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1. Introduction 
 

This document is intended to satisfy the requirement of submitting a malfunction abatement plan 
(MAP) as specified under Rule 911[1] of the MDEQ[2] Air Pollution Control Rules and in the first 
amendment of the Consent Decree[3] between Lafarge and the USEPA[4]. 
 
This MAP includes an outline of the preventive maintenance activities and malfunction response 
measures to be taken in order to minimize both the frequency and duration of any malfunction that 
may occur. 
 
It is consistent with the requirements contained in Rule 911 which states: 
 

(1) Upon request of the [MDEQ], a person responsible for the operation of a source of an air 
contaminant shall prepare a malfunction abatement plan to prevent, detect, and correct 
malfunctions or equipment failures resulting in emissions exceeding any applicable emission 
limitation. 

(2) A malfunction abatement plan required by subrule (1) of this rule shall be in writing and shall, 
at a minimum, specify all of the following: 

(a) A complete preventative maintenance program, including identification of the 
supervisory personnel responsible for overseeing the inspection, maintenance, and 
repair of air-cleaning devices, a description of the items or conditions that shall be 
inspected, the frequency of the inspections or repairs, and an identification of the 
major replacement parts that shall be maintained in inventory for quick replacement. 

(b) An identification of the source and air-cleaning device operating variables that shall 
be monitored to detect a malfunction or failure, the normal operating range of these 
variables, and a description of the method of monitoring or surveillance procedures. 

(c) A description of the corrective procedures or operational changes that shall be taken 
in the event of a malfunction or failure to achieve compliance with the applicable 
emissions limits. 

 
It is also consistent with the requirements contained in the first amendment of the Consent Decree 
which states: 
 

…, Lafarge shall operate each Wet FGD[5] [system] in compliance with a malfunction abatement 
plan that is approved by EPA and the Affected State pursuant to Section XI (Review and 
Approval of Submittals) and that contains the following: 

(1) A comprehensive preventive maintenance program, including a description of the items 
or conditions that will be inspected, the frequency of these inspections or repairs, and an 
identification of the types and quantities of the replacement parts which will be 
maintained in inventory for quick replacement;  

(2) An identification of the source and the operating variables of the Wet FGD [system] that 
will be monitored in order to detect a Malfunction, the normal operating range of these 
variables, and a description of the monitoring or surveillance procedures and of the 
method of informing operating personnel of any Malfunction, including alarm systems, 
lights and/or indicators; and  

(3) A description of the corrective procedures that will be taken in the event of a Malfunction 
in order to achieve compliance with any Emission Limit as expeditiously as practicable 
and procedures to be implemented to minimize emissions, to the extent practicable 
during the period of Malfunction, including but not limited to the operation of a redundant 
pump to ensure operation of the scrubber in the event of a pump failure. 

 

 
1 R 336.1911; "Air Pollution Control Rules"; Part 9. Emission Limitations and Prohibitions – Miscellaneous; 11 September 2008 
2 Michigan Department of Environmental Quality 
3 Civil Action No. 3:10-cv-44-JPG; original Consent Decree filed 10 March 2010; first amendment filed 28 April 2011 
4 United States Environmental Protection Agency 
5 Wet flue gas desulfurization (a.k.a. wet gas scrubber) 
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A malfunction is defined under 40 CFR § 60.2[6] as: 
 

"… any sudden, infrequent, and not reasonably preventable failure of air pollution control 
equipment, process equipment, or a process to operate in a normal or usual manner.  Failures 
that are caused in part by poor maintenance or careless operation are not malfunctions." 

 
2. Applicable Air Pollution Control Technology 
 

This MAP covers the single wet flue gas desulfurization system (a.k.a. wet gas scrubber, or, simply, 
scrubber) installed at Lafarge's Alpena, Michigan plant.  The Alpena plant produces Portland cements 
and operates 24 h/d, 365 d/yr. 
 
The scrubber cleans process gases exhausted from Kiln 22 (K22) and/or Kiln 23 (K23), collectively 
known as Kiln Group 6 (KG6).  Each kiln system utilizes the long dry kiln process whereby dry, 
powdered kiln feed (ground limestone and other raw materials) is introduced into the rotary kiln and 
subjected to high temperatures resulting from the combustion of fossil and alternative fuels.  
Chemical reactions take place during this heating process, converting the kiln feed into an 
intermediate product called clinker.  Once the clinkerization process is complete, the clinker passes 
through an air-quenching cooler to reduce the clinker temperature such that it can be handled by 
conveying equipment. 
 
