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1.0 [ NTRODUCTI ON

1.1 Background: The use of continuous gas anal yzers for
measuring ammnia (NH;) air em ssions from process and conbusti on
sources is expected to increase significantly as a result of new
rul es and regul ations. The nost significant use of these

anal yzers has been and probably will continue to be in the

measur enent of ammonia slip fromnitrogen oxides (NQ) pollution
reduction systenms. Current regulations require reductions in NQ
em ssions from conbustion sources. As a result, the industry has
seen w despread devel opnent and use of Selective Catalytic
Reduction (SCR) systens. These systens inject gaseous ammoni a
into the conbustion gases which, in the presence of a catalyst,
reduces the nitrogen oxides to nitrogen and water. The
measurenent of ammonia at the exhaust of such systens is needed
not only for process control and optim zation, but also to ensure
that significant quantities of NH;, which sone feel is nore of a
pol lutant then NQ, are not released to the atnosphere. |[Included
inthe list of facilities which typically enploy this technol ogy
are gas-turbines, nunicipal solid waste conbustors, and

fluidi zed-bed-boiler facilities.

The conti nuous nmeasurenent of NH, in process and conbustion

gases is a relatively newfield. 1In nost cases, it has been
addressed by reappl ying existing technol ogi es which were
devel oped for the measurenent of other gases. In other cases,

this application is being used to develop and utilize new
t echnol ogi es.

Wth any continuous gas anal yzer system the quality of the
data that it provides nust be ensured by requiring the systemto
satisfy certain m nimum specifications. The U S. Environnental
Prot ection Agency (EPA) has devel oped several Performance
Specifications which are used to eval uate conti nuous em ssi ons
nmoni toring systens (CEMS's) for many of the commonly nonitored
pollutants (e.g. NQ, SO). These Performance Specifications are
contained in Appendix B of Part 60, Title 40 of the Code of
Federal Regul ations (40 CFR 60). Currently, no Perfornmance
Specifications for NH; CEMS' s exist. As the requirenents for
ammoni a noni toring increase, however, Performance Specifications
specifically for NH CEMS's will need to be devel oped.

1.2 Purpose of Wirk: In order to devel op Performance
Specifications of NH; CEMS' s, infornmation concerning the
availability, accuracy, reliability, and overall performance of
exi sting systens nust be determned. A literature review was
conducted in order to provide an overview of the current status
of amoni a nonitoring and to summari ze previous industry and
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agency experience with NH, CEMS' s.

1.3 Scope of Wrk: Four major sources of infornmation were
utilized in conducting the review

(1) GCeneral industrial database search using the
Mcl | vai ne Library Service abstract search

(2) Specific abstract and paper searches using the
VPI &SU Li brary Search System

(3) Consultation with comrercial vendors and
manuf acturers of NH; CEMS' s.

(4) Consultation with state enforcenent personnel who
have been involved with previous permtting and
certification work of NH, CEMS's (e.g. VADAPC,
CARB)

The information obtained in this review has been summari zed
inthis report. This report will be used to assist in the
devel opnent of a programfor |aboratory and field eval uations of
NH, CEMS' s.



2.0 SUMVARY COF WORK PERFORMED

2.1 Mllvaine Abstract Search: The Mllvaine Library Service
(M.S) was used to identify key industrial publications concerning
ammonia CEMS. The MLS is a conpilation of technical abstracts
which is updated nonthly. These abstracts can be searched
according to subject, industry, conpany, or keywords.

Ten abstracts specifically relating to NH;, CEMS's were
| ocated through the Mllvaine Library Service. The search
included all articles and publications conpiled by the service
from 1986 through 1992, and was perforned according to subject
(NH; CEMS)

Seven of the ten abstracts cited applications concerning the
measurenent of ammonia slip from processes using sel ective
catalytic reduction to control NQ, em ssions. According to the
abstracts, this is the nost common application currently
requi ri ng conti nuous anmmoni a nonitori ng.

Seven different analyzer technol ogies were cited in the
abstracts:

NUVBER OF
TECHNOL OGY REFERENCES
Chem | um nescent
UV Absorption
NDI R
FTIR
| M5
FPD
Phot oacousti c

RPRRRRAR

Appendi x A contains each of the abstracts found through the
M.S search

2.2 VPI&SU Library Literature Search: A literature search was
conducted using the conputerized |library database on CD- ROM at
Virginia Polytechnic Institute and State University (VPI&SU).
The system all ows abstract searches using subject or keywords as
identifiers. The search was perfornmed according to subject (NH
nmoni toring) and keywords (Ammoni a, SCR, De-NQ).

Ni net een abstracts (excluding those recovered fromthe
Mcl | vai ne search) specifically relevant to NH, nonitoring were
identified through the search. Thirteen of these abstracts
cont ai ned information concerning actual manufactured instrunents
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capable of NH; nonitoring. The conplete papers were obtained for
t hese abstracts. Appendix B contains the abstracts or conplete
papers recovered fromthe library search.



Ei ght different anal yzer technologies were cited in the
papers and abstracts:

NUVBER OF
TECHNOL OGY REFERENCES
Chem | um nescent 1
UV Absorption 5
NDI R 2
Laser 4
El ect rochem cal 4
FPD 1
Phot oacousti c 1
| M5 1

As with the M| vaine search, the VPI&SU literature search
i ndi cated that ammonia slip from SCR processes was the primary
application for continuous anmmoni a nonitoring.

2.3 Mnufacturers Survey: Fifty-one different analyzer

equi pnent manufacturers and suppliers were contacted in the

manuf acturers survey. O these, 23 indicated that they produce
an anal yzer suitable for continuous gas nonitoring of ammonia in
process or flue gas streans. Survey questionnaires were sent to
t hese 23 applicabl e manufacturers. The survey forns requested

i nformati on concerning anal yzer description, calibration

requi renents, anal yzer performance, and nmai ntenance requirenents.
Addi tional comrercial literature and equi pnent brochures were

al so solicited fromthese manufacturers. Sixteen of the 23

manuf acturers responded to the survey fornms. Appendi x C contains
alist of all of the manufacturers contacted, as well as the
avai |l abl e survey fornms which were conpleted and returned. Al
appl i cabl e manufacturers' literature and brochures are included
as Appendi x D.

Ni ne fundanental ly different approaches to ammoni a
monitoring were identified. Different variations of several of
t he approaches were al so determi ned. The approaches ranged from
re-application of existing and well-established gas anal ysis
techniques (e.g. ultraviolet spectroscopy) to relatively new
technol ogi es for environnmental neasurenent applications (e.g ion
mobil ity spectroscopy). The system configurations for each of
the systens provided by the manufacturers are sumrmarized in Table
2- 1.

The applicational experience of the manufacturers with
ammoni a noni toring ranged from devel opnental -only work to
w despread installations in Europe and North Anerica. Relatively
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few of the manufacturers were able or willing to rel ease actua
performance test data for their installed analyzers. Because
this application is relatively new, much of the avail able data
has only recently been obtained, and is unavail able for
contractual reasons. |In general, however, the manufacturers
indicated that their analyzers could satisfy the design and
operational requirentns of Performance Specification 2 of 40 CFR
60, Appendi x B.

Nearly all of the manufacturers agreed that sanple
conditioning and transport were the primary problens with amoni a
monitoring. Specifically, they cited potential problens with
negati ve bias due to condensation or reaction, and fouling of
sanpling conponents fromthe build-up of ammonia salts. O her
concerns nmentioned were problens wth the availability of
reliable calibration gas m xtures in the | ow concentration (Iess
than 10 ppnv) range, and the |lack of an established NH;, reference
met hod for relative accuracy determ nati ons.

2.4 State Agency Survey: Twelve state or district enforcenent
agencies were contacted by tel ephone in the agency survey. The
agenci es were asked about their present or past experience with
NH, CEMS's in their region. Table 2-2 lists the agenci es which
wer e cont act ed.

The overal|l experience of the contacted agencies with
amonia CEM5S's was relatively low Seven of the 12 agencies were
unawar e of any NH; anal yzers being operated in their region.
t hose which did have experience with NH; CEMS's, the majority of
t he known applications were with ammoni a injection NQ control
installations. None of the agencies had existing regul ations
whi ch required installation and operation of an ammoni a CEMS.
Those facilities which were required to perform amoni a
nmonitoring were required through their operating permts only.
The attitude of the agencies with respect to the performance of
NH, anal yzers in their region was variable. Most agenci es having
experience wwth NH; CEMS' s cited past problens with anal yzer
accuracy and/or data availability.



