULFUR LINC LEAK "
12 UMIT SULFUR LINE
82 UMIT SULFUR LINE
12 SULFUR STSTER LEAK -
SULFUR EJECTION NEADER -
SULFUR LJECTION MEADER
SULFUR EJECTION MEADER
SULFUR EJECTION HEADER
SULFUR EJECTION HEADER
SULFUR £JCCTION HEADER
SULFUR EJECTION MEATCR
UMPLUS SULFUR NOZILES
UNPLDG SULFUR NOIILES

DESCRIPTION
REPAIR GASKET : o
SULFUR LINE-STEAM TUBING LEAKING
REPAIR CHART 144 :
REP#17 SULFUR LESK
REFAIR SULFUR LEAK
REP:;R SULFUR LEAK

- RE? AP SULFUR LEAK

CAL REAB~IND INCORR ]
REPAIR-CAUSES SO3 PNP TO TRIP
REPLACE PRYTS 6AUGE

CAL GAUSEL : SVITCHES



'(981).

RELEVS CREEX

184474

YARTA D]
EQUIPMENT  DAIE
144475 91/82/82
1884A3 €1/02/82
184442 11/702/82
164443 #1/92/82
164424 01782702
164441 01/¢5/82
164401 #1/704/82
1644D4 01/704/82
164438 01/95/82
164441 917905782
164439 01/98/92
144433 p1/710/82
164453 #1/11/82
184451 21711782
164442 01712702
164433 91/12/82
164481 91/12/82
164438 91/14/82
164459 01/28/82
164419 81720/92.
144429 11/24/82
164443 01/22/82
16404019 - 01/22/81
164481 01/23/82
140417 91/23/82
144471 01/28/92
154473 91/24/92
164473 01/722/92
164488 #1/28/82
168479 #1/3i/82
182408 01/31/812
164461 91/711/82

#1731/82

UHTT

#?

"
"
i
it
2
12

FRIY

REQUEST JOB NAME

49082
89113
9114
41119
9129
89192
54448
sS4y

49123
491214

23912
23924

54449

54435
89201

9200

49199

54481

sA98

49235
9234
89249
89204
49282
49241
54939
54948
54938
49363
24984
21043
24441

20040

20F-15

1AF 3 NUVA FEEDER

tiF 2 NUVA FEEDER VENT LINE
14F-13 NUVA FEEDER

. 1AF-24 NUVA FEEDER

2/F 23

2BF 3

20F 4

19F17

19F 20 VENT LINE

1BF 18

28F-13 ~

¥2 AF-13 HOPPER VENT VALVE
20F =11

18F 21 NUVA FEEDER

1BF 13 NUVA FEEDER

1BF 3 NUVA FEEDER

1BF 17 NUVA FEEDER

20F-19

1AF-18

1AF-20 _

1BF-22 NUVA FEEDER

1A19 ASH HOPPER VENT LINE
22 BF-23 VENT VALVE SOLENOID
B1AF-17 HOPPER VENT LINKE
28F-11 NUMA FEEDER

2AF13 VENT VALVE

28F 13

1BF 8 VENT LINE

2BF 19 BOTTDN GATE

2)F 8 VENT LINE

28F § VENE LINE

25F 14 VERT LINE

ATTACHENT J

DESCRIPTION

28F-13
1AF-3
1AF -2
1AF-13
1AF-24
2AF 23

2-BF-3 VEWT LINE STOPPED UP

2-BF-4 STOPPED UP

1BF-17

1BF-20

UNSTOP VENT LINE

REPLACE AIR CTLINDER

2-AF-13 VENT VALVE sot

2-AF-11 DOT GATE

19F-2i

IBF-13

I19F-3

1-DF-17 TOP GATE SOL.