During the clinkerization process, sulfur dioxide (SO2) and other pollutants are generated and become 
entrained in the exhaust gases exiting the rotary kiln.  These gases first pass through a waste heat 
recovery boiler and mechanical dust collection device (a.k.a. multiclone).  Next they pass through the 
kiln induced draft (ID) fan and then the reverse air fabric filter.  As part of the scrubber system, a 
booster fan then conveys the gases to the absorber vessel (a.k.a. spray tower). 
 
The gases entering the absorber have a temperature of typically between 180-220 °C.  The gases are 
quenched immediately to ~ 55 °C by an alkaline slurry which is sprayed at the inlet to and in the body 
of the absorber.  The calcium-based reagent used to make the slurry is the raw meal produced by the 
plant in the raw grinding process.  Alternative reagents include quick lime, limestone, and cement kiln 
dust (waste dust). 
 
Through a series of reactions, SO2 in the exhaust gases reacts with calcium carbonate (CaCO3) in 
the reagent to form calcium sulfite (CaSO3).  The CaSO3 is oxidized via oxygen (O2) present in the 
exhaust gases and combines with water (H2O) present in the slurry to form calcium sulfate dihydrate 
(CaSO4·2H2O), i.e. gypsum.  The slurry remains at the bottom (sump) of the absorber for several 
minutes to allow time for these reactions to take place.  The overall FGD reaction is: 
 

SO2(g) + CaCO3(s) + ½O2(g) + 2H2O(l)  CaSO4·2H2O(s) + CO2(g) 
 
The slurry in the absorber sump is then either circulated back to the spray layers for further SO2 
removal or evacuated to the dewatering system where the gypsum will be dried.  The filtrate from the 
dewatering equipment is returned to the absorber while a bleed stream containing chlorides and inert 
materials will be conveyed to the clinker coolers.  The bleed stream water evaporates while the 
precipitates become part of the clinker.  The clinker and the gypsum, along with other materials, are 
then interground to form the finished product, cement. 

 

 
6 Code of Federal Regulations, Title 40 - Protection of Environment; Chapter I – Environmental Protection Agency (continued), 

Subchapter C – Air Programs (continued), Part 60 – Standards of Performance for New Stationary Sources, Subpart A – 
General Provisions, Section 60.2 – Definitions 
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3. Malfunction Abatement Plan 
 

The scrubber commenced continuous operation on 13 December 2013 and is currently in the 
optimization phase.  As such, the operational settings are still under development.  The following 
paragraphs are provided using the best available data and vendor recommendations.  Revisions may 
be required after commissioning has been completed (see § 5 – Revision). 
 
The Consent Decree between Lafarge and the USEPA stipulates that once the wet FGD system is 
installed and has commenced continuous operation, the permittee shall not operate an affected kiln 
unless the associated control equipment is maintained and operated in a satisfactory manner. 
 
3.1. Preventive Maintenance Program 
 

Operations personnel will inspect the affected air pollution control system (i.e. scrubber) 
routinely and monitor its performance using the continuous emissions monitoring system 
(CEMS) as well as the plant process control system. 
 
There are four (4) categories of inspections to be performed on a routine basis.  These are: 
 

- Production inspections / walk-throughs 
- Mechanical maintenance inspections and/or repairs 
- Electrical maintenance inspections and/or repairs 
- Instrumentation inspections and/or repairs 

 
A summary of each group's inspections can be found in Appendices A-D.  The complete set of 
checklists and inspection sheets is available on the plant's electronic data repository.  Each 
summary includes: 
 

- Equipment number and name 
- Type of inspection (i.e. running or stopped) 
- Description of inspection 
- Frequency of inspection (daily, weekly, …) 

 
Persons (roles) responsible for implementation of the scrubber PM program are: 
 

- Production shift coordinator 
- Maintenance supervisor – kilns 
- Electrical and instrumentation supervisor 

 
Lists of the primary spare parts to be maintained in inventory are located in Appendix E. 