AMMONI A CEMS CONFI GURATI ONS

TABLE 2-1

Moisture Sample Analyzer
Probe Filter Sample Removal Line Measurement Analyzer Measurement
Manufacturer Type Type Interface | System Material | Principle Model No. Output Basis
Air Instruments In-Situ None None None None NDI R E- 6000 wet
and Measurenents
Al tech Heat ed Heat ed N A None N A NDI R/ GFC MCS- 100 wet
Anet ek Heat ed Heat ed N A None Tefl on UV/ LPDA PDA- 6000 wet
Dasabi Heat ed Heat ed Val ve Per meati on | Dual Dual 2109 dry
Splitter Dryer Tefl on Cheni | um nescent
Envi ronment al Dilution | NA Di |l ution None Unheated | lon Mbility N A wet
Technol ogy Val ve Box Tefl on Spect r oscopy
G oup, Inc.
Graseby STI Dilution | NA Val ve None Dual Dual Channel N A wet
Splitter Tefl on Cheni | um nescent
Hor i ba Heat ed I n- Val ve Per meati on | Dual Dual Channel ENHA dry
St ack Splitter Dryer Tefl on Cheni | um nescent | C-9000
KVvB Heat ed Heat ed Val ve Dual Dual Dual TECO 10AR | dry
I n- Splitter Condensers | Heated Cheni | um nescent
St ack Tefl on
Land Combusti on Dilution | NA Di | ution None Heat ed UV/ LPDA N A wet
(ADA Tech.) Val ve Box Tefl on
OPSI S AB In-Situ None None None None UV Absorption AR 6027 wet
( Sweden)
Rosenount Heat ed Heat ed Val ve Box | None Cl ose UV/ Et al on ETL- 9200 wet
Ceram ¢ Coupl ed
Tefl on
Ser vomex Heat ed Heat ed N A None 316 SS NDI R M2500 wet
Cerani c
Tess-Com | nc. Heat ed Heat ed Val ve Box | None N A | on- Specific 745 wet
El ect r ode




H Wbest hof f Heat ed Heat ed

(Calibrated
I nstrunents,

Inc.)

Val ve Box None

Tefl on Conductinetric M KROGAS
Model TE

wet

TABLE 2-2

ENFORCEMENT AGENCY SURVEY CONTACTS

AGENCY NANME
Californi a/ Bay Area AQVD

CONTACT NAME
Gary Find

TELEPHONE
NUVBER

(415) 771- 6000

Cal i forni a/ Mont erey Bay
Uni fied APCD

Larry Bornel li

(408) 647-9411

Cal i forni a/ Sout h Coast
AQVD

Dr. Margil Wadl ey

(909) 396-2167

Connecticut Bureau of Air
Managenent

Carl ton Dodge

(203) 566- 2690

Mai ne Bureau of Air
Quality Control

Scott Mason

(207) 289-2437

Maryl and Depart nent of
Envi r onnment

Geor ge Beerl

(410) 631-3215

Massachusetts Division of
Air Quality Control

Walter Sullivan

(617) 292-5610

New Hanpshire Dept. of Lei gh Morrail (603) 271-1370
Envi ronnment al Services
New Yor k Dept. of Bob Kerr (518) 457-7230

Envi ronnent al Conservati on

Pennsyl vani a Dept. of
Envi ronnent al Resour ces

Joe Nazarro

(717) 787-9702




Ver nont Agency of Natural
Resour ces

Robert Lacal aid

(802) 244-8731

Virginia Departnent of Ar
Pol I uti on Control

Harry Augusti ne

(804) 786-0597




3.0 ANALYZER TECHNOLOG ES

Many different techni ques exist for nmeasuring amonia in gas
streans. However, many of the sources which require NH
nmonitoring typically have gas streans which are hot, dirty, and
contain such corrosive gases as sul fur dioxide and hydrogen
chloride. Since ammonia gas is very reactive, as well as highly
wat er soluble, it is usually necessary to nmaintain the gas sanple
at the source conditions throughout the sanple extraction system
in order to maintain the sanple integrity. Consequently, these
harsh conditions elimnate many neasurenent technol ogi es which
are nore suited to anmbient or |aboratory-type sanpling
condi ti ons.

There are five major categories of analyzers which have been
denonstrated successfully in this application. These are:

- Chem | um nescent;

- U traviol et Absorption Spectroscopy;
- I nfrared Absorption Spectroscopy;

- lon Mobility Spectroscopy;

- El ectrochem cal

O her technol ogi es whi ch have high potential for this
application but which are | ess devel oped incl ude | aser
technol ogi es, flane photonetric detection, colorinetry, and nmass
spectrometry.

3.1 Chem |l um nescence

3.1.1 Principle of Operation: Analyzers which neasure amoni a
by chem | um nescence actually determ ne the ammoni a concentration
of the gas by conparison of the nitric oxide (NO concentrations
in two gas sanple streans. One of the gas sanple streans
undergoes a conversi on which changes the nitric oxide
concentration in the gas by an anount proportional to the amonia
concentration originally in the gas. The other gas stream
remai ns unaltered. The anount of nitric oxide in each streamis
measured by the well founded principle of chem | um nescence.
Conparison of the two nitric oxide concentrations is then an

i ndi cation of the anpbunt of ammonia in the original gas stream

This type of system consists of a dual sanpling probe, an
ammoni a converter and one or two chem | um nescent nitric oxide
anal yzers. |In the amonia converter, the gas stream passes
through a reduction catalyst. The NH; in the streamis reduced
by the catal yst and an amobunt of NO proportional to the anmount of
NH, in the sanple is consuned. The equation of this reduction
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reaction is given by:
NO + NH, + 1/40, -> N, + 3/2H,0

Both the converted and unconverted gas streans are then
passed t hrough an NO,-to- NO converter which oxidizes any NO in
the sanples to NOO Finally, the two streans are introduced
separately to a chem | um nescence anal yzer which determ nes the
anmount of NO present in each sanple stream Two converter/
anal yzers can be used, or a single converter/analyzer can be used
with a switching valve which alternately sanpl es each gas stream

The unconverted gas sanple retains the original volune of
NO. The difference in NO content between the two sanple streans
represents the content of NH; in the stack gas as given by the

equat i on:
NQJNCO\NERTED - NQQEDU(ED = NHS STACK GAS

Since nitric oxide is relatively stable and insoluble in
water, the chem | um nescent nethod is one of the few ammoni a
nmoni tori ng techni ques which can be used as a dry-based anal ysis
system Only the gas stream |l eading up to the ammnia converter
must be kept above the dew point to prevent ammonia | oss. After
this point, the noisture in the stream can be renoved w t hout
affecting the amoni a measur enent.

11



3.1.2 Cheni | unm nescent Suppliers and Anal yzer Specifications

3.1.2.1 KVB
9342 Jeroni no, Suite #101
Irvine, California 92718

Principal of Operation: Chem | um nescent with sanple
conversion by reduction
Model Number: TECO Model 10 AR Anal yzers (2)

|| Specifications ||

Measur enent Range 0- 25ppm 0- 100ppm or 0- 250ppm

Sensitivity 1 ppm

Selectivity

Rel ati ve Accuracy < 20%

Calibration Drift (Zero) 1.0%full scale per day

Calibration Drift (Span) 2.0%full scale per day

Response Tinme (Ty) 30 seconds (dual NQ, anal yzer)
2 mnutes (single NQ anal yzer)

Cal i brati on Frequency once per day

Cal i bration Duration 15 m nutes

Cali bration Media cal i bration gas

Power Requirenments 4 KVA

D nmensi ons ( LxWH) 36" x 68" x 76"

Wi ght (I bs) 2200

Interferences
Accept abl e co-existing conponent |evels in sanple gas:
SO, 0-5000 ppm
NQ, 0-5000 ppm
CO 0-5000 ppm
CO, 0-20%
O, 0-25%
H0 0-20%
N, BALANCE

12



3.1.2.2
17671 Arnmstrong Avenue
I rvine,

Principal of Operation:

Model Nunber:

Hori ba I nstrunments | ncorporated

California 92714

Chem | um nescent with sanple
conversion by reduction

ENHA C- 900

" Specifications "

Measur enent Range

0- 20ppm 0-50ppm or 0- 100ppm

Sensitivity

1 ppm

Selectivity

Rel ati ve Accuracy 15- 20%

Calibration Drift (Zero) 1.0% full scale per week
Calibration Drift (Span) 2.0%full scale per week
Response Tine (Tgy) 3 mnutes

Cal i brati on Frequency

once per day

Cali bration Duration

10 m nutes

Cali bration Mdi a

cal i bration gas

Power Requirenments 300 VA
D nmensi ons ( LxWH) 32" x 36" x 70"
Wei ght (I bs) 883

Devel opnent _and Applications

Twel ve current install ations -

one @ Ccean States

Power, NJ. CEM Certification @ Saguaro Power Conpany,
Hender son, Nevada by Engi neeri ng-Science, Inc., |Irw ndale,
CA for the ark County Air Pollution Control District, Las

Vegas, Nevada on 9-29-92 thru 10-9-92.

