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Design Criteria Manual guides CEM project

 

Consultant team used surveys to develop a manual for state-of-
the-art CEM systems at Alleghany Power System installations.
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In 1991, Allegheny Power System’s
(APS) operating companies con-
tracted an engineering consultant to
install new continuous emission mon-
itoring (CEM) systems on all power
plant stacks (see figure below).  This
planned action was to fulfill the APS
goal of meeting present and future
demand for electric power while pro-
tecting the environment.
   Black & Veatch, the engineering con-
sultant chosen, programmed the
addition of 63 CEM systems to 25
units in Pennsylvania, West Virginia,

and Maryland.  Each system was
designed to meet gas monitoring
requirements of the 1990 Clean Air
Act Amendments (CAAA).
    In 1993, 36 CEM systems were
installed and put into operation. Of
these, 26 were certified in 1994. Three
more CEM systems were installed
and certified on units to be taken out
of cold reserve in 1995.  All installed
systems reflect a plan that  included
evaluation and testing of CEM tech-
nologies

 

Engineering Evaluations

 

Little information was available on
practical CEM technology and hard-
ware application during the initial

phases of this project.  To evaluate
qualified CEM vendors, Black &
Veatch surveyed stack gas technolo-
gies in use or available to industry at
that time.  Questionnaires were sent
to 15 CEM vendors.  The responses
helped to evaluate technology, equip-
ment, installation and maintenance
requirements, and their advantages
and disadvantages.
   A user survey also contacted 75
firms representing 184 installations.
Of the 65 firms responding, 81 of the
installations burned coal.  A follow-
up telephone survey confirmed or
quantified common problems defined
in the questionnaires.  Respondents
identified the following issues:

• environmentally controlled enclo-
sures for the CEM analyzers 
should be provided;

• temperature and pressure correc-
tion for dilution extractive sys-
tems should be provided;

• all metallic surfaces exposed to 
undiluted flue gas should be Has-
telloy C276 or Inconel 625;

• operator and maintenance train-
ing should be recommended;

• operation and availability of the 
data acquisition system (DAS) 
was a problem at many installa-
tions and should be addressed 
early in the project; and

• sample lines and probes on dilu-
tion extractive systems should be 
heated. 

   A conceptual design report (CDR)
resulted from the surveys, as did dis-
cussions with vendors, onsite surveys
at each station, and stack gas flow
profile tests.  The CDR’s primary
objective was to document the selec-
tion of CEM system types.  This was



 

based on defining features to maxi-
mize system reliability and accuracy
with a minimum of maintenance.  The
CDR also documented potential CEM
system suppliers and listed recom-
mended bidders.  The results were
compiled into a system design criteria
manual incorporating survey results
and served as the basis for system
design and purchase specifications.

 

Emissions monitoring technology
evaluation

 

There are two basic system types: 

 

in
situ

 

 and extractive, as defined as fol-
lows:
   Extractive system: One advantage of
an in situ CEM system is that real
time measurements are made on a
wet basis without sample lines or gas
conditioning systems.  However, this
system has disadvantages.  For exam-
ple, the limited path length allowed
for gas concentration measurement
can reduce accuracy and the sensitive
monitoring equipment  must be
placed in a hostile environment on the
stack.   Further, available in situ
equipment has had operational and
service problems, and the user survey
revealed poor performance.  The stack
location makes access and mainte-
nance difficult.  In addition, such
access is a major consideration for
achieving 95 percent equipment avail-
ability.

   

 

In situ

 

 CEM systems were not con-
sidered for use on CAAA affected
units at APS.
   Full extractive dry system: Extrac-
tive systems are available in three
variations. The full extractive dry
CEM system successfully met emis-
sion monitoring requirements stipu-
lated by the New Source Performance
Standards (NSPS) of the CAAA.  This
system has a disadvantage. Analysis
is made on a dry, particulate-free
basis, using complicated and some-
times unreliable gas conditioning
equipment.  CAAA requirements for
SO

 

