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LEGAL NOTICE

This report was preparedby Southern Company Services, Inc. pursuant to a cooperative

agreement partially funded by the U.S. Department of Energy and neither Southern Company

Services, Inc. nor any of its subcontractors nor the U.S. Department of Energy, nor any person

acting on behalf of either:

(a) Makes any warranty or representation, express or implied with respect to the accuracy,

completeness, or usefulness of the information contained in this report, or that the use of

any information, apparatus, method, or process disclosed in this report may not infringe

privately-owned rights; or

(b) Assumes any liabilities with respect to the use of, or for damages resulting from the use of,

any information, apparatus, method or process disclosed in this report.

Reference herein to any specific commercial product, process, or service by trade name,

trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement,

recommendation, or favoring by the U.S. Department of Energy. The views and opinion of

authors expressed herein do not necessarily state or reflect those of the U.S. Department of

Energy.



Section 1

SUMMARY

The objective of this project is to demonstrate and evaluate commercially available Selective

Catalytic Reduction (SCR) catalysts from U.S., Japanese and European catalyst suppliers on a

high-sulfur U.S. coal-fired boiler. SCR is a post-combustion nitrogen oxide (NOx) control

technology that involves injecting ammonia into the flue gas generated from coal combustion in an

electric utility boiler. The flue gas containing ammonia is then passed through a reactor that

contains a specialized catalyst. In the presence of the catalyst, the ammonia reacts with NOx to

convert it to nitrogen and water vapor.

Although SCR is widely practiced in Japan and Europe on gas-, oil-, and low-sulfur, coal-fired

boilers, there are several technical uncertainties associated with applying SCR to U.S. coals.

These uncertainties include:

(1) potential catalyst deactivation due to poisoning by trace metal species present in

U.S. coals that are not present in other fuels.

(2) performance of the technology and effects on the balance-of-plant equipment in the

i_esence of high amounts of SO2 and SO3.

(3) performance of a wide variety of SCR catalyst compositions, geometries and

methods of manufacture under typical high-sulfur coal-fired utility operating
conditions.

These uncertainties will be explored by constructing a series of small-scale SCR reactors and

simultaneously exposing different SCR catalysts to flue gas derived from the combustion of high-
sulfur U.S. coal.

The demonstration will be performed at GulfPower Company's Plant Crist Unit No. 5 (75 MW

capacity) near Pensacola, Florida. The project will be funded by the U.S. Department of Energy

(DOE), Southern Company Services, Inc. (SCS on behalf of the entire Southern electric system),

and the Electric Power Research Institute (EPRI). SCS is the participant responsible for

managing ali aspects of this project.

The project is being conducted in the following three phases:



Phase I - Permitting, Environmental Monitoring Plan and Preliminary Engineering

Phase II - Detailed Design Engineering and Construction

Phase III - Operation, Testing, Disposition and Final Report

During this reporting period, detailed design engineering and construction continued. Engineering

on the total project is over 90 percent complete. Major equipment delivered to the site during this

period included the ammonia storage tank, service water pump, and reactors.

Fabrication of the reactors and transition pieces were begun. Two progress inspection visits to

the fabrication shop were made and ali the reactors and transition pieces were shipped to the site.

The erection of the small reactors upon the support steel structure was begun.

Piping expansion joint bids were issued, bids received and evaluated, and a contract award made.

These have been procured and delivered to the site.

Vendor drawings were received and reviewed for the personnel and catalyst hoist. The ductwork

expansion joints were designed and an inquiry issued. An award for supply of the ductwork

expansion joints was made upon completion of the evaluation of vendor bid submittals.

Additional platforms to provide access to instrumentation were requested based on review by the

testing services subcontractor. Design of these platforms was begun. The vendor drawings for

the control room elevator were reviewed and approved.

The structural steel painting specification package was prepared and released for bids. Vendor

bid evaluation was completed and a contract award was in progress at the end of this reporting

period.

With the exception of a few minor items, ali the electrical engineering scope has been completed.

Instrumentation and Controls personnel completed configuration of the Bailey Control System

and check out and testing were in progress at the end of this reporting period. Development of

the graphic screens was begun and almost finished. Preparation of the control system was begun

for simulation and testing of logic and for operator training during October. Work also started in

programming to trend and archive data.



Manufacturing of the gas analysis system continued and an inspection w_s made by SCS of the

first system produced. A final witness test was scheduled for October.

Construction of the Plant Crist SCR demonstration facility continued with the remaining steel

fabrication being completed. The structural steel erection was also concluded in September. The

construction of the control room building and gas analysis room was started.

The mechanical and insulation contractor mobilized and began work. The large fly ash cyclones,

bypass heat exchangers, air preheaters, large reactor fans, and ammonia storage tank were set in

place. The cutting of ductwork, piping, structural steel, and cable tray penetrations in asbestos

siding was completed, Installation of duc.twork commenced and about half of the ductwork from

the cyclones to the test facility fans and the ductwork return between these fans and the host unit

ducts was erected. Insulation of some installed equipment was begun.

The construction contract for electrical and I&C erection was awarded. The electrical contractor

mobilized and began work. Fabrication of cable trays and construction of switchgear foundations

was started and completed. Erection of the cable trays and setting of the switchgear was begun.

The operators for the demonstration facility have been selected and they are scheduled to begin

training in October. Information and training material were prepared for use by the operators.

Negotiations of terms and conditions for the testing/analytical services were completed and a

contract was signed with Southern Research Institute. Development of the data reduction

methodology was begun through formulating plans for retrieval and storage of data within the

Bailey Control System, transfer of data into a DOS data base format, extraction of data from the

gas analysis system, and use of the data in modeling results.

Ali of the participating catalyst suppliers responded to the revised laboratory testing protocol

issued during the previous quarter. In general the laboratory testing protocol is now established.