| nt erf erences

None due to "cross flow nodul ati on" design-sw tches every
0.5 seconds

13



3.1.2.3 G aseby- STI
P.O Box B
Wal dren, AK 72948

Principal of Operation: Chem | um nescent with sanple
conversion by reduction
Model Number: Monitor Labs Mdel

" Specifications "

Measur enment Range 0- 100ppm

Sensitivity

Selectivity

Rel ati ve Accuracy < 20%

Calibration Drift (Zero) < 5%full scale per day
Calibration Drift (Span) < 5%full scale per day
Response Tine (Tgy) 3 mnutes

Cal i brati on Frequency once per day

Cal i bration Duration 10 m nutes

Cali bration Media Nitric oxide calibration gas
Power Requirenments 115 VAC

D nmensi ons ( LxWH) 48" x 36" x 12"

Wei ght (I bs) 100- 150 (‘appr ox)

Devel opnent _and Applications

In service at several coal-fired cogeneration facilities.

| nt erf erences

None st at ed.
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3.1.2.4 Dasibi Environnental Corporation
515 West Col orado Street
G endale, California 91204

Principal of Operation: Chem | um nescent with sanple
conversion by reduction
Model Nunber: 2109

" Specifications "

Measur enment Range 0-1, 0-10, 0-30, 0-40 or 0-50ppm

Sensitivity

Selectivity

Rel ati ve Accuracy

1. 0% preci si on

Calibration Drift (Zero)

1 ppm per day

Calibration Drift (Span)

1.0% full scale per day
2.0%full scale per week

Response Tine (Tg)

90 seconds

Cal i brati on Frequency
Cal i bration Duration
Calibration Media
Power Requirenments
D nmensi ons ( LxWH) 20" x 17" x 7"
Wi ght (I bs)

48 (anal yzer only)

Devel opnent _and Applications

One "prototype" provided in recent past - not much
mar ket. New NH3 anal yzer 2108 w NH3 (will be listed as
2109) wll be shown in the 1/93 Denp Program but wll not
be for sale until later.

| nt erf erences

None st at ed.
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3.2 Utraviolet (UV) Absorption Spectroscopy

3.2.1 Principle of Operation: Several amonia anal yzers
enpl oying the principle of UV absorption have been devel oped.
This principle is well|l established in measuring a variety of
different gases in environnental applications. Recent

t echnol ogi cal innovations have greatly inproved on W
measurenents and have nade possi ble the neasurenent of nore
difficult gases such as ammoni a.

The Beer-Lanbert |aw states that the transmttance of [|ight
t hrough an absorptive gas is decreased exponentially and directly
proportional to the length of the light path and the
concentration of the gas. This relationship is represented
mat hematical ly as:

T=1/1,= e

wher e:
T = transmttance of |ight through the gas;
I = intensity of the light entering the gas;
I = intensity of the light exiting the gas;
a = nmol ar absorptivity;
c = gas concentration;
| =

di stance the |ight beamtravels through the gas.

The nol ar absorptivity, a, depends on the wavel ength of the
light and on the characteristics of the gas. It determ nes how
much |ight energy a gas nolecule will absorb at a given
wavel ength. Normally, this quantity can be determ ned by
calibration and remains a constant for a given instrunent and
gas.

Many pol | utant gases of interest (NH; i ncluded) have strong
and distinct absorption characteristics in the ultraviolet (WY
spectrum Conventional instrunents for applying UV absorption
spectroscopy in the | aboratory have used scanni ng nonochronmatic
UV detectors for measuring the amount of absorption in the U
energy range. These instrunents, however, have typically not
been successful in process environnents. Since the detectors
measure at only a single wavel ength, they are very sensitive to
m sal i gnnments caused by vibration, tenperature, or pressure
changes. Their accuracy is also highly sensitive to changes in
the reference nmeasurenent (1, which can change from vari ations
in the light source or distortion in the optics.

One of the nore common technol ogi es being used to i nprove on
conventional UV spectroneters is the |inear photodi ode array

16



(LPDA) detector. The UV/LPDA consists of a linearly-spaced
series of sem conductor photodi odes (pixels) fabricated into a
sem conduct or chip. The current output of each diode is rel ated
to the light intensity striking it. These detectors have a high
quantum efficiency and are well suited to neasuring in the W
region. Additionally, they are very durable, and can tolerate
relatively high tenperature, humdity, and vibration.

Anot her type of UV anal yzer has been recently devel oped
based around the Etalon technology. An Etalon is a solid state
crystal which is constructed so that its optical properties match
t he periodic absorption line spacing of anmonia in the UV region
bet ween 205 nm and 215 nm Thus, the Etalon is used as a |ight
filter which has the sane absorption characteristics as that of
pure ammonia. An ammoni a anal yzer operating on this principle
utilizes an el ectro-optical assenbly constructed of the Etal on
crystal, light polarizers, a phase nodulator, a UV crystal, and a
det ect or.

When WV |ight passes through the sanple gas and the Etal on
crystal, the detector responds to the signal intensity of amonia
absorption. However, when a phase shift induced by the phase
nmodul ator is created, it noves the Etalon transm ssion off the
NH, absorption lines. As a result, the detector senses the
signal intensity w thout amoni a absorption. The difference in
these two responses is used to determ ne the amoni a
concentration in the gas.

17



3.2.2 UV Absorption Suppliers and Anal yvzer Specifications

3.2.2.1 Anetek
Process and Anal ytical Instrunments D vision
455 Corporate Bl vd., Pencader Corporate Center
Newar k, Del aware 19702

Principal of Operation: UV Absorption
Model Nunber: PDA-6000

" Specifications "

Measur enent Range 0- 25ppm
0.25 to 0.5 ppm

Sensitivity

Selectivity

Rel ati ve Accuracy 0.5 ppmfor coal fired
1.0 ppmfor oil fired

0.25 ppmfor gas fired

Calibration Drift (Zero)
Calibration Drift (Span)

Response Tinme (Tgy)

1.0% full scale per day

2.0% full scale per day

30 seconds

Cal i brati on Frequency

once per day

Cali bration Duration

15 m nutes

Cali bration Mdi a

cal gas or optical filters

Power Requirenments

2 KVA

D nmensi ons ( LxWH)

8" x 60" x 72"

Wi ght (I bs)

1000

Devel opnent _and Applications

Anmet ek has been manufacturing UV nonitors for 25-30
years. They have been manufacturing UV anal yzers for NH3
for five years. Pilot plant - 1989- WNCO (Westi nghouse

| daho Nucl ear Conpany)

Robert Sal t zman.

| nt erf erences

test results used in 11/89 paper by

Accept abl e co-existing conponent |evels in sanple gas:

- SO, 0-500 ppm
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3.2.2.2 Land Conbustion, Inc.
2525-B Pear|l Buck Road
Bristol, PA 19007

Principal of Operation: UV Absorption/LPDA
Model Nunmber: N A

" Specifications "

Measur enment Range 0- 100 ppm
Sensitivity 1 ppm
Selectivity

Rel ati ve Accuracy 7% 8% full scale
Calibration Drift (Zero) 1.1 ppm per day
Calibration Drift (Span) 1.9 ppm per day
Response Tine (Ty) 4 m nutes

Cal i brati on Frequency once per day

Cal i bration Duration 10 m nutes

Cali bration Media cal i bration gas

Power Requirenments
D nmensi ons ( LxWH)
Wei ght (I bs)

Devel opnent _and Applications

Technol ogy devel oped by ADA Technol ogies, Inc., 304
| nver ness Wy South, Suite 110, Engl ewood, CO 80112 and
licensed to Land. Land is scheduled to start manufacturing
the analyzer in late sunmer '93. ADA field tested prototype
in Septenber, 1989 at a gas turbine co-generation facility
Wi th amonia injection upstreamof a SCR (data presented in
11/ 89 paper by M D. Durham for AWMA). Al so, testing done 10-
23-91 to 1-92 against South Coast Air Quality Managenent
District (SCAQVD) criteria and presented in 10-9-92 and 11-
17-92 papers at AWVA conf erences.

| nt erf erences

Interference sensitivity data not avail abl e.
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3.2.2.3 Rosenpunt Analytical, Inc.
1201 North Main Street
P. O Box 901
Orville, Onio 44667-0901

Principal of Operation: UV Spectroscopy/Etalon
Model Number: ETL-9200

" Specifications "

Measur ement Range 0-10 ppm (autorange to 0-200ppm
Sensitivity 0.1 ppm

Selectivity

Rel ati ve Accuracy 0.1 ppmabs. (1.0%full scale)
Calibration Drift (Zero)

Calibration Drift (Span) 2.0%full scale per week
Response Tine (Tgy) 1 mnute

Cal i brati on Frequency 1/day with NH; seal ed cel

1/ quarter wth cal gas

Cali bration Duration

Cali bration Media seal ed ammoni a cell or
0-50 ppm cal gas (diluted)