2 

 

emission mass flow measure-
ments dictate that moisture correc-
tions be made to dry volumetric
concentration measurements to
remain consistent with wet basis gas
flow measurements.  Such correc-
tions increase system complexity,
potentially reducing accuracy and
reliability.  In addition, these systems
have had problems monitoring
uncontrolled SO
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 emissions at facili-
ties burning high sulfur coal.  For
these reasons, plus monitoring prob-
lems, this system was not chosen for
APS.
   Full extractive wet systems: The pri-
mary advantage of this relatively new
CEM technology is that the sample is
analyzed on a wet basis and no condi-
tioning is required.  System disadvan-
tages include a need for heated

analyzers and sample lines to main-
tain  sample temperatures well above
the acid dew point.  This technology
is flexible, allowing monitoring of up
to eight gases and easy range
changes.  It was considered capable of
meeting CAAA monitoring require-
ments.  However, surveys showed
that full extractive wet systems had
problems and minimal experience
monitoring wet scrubbed units.  One
such system was tested on a scrubbed
unit for two to three months with
inconclusive results, but there were
areas of concern.  This system was
excluded from further evaluation.
   Dilution extractive systems:  This
relatively simple and accurate CEM
technology enjoyed wide industry
acceptance at the time of the survey.
Disadvantages included the needed
the need for reliable dilution air
cleanup systems and pressure and
temperature compensation.  One
advantage of a dilution extractive sys-
tem is that is analyzes gas on a wet
basis without heated analyzers and
sample lines.  In addition, the analyz-
ers used for these systems are not
designed solely for this service and
have proven track records.  These rel-
atively uncomplicated systems
require low maintenance to meet high
equipment availability demands.
Based on the wet basis measurements,
high accuracy, range change flexibility
and their relative simplicity, these sys-
tems became the preferred CEM mon-
itoring method.

 

Stack flow monitor technology test-
ing 

 

Stack flow monitoring technology
had not been demonstrated to any
great extent at the start of the project.
However, reliable stack gas flow mea-
surements.  As part of the initial eval-
uation plan, a test program was
developed to demonstrate the perfor-
mance of various flow monitors
under actual unit operating condi-
tions.  The program also identified
which of these monitors comply best
with CAAA requirements.  The pre-
dominant technologies available
included ultrasonic, differential pres-
sure and differential temperature.
Application suitability constraints at
numerous installations eliminated the



 
differential temperature monitors
from the demonstration test program.
   Six monitors were tested at three
selected sites for approximately four
months.  One site was a scrubbed
unit.  A small data acquisition system
(DAS) compiled data at each site.  The
equipment and the technologies
tested were ultrasonic, annular differ-
ential pressure and Pitot tube differ-
ential pressure.

 

   

 

Results from collected data were
compared to stack flow testing during
initial, baseline, and final demonstra-
tion testing periods.  Tests indicated
that the Pitot tube differential pres-
sure flow monitor and the ultrasonic
flow monitors compiles with require-
ments of 40 CFR Part 75 of the CAAA.

 

   

 

The Pitot tube flow monitor offered
advantages in equipment cost, instal-
lation, startup, accuracy and reliabil-
ity.  The stack gas flow profile tests
performed on all stacks indicated that
the gas flow profile was generally uni-
form, an advantage to a single-point
flow measurement offered by Pitot
tube monitors.

 

   

 

To minimize the effects of multiple
units discharging into a single stack
and flow pattern shifts caused by load
changes, two Pitot tubes were
installed in an averaging arrangement
on each stack. Ultrasonic flow moni-
tors were installed as a noncertified
backup to minimize the flow measur-
ing risk on stacks identified with pos-
sible flow measuring difficulties.  This
was a valid approach because two
stacks had large flow profile shifts
during load changes, which required
ultrasonic backup flow monitors.

 

Data acquisition system description

 

DAS hardware and software were
areas of particular concern.  Accord-
ing to the survey, they caused major
project delays in other CEM projects
that were directly attributed to lack of
vendor experience or personnel.  APS
elected to perform this work inter-
nally to maintain tighter control and
to develop a custom-tailored system.

 

    

 

APS specified that all Phase I and II
software regardless of site should be
as similar as possible, even though
not all sites had all equipment
options.  A unique ID number was
assigned to each CEM programmable
logic controller (PLC), which became

a part of the PLC code.   Upon reading
the applicable code, any software pro-
gram can incorporate the equipment
involved and function accordingly. 

 

 

 

  Spare PLC and DAS equipment was
purchased and stimulators were con-
structed to simulate CEM equipment
operation.  This equipment was used
to develop and debug the PLC and
DAS software before installation and
reduce field software problems.