Negotiation of the previously submitted Evaluation Agreement was concluded with the catalyst

supplier selected in the evaluation conducted earlier this year (replacing a catalyst vendor who

withdrew from the project). The agreement was in the process of being signed by both parties at

the end of this quar,,,r,

Weekly coordination meetings were held with Design Engineering. Monthly project review

meetings were held between SCS and GulfPower at Plant Crist. A paper describing the status of



the project and design issues was presented at the First Annual Clean Coal Technology

Conference in Cleveland, Ohio, in September. Two of the three U.S. catalyst suppliers were

visited to discuss reactor design, catalyst module design, testing protocol, and testing plans.

A Continuation Application and request for additional funds were prepared and submitted to DOE

for approval.



Section 2

INTRODUCTION

The Innovative Clean Coal Technology (ICCT) Program is designed to demonstrate clean coal

technologies that are capable of retrofitting or repowering existing facilities to achieve significant

reduction in sulfur dioxide (SO2) and/or nitrogen oxides (NOx) emissions. The technologies

selected for demonstration are capable of being commercialized in the 1990s and are expected to

be more cost effective than current technologies.

This ICCT project is jointly funded by the U.S. Department of Energy, the Electric Power

Research Institute (EPRI), and by Southern Company Services (SCS) on behalf of the entire

Southern electric system. The project's objective is to demonstrate the selective catalytic

reduction (SCR) process that removes nitrogen oxides (NOx) from the flue gas of boilers that

burn U.S. high-sulfur coal. The SCR technology involves the injection ofNH 3 into the flue gas

and the subsequent catalytic reduction of NOx by NH3 to produce molecular nitrogen (N2) and

water vapor.

A simplified SCR process flow diagram with major equipment is shown in Figure 1. Specifically,

hot flue gas leaving the economizer section of the boiler is ducted to the SCR reactor. Prior to

entering the reactor, NII 3 is injected into the flue gas at a sufficient distance upstream of the

reactor to provide for complete mixing of the NH 3 and flue gas. The quantity ofNH 3 can be

adjusted and it reacts with the NO x from the flue gas. The flue gas leaving the catalytic reactor

enters the air preheater where it transfers heat to the incoming combustion air. Provisions are

made for ash removal from the bottom of the reactor since some fallout of fly ash is expected.

Duct work is also provided to bypass some flue gas around the economizer during periods when

the boiler is operating at reduced load. This is done to maintain the temperature of the flue gas

entering the catalytic reactor at the proper reaction temperature of about 700°F. The flue gas

leaving the air preheater goes to the electrostatic precipitator (ESP) where fly ash is removed.

The ESP is part of the existing plant and is generally unaffected by the SCR system except as

higher SO3 content affects the electrical resistivity of the fly ash or ifNH4HSO 4 co-precipitates

with the fly ash.

The SCR technology is in commercial use in Japan and western Europe on gas-, oil-, and on low-

sulfur, coal-fired power plants. 'Fhe first utility applications of SCR catalyst technology started in

Japan in 1977 for oil- and gas-fired boilers and subsequently in 1979 for coal-fired boilers. As of

1986, ninety utility boilers in Japan had been equipped with SCR catalyst technology including
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twenty-two coal-fired boilers. These coal-fired boilers represent a combined capacity in excess of

6500 MWe and are typically fired with a low-ash, low-sulfur coal.

In addition to Japanese experience, several countries in western Europe (most notably Germany

and Austria) have passed stringent NOx emission regulations that have ali but mandated the

installation of SCR. Prior to commercial SCR installations in Germany, utility companies

demonstrated several types of SCR facilities in prototype demonstration programs similar to this

ICCT project. Over 50 $CR pilot plants were built and operated in western Europe. These pilot

plants ranged from 19 to 6200 scfm and provided the data base that led to commercialization of

the SCR technology in western Europe.

Previously completed U.S. work with the SCR process on utility boilers consists of three projects

which were carried out in the late 1970s and early 1980s. One of these was carried out on a

natural gas-fired boiler by Southern California Edison. Another project consisted of a pilot test

conducted for the EPA at Georgia Power's Plant Mitchell. This pilot plant treated a 1000 acfm

(0.5 MWe) slip stream of flue gas resulting from the combustion of low-to medium-sulfur coal. A

third pilot-scale project, carried out at the Public Service Company of Colorado's Arapaho Station

treated a 5000 acfm (2.5 MWe) slip stream of flue gas resulting from the combustion of U.S. low-

sulfur coal.

Although SCR is widely practiced in Japan and Europe, there are several technical uncertainties

associated with applying SCR to U.S. coals. These uncertainties include:

(1) potential catalyst deactivation due to poisoning by trace metal species present in

U.S. coals that are not present in other fuels.

(2) pereormance of the technology and effects on the balance-of-plant equipment in the

presence of high amounts of SO2 and SO3.

(3) performance of a wide variety of SCR catalyst compositions, geometries and

methods of manufacture under typical high-sulfur coal-fired utility operating

conditions.

These uncertainties will be explored by constructing a series of small-scale SCR reactors and

simultaneously exposing different SCR catalysts to flue gas derived from the combustion of high-

sulfur U.S. coal.



The first uncertainty above will be handled by evaluating SCR catalyst performance for two years

under realistic operating conditions found in U.S. pulverized coal utility boilers. The deactivation

rates for the catalysts exposed to flue gas from high-sulfur U.S. coal will be documented to

determine accurate catalyst life, and thus, accurate process economics.

The second uncertainty above will be explored by performing parametric testing and through the

installation/operation of air preheaters downstream of the larger reactors. During parametric

testing, operating conditions will be adjusted above and below design values to observe deNOx

performance and ammonia slip as functions of the change in operating conditions. Air preheater

performance will be observed to evaluate effects from SCR operation upon heat transfer, and

therefore, upon boiler efficiency.