Power Requirenments
D nmensi ons ( LxWH) 20" x 21" x 30"
Wei ght (I bs)

Devel opnent _and Applications

Sout hern Cal Edi son tested ETL-9200 for 6 nonths using
two types of reference nmethods. Results should be issued
shortly. EPA @RTP (George GIllis) wll evaluate ETL-9200
shortly.

| nt erf erences

High SO2 conc. requires el ectronic conpensation.
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3.2.2.4 Air Instruments and Measurenents, |nc.
13111 Brooks Drive, Suite D
Bal dwin Park, California 91706-1460

Principal of Operation: UV Absorption (in-situ)
Model Nunmber: E-6000

" Specifications "

Measur enent Range (depends on stack dianeter)

Sensitivity 2.0%full scale

Selectivity

Rel ati ve Accuracy 2.0%full scale
Calibration Drift (Zero) 1.0% full scale/nonth
Calibration Drift (Span) 1.0% full scale/nonth
Response Tinme (Tgy) 0.5 seconds

Cal i brati on Frequency once per day

Cal i bration Duration 5-10 mnutes for cal gas

30 seconds for optical filters

Calibration Media cal gas or optical filters

Power Requirenments
D nmensi ons ( LxWWH)
Wei ght (I bs)

Devel opnent _and Applications

San Diego Gas and Electric, San D ego, CA
utility boiler/denox scrubber

estimated start-up 9/92

(2 installations at this |ocation)

Sout hern Cal Edi son (Mandai ay Pl ant)

Camarillo, CA

DeNox scrubber and NH3 injection

est. start-up 1/93

(this is a test project using Air Inst.& Meas. anal yzers)

| nt erf erences

None reported at wavel ength used.
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3.2.2.5 OPSI S AB
Furul and, Sweden

Principal of Operation: UV Absorption
Model Number: AR 602 Z

" Specifications "

Measur enent Range 0 - 1400 ppm

Sensitivity 0.7 ppm

Selectivity

Rel ati ve Accuracy

Calibration Drift (Zero) 1.5 ppn nont h
Calibration Drift (Span) 1.0% full scale/nonth
Response Ti ne (nax) 30 seconds

Cal i brati on Frequency once per day

Cali bration Duration

Calibration Media cal gas or optical filters

Power Requirenments
D nmensi ons ( LxWWH)
Wei ght (I bs)

Devel opnent _and Applications

Moni t or performance has been eval uated by the Swedi sh
Institute for Environnmental Protection and Power
Engi neering. Results are included in March 30, 1992 report:
"Report on the Performance Test of the Milt-Conponent
Em ssion Measuring System OPSI'S AR 602Z for NH; of OPSIS AB,
Lund/ Sweden, in the Purified Gas of Furnaces". According to
this paper, the systemnet or exceeded all CEMS
requirenents.

Interferences
The foll om ng have been shown to be acceptabl e co-existing
conponent | evels in sanple gas:
SO, 0-435 ng/ n?
NO, 0-885 ngy/ n?
CO 0-1%
CO, 0-14. 9%
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H,0 0-20%
N, BALANCE
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3.3 Infrared (IR) Absorption Spectroscopy

3.3.1 Principle of Operation: WMst gases exhibit a tendency to
absorb energy at specific wavelengths in the infrared spectrum
The basic principles described for UV absorption also apply to IR
absorption. One problemthat has Iimted IR absorption
spectroscopy in the past has been the interference effects caused
by two gases commonly found in nost flue gases - water vapor

(H,O and carbon dioxide (CO). Both of these conpounds absorb

| R energy at several different wavel engths, and are typically at
relatively high concentrations relative to the pollutants being
nmoni tored. However, many recent innovations in IR spectroscopy
have significantly reduced these interference effects, and have
made this a viable and common techni que for nonitoring many

pol | ut ants.

Several different types of IR absorption spectroneters have
been devel oped based prinmarily on different nethods of IR
detection. Two of the nbst common which have utility in the NH
application are the Gas Filter Correlation (GFC) techni que and
t he Fourier Transformtechnique.

Gas Filter Correlation involves the use of a gas-filled cel
(filter) containing the pure gas of interest. This cell is
pl aced in front of the IR beam between the gas sanple and the IR
detector alternately with a cell containing no absorption
characteristics. The resulting response fromthe IR detector
represents two energy levels - one mssing the energy absorbed by
the gas filter cell and one containing all of the energy source.
This technique allows highly selective neasurenent of any gas
t hat presents adjacent harnonic absorption lines in the IR
spectrum includi ng amoni a.

A relatively new but potentially successful technique which
is still in the devel opnental stages uses the Fourier Transform
Infrared Analysis (FTIR) technology. FTIR takes advantage of
recent breakthroughs in conputer processing technol ogy and
mat hematically anal yzes the IR signal for spectral information
characteristic solely to the gas of interest. A key advantage of
the FTIR approach is the ability to simultaneously nonitor
several different gases wth one instrunent. It also elimnates
instrunment error and provides higher sensitivity than
conventional IR analyzers. Unfortunately, it remains in the
devel opnmental stages at this tine.
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3.3.2

| R Spectroscopy Suppliers and Anal yzer Specifications

3.3.2.1 Altech Systens Corporation

5345 Commrerce Avenue

Moor park, California 93021

Pri nci pal
Model

of Operation:
Nunber: MSC- 100

| R Spectroscopy/ G-C

" Specifications "

Measur enent Range

0-100 ppm (m ni mum

Sensitivity

0.5 ppm

Selectivity

Rel ati ve Accuracy < 20%
Calibration Drift (Zero)

Calibration Drift (Span) < 2.5%full scale
Response Tine (Ty) 5 m nutes

Cal i brati on Frequency

once per day

Cali bration Duration

15 m nutes

Cali bration Mdi a

cal i bration gas

Power Requirenments 5 KVA
D nmensi ons ( LxWH) 60" x 36" x 78"
Wei ght (I bs) 2000

Devel opnent _and Applications

Primarily MSW Gas Tur bi ne Coa

| nt erf erences

None report ed.

fired utilities
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3.3.2.2 Servonex Conpany
90 Kerry Pl ace
Nor wood, Massachusetts

Princi pal
Model

of Operation:
Nunber: 2500

02062

| R Spect r oscopy

" Specifications "

Measur enent Range

0-400 ppm (m ni mum

Sensitivity 1 ppm

Selectivity > 1%

Rel ati ve Accuracy 1.0%full scale
Calibration Drift (Zero) 1.0% full scal e/ week
Calibration Drift (Span) 1.0% full scal e/ week
Response Tinme (Tgy) 1 mnute

Cal i brati on Frequency once per nonth

Cali bration Duration

10 m nutes

Calibration Media cal gas or liquid
Power Requirenments 30- 150 VA

Di mensi ons ( LxW«H) 13.19" x 5.67" x 5.67"
Wei ght (I bs) 40 (anal yzer only)

Devel opnent _and Applications

Approxi mately 20 sold to chem ca

| nt erf erences

None report ed.

and fertilizer

28

pl ant s.




3.4 lon Mobility Spectronetry (IMS)

3.4.1 Principle of Operation: lon-Mbility Spectronetry (I MS)
has existed as a research tool for over 30 years. Recent

t echnol ogi cal advances have nmade it applicable to environnental
anal yzers, including amoni a nonitoring.

The I M5 nethod of ammoni a detection utilizes a teflon
menbrane sanple cell, a radioactive source to ionize the sanpl e,
and a sanple detector and m croprocessor to evaluate the sanple
concentration.

The stack gas sanple is drawn into the sanple cell, diluted
and conditioned, and drawn across a teflon nenbrane. The
menbr ane provides a neans in which to increase selectivity to
bl ock out particulates, and to limt the effects of humdity and
other interferences. Dry, purified instrument air (carrier gas)
nmoves the sanple fromthe inside surface of the nenbrane to the
reaction region where the sanple is ionized by a weak plasma from
a N ckel -63 radi oactive source. A dopant may be utilized in this
ioni zation reaction to enhance the ionization effect and increase
specificity.

The sanpl e nol ecul es (ions) are then noved through the cel
under the influence of an electric field and are periodically
allowed into a drift tube by a electronic shutter. The sanple
i ons separate based on mass, shape, size and charge, and nove
through the drift tube towards a detector. The ions create a
current as they strike the detector which is anplified and
measured as a spectrum of voltage verses tine. Each ion arrives
at the detector at a unique "drift tinme" based on the mass, shape
and size of the ion as well as the drift |length, tenperature,
pressure and strength of the electric field in the sanple cell.

A mcroprocessor is utilized to calculate the amoni a
concentration of the sanple by conparing spectrum data generat ed
by the sanple detector to a | ook-up table stored in
nmi croprocessor menory.