 

   

 

The DAS consists of redundant com-
puters with shared hard disks.  Each
computer uses a real-time, multitask-
ing Unix-based system with several
terminals.  The DAS compiles instan-
taneous readings from the PLC and
generates CAAA monthly reports.
Missing data substitution require-
ments also are performed.  The DAS
at each of the 11 stations is capable of
transmitting all data via phone
modem to the system generation dis-
patch computer for generation of sys-
tem-wide emissions reports.

 

PLC system description

 

To achieve near 100 percent data
availability, two independent CEM
systems are installed on each stack
and communicate with redundant
DAS systems.  One system is desig-
nated as the primary system and the
other as backup.  Both systems are
continuously in service, certified and
pass daily calibrations.  If the primary
system fails, the backup system sup-
plies required data.  This design mini-
mizes downtime for system
maintenance, maintenance upgrades
or system failure.
   CEM operation and control is man-
aged through a PLC that controls
overall operation, daily calibrations
and system purge.  It also performs
local compensation and correction of
raw data.  All data are sent through
RS232 links to a local multipoint
recorder and through modems to the
DAS.
   Segregating the DAS and the PLC
systems allowed definition and
assignment of functions between the
PLC (which generally controls opera-
tion of the CEM) and the DAS (which
is responsible for system reports).
This allowed separate system devel-
opment, fabrication and checkout.
Minimal problems were experienced
using this approach.

 

Vendor Supply

 

Phase I and II CEM equipment was
purchased under separate bid specifi-
cations. 
A different CEM equipment vendor
was selected for each phase.  The
CEM bid specifications prevented
major hardware differences and lim-
ited software program changes
between vendors.

   To minimize installation, field star-
tup and check-out requirements, all
off-stack CEM equipment was consol-
idated within one enclosure.  This
included all the PLC’s (but not the
DAS) and ancillary equipment, such
as flow monitors, opacity analyzers,
air compressors and high-voltage
alternating current (HVAC) equip-
ment.  All off-stack systems were fab-
ricated and tested at the vendor’s
factory.
Due to the tight project schedule for
Phase I and II, Black & Veatch main-
tained an engineering liaison in each
vendor’s facility.  The liaison served
as a quality control engineer to mini-
mize construction problems and
errors and to ensure conformance to
the production schedule.  Because the
liaison witnessed all factory startup
and testing, almost no field repairs or
corrections were needed for vendor-
fabricated systems.  A liquidated
damages clause was included in the
vendors’ equipment and services con-
tract in view of the tight project
schedule.  This provision is assessed
for delays in equipment or startup in
the field, or both, so that APS can
recover damages for construction or
certification delays.

 

Construction and startup

 

Construction was divided into four
parts: stack elevators, stack platforms,
CEM systems and DAS installation.
The work was performed concur-
rently at 10 stations for Phase I and at
two stations for Phase II.  Installation
specifications were developed and
competitive bidding was conducted
for each construction package at each
station.
   Black & Veatch coordinated the star-
tup and certification effort at all sta-
tions for both phases, and maintained
overall responsibility and acted as



 
liaison among CEM vendors,  APS
Engineering and startup, construction
and station personnel. CEM vendors
for Phase I and II were contracted for
initial startup, alignment and calibra-
tion of all equipment except the DAS.
   Certification was completed using
an independent contractor selected by
APS.

 

Problems encountered/resolved

 

Problems encountered and resolved
during  startup and initial operation
include:

• atmospheric barometric pressure 
changes caused daily calibration 
failures.  These were corrected by 
adding barometric pressure com-
pensation;

• large changes in stack tempera-
ture caused changes in measured 
gas analysis.  This was corrected 
by adding temperature compen-
sation;

• sensing probe corrosion and 
plugging was reduced by increas-
ing probe temperature;

• CO
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 monitors required greater 
purge air flow than originally 
supplied.  Installation of larger 
capillary tubing corrected the 
problem;

• close temperature control of the 
CEM shelters, required because 
the analyzers were sensitive to 
major temperature changes, was 
supplied by redundant HVAC 
systems;

• poorly-designed sample probe 
flange seals caused gas sample 
dilution through air inleakage.  
The vendor corrected this design 
problem; and

• stack shell and stack liner struc-
tural integrity was a concern due 
to the large number of penetra-
tions.  In many instances, rein-
forcement for the steel liner was 
required in the area of the CEM 
penetrations.  The integrity of one 
concrete stack shell was found to 
be unacceptable and was rein-
forced.