The third uncertainty is being handled by using honeycomb- and plate-type SCR catalysts from

U.S., Japan and Europe of various commercial composition. Results from the tests with these

catalysts will expand our knowledge of performance on a variety of SCR catalysts under U.S.

utility operating conditions with high-sulfur coal.

The intent of this project is to demonstrate commercial catalyst performance, proper operating

conditions, and catalyst life for the SCR process. This project will also demonstrate the technical

and economic viability of SCR while reducing NO x emissions by at least 80%.

The project will be conducted at Gulf Power Company's Plant Crist Unit 5, a commercially

operating 75 MW unit, located in Pensacola, Florida, on U.S. coals with a sulfur content near

3.0%. Unit 5 is a tangentially-fired, dry bottom boiler, with hot and cold side ESPs for particulate

control. The SCR process to be used in this demonstration will be designed to treat a slip-stream

of flue gas and will feature multiple reactors installed in parallel. With ali reactors in operation, the

maximum amount of combustion flue gas that can be treated is 17,400 standard cubic feet per

minute (scfm) which is roughly equivalent to 8.7 MWe.

The SCS facility is a slip-stream SCR test facility consisting of three 2.5 MWe (5000scfm) SCR

reactors and six 0.20 MWe (400scfm) reactors that will operate in parallel for side-by-side

comparisons of commercially available SCR catalyst technologies obtained from vendors

throughout the world. Figure 2 presents a simplified process flow diagram for the proposed

facility. The large (2.5 MWe) SCR reactors will contain commercially available SCR catalysts as

offered by SCR catalyst suppliers. These reactors will be coupled with small-scale air preheaters

to evaluate the long-term effects of SCR reaction chemistry on air preheater deposit formation





andthe deposits'effectson anair preheater.The smallreactorswill be used to test additional

commerciallyavailablecatalysts. Thisdemonstrationfacilitysize willbe adequateto develop

performancedatato evaluateSCP.capabilitiesandcosts thatareapplicableto boilersusinghigh-
sulfurU.S. coals.

The demonstrationprojectis organizedinto threephases: (1) Phase I -Permittin[s,Environmental

MonitoringPlan andPreliminaryEngineering;(2) Phase II - Detail Design Engineeringand

Construction;and (3) Phase III -Operation,Testing,Disposition, and FinalReport. The

cooperativeagreementwas signedJune 14, 1990,and the project completiondate is now

projectedto be mid-1995. The originaltotal est_matedprojectcosts are $15,574,355. The co-
fundersare SCS ($6,049,017), DOE ($7,525,338), and EPRI($2,000,000).



Section 3

PROJECT DESCRIPTION

Within the three phases of the project, the following tasks will be conducted to effectively

demonstrate the SCR process:

Phase I - Permitting, Environmental Monitoring Plan and PreliminaryEngineering

Task 1.1.1 - Prototype Plant Permitting Activities

Task 1.1.2 - Develop Environmental Monitoring Program

Task 1.1.3 - PreliminaryEngineering

Task 1.1.4 - Engineering and Construction Contracts Scope Development

Task 1.1.5 - Project Management andReporting

Phase II - Detail Design Engineering and Construction

Task 1.2.1 - Detailed Design Engineering
Task 1.2.2 - Construction

Task 1.2.3 - Operation Staff Training

Task 1.2.4 - Planning for Detailed Testing

Task 1.2.5 - Start-Up/Shakedown

Task 1.2.6 - Project Management and Reporting

Phase III - Operations, Testing, Disposition and Final Report

Task 1.3.1 - SCR Demonstration Facility Operations and Maintenance

Task 1.3.2 - Process Evaluation

Task 1.3.3 - Environmental Data Management and Reporting

Task 1.3.4 - Economic Evaluation

Task 1.3.5 - Dismantling/Disposition

Task 1.3.6 - Projec_ Management and Reporting



Section 4

PROJECT STATUS

Progress during July - September, 1992, is summarizedbelow for each of the on-going tasks in

the Scope of Work.

PHASE I - PERMITTING, ENVIRONMENTAL MONITORING PLAN AND

PRELIMINARY ENGINEERING

Task 1.1.2 - Develop EnvironmentalMonitoring Program

A planto address a fly ash analysis issue, the only remaining issued raised by DOE on the

Environmental Monitoring Plan (EMP), was formulated and reviewed internally. The suggested

changes regarding fly ash analysis and ali other previous comments for incorporation have been

forwarded to Radian for modifying the EMP. After incorporation of these changes, and

finalization of qualitycontrol procedures with the testing and analytical services subcontractor,

Radian will submit the EMP to DOE durhig the next quarter.

PHASE II - DETAIL DESIGN ENGINEERING AND CONSTRUCTION

Task 1.2.1 - Detailed Design Engineering

The detailed design engineering phase continued during this reporting period with over 90 percent

of the total engineering on the project now being completed. Major equipment delivered to the

site during this period included the ammonia storage tank, service water pump, and reactors. A

summary of equipment ordered and its delivery status is given in Appendix A. Some instruction

books for the major equipment already delivered were received and provided to construction and

operations personnel.

Based on the previously awarded contract, drawings for the fabrication of the SCR reactors and

transition ductwork pieces were received and reviewed. Fabrication of the reactors and transition

pieces were begun and a preliminary progress inspection was made. As fabrication neared

completion, a final progress inspection was held. Ali the reactors and transition pieces were

shipped to the site. The erection of the small reactors upon the support steel structure was begun.



Ali mechanical drawings were updated to reflect modifications in design and vendor

recommendations since the erection package was issued. Piping expansion joint bids were issued,

bids received and evaluated, and an award made to Unatlex, Inc. These have been procured and

delivered to the site.

Vendor drawings were received and reviewed for the personnel and catalyst hoist. The design of

the ductwork _xpansionjoints was corapleted and an inquiryissued. After review of vendor bid

submittals, an award for supply of the ductwork expansionjoints was made to Senior Flexonics.