The data conbi nes bot h instantaneous peak neasurenents and
change- of - hei ght tracking of the spectrum generated. Peak heights
are determned for the reaction ion and for the sanple at one-
second intervals, and the ratio of sanple ion peak heights to
reaction ion peak height is generated and stored. A difference
of current ratio to previous ratio is generated and saved as a
table of ratio differences over the past sixty (60) second tine
period. A running sumof this table is generated, sunmed wth
the current ratio, and conpared with a reference | ook-up table to
determ ne the concentration of the sanple.
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3.4.2 |l on-Mbbility Spectroscopy Supplier and Anal yzer Specs.

Envi ronment al Technol ogi es G oup, Inc.
| ndustrial Products D vision

1400 Tayl or Avenue

P. 0. Box 9840

Bal ti nore, Maryland 21284-9840

Principal of Operation: lon-Mbility Spectroscopy
Model Number: N A

" Specifications "

Measur enment Range 0-20 ppm

Sensitivity 1.0 ppm (w thout dilution probe)
Selectivity

Rel ati ve Accuracy 3% full scale

Calibration Drift (Zero) < 4.0%full scale per nonth
Calibration Drift (Span) < 4.0%full scale per nonth
Response Tinme (Tgy) < 10 m nutes

Cal i brati on Frequency as required

Cal i bration Duration 20 mnutes for zero

20 m nutes for span

Cali bration Media cal i bration gas

Power Requirenments
D nmensi ons ( LxWH) 19.5" x 31.6" x 19.5" (analyzer)
Wei ght (I bs)

Devel opnent _and Applications

| M5 technol ogy tested in 1989 at major oil refinery
(referenced in 6/91 Chem Eng. Progress article).

| nt erf erences

None st at ed.
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3.5 Electrocheni cal

There are several different nethods of ammoni a measur enent
whi ch follow el ectrochem cal techniques. These are traditionally
wet - chem stry based approaches. Two different el ectrochem cal
techni ques are conductinetric and ion specific electrode. The
devel opnent of both of these techniques for ammoni a anal ysis has
been sonewhat |limted to date.

3.5.1 Conductinetric - Principle of Operation: Analyzers which
determ ne ammoni a concentrations conductinetrically neasure the
change in conductivity of a solution after it reacts with amoni a
in the sanple gas. The sanple gas is first extracted fromthe
flue or process streamthrough a heated probe, particul ate
filter, and sanple line. In sonme cases, an al kaline scrubbing
solution is circul ated through the probe to renpbve acid gases
(e.g. SO, NO, HO, HF, etc.) fromthe gas. Acid gases can be
interferents in the analyzer.

At the anal yzer, precise anounts of the gas sanple and the
reacting reagent are m xed together in a m xing chanber.
Normal Iy, a dilute solution of sulfuric acid is used as the
reagent. Upon m xing, the ammonia reacts with the acid to form
amoni um sul f at e:

2NH; + H,S0, --> (NH,) SO,

The conductivity of the resulting solution is neasured and
conpared with that of the pure reagent. The difference in these
two neasurenents are proportional to the amount of ammonia in the
original gas stream The concentration neasurenment is on a wet
volunetric basis (e.g. ppmw).

3.5.2 lon Specific Electrode - Principle of Operation: This
techni que enpl oys an el ectrical conductivity measurenent using an
anmoni um i on specific el ectrode.

The sanple gas is first extracted fromthe flue or process
stream through a heated probe, particulate filter, and sanple
line. At the analyzer, the gas sanple enters a scrubber where an
aerosol m st of deionized water absorbs the ammonia fromthe gas.
This resulting solution is then mxed with a buffering reagent
whi ch adjusts the solution pH, fixes the ionic activity of the
solution, and elimnates interfering ions. The sanple then flows
t hrough a thernoel ectrically cool ed tenperature bl ock and past
the surfaces of the ion-specific nmeasuring el ectrode and a
reference electrode. The two el ectrodes devel op a potenti al
di fference which corresponds to the anobunt of ammoniumion in the
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solution. The resulting neasurenent is on a wet concentration
basis (e.g. ppmw).
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3.5.3 El ectrochem cal Suppliers and Anal yzer Specifications

3.5.3.1 H. Westhoff, GrbH

U S. Representative - Calibrated Instrunents, Inc.
200 Saw M|l River Road
Hawt hor ne, NY 10532

Principal of Operation: Conductinetric
Model Nunmber: M KROGAS Mbdel MS

" Specifications "

Measur enment Range 0 - 250 ppm (nultiple ranges)

Sensitivity

0. 05 ppm

Selectivity

Rel ati ve Accuracy

3% full scale

Calibration Drift (Zero)

3.0% full scale per nonth

Calibration Drift (Span)

3.0% full scale per nonth

Response Tine (Tgy)

100- 200 seconds

Cal i brati on Frequency

once per day

Cali bration Duration

Cali bration Mdi a

cal i bration gas

Power Requirenments

110V/ 60Hz or 220V/ 50Hz

D nmensi ons ( LxWH)
Wei ght (I bs)

Devel opnent _and Applications

None st at ed.

| nt erf erences

Aci d gases are an interference and nust be renoved prior to
anal ysi s.
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3.5.3.2 Tess-Com |Inc.
Anal ytical Instrunments
P. O Box 600
Clairton, PA 15025

Principal of Operation: Ion Specific Electrode
Model Number: 745

" Specifications "

Measur enment Range 0- 100 ppb, 0-100 ppm
Sensitivity 0.1 ppb
Selectivity
Rel ati ve Accuracy 5% (| ow end scal e)
3% (high end scal e)
Calibration Drift (Zero) 2%
Calibration Drift (Span) 2%
Response Tine (Ty) 2 mnutes
Cal i brati on Frequency once per day
Cal i bration Duration 40- 60 m nutes (ppb scale)
15-30 m nutes (ppm scal e)
Cali bration Media cal i bration gas
Power Requirenments 15-20 anps
D nmensi ons ( LxWH) 18" x 18" x 28" (anal yzer)
Wei ght (I bs) 30 (anal yzer only)

Devel opnent _and Applications

None st at ed.

| nt erf erences

No data avail abl e.
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3.6 Oher

Pot enti al Technol oqgi es

The |
several ot
proven in

iterature searches and manufacturers survey identified
her net hods of ammoni a nmeasurenent whi ch have been
princi pl e but have not been fully devel oped for

envi ronnent al neasurenents. For various technical or economc
reasons, sonme of these approaches may be nore suitable for

process st

ream neasurenent applications or as toxic gas detectors

rather than as conbustion flue gas anal yzers. These technol ogi es
i ncl ude the foll ow ng:

Flame Photometric Detection - This approach utilizes
t he reacti on between amonia and a sul furic acid
aerosol to formammoniumsulfate. A highly sensitive
fl ame photonetric detector (FPD) is then used to
quantify the amoni um sul fate forned.

Colorimetric - This techni que has found sonme use in
toxic gas detectors and in single-point process stream
monitors. The detector utilizes a chemcally treated
solid substrate which changes col or when exposed to
ammoni a. The sanple gas is contacted with the
substrate and the substrate darkens in direct
proportion to the anount of amonia in the gas. This
darkening attenuates a |ight beam passing through the
substrate, which then gives an indication of the
ammoni a concentration in the gas stream

Laser Measurements - There are several different

t echnol ogi es which enploy |asers to photochemcally
excite the gas stream and cause a characteristic

em ssion spectrum Special detectors sensitive to the
characteristic em ssions spectruns are then used to
quantify the amoni a concentration. Detectors enployed
in this technique include IR UV, and photoacoustic
detectors.

Mass Spectrometry - Mass spectroneters are comonly
used in nmeasuring process streans. These spectroneters
are based on the principle that an ionized nol ecul e
devel ops a characteristic mass spectrum consi sting of
nol ecul ar and fragnent ions wth various mass-to-charge
rati os. The concentration of ammonia is determ ned by
measuring the intensity of the ions specific to ammonia
i oni zati on.
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4.0 SAMPLI NG AND CONDI Tl ONI NG SYSTEMS

Regardl ess of the type of analyzer used to nmeasure amoni a
concentrations in a flue gas, the accuracy and reliability of
this neasurement wll depend very strongly on the success of the
sanpl e conditioning systemin delivering a representative gas
sanple to the analyzer. |Indeed, the problem of maintaining
sanple integrity is regarded as one of the nost difficult aspects
of continuous amoni a nonitoring.

The sanpling and conditioning systemconprises all of the
har dwar e conponents necessary to extract a gas sanple from a duct
or stack, deliver this gas to the analyzer, and condition this
gas such that the analyzer is not danmaged by contact with the
gas.