2-AF-19-VENT VLV DLOVING THRU -
JAF-18 PREC MOPPER TOP GAJE SOLENOID
1AF-20 PREC HOPPER TOP SIONE REPLACE
1-BF-22 NUVA FEEDER REPLACE AIR LINE
1AF-19 VENT WLV

29F-23

1AF-17

2-8F-11 Pov GATE ‘

2-AF-13 REPLACE VENT VLV

2-BF-13 DOT GAVE SOL

1BF-8 o

REPATR BOTION GATE

UNSTOP VENT LINE

UNSTOP LIRE

UNSTCP VENT LINE



(£81)

- ® ® % @ ® ® ©o P 0 o o - e e o v

BELEUS CREEX

100

- ® ® ®© ® % ® ® ¢ ® ®© & ®- & x »

92/13/82.
EQUNPRENT  BAIE
14644 81/04/82
154403 1184702
164404 #i/8045%:
143118 46/03/682
PEYT]] $1/85/82
YT RI] #1/40/82
184i53 g1/19/82
1564451 11711732
164453 §1/11/82
164423 #1/12/82
144413 81/12/82
164442 1 #1712/82
164414 81/14/82
164433 $i/712/92
tA4A1D - €1/29/92
154020 $1/25/82
144450 dt7,25/32
TA315% i1722/82
14444} §1/722/02
164437 81/23/82
164183 $1/21/82
144419 21/24/82
144471 $1724/82
164471 81724782
184473 #1/27/82
184458 #1/28/82
144205 #1/29/92
144433 §1729/82
1844714 #1/29/82
164477 §1/2%/82
154305 #1/31/82
X XYY EEFRTVA Y]
1634089 81/31/862

uxiy

82

1]
1])
6§62
041

961
T}
832
82
'}
592
062
892
[T})
81
81
§2

\

MNROAD e e b i PO R A N W RIRI AR RPN L NN RN AT AN A A

49283

-5e488

34459

49123

49124
23912
23924
54455
SAt49
49199

892498 .

89201
54401
54894
89215
49234
54904
69244
59249
89243
£9262

49299

b ERAYS
jtvae
54934
87381
34973
24848
34924
34978

"248354

24552
24881

PRTY REQUEST JOB NAHME

HEATED AIR 10 STOMES 1Al KTR

2¥F 3

22F 4

13F17

18F 268 VENT LINE
19F 10

20F-13

ZAF-11

82 AF-13 HOPPER VENT VALVE

18F 3 NUVA FEEDER

I15F 13 HUVA FEEDER

I19F 21 NUVA FEEDER

19F 17 NUVA-FEEDER

24F 1)

1AF-i8

16F-20

24F-19 _

1A19 ASH HOPPER VENT LINE
13F-22 NU¥A FEEDER
BIAF-17 HOPPER VENT LINE

82 BF-21 VENT VALVE Sotfﬂnib

1AF-19

28F-11 NUHA FEEDER

2AF1Y VENT VALVE

28F 13

18F B8 VENT LINE

29F5 PRECTP HOPPER VIDRATOR
24F 13 BOTTON STONE

2AF 11 PRECIP HOPPER “IBRATOR

AF 14 TRECIP HORPER V1B
TAF S VENT LINE
127 & YENG UIRE
28F 8 YENT LINE

ATTACHVENT K

DESCRIPTION

HEATED AIR T8 STONES

2-DF-3 VENT LINE STOPPED UP
2-BF-4 STOPPED UP

ABF-127

IBF-29 :
UNSTOP VENT LINE
REPLACE AIR CYLINBER
2-AF-11 BOT GATE
2-4F-13 VENT VALVE §0OL
12F-3

13F-13

- 1BF-21

1-2F-12 10P GATE SOL.

2-AF-13 VENT VLV SOL,

1AF-18 PREC HOPPE®R TOP GATE SOLENOID
14F-28 FREC XOPPER iiuP STOME REFLACE
2-AF-19-VENT VLV BLOVIEG TiRY

1AF-19 VERT WY

1-BF-22 NUVA FEEDER REPLACE AIR LIKE
1AF-47 ’