Initial design was completed for instrumentationplatforms at elevation 202', econon_zer bypass

support steel at elevation 156'8", walkway and duct supportat elevation 14l', and additional pipe

and support brackets. Additional platforms to provide access to instrumentation were requested

based on review by the testing services subcontractor. Design of these platforms was begun.

The structural steel paintingpackage was issued to Gulf Power for release to request bids.

Vendor bids were evaluated by SCS Engineering andGulfPower and a contract award was in

progress at the end of this reporting period.

The vendor drawings for the control room elevator were reviewed and approved.

Within the electrical engineering scope, the high voltage system design and procurement of

materials was completed. The low voltage system design and procurement of materials is 99%

complete. With the exception of a few minor revisions, ali electrical drawings have been

transmitted to the field.

Instrumentation and Controls personnel completed configuration of the Bailey Control System

with check out and testing underway. Development of the graphic screens was begun and almost

finished. Manual/auto switches were developed and placed on screen for operator controls.

Updating of domestic loop diagrams was initiated. Preparation of the control system for

simulation and testing of logic, and for operator training during October, was begun. Work was

also started in programming to trend and archive data.

Manufacturing of the gas analysis system continued. A visit was made to inspect the first system

produced and the reported inspection results on quality were favorable. A final witness test by

SCS was scheduled for October prior to shipment of the system to the site.



Efforts continued to replace Norton, a catalyst vendor who withdrew from the project.

Negotiation of the previously submitted Evaluation Agreement were concluded with the supplier

selected in the evaluation conducted earlierthis year. The agreement is in the process of being

signed by both parties.

Ali of the other participating catalyst suppliers responded to the revised laboratory testing

protocol issued during the previous quarter. In general the laboratory testing protocol is now

established. Discussions of the laboratory testing protocol were held with the supplier which is

now in the process of signing the Evaluation Agreement. This supplier is reviewing the material

andwill provide comments early in the next reporting period.

Task 1.2.2 - Construction

Construction of the Plant Crist SCR demonstration facility continued during this quarter with the

remaining steel fabrication being completed. Sequence two was completed in July, sequence three

was finished in August, and sequence four was done in September. The structural steel erection

also concluded in September. The large crane for steel erection was subsequently moved,

providing access to the control room contractor.

The construction of the control room building and gas analysis room was started. The structural

steel for each was erected and the concrete slabs were poured. Erection of roof and siding

materials was begun.

The mechanical and insulation contractor mobilized and began work. The large fly ash cyclones,

bypass heat exchangers, air preheaters, and large reactor fans were set in place. The service water

piping, from the pump to the peripheral of the project, and service water filter were installed. The

Unit 5 fly ash piping was relocated. The cutting of ductwork, piping, structural steel, and cable

tray penetrations in asbestos siding was completed. Fire protection piping work at the 4160V

switchgear was completed. Installation of some ductwork commenced. About half of the

ductwork runs from the cyclones to the fans and the return ductwork from the fans to the Unit 5

ductwork have been erected. Work on insulating some of the installed equipment was begun. The

ammonia storage tank was also set in place.

The construction package contract for electrical and I&C erection was awarded to Red Top

Electric. The electrical contractor mobilized and began work. Fabrication of cable trays and

construction of switchgear foundations was started and completed. Erection of the cable trays



and setting of the switchgear was begun. Gulf Power substation personnel began their check out

of the 115-KV transformer.

Task 1.2.3 - Operations Staff Trmning

The operators for the demonstration facility have been selected from GulfPower Plant Crist

operating personnel. They were scheduled to begin work on the project in October 1992. They

have already been provided an SCR information manual and training materials are being gathered

and edited for operator use. Training on the data acquisition/distributed control systemwas

scheduled for mid-October. Print and video safety media on ammonia storage and handling was

collected on-site for review. The process of securing operating and maintenance manuals on most

major equipment was begun.

Task 1.2.4 - Planning for Detailed Testing

Negotiations of terms and conditions for the testing/analytical services were completed and a

contract was signed with Southern Research Institute. A description of the sampling and

analytical methods included in the scope of work are shown in Appendix B.

Developm,_nt of the data reduction methodology was begun through formulating plans for

retrieval and storage of data within the Bailey control system, transfer of data into a DOS data

base format, extraction of data from the gas analysis system, and use of the data in modeling

results. Data points to be archived, and supplemental trending data, were identified. The

frequency of data down-loading and configuration of special calculations (ammonia slip, NOx

reduction efficiency, etc.) were defined. The concept of modem transfer of data from the site to

SCS offices in Birmingham was successfully tested.

Task 1.2.6 - Project Management and Reporting

Weekly coordination meetings were held with Design Engineering. The Management Information

System, developed for tracking overall budget and schedule information, was used to monitor

budget and schedule and to help fulfill DOE reporting requirements. Monthly progress reports
were submitted to DOE.

Monthly project review meetings to discuss design and construction status were held between

SCS and Gulf Power at Plant Crist. A paper describing the status of the project and design issues



was presented at the First Annual Clean Coal Technology Conference in Cleveland, Ohio, on

September 24. Two of the U.S. catalyst suppliers were visited on September 28 and 29 to discuss

reactor design, catalyst module design, testing protocol and testing plans.

A Continuation Application and request for additional funds were preparedand submitted to DOE

for approval. The Continuation Application requests DOE's approval for matching funds ,,_f

Budget Period 2 to continue the project to completion. Budget Period 2 provides DOE £Unding

for Phase III, which includes operations, testing, disposition, and final report. Project cost growth

has been projected based on improvements to the facility design and additional funding is being

requested from DOE in the amount of 25% of DOE's original funding of the project. Funding

from other sources is also being solicited to cover the entire cost growth.