Since ammonia is highly soluble in water, any condensati on
of flue gas noisture during sanple transport or analysis my
result in a negative neasurenent bias. Consequently, many
anal yzi ng systens are designed to analyze the gas on a hot basis
with the flue gas noisture still in the sanple in the vapor
state. Many sources such as nunicipal waste conbustors require
additional elevation in sanple tenperature due to formation of
ammoni a salts (e.g. ammonium chloride, amoniumsulfite) by the
reaction of ammonia with HCO or SO,. Because of the high
reactivity of ammonia with nost conpounds, it takes |onger for
ammoni a to reach equilibriumto the surfaces of an extraction
systemthan it does for nost other pollutants. Therefore, the
response tinme for amoni a extracti on and neasurenent systens is
generally longer than it is for nbst other conpounds.

The foll ow ng sanpling and conditioning systens are used
with various different NH; anal yzers:

- In-Situ

- Hot / W\t

- Col d/ Dry

- Col d/Wet (Dilution)

The systens are defined by the relative tenperature (hot or
cold) in which the gas is transported and delivered to the
anal yzer and by the relative condition of the gas with respect to
flue gas noisture (wet or dry) retained during its transport.

4.1 1n-Situ Systens: In-situ analyzers utilize the sinplest
type of sanpling system Essentially, the gas is anal yzed inside
the stack or duct by the analyzer, thus elimnating any need for
sanple transport and conditioning. The gas is at the sane
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tenperature and noi sture condition as the actual flue gas.
Therefore, the neasurenent is on a hot and wet basis.

In-situ systens are limted by the fact that the entire
anal yzer nust be capable of wthstanding the environnent at the
sanpling location. Generally, they operate on either a W or IR
absorption principle.

4.2 Hot/Wt Systenms: A hot/wet systemgenerally consists of a
heated extraction probe, a particulate filter (in-situ and/or
heat ed/ external ), heated sanple lines (usually Teflon), and a
heat ed sanpling punp. The entire system including all valves
and fittings, nust be heat-traced to elimnate any possibility of
noi sture condensation. In many applications (e.g. MSW
conbustors) it is necessary to heat the gas higher than normally
needed for condensation prevention to ensure that amoni um salts
do not formw thin the system Tenperatures as high as 230°C
(450°F) may be required in sone cases. It is inportant when

desi gning the heating systemto ensure that every inch of the
systemis heat-traced, and that the systemw ||l maintain the
desired tenperatures in all anticipated climtes. Al conponents
exposed to the gas sanple nust be constructed of a corrosion-
resistant material such as 316 stainless steel or Teflon. More
corrosive gases may require such materials as Hastell oy C 276
steel or Inconel.

CGenerally, the closer the analyzer is to the source, and
therefore the shorter the |l ength of heated sanple |ine required,
the better the overall performance of the system Ammonia
systens typically have | ong response tines, and also tend to have
a slightly negative bias. Mnimzation of the distance fromthe
sanpl e probe to the anal yzer can significantly inprove on these
pr obl ens.

4.3 Cold/Dry Systens: A cold/dry systemutilizes a chiller-
condenser systemto cool the sanple gas below its dew point and
condense the flue gas noisture. Qobviously, this system cannot be
used for direct neasurenent systens, since condensation of the
wat er woul d al so renove the NH, in the sanple. It can be used
for indirect measurenent systens, however, such as the
chem | um nescent systens which convert ammonia to the nore stable
nitric oxide.

A cold/dry system consists of a heated probe and either a
heated particulate filter or in-situ filter. The gas |leaving the
probe is split into an ammoni a stream and a NQ, stream The NQ
streamis transported through a heated sanple line to a chiller-
condenser for noisture renoval. The ammonia streamis
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transported through heated sanple line first to a catalytic
converter which converts the ammonia to NQ. The gases | eaving
the converter then pass through a chiller-condenser. Both dry
streans may be transported to the anal yzers through heated or
unheat ed sanpl e |ines.

4.4 Cold/Wet (Dilution) Systenms: The dilution systemlowers the
dewpoint of the gas sanple by diluting the sanple with a | arge
quantity of dry purified air. D lution ratios of 10 or 20 parts
air to one part sanple are typical. Since the noisture is not
actually renoved fromthe sanple, the analysis is on a wet basis.

A dilution systemutilizes a special probe called a dilution
probe for sanple wthdrawal. The probe is equipped with a
critical orifice to sinplify metering of the dilution air. By
diluting the sanple, the concentration of water in the gas is
| onered enough so that it will not condense at anbi ent
tenperatures. Therefore, unheated sanple |lines can often be used
for sanple transport. 1In sone climtes, however, heated sanple
lines may still be necessary.

Since dilution of the sanple |owers the concentration of
ammoni a in the gas, the analyzer nmust be sensitive enough to
measure these | ow concentrations. Fractional-ppmor ppt ranges
are required.
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5.0 PERFORMANCE DATA

Tabl e 5-1 sumrari zes available information for relative
accuracy, calibration error, and calibration drift for several
different types of ammoni a anal yzers. All of the information in
Tabl e 5-1 was supplied by the respective instrunent
manuf act ur ers.

The availability of reliable performance data for NH; CEMS' s
is relatively poor. The majority of applicable installations use
NH, CEMS's for nonitoring of ammnia slip from SCR systens. Mbst
of these installations are not required to certify the
instrunments, since they are normally not used for actual NH;
conpliance. Those systens whi ch have undergone certification
tests normal |y have abi ded by Performance Specification 2
requirenents.

Several recent studies have been conducted by independent
contractors exam ning the performance of NH, CEMS's. However,
not all of this data has been published yet. One recent study of
i nterest which has been published exam ned the perfornmance of
four different NH; CEMS's utilizing three different technol ogies
(UV/ LPDA, NDI R/ GFC, and chem | um nescence). This work was
presented at the October 1992 Air and Waste Managenent
Associ ati on CEM conference. The docunent describing this work,
entitled "Field Evaluation Study of Amoni a Conti nuous Em ssions
Monitoring Systens”, is included in Appendix B of this report.

Results of this field evaluation indicate that the relative
accuracy values reported in Table 5-1 may be considerably | ower
than actual in-service relative accuracy val ues. System
mai nt enance and proper sanple conditioning were cited in the
paper as two of the nobst inportant factors governing nonitor
per f or mance.

The El ectric Power Research Institute (EPRI) is currently
conducting a project concerning the devel opnent of a CEMS
equi pnent specification and procurenent nmanual. This project
W ll include information on NH;, CEMS's, and wi |l address
avai |l abl e performance data and nai ntenance information. This
report is scheduled to be published by EPRI in Cctober, 1993.
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TABLE 5-1

MANUFACTURER- SUPPLI ED PERFORMANCE DATA

| PERFORMANCE DATA |
MODEL MEASUREMENT
COMPANY NUMBER PRINCIPLE ACCURACY CALIBRATION | CALIBRATION
ERROR DRIFT
KVB N A Chem | um nescent < 20% relative 1% fs 2% [/ day
Hori ba ENHA C- 900 Chem | um nescent 15-20% 1% 2% [ week
relative

Dasi bi 2109 Chem | um nescent N A N A 1% / day

2% [ week
Anmet ek PDA- 6000 UV Absorption/ LPDA | 1 ppm absol ute 0.5% N A
Land/ ADA N A UV Absorption/ LPDA 7%to 8% 1.33% 2%

relative
Al t ech MSC- 100 UV Absorption < 20% relative N A 2.5%
Air E- 6000 UV Absorption 2% fs 1% 1% / nmont h
| nstrunment s
and
Measur enment s
Rosenount ETI - 9200 UV/ Et al on 1% fs N A 2% [ week
Ser vonmex 2500 NDI R 1% fs 0.5% 1% / week
Environnmental | NA lon Mobility 3% fs 3% 4% / nmont h
Technol ogy Spect roscopy
G oup
H. West hof f M5 El ectro- 3% fs N A 3% / nont h
GrbH (Cal . conductivity
I nst.)
Tess- Com 745 | on Specific 5% fs N A 2%
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6.0 AGENCY SURVEY

The foll owm ng pages summari ze the responses to the agency
survey. Twel ve agencies were contacted by tel ephone. Each
agency representative was asked seven specific questions
concerning the use of NH; CEMS's in their region.
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AGENCY CONTACT QUESTI ONS

AGENCY NAME: California/Bay Area AQVD

PERSON CONTACTED: Gary Find

TELEPHONE #: 415/ 771- 6000

la.

1b.

1c.

2a.

2b.

3a.

Are you aware of any continuous amoni a anal yzers bei ng used
to nonitor process or conbustion em ssions in your region or
state?
YES
I f yes, can you give nanes and type of application (e.g. MSW
incinerator, gas-fired boiler wiwth SCR) of any |ocations?
United Airlines Gas Turbine with SCR (San Francisco)
Coke Burning Boiler Utility
| f yes, are you aware of the general performance of these
anal yzers?
- Reliability (EXCELLENT/ SATI SFACTORY/ VARI ABLE/ POOR) :
Satisfactory/Variable
- Accuracy and Drift (wthin Perf.Spec. 2 requirenents?):
No knowledge
Are there currently any regulations requiring installation

and operation of amonia CEMS in your state?