 
3.2. Operating Variables 
 

Emissions and operating variables are monitored using the following methods: 
 

- SO2 emissions [ppm and lb/ton clinker] are monitored using the continuous emissions 
monitoring system (CEMS).  The values are displayed on the process control system 
human-machine interface (HMI) screens. 

- Operating variables are displayed continuously on the process control system human-
machine interface (HMI) screens. 

- If a fault should occur then the process control system will activate a visual and/or 
audible alarm to notify the operator so that he may take corrective action. 
• In the case of critical failures, e.g. loss of power, the control system's program logic 

will initiate shutdown procedures. 
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The primary operating variables, to be continuously monitored and recorded, and their 
expected operating ranges (under normal operating conditions) are: 
 

- Booster fan inlet pressure [-0.1 to -0.5 kPa] 
- Scrubber differential pressure [0.15-1.00 kPa] 
- Stack temperature [40 to 60 °C] 
- Scrubber outlet flow [> 134,000 scfm (wet)] 
- pH [4.0 to 6.0] 
- Slurry density [1.08 to 1.17 kg/L] 
- Absorber liquid level [60 to 90 % (of maximum)] 

 
3.3. Corrective Procedures 
 

The following procedures are to be followed in the event of a malfunction related to the 
scrubber system. 
 

If a system problem is detected that has the potential to exceed 30 minutes for the 
corrective actions or to cause SO2 emissions to exceed the normal operational level, log all 
pertinent details. 
 
The shift coordinator or his designee must investigate the problem and record the start time 
and problem scope in the plant's web-based operations log.  This investigation should 
occur immediately when a problem is detected. 
 
The shift coordinator must make a determination within 30 minutes after the investigation 
period if the problem can be rectified in one (1) to two (2) hours while maintaining kiln SO2 
emission performance or if it is longer to consult with plant management and the 
environmental department on the next course of action.  Log start time of corrective 
actions. 
 
When the equipment is released for operation and/or repairs have been completed, a 
qualified employee will inspect the affected equipment/system prior to acceptance.  The 
shift coordinator will then log the time and initial acceptance of the malfunction correction. 
 
The reason for system problems must be logged.  The corrective measures taken to 
alleviate the problem must be identified, including documenting total time of the system 
issue and the time the equipment resumed normal operation. 

 
Several redundant pieces of equipment are installed to enhance the scrubber system's 
reliability.  Examples of redundant equipment are: 
 

- Spare (back-up) spray pump 
- Spare (back-up) quench pump 

 
All spray and quench pumps will be rotated in and out of service to prevent slurry settling as 
well as to ensure they are operational when needed. 
 
Critical equipment (e.g. quench pumps) are tied into an emergency back-up generator to 
protect the scrubber equipment in the event of a power outage. 
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In the event an operating variable falls outside its normal range, corrective actions may include 
the following, depending on the applicable operating variable: 
 

- Check monitoring instrument to ensure accuracy; calibrate or repair as necessary 
- Perform manual/physical testing of sample to confirm results 
- Troubleshoot system (pumps, valves, etc.) to determine root cause 

 
In the event of a CEMS malfunction, the following are possible courses of action: 
 

- Troubleshoot and repair the affected CEMS components 
- Operate back-up data acquisition system (DAS) 
- Apply Part 75[7] for any missing data 

 
In the event that SO2 emissions exceed the normal operational level, corrective actions may 
include (note that the normal operational level will not be determined until after the 
Demonstration Period as defined in the Consent Decree is completed): 
 

- Adjustment of the scrubber slurry pH level 
- Adjustment to the scrubber slurry pumps 

 
4. Reporting 
 

Malfunctions shall be reported per Rule 912[8] of the MDEQ Air Pollution Control Rules as described in 
the plant's operating permit[9], general condition 25. 
 
Malfunctions shall be submitted in the semi-annual report as stipulated in the plant's operating permit. 
 
Malfunctions where efforts to correct the problem are not consistent with these procedures shall be 
reported within two (2) working days as required by the operating permit. 

 
5. Revision 
 

As operational experience is gained for the scrubber this MAP will be reviewed and updated as 
necessary to document the actual range of operating variables as well as any appropriate changes to 
the preventative maintenance program and/or corrective procedures. 
 
The MAP shall also be revised if there is an event meeting the characteristics of a malfunction which 
is not addressed by the plan. 