Section 5

PLANNED ACTIVITIES

During the October-December, 1992 quarter, the following activities are planned:

• Provide remaining detailed engineering to assist completion of construction.

s Complete the following portions of Phase II construction package awards:

1. Complete mechanical/insulation and electricagl&C construction work. Install

reactors, sootblowers, air compressor, ammonia handling system, control system

and instrumentation. Finish installation of ductwork, service water and air piping,

electrical systems, fire protection systems, and insulation of equipment and

ductwork.

2. Install personnel/catalyst hoist.

3. Complete construction of control room and gas analyses system buildings.

4. Award contract for painting and have painting performed.

5. Install control room elevator.

s Begin operator training on the control system. Continue training with review of process and

equipment; assimilate and modify, as needed, the operating procedures; and inspect equipment

and construction.

® Secure signed agreement for selected replacement catalyst supplier.

s Continue developing data reduction methodology.

, Visit remaining U.S. catalyst supplier.

s Hold project review meeting with DOE and EPRI.



APPENDIX A

Purchase Order Tracking Report
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APPENDIX B

Description of Samplingand Analytical Methods



Section 2

DESCRIPTION OF SAMPLING AND ANALYTICAL METHODS

DETER/VIINATION OF PARTICULATE CONCENTRATION AND PARTICLE SIZE

Several methods are available for measurement of mass concentration and particle size

distribution. For measurement of mass concentration at the various sampling locations within the

Unit 5 and pilot plant ducting, Methods 5 and 17 promulgated by the U.S. Environmental

Protection Agency can be used. In the Method S arrangementthe particulate matter k collected

on a filter mounted in a heated enclosure out_ide of the stack or ducting. In Method 17 tlm filter

holder is located in the gas stream at the end of the sampling probe. Method 17 is generally

preferred because it eliminates problems associated with particle loss in the probe. Method 17

sampling equipment (Nutcch Model 220) will be used for the proposed work.

Particle size distribution of the particulate matter in the flue gas streams can be:determined either

in the laboratory using samples of particulate matter collected during the measurements of mass

concentration described above, or, alternatively, by use of cascade impactors sampling fluz gas in

situ. While the in situ measurements using cascade impactors result in a more accurate

representation of the particle size distribution, the expense of obtaining these data can lm

cxr,e_ive. The laboratory technique is much lcr_ expensive and is considered the method of

choice for the proposed work in which a large number of sample streams must be characterized.

Laboratory determination of the particle size distribution of collected particulate sampl_ will be

performed with a ShimadzuModel FACP-4 Particle Classifier. This instrument provides particle

size data in the rangeof 0.1 to 100 microns, while only requiring a small test sample (0.1 to 0.2

grams). The instrument charactcriz_ particle size using an aerodynamic sedigraph (centrifugally=

enhanced settling in liquids of various viscosities) technique. In assessing the quality assurance of

the laboratory measured particle size distributions, cascade impactor tests are recommended on a

very limited scale to demonstrate the relative accuracy of the laboratory technique.

Cascade impactors are the most common technique for measuring particle size in situ. The

instruments are smail, compact, provide for particle fractionation in up to 13 size ranges (0.5 to 10

microns), and can be inserted directly into the flue gas stream. Quartz fiber substrates are used as



microns), and can ba inserted directly into the flue gasstream. Quartz fiber substrates am used as

collection media. Particle size distributions are calculated using computer data reduction

programswritten by SR/.

DETERMINATION OF ASH MINERAL COMPOSITION AND TKACE METAL
CONCENTRATIONS

The samples of fly ash to be subjectedto analysiswill be obtained by use of one of thn_ typm of

sampling device_: I) a Method 17 (ceramic filter) sampling ,train,2) a set of cyclones in _ and

3) a sampling train consisting of a Method 5 particulate fiiter, followed by a set of impinLn_rs

containing aqueous solutions to collect vapors that penetraIIe the filter.

The p.,.rticulatematter collected in the Method 17 ceramic thimbles will be subjected to minmal

analysis. The constituents of the ash that make up the so<:alled mineral analysis are, in tha

context of this proposal, thee oxides that usually make up 98-100% of fly.ash: Li20 , Na20, K,_,

MgO, Cp,O, AJ203,Fete3, SiO2,Tie2, P_.Os,and SO3.

Size-specific trace _-netaisconcentrations can be important factors in determining the cause of

catalyst de/,c_ivatiom Fly ash samples collected with a set o,f cyclones in series will be subjected to

a trace metals analysis to address this issue. The size cut_:_ints in the six-stage cyclone set with

back-up filter are approximately 10.0, 6.0, 3.0, 1.5, 0.8, and 0.6 9m. After the series cyclone

samples are wei_ed, as an additional quality assurance check of the particle size distn1_ution

determined in the laboratory, the fly ash in each particle size range ,,villbe subjected to a trace

metals analysis as described below.

For collecting trace metals, the U.S. EPA has sancti _ncd the use of a Method 5 filtration dmice

and back-up impingers; two filed with nitric acid and hydrogen peroxide and two filled with

potassium permanganate and sulfuric acid. The combination of a particulate filter and the

back-up impingers provi4es _,convenient way to collect the trace elements in fly ash and flt_ gas

that are of paramount conce_. The trace elements that occur as components of the fly ash _re

collected on the Hlter,except from the fractions of certain metals (such as As and Se) that may

occur partly in the vapor state. These partly volatile metals are collected in the HNO3/H202
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impingers. The element Hg is usually completely in the vapor state even at 300"F and will surely

be almost exclusively in the vapor state above 600° F in the SCR reactors. Hg is collected f_om

the vapor state in the KMnO,/H,SO_ impingers.