No current regulations - required through individual
permits only.

I f yes, what are they (e.g. what industries are affected,
specific regulatory requirenents)?

N/7A

Does your agency have plans to adopt new or additional
regul ati ons concerning ammonia CEMS in the near future?

No knowledge
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3b. If yes, what type of scope and on what tine scale.

N/7A
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AGENCY CONTACT QUESTI ONS

AGENCY NAME: Cali forni a/ Mont erey Bay

PERSON CONTACTED: Larry Bornelli

TELEPHONE #: 408/ 647-9411

la.

1b.

1c.

2a.

2b.

3a.

Are you aware of any continuous ammoni a anal yzers bei ng used
to nonitor process or conbustion em ssions in your region or
state?

No. Use wet methods (EPA 350.3 and Bay Area ST-1B) for
compliance determinations.

I f yes, can you give nanes and type of application (e.g. MSW
incinerator, gas-fired boiler wwth SCR) of any |locations?

N/A (compliance tests performed on cogeneration and cement
plants)

I f yes, are you aware of the general performance of these
anal yzers?

- Reliability (EXCELLENT/ SATI SFACTORY/ VARI ABLE/ POCR) :

N/A

- Accuracy and Drift (wthin Perf.Spec. 2 requirenents?):
N/A

Are there currently any regulations requiring installation
and operation of ammonia CEMS in your state?

No.

| f yes, what are they (e.g. what industries are affected,
specific regulatory requirenents)?

N/7A

Does your agency have plans to adopt new or additional
regul ati ons concerning ammonia CEMS in the near future?

No
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3b. If yes, what type of scope and on what tine scale.

N/7A
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AGENCY CONTACT QUESTI ONS

AGENCY NAME: Californial South Coast AQVD

PERSON CONTACTED: Dr. Margil Wadl ey

TELEPHONE #: 909/ 396- 2167

la. Are you aware of any continuous ammoni a anal yzers bei ng used
to nonitor process or conbustion em ssions in your region or

state?
No

1b. If yes, can you give nanes and type of application (e.g. MSW
incinerator, gas-fired boiler wiwth SCR) of any |ocations?
N/A

lc. If yes, are you aware of the general performance of these

anal yzers?
- Reliability (EXCELLENT/ SATI SFACTORY/ VARI ABLE/ POOR) :
N/A
- Accuracy and Drift (wthin Perf.Spec. 2 requirenents?):
N/A
2a. Are there currently any regulations requiring installation
and operation of ammonia CEMS in your state?
No

2b. If yes, what are they (e.g. what industries are affected,
specific regulatory requirenents)?

N/A

3a. Does your agency have plans to adopt new or additi onal
regul ati ons concerning ammonia CEMS in the near future?
No knowledge.

3b. If yes, what type of scope and on what tine scale.
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N/A
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AGENCY CONTACT QUESTI ONS

AGENCY NAME: Connecticut Bureau of Air Minagement

PERSON CONTACTED: Carl ton Dodge

TELEPHONE #: 203/ 566- 2690

la. Are you aware of any continuous ammoni a anal yzers bei ng used
to nonitor process or conbustion em ssions in your region or

state?
No

1b. If yes, can you give nanes and type of application (e.g. MSW
incinerator, gas-fired boiler wiwth SCR) of any |ocations?
N/A

lc. If yes, are you aware of the general performance of these

anal yzers?
- Reliability (EXCELLENT/ SATI SFACTORY/ VARI ABLE/ POOR) :
N/A
- Accuracy and Drift (wthin Perf.Spec. 2 requirenents?):
N/A

2a. Are there currently any regulations requiring installation
and operation of ammonia CEMS in your state?
No

2b. If yes, what are they (e.g. what industries are affected,
specific regulatory requirenents)?
N/A

3a. Does your agency have plans to adopt new or additi onal
regul ati ons concerning ammonia CEMS in the near future?

No

3b. If yes, what type of scope and on what tine scale.
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Waiting on Federal EPA guidelines.
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AGENCY CONTACT QUESTI ONS

AGENCY NAME: Mai ne Bureau of Air Quality Control

PERSON CONTACTED: Scott Mason

TELEPHONE #: 207/ 289- 2437

la. Are you aware of any continuous ammoni a anal yzers bei ng used
to nonitor process or conbustion em ssions in your region or

state?
No

1b. If yes, can you give nanes and type of application (e.g. MSW
incinerator, gas-fired boiler wiwth SCR) of any |ocations?
N/A

lc. If yes, are you aware of the general performance of these

anal yzers?

- Reliability (EXCELLENT/ SATI SFACTORY/ VARI ABLE/ POOR) :

N/A

- Accuracy and Drift (wthin Perf.Spec. 2 requirenents?):
N/A

2a. Are there currently any regulations requiring installation
and operation of ammonia CEMS in your state?

No

2b. If yes, what are they (e.g. what industries are affected,
specific regulatory requirenents)?

N/A

3a. Does your agency have plans to adopt new or additi onal
regul ati ons concerning ammonia CEMS in the near future?
No knowledge.

3b. If yes, what type of scope and on what tine scale.
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N/A
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AGENCY CONTACT QUESTI ONS

AGENCY NAME: Maryl and Departnent of the Environnent

PERSON CONTACTED: George Beerl

TELEPHONE #: 410/ 631- 3215

la. Are you aware of any continuous ammoni a anal yzers bei ng used
to nonitor process or conbustion em ssions in your region or

state?
No

1b. If yes, can you give nanes and type of application (e.g. MSW
incinerator, gas-fired boiler wiwth SCR) of any |ocations?
N/A

lc. If yes, are you aware of the general performance of these

anal yzers?
- Reliability (EXCELLENT/ SATI SFACTORY/ VARI ABLE/ POOR) :
N/A
- Accuracy and Drift (wthin Perf.Spec. 2 requirenents?):
N/A
2a. Are there currently any regulations requiring installation
and operation of ammonia CEMS in your state?
No

2b. If yes, what are they (e.g. what industries are affected,
specific regulatory requirenents)?

N/A

3a. Does your agency have plans to adopt new or additi onal
regul ati ons concerning ammonia CEMS in the near future?
No knowledge.

3b. If yes, what type of scope and on what tine scale.
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N/A
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AGENCY CONTACT QUESTI ONS

AGENCY NAME: Massachusetts Division of Air Quality Control

PERSON CONTACTED: VWalter Sullivan

TELEPHONE #: 617/ 292-5610

la. Are you aware of any continuous ammoni a anal yzers bei ng used
to nonitor process or conbustion em ssions in your region or
state?
YES

1b. If yes, can you give nanes and type of application (e.g. MSW
incinerator, gas-fired boiler wiwth SCR) of any |ocations?

Several coal burning and gas turbine power generators with
ammonia Injection. Also one woodburning unit.

lc. If yes, are you aware of the general performance of these
anal yzers?
- Reliability (EXCELLENT/ SATI SFACTORY/ VARI ABLE/ POCR) :
No knowledge.
- Accuracy and Drift (within Perf.Spec. 2 requirenents?):
No knowledge.

2a. Are there currently any regulations requiring installation
and operation of ammonia CEMS in your state?

No - Issue standards on a permit basis. Generally require
B.A.T. requirement of < 10 ppm.

2b. If yes, what are they (e.g. what industries are affected,
specific regulatory requirenents)?

N/7A

3a. Does your agency have plans to adopt new or additi onal
regul ati ons concerning ammonia CEMS in the near future?

No
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3b. If yes, what type of scope and on what tine scale.

N/7A
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AGENCY CONTACT QUESTI ONS

AGENCY NAME: New Hampshire Departnent of Environnental Services

PERSON CONTACTED: Lei gh Mbrrai

TELEPHONE #: 603/ 271-1370

la. Are you aware of any continuous ammoni a anal yzers bei ng used
to nonitor process or conbustion em ssions in your region or

state?
No

1b. If yes, can you give nanes and type of application (e.g. MSW
incinerator, gas-fired boiler wiwth SCR) of any |ocations?
N/A

lc. If yes, are you aware of the general performance of these

anal yzers?

- Reliability (EXCELLENT/ SATI SFACTORY/ VARI ABLE/ POOR) :

N/A

- Accuracy and Drift (wthin Perf.Spec. 2 requirenents?):
N/A

2a. Are there currently any regulations requiring installation
and operation of ammonia CEMS in your state?

No

2b. If yes, what are they (e.g. what industries are affected,
specific regulatory requirenents)?

N/A

3a. Does your agency have plans to adopt new or additi onal
regul ati ons concerning ammonia CEMS in the near future?
Not at this time.