Communications, overall coordina-
tion and project management were
crucial activities from the start of the
project.  The number of stations
involved, the physical distance

between the stations, different state
regulations and widely varied design
and construction requirements
demanded excellent communication
to achieve project success.  To support
good communication, a project coor-
dinator was designated for both APS
and the contract engineer, and the lat-
ter organization kept all parties
informed of day-to-day project activi-
ties.  This task included developing
and maintaining communications
with regulatory agencies, APS depart-
ments and station personnel, and the
construction coordinators at each sta-
tion.  Bi-weekly project status meet-
ings were conducted, all telephone
calls were documented and distrib-
uted, and station activity punch lists
and schedules were maintained on a
weekly basis.   Weekly and monthly
progress reports were issued detailing
the project status, outstanding issues
and all project activities to be com-
pleted in the near term.  Strong com-
munication lines were developed
with all decision-making parties
being updated continually on the
daily progress of the project.

 

Conclusions

 

All Phase I and II CEM systems have
been certified and meet all local, state,
and federal regulations.  This highly
successful project enhances Allegheny
Power System’s position to meet the
concerns and standards of today’s
environmental issues.  The systems
have proved to be reliable and accu-
rate with only routine maintenance
required.
   This comprehensive CEM project’s
success resulted from implementing a
definitive conceptual design, main-
taining a constant presence, and
implementing a paintstaking factory
test of all systems in the vendor’s
facility.   The combination of coopera-
tion, communication, and teamwork
between Allegheny Power System
and Black & Veatch led to the success-
ful accomplishment of a demanding
project that was completed within
budget and on schedule.

 

END
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COMMENTARY ON THE ATTACHED ARTICLE IN POWER ENGINEERING MAGAZINE

 

The CEM Gas Flow Monitor Evaluations in the attached article included comparative performance testing for the follow-
ing systems:

• Dietrich Standard - Annubar
• Air Monitors
• EMRC
• USI
• Panametrics

As noted in the article three different gas streams (stacks) were utilizeed for the evaluation.  Parameters to be considered
were: 

 

1. Relative Accuracy
2. Calibration Accuracy and Precision
3. Installation Costs
4. Maintenance Costs
5. Operation Costs
6. Reliability

 

Black and Veatch recommended the EMRC Gas Flow Monitor to Allegheny Power Systems, and Allegheny Power Systems
established, as noted in the article, the EMRC Gas Flow Monitor as thir primary gas flow monitoring system.  Other com-
parative testing of gas flow monitors were conducted at Virginia Power and Basin Electric.  They also bought  EMRC.  In
fact every tinme a comparative series has been conducted with EMRC as a participant, the EMRC System has taken the
order.

SELECTED PARTIAL INSTALLATION LIST

 

CUSTOMER PROCESS

Allegheny Power Systems PP
Arizona Public Service PP
ASARCO/Helena, MT & Hayden AZ P
Basin Electric/Wyoming, ND PP
Northern States Power PP
Big Cajun PP
Board of Public Utilities PP
California Portland Cement P
Central Hudson, New York PP
Chateaugay, New York PP
Coastal Refinery R
Commonwealth Electric Massachusetts PP
Dairyland Power PP
Dakota Gasification R
Dayton Power & Light PP
Detroit, Michigan PP
Edwardsport, Indiana PP
Elk Hills/Tupman, California GT
Grand Island, Nebraska PP
Grand River Dam Authority PP
Hoosier Electric PP
Illinois Power PP
Intermountain Power PP
Louisville Gas & Electric PP
Madison Gas & Electric PP
Nebraska Public Power District PP
Nipsco PP
Omaha, Nebraska PP
Orlando Utilities PP
San Juan/Farmington PP
SMEPA PP
UCLA GT
Unocal/Carson, California R
Virginia Power PP
Wyandotte, Michigan PP
Yuma Cogeneration GT
Koch Hyrdrocarbon R

 

Legend:

 

PP - Power Plant
P - Chemical Process sources
R - Refinery
GT - Gas Turbines