2BF-23

REPLACE 3-UAY vLV

2-0F-31 30V GATE

2-AF-13 REPLACE VENT VLV

2-BF-13 BOT GATE SOL

18F-08

2-%F3 PR{C BIF

REPLACE STONE

2-AF11 PREC V10

2-AF-14 PREC )}OPPER VI3

. UNSTOP LINE

UNSTOP LINE

- UNSTOP VEXT LINE



ATTACHYENT L

"1 JELEVS CREEK

$2/13/82
EQUIPKENT  BATE  UNIT  PRTY REQUEST JO3 NAAE DESCRIPTION
(1 X )
o 144431 54/10/81 882 311944 24F-11 CMECX AMD RERAJR LEVEL CONTROLS
o 14443 13722781 8482 1 SN -1 . ’ 2=AF=-11
0144431 81/06/81 M2 32331 UF-1 UNSTOP VENT LINE
s 144481 y/82/01 2 3 S3794  82-AF-11 HOPPER TGP GATC 2-4F=11 ASH HOPPER TOP GATE
v 15644518 $9/23/81  #2 129 LW ' ADJUST LEVEL. CONTROL
+ 164481 #1/11/52 62, 2 34455 2aF-1) 2-4F=11 BOT GATE
' 144431 12/14/82 12 13383t 2 N ' 2-AF=11_VENT VLV SOL
¢ 164432 . 1118/08 082 2 31984 2AF-12 2-AF=12 ASH HOPPER
s 1464482 01/736/81 882 3 852447 2F-12 _ ' 2AF-12 VENT wLv SOL
s 144453 0/22/01 902 3 52436 WF-13 2-4F=11 VENT VALVE
v 144453 01/18/82 192 2 23926 2BF-13 REPLACE AlR CYLINDER
0 144483 n/n/e2 2 2 34449 K2 AF-13 HOPPER VENT VALVE 2-AF=13 VENT VALVE $OL
v 144453 $1/17/82 2 ] 34894 2aF 13 2-AF-13 VERT WV SOL.
v 144454 N/ 2 117680 M4 : _ 2AF 14 JUAY WV
v 144454 n/n/n 02 4 SI240 2AF-14 . 2=-AF=14 INSULATIDN
i 144434 02/63/82 2 3 13241, 82-AF-14 KOPPER TIGHTEN BINBICATOR
0 144438 "/ 2 2 14981 2AF-13 o VENT LINE HAS A HOLL AT ELDOV UHERE
v 1644388 ne/88 2 2 14931 20F-1S : REPLACE 2)-15 VENT IN SOLONOID
v 144433 $11/715/8 062 4 52341 2aF-15 WDOPER : 2-AF ~15-HOPPER
¢ 154489 2722781 2 2 11434 §2 AF 1S NUVA FEEDER CHEDX DVERFILL ALARR
o 164488 $2/24701 #82 311467 2F-18 ~ CHECK H] .ASH ALARK
¢ 44435 019/01/81 2 4 33741 240F~13 ’ 2=AF=15 INSULATIDN
o 144485 01729732 492 3 24840 2aF 1S BOTTON STOHE REPLACE STONE
RVYYL §2/98/56 2 2 13280 B2AF-14 VENT LINE 12AF=14 VEXT LINL IS STOPPED UP PLEASE
¢ 1464434 18701788 043 3 31747 20F=-14 NMUVA FEEDER 2=-AF=14 VENT LINE : .
' 144454 /22726 82 2 21764 2AFY6 RUVA FEEDER UNSTOP VEXT LINE '
v Védaiy 11727759 842 3 21771 2aF-14. NUVA FEEDER TROUBLE SNOOT CIRCUIT
o 164435 2711/81 92 2 52543 2RV 2/F=14
s 144454 /sy 2 4 53742 28F-14 2-AF=14 JNSULATION .
v 144487 11724780 2 2 1499%  VENT VLAVE Ox MOPER 2MFI: REPLACE OF ABJUST VENT VALVE SEATON 2AFN
o 144457 T 8/0%/80 92 2 45811 . 2AF17 HOPPER STONES 2AF17 STOME
v 144482 09/82/09 402 2 S1484  2aF14 NUva FEEBER ‘ 20F=14 VENT LINE
RYYIL S 12/12/88 662 3

S29%Y  2AF17 FLYASN NOPPER : 2AF=12 VEND LINE LIAK

5-39 : | (188)