 

 
7 Code of Federal Regulations, Title 40 – Protection of Environment, Chapter I – Environmental Protection Agency (continued), 

Subchapter C – Air Programs (continued), Part 75 – Continuous Emission Monitoring, Subpart D – Missing Data Substitution 
Procedures 

8 R 336.1912; "Air Pollution Control Rules"; Part 9. Emission Limitations and Prohibitions – Miscellaneous; 11 September 2008 
9 Renewable Operating Permit no. MI-ROP-B1477-2012 
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Appendix A – Production Inspections 
 
 

#SJBR 5N5P89

 12/2/2013

 

KILN FEED END SHIFT WALK-THROUGH REPORT

Date:___________________ Name:

 

6A-6P

6P-6A  

SAFETY
(include ALL issues)

LIGHTING

HOUSINGS

BOILER HOPPERS

5 GRP 
DUST & FEED
6 GRP                        
DUST & FEED
SCREWS

ELEVATORS

COMPRESSORS

PUMPS

COLLECTORS
(BAGHOUSES)
FANS

SOOTBLOWERS

BOILERS

BOILER SCREWS

GAMMA

SCRUBBER

HOUSEKEEPING  
NEEDS

Reviewed By:

MUST write "OK" if 
no defect(s) found

Comments are necessary when defects are found
* Use Additional sheet if needed *

Check Shift Time
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Feed End PA route – Walk Thru addendum 
 

During the route any unusual items noticed using sight, sound, smell and touch need to be investigated completely.  Ensure 
that the PA walk through report is filled out completely and any defects are documented/reported (work orders written when 
applicable).  This route may not be in sequence but will aid in ensuring basics are inspected each shift. 
 
 Inspect all kiln housing/boiler hoppers for plug ups and for boiler water leaks.  Ensure mechanical collector 

hopper/tipplers are empty.  3 times a shift at a “minimum”. 

 Check each boiler’s sight glass and Promag. 

 All compressors – 5KG reclaim, 5KG feed pump, 5KG feed silo, 6KG feed pump & feed silo and reject dust compressor 
rooms.  Check for heat and vibration.  Backwash, compressor water flow & temperature set between 90 °F to 110 °F, 
drain drip legs and check air filter indicators.  Inspect for oil line leaks.  Empty oil pails.  Inspect temperature of the 
Adams after coolers and set to 110 °F.  Manually drain the bowser filters. 

 Drain silo cycling valve drip legs.  All 4 feed silos and 5 Group reclaim dust tank. 

 ID fan for all kilns.  Inspect for vibrations and water flow to bearings, on 5KG water flow to the oil coolers.  Inspect oil 
level in the fan bearings.  5KG inspect oil level in the fluid drive.  In-leakage, doors, expansion joints, duct work. 

 Inspect reverse air fans for vibration and fan bearing temperatures with the heat gun. 

 All kiln bag-house hoppers/rotary feeders need to be warm.  Use heat gun. 

 SNCR kiln rotary coupling.  Inspect for leaks (ammonia & glycol) and if the tube bundle support rollers are turning. 

 Look at back end kiln seals.  Check for missing and/or loose blocks. 

 Inspect feed pumps for 5 & 6 KG.  Inspect reject dust pumps for 5 & 6 KG and #2 dust pump rooms. 

 Inspect kiln drive pier room.  Check for abnormal conditions. 

 Inspect DAA silo bottom for any lime leaks. 

 Inspect shaker chip pile for clean-up needs. 

 Poke boilers as needed. 

 Inspect Gamma area for leaks and function. 

 Inspect WGS area for leaks, excessive equipment vibration, water flow on pump seals, tank & sump levels, and function 
of equipment. 

 Observe and note any abnormalities concerning screws, elevators, soot blowers, and collectors.  Inspect for any safety and 
housekeeping needs, including lighting. 

 
                                               FEED END CLEAN UP AREAS 

                      Initial 
 FOURTH FLOOR 5 KG.     ______ 
 UNDER BATMAN TANK     ______ 
 SCALE DECK 5 KG      ______ 
 FEED/DUST FLOORS ABOVE BOTTOM FLOOR 6 KG ______ 
 FIFTH FLOOR ALEVEATOR DECK    ______  
 
* PA = Production Assistant 
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Appendix B – Mechanical PMs 
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Appendix E – Spare Parts List 
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