Routinely, the analysis defined above as ash mineral analysis will be performed by dissolving the

ash in concentrated mineral acids and performing a screening analysis by Inductively Coupled

Argon Plasma (ICAP) erosion spectromew/. This method yields concentrations on the elenmm

other than silicon and sulfur whose oxides make up most of the composition of fly mh (Li, Na, K,

Mt, Ca, Al, Fe, Ti, and P). This method also can be made to yield the concentrations of trace

elements, if desired, and will be employed for that purpose in trac_ metal analysis. The other two

major components of fly ash, SiO2 and SO3, will be determined separately. SiO2 will be

determined by dissolving the ash in fused NaOH and will be determined colorimetrically with

molybdate. SO3will be extracted in water and determined as sulfate ion by ion chromatography.

The method used to perform a trace metal analysis depends upon the elements one is concented

about. We presume that, in general the trace elements that cause adverse effects in an SCR

reactor are not yet known (we presume that indications of elements that cause adverse effects will

come from this project), although at least arsenic must be regarded as a threat. Our plan, in

consonance with EPA's recommendations, is to follow a method that, with relatively little

difficulty, allows determination of a wide spectrum of elements. The ICAP method mentioned

above will do that. lt will give the concentration of As, Ba, Be, Cd, Cr, Co, Cu, Pb, Mn, Ht, Ni,

Se, and V, among others (this specific list includes those now of concern to EPRI in its PISCES

investigations). ICAP may require auxiliarydetermination of As and Se by atomic absorption

'with the elements convened to the hydrides if improved sensitivity to these elements is required.

ICAP will definitely require use of a second method - cold-vapor atomic absorption - for Hg.

DEI'ERMINATION OF INDMDUAL COMPONENTS OF THE FLUE OAS

Nitrogen Oxicles (NO and NO,).

Southern Company Services (SCS) will have the main responsibility for determining oxides of

nitrogen and will do so by use of a set of chemiluminescence monitors. In the so-called "NO



mode,"thistypeofanalyzerrespondsonlytonitricoxide(NO);theresponseisdue tothe

emissionoflightfroma reactioncellinwhichNO fromthefluegasisconvenedtonitrogen

dioxide(NO_ withozonethatisgeneratedwithintheanalyzer.The equationisasfollows:

NO + O3 --NO2 + O2

Inthe"NOxmode,"theanalyzerrespondstothecombinationofNO and NO= fromtheflue

It gains sensitivity to NO2 from the flue gas by thermally decomposing or converting NO2 to NO.

Southern Research Institute will on occasion use a similar portable monitor (s_y the

Thermo Electron Model 10) for verifying the data obtained with the SCS monitom. We may also

have occasion to use the manual phenol disulfonic acid method for reference. Flue gas is

collected in an evacuated bulb that contains an oxidizing solution of hydrogen peroxide and

sulfuric acid. Nitrogen oxides are convened to nitric acid, which then is reacted with phenol

disulfonic acid to produce a colored compound that is measured colorimetrically.

There is the possibility or even the likelihood that the chemiluminescence analyzers will*give an

unwanted response to NHs. This gas may be oxidized to NO in the thermal converter for

changing NO2 to NO. The equation for the oxidation process is as follows:

4NH s+ 502 = 4NO + 6H20

Intheeventthatthisreactionoccurs,theconcentrationofNO zwillincludeNIIsinadditionto

NO and NO2. Whether this occurrence can be tolerated will depend upon the relative

co/lcentrations of NI-Isand NO_ We expect to find around 20-40 ppm of NO2 if the total NOz

concentration is about 400 ppm as expected. Only at the outlet of the SCR reactors will the

concentration of NI-Is be negligible in comparison to that of NO2; even there, it will be negligible

only for low slippages of NH s through the reactors.

For routine purposes, the response to NHs may be disregarded. Generally, only the concentration

of NO may be required, and that parameter will not be affected by NH s. When the interference

from NH3 must be overcome, it may be accomplished by drawing the sample gas stream through

an acid-packed absortion tube ahead of the analyzer. A tube packed with a silica support for

sodium bisulfate, NaHSO4, should effectively remove NHs.



Nitrous oxide (N20).

Whereas most of the oxides of nitrogen issuing from the coal-fired combustor will be NO and

NO> some small pan of the oxides will occur as nitrous oxide, N20. This oxide contains nitrogen

in the + 1 state, in contrast to the +2 and +4 states normally produced in a combustor. Even

more of the N20 oxide may be produced in a SCR reactor. SCS does not plan to maintain a

CEM for N20. SRI on the other hand, plans to recommend for purchase an ins_ent of the

NDIR type for determining N20. At least two commercial vendors supply NDIR mmlyze_ for

N20. We have investigated the Horiba VIA-510 dual beam analyzer and believe it may be the

instrument of choice. We will keep abreast of new instrument developments, however, and may

choose another at the time a purchase is to be made. There has been a great deal of acthn'tyon

development of analyzers for N_O in the recent past; thus, there may soon be significant new

improvements offered.

Ammonia(NI-13).

SamPlecol!.ectio_.NIIswillbe collectedbydrawinga streamoffluegasthrougha heatedprobe

anda heatedpaniculatefilterand thenthroughanair-cooledcondenserand aseriesofbubblzrs

filledwithdilutesulfuricacid.A substantialpan oftheNHs thatgetsthroughthefilterwill

condense,alongwithwatervapor,intheair-cooledcondense astheresultofthe

low-temperaturereactionofNIIswithHCI orSOs toproduceNH(CL NI-14HSO4,and(NH()2SO,.

Temperatures at which the probe and filter are to be controlled will have to be determined after

' the operating conditions (duct temperatures and flue gas concentrations) are better known.

Attempts will be made to retain on the filter any particulate matter than contains NII3 (which

may be fly ash with adsorbed NII 3 or aerosol particles of ammonium sulfate and bisulfate).

Ideally, the probe and filter would be operated at the temperature of the duct being sampled; in

this way, in principle, the distribution of NH3 between the solid phases and the gas phase would

not be disturbed. Both NII s retained in particles on the filter and collected in the condenser and

bubblers would be analyzed separately. In practice, however, some shift in temperature away from

thatintheductmay provedesirablewhen testsareconductedattheairheateroutlets



downstream of the large reactors. As the following discussion will illustrate, the need for a shift

in temperature to cope with solids containing NH3 will be more likely at the outlet of the air

heater than at locations upstream from the air heater.

At high temperatures ahead of the catalyst, there is only a remote possibility that an_tnonimn

sulfate c.- bisulfate aerosol particles will be formed. ActuaUy, the possfoility of the sulfate forming

can be disregarded and only the possibility of the bisulfate forming need be co_'ed. The

equih'briumconstant for the formation of ammoniumbisulfate has been given by Ma_ _ aL

(Ind. Eng. Chem. Prod. Res. Der. 21, 48 (1982)) as 1.14 x 10he "s_°°m"atm2 (where R fs the ideal

gas constant and T is the absolute temperature). If at the inlet of the catalyst the concen__trat/on

of NH_ has been brought up to 500 ppm, the concentration of SO 3 (or H_SO4vapor) must

some threshold value before ammonium bisulfate formation can occur:.

Temperature, °F ppm SO3

8o0 7&9o
700 2,950
600 59.3

It is unlikely that the SO 3 from the boiler will exceed any of the above concentrations; thus, there

is little iikellhood of the formation of ammonium bisulfate ahead of the catalyst if the sampling

train duplicates the duct temperature.

At the outlet of the catalyst, where the temperature has not changed appreciably, the

concentrations of NII3 and SO3 are more likely to be of similar magnitude. If it is assumed for

illustration that they are precisely equal, the concentrations that will just permit ammonium

bisulfate formation to occur are these values:

Temperature, °F ppm NH 3 and SO_ (equal)

8OO 6,280
700 1,210
600 172

The figures above imply that ammonium bisulfate formation in the sampling train will not be a

problem at the catalyst outlet, just as it is not at the catalyst inlet, if the sampling temperature is

kept at the duct temperature.
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In the temperature range below 600 °F, the formation of ammonium bisulfate and, ultimately,

ammonium sulfate will take piace. Extending the prediction of equal concentrations of NII s and

SO 3 that are thresholds for the formation of ammonium bisulfate, the following results are

obtainedattemperaturesof500and400 °F:

Temperature,°F ppm NH sandSO3(equal)

5OO 16.2.5
4OO 0.855

Surely below 400 °F and maybe even above, the more stable solid will be the normal sulfate

rather than the bisulfate. In this lower temperature range, the only gaseous specie= _ to

penetrate a filter at duct temperature will be the species in stoichiometric excess. This may be

NH3 if NH3 is in excess of that reacting to produce a solid, or it may be SO3 if that species is in

excess.

One reason that the experimentalist may choose to depart from the duct temperature insofar as

the filtration temperature is concerned is that, on occasion, penetaation of gases through the filte

may not follow the prediction of chemical cquii_rium in terms of the sulfate and the bisulfate.

For example, the species in excess may not penetrate the filter because of physical adsorption.

Under circumstances such as this, one may choose to raise the temperature to such a point (abm

600oF)thatno formationofthesesaltsispossibleandalloftheNIIspresentiscollectedbehin,

thefilter.Withaccuratedataon bothNH 3andSO3 concentrationsinallforms,one may decide

how thetwospeciesaremostlikelydistributedbetweensolidandgaseousphasesusingavailable

equil_riumconstantsfortheformationofthesolids.

Sample analysis. A simple method tor determining NH3 that iscollectedas the chloride or as a

sulfate salt is to make the solution alkaline (converting NH4. ion to free NI-Is in solution) and

measurethe concentrationwith an ammonia-selectiveelectrode, associatedwith a reference

electrodeand attachedto a pH meter. The voltage output of the pH meter, AF., is usedto

calculate the concentration of NH3 as follows:

In [NHs] = (AE)/RT + C

where R is the ideal gas constant, T is the absolute temperature, and C is a
calibration constant.



While convenient, the electrode does not give a linear relationship between the NII 3

concentration and the parameter measured. Two other instrumental methods will give iinearity

and are thus preferred. One of the methods involves a chemical reaction between NI-I3 and othea

reagents to give a colored product. Another involves a reaction that produces a fluorescent

product. Both methods are reported to detect NH 3 at lower concentrations in the dissolved state

than the electrode and are to be preferred for this additional reason. Our present plan is to use

the fluorometric method; for this purpose, we are recommending the purcha_ of a fluoromm_.

On occasion, when NH3 as a component of the paniculate matter suspended in the flue gas must

be determined, the sample retained on a filter will be analyzed. The filter cake will be extxscu_

with a dilute solution of H_O_; the extract will then be processed as descn_i for samples

containing the gaseous fraction.

Parenthetically, it can be suggested that NH 3 fs unlikely to appear on the solid matter unless a

strong acid is initially present on the solid matter. HzSO, adsorbed on the solid is tbe most

probableacidforpickingup NH 3fromthegasphase;itisthestrongestacidthatislikelytobe

present. Even the reactivity of H2SO, toward NB 3 fs limited at SCR temperatures above 600"F,

however.Thisisshownby thefactthatNI-I_HSO,fsnotlikelytobedepositedfromthegasphase

unlessthetemperaturereachesthelowerrangefoundon airheatersurfaces,

We concur with the viewpoint in the Request for Proposal that a manual determination of NH 3 is

preferred to an instrumental method. None of the detection principles that might be used

(chemiluminescent detection of NO produced from NH3 or absorption of UV or lR radiation)

overcomes the inherent difficulty of maintaining NII 3 in the gaseous state ff a gas stream

containing HCI and SO3 is cooled to normal measurement temperatures.

Hydrogen chloride (HCf).

HCIwill be collected by drawing flue gas through a heated probe and a paniculate filter and then

through an a/r-cooled condenser and a series of bubblers f'dled with dilute NaOH or N_CO3

solution. In principle, the sampling train is the same as the one for NII 3, except that the



absorbent solution contains a base rather than an acid. The resulting solution containing NaC1

will be analyzed by ion chromatography.

HCl may react with NII 3 to produce NH4Cl solid, but we believe this unlikely at the gu

temperatures to be encountered. NH4CI is similar to the sulfate and bisui/am disctmed above but

is much less stable and much less likely to form except at relatively low temperatures. If NH3 is

colie_ted in the condenser as NH4C1,this salt will be rinsed into the base-containing bubbles and

transformed to NaCl. The NI-I3thus released will not interfere in the determination of thz

chloride ion.

Sulfur trioxide (SO3) and sulfur dioxide (SO2).

Sample collection. SO3 in the flue gas will be collected by the controlled condensation method.

The flue gas is sampled with a train consisting of a heated quartz-lined probe, a quartz-fiber filter

supported on a L'it in a heated quartz filter holder, and finally a Pyrex condensing element

maintained around 160° F. The condenser may lm a spiral of tubing surrounded by a jacket of

heated water, alternatively, as in the sampling train we have used for many years, the condenser

may be a bulb with connectionson both ends, which contains a packing of glass wool and

maintains its temperature with a heated water jacket.

When the gas stream is lowered from a duct temperature in excess of 600"1=,the SO3 present

begins to undergo a hydration reaction with the water vapor that is present, making H.-,SO4 as the

product. Depending upon the even lower temperature reached subsequently, the H-,SO( and the

water vapor in excess begin to condense concurrently to produce a condensate of concentrated

aqueous H-,SO4(perhaps 80% acid by weight). If the concentration of SO 3 (H2SO4) is about 75

ppm, condensation will commence around 300° F; it will be essentially complete, leaving a residual

vapor concentration well below 1 ppm, when the temperature reaches 160"F.

It will be obvious that the interaction of NH 3 and SO 3 introduces the same problems in regard to

solids formation whether the sampling is for one gas or the other. Thus, the same considerations

ap' ty with SO3 as were discussed with NI-I3. With SO3 there is the added problem of tenacious

a_orption of SO3 on even inert filter materials, such as quartz. This problem led several

researchers who worked toward the development of the controlled condensation method to
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recommend a filter temperature of 500-550 *F, regardless of the temperature in the duct being

sampled. This is never an altogether satisfactory procedure, because it causes the risk of

vaporizing SO3 from condensed matter. If the duct temperature is low, there will be an aerosol of

sulfuric acid in the duct, but it will be vaporized to SO3 on the falter. If the duct contains NI-I3in

the form of the sulfate or bisulfate, thermal decomposition to the gases at a high filter

temperature is likely to occur. Our strategy in the past in field sampling of $O3 in the presence

of NII s has been to collect samples at varous Faltertemperatures, ranging from 550 "F, where

complete volatilization of the sulfate or bisulfate should occur, to the actual duct temperature,

and to attempt to apportion SO s between the solid and gaseous phases on the basis of

simultaneous measurements of NH s and deductions from the measured concentratiom and the

literature values of equilibrium constants for the sulfate and bisulfate.

We understand that one practice in Europe is to remove NHs from a ga_ stream with an

acid filter before any attempt is made to sample other gases that react with NII s. The

information we have suggests that the oxalic acid filter must be maintained between the water

dew point (about 125 *F) and the decomposition temperature of ammonium oxalate (not

specified). We cannot, on the basis of the limited information we have, recommend tl_ approach

in regard to the SO s sampling problem, because there is the possibility that NII s will react with

SOs before the gas stream is cooled sufficiently for NII s to react with oxalic acid. One literature

article we have consulted states that the decomposition temperature of ammonium oxalate k

lower than the decomposition temperature of ammonium sulfate, which would prevent the oxalic

acid filter from having the desired effect.

Samplegnal_is. When SO3 is collected in the manner described, SO2 is usually collected in a

bubbler downstream (between the condenser and the pump) in a aqueous solution of hydrogen

peroxide. Peroxide oxidizes SO,. to H.-,SO_.Thus, two solutions of H-,SO4 are collected - one a

very concentrated solution of limited amount containing the original SO s and one a relatively

weak solution in far greater amount containing the original SO2.

De:ermination of H.-,SO, in both collectors allows one to express the concentrations of both SO3

and SO_.in the flue gas. In a laboratory suitably equipped, as planned for this investigation, the

most convenient determination of the sulfate ion in H_O, is by ion chromatography.

We know of only one possible instrumental analyzer for SO3. That is the SSL Monitor originally

developed by the CEGB in Great Britain. We have made a side-by-side comparison of the
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instrument with the manual controlled.condensation mathod on more than one occasion. Our

opinion is that the instrument requires too much attention to be regarded truly as an automatic

analyzer and we cannot recommend that it be used during this project.

Oxides of carbon (CO and CO7.).

SCS plans to use lqDIR analyzers for determining the concentrations of CO and CO2. We know

of no portable analytical instrument of comparable accuracy that can be used for readings at the

several sampling ports of interest. We can only suggest a non.instrumental Fyrite analyzer for

verifying the instrumental readings for CO2. We believe that color.indicating tubes can be used

for CO but _ill have to make a study of other possibilities that may be more attractive.

Oxygen (02).

The fixed monitors for 02 will be based upon ZrO2 sensing elements. For validation of the dam

from the fixed CEMs, we will use a portable Teledyne O z analyzer that is described as a fuel cell

device. The specific operation principle is not distinctly described by the manufacturer's

literature, however, the detector is an electrochemical cell in which the measured 02 is reduced at

the cathode and some unidentified material is oxidized at the anode. The Teledyne device

operates over a wide concentration of 02, up to 21% in air.
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