3b. If yes, what type of scope and on what tine scale.

N/Z7A
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AGENCY CONTACT QUESTI ONS

AGENCY NAME: New Yor k Departnent of Environnental Conservation

PERSON CONTACTED: Bob Kerr

TELEPHONE #: 518/ 457- 7230

la.

1b.

1c.

2a.

2b.

3a.

3b.

Are you aware of any continuous ammoni a anal yzers bei ng used
to nonitor process or conbustion em ssions in your region or
state?

YES

I f yes, can you give nanes and type of application (e.g. MSW
incinerator, gas-fired boiler wiwth SCR) of any |ocations?

MSW incinerator with SCR.

I f yes, are you aware of the general performance of these
anal yzers?

- Reliability (EXCELLENT/ SATI SFACTORY/ VARI ABLE/ POOR) :

Uses a modified NO, system. Believes it works OK.

- Accuracy and Drift (wthin Perf.Spec. 2 requirenents?):
No knowledge.

Are there currently any regulations requiring installation
and operation of ammonia CEMS in your state?

No

I f yes, what are they (e.g. what industries are affected,
specific regulatory requirenents)?

N/7A

Does your agency have plans to adopt new or additional
regul ati ons concerning ammonia CEMS in the near future?

No

| f yes, what type of scope and on what tine scale.
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N/A
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AGENCY CONTACT QUESTI ONS

AGENCY NAME: Pennsyl vani a Departnent of Environnental Resources

PERSON CONTACTED: Joe Nazarro

TELEPHONE #: 717/ 787-9702

la. Are you aware of any continuous ammoni a anal yzers bei ng used
to nonitor process or conbustion em ssions in your region or

state?
No

1b. If yes, can you give nanes and type of application (e.g. MSW
incinerator, gas-fired boiler wiwth SCR) of any |ocations?
N/A

lc. If yes, are you aware of the general performance of these

anal yzers?
- Reliability (EXCELLENT/ SATI SFACTORY/ VARI ABLE/ POOR) :
N/A
- Accuracy and Drift (wthin Perf.Spec. 2 requirenents?):
N/A
2a. Are there currently any regulations requiring installation
and operation of ammonia CEMS in your state?
No

2b. If yes, what are they (e.g. what industries are affected,
specific regulatory requirenents)?

N/Z7A

3a. Does your agency have plans to adopt new or additi onal
regul ati ons concerning ammonia CEMS in the near future?

No
3b. If yes, what type of scope and on what tine scale.

N/Z7A
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AGENCY CONTACT QUESTI ONS

AGENCY NAME: Ver nont Agency of Natural Resources

PERSON CONTACTED: Robert lLacalaid

TELEPHONE #: 802/ 244- 8731

la.

1b.

1c.

2a.

2b.

3a.

Are you aware of any continuous ammoni a anal yzers bei ng used
to nmonitor process or conbustion em ssions in your region or
state?

YES

| f yes, can you give nanes and type of application (e.g. MSW
incinerator, gas-fired boiler wwth SCR) of any |locations?

Wood-fired power plant (300 MMBtu, 20 MW)
Uses a Monitor Labs Model 8841 NO, analyzer with NH; to NO
converter.

| f yes, are you aware of the general performance of these
anal yzers?

- Reliability (EXCELLENT/ SATI SFACTORY/ VARI ABLE/ POCR) :

New unit - not enough experience yet

- Accuracy and Drift (within Perf.Spec. 2 requirenents?):
Initial performance tests exceeded RA limit of 20% as
recommended in PS2 - actual value obtained near 90-100%
relative accuracy. Changed wording in permit from "must meet

20% RA™ to "'should meet 20% RA'".

Are there currently any regulations requiring installation
and operation of ammonia CEMS in your state?

No - by permit only.

| f yes, what are they (e.g. what industries are affected,
specific regulatory requirenents)?

N/7A

Does your agency have plans to adopt new or additional
regul ati ons concerning ammonia CEMS in the near future?

No
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3b. If yes, what type of scope and on what tine scale.
N/A
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AGENCY CONTACT QUESTI ONS

AGENCY NAME: Virginia Departnent of Air Pollution Control

PERSON CONTACTED: Harry Augustine

TELEPHONE #: 804/ 786- 0597

la.

1b.

1c.

2a.

2b.

3a.

Are you aware of any continuous ammoni a anal yzers bei ng used
to nmonitor process or conbustion em ssions in your region or
state?

YES

I f yes, can you give nanes and type of application (e.g. MSW
incinerator, gas-fired boiler with SCR) of any |ocations?

Currently know of 19 analyzers:

Location # Monitors Source Description

Hadson 13 2 Coal Cogen. Boiler w/SCR
Hadson 14 2 Coal Cogen. Boiler w/SCR
Cogentrix Richmond 8 Coal Cogen. Boiler w/SCR
Cogentrix Dinwddle 4 (prop.) Coal Cogen. Boiler w/SCR
Multitrade-Hurt 3 (prop.) Wood Cogen. Boiler w/SCR

| f yes, are you aware of the general performance of these
anal yzers?

- Reliability (EXCELLENT/ SATI SFACTORY/ VARI ABLE/ POOR) :
Variable - Hadson monitors poor performance. Cogentrix
Richmond very good.

- Accuracy and Drift (within Perf.Spec. 2 requirenents?):
N/A

Are there currently any regulations requiring installation
and operation of ammonia CEMS in your state?

No - by permit only for cogeneration units. These sources
have been asked to get monitors working and demonstrate to
the state. More detailed requirements have not been set.

| f yes, what are they (e.g. what industries are affected,
specific regulatory requirenents)?

N/A

Does your agency have plans to adopt new or additional
regul ati ons concerning ammonia CEMS in the near future?

Possibly
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3b. If yes, what type of scope and on what tine scale.
Waiting on Federal EPA
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MANUFACTURERS CONTACTED FOR NH, ANALYZER | NFORNMATI ON

(*) Indicates firmwas identified as a NH; CEMS manuf acturer or
supplier and participated in survey.

(xX) Indicates firmwas identified as a NH; CEMS manuf acturer or
supplier but did not respond to survey.

* ADA Technol ogi es, Inc.
304 Inverness Way South, Suite 110
Engl ewood, CO 80112
303/ 792-5615
contacts: Ms. Jeanne Kurtz and M. R chard Schl ager

* Air Instruments and Measurenents, |nc.
13111 Brooks Drive, Suite D
Bal dwi n Park, California 91706-2200
800/ 969- 4246
contact: M. Onen Brooks

* Altech Systens Corporation
5345 Commerce Avenue
Moor park, California 93021
805/ 529- 9955
contact: Ms. Cheryl Calon

* Anet ek
Process and Anal ytical Instrunments D vision
455 Corporate Bl vd., Pencader Corporate Center
Newar k, Del aware 19702
contact: M. Brian Reed

X Anarad I nc.
534 East Otega
Santa Barbara, CA 93103
805/ 963- 6583
contact: M. Jeff Davis

* Calibrated Instrunments, I|nc.
200 Saw M| Road
Hawt hor ne, New Yor k 10532



914/ 741-5700
(repersentative for H Westhoff, GrbH)



ANALYZER NMANUFACTURERS CONTACTED -

conti nued

CDS Anal ytical, Inc.
Box 277

Oxford, PA 19363-0277
215/ 932- 3636

CEA Instrunents

16 Chestnut Street

Enmerson, NJ 07630

201/ 967- 5660

contact: M. Steve Adel nan

Cl ean Air Engineering
500 West Wod Street

Pal atine, Illinois 60067
800/ 627- 0033

Col unmbi a Scientific Industries Corporation

Box 203190
Austin, TX 78720-3190
800/ 531-5003

Control Instrunments Corporation

25 Law Drive

Fairfield, New Jersey 07004

201/ 575-9114

Cosnos Gas Detection Systens

1140 Northwest 46th Street
Box 70498

Seattl e, Washi ngton 98107
206/ 789-5410

Dasi bi Environnmental Corporation

515 West Col orado Street
d endal e, California 91204
818/ 247- 7601

contact: M. Keith Gosselin

Dat at est, | nc.
6850 Hi bbs Lane
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Levi tt own, PA 19057
215/ 943- 0668
contact: M. Julian Saltz
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Del phai n Cor poration
220 Pagasus Avenue
Nort hval e, NJ 07647
800/ 288- 3647

Dynamation Inc.
3784 Plaza Drive
Ann Arbor, M 48108
313/ 769- 0573

Envi ronnment al Systens Corporation
200 Tech Center Drive

Knoxville, TN 37912-7930

615/ 688- 7900

Envi ronment al Technol ogi es G oup, Inc.

| ndustrial Products Division
1400 Tayl or Avenue

P. 0. Box 9840

Bal ti nore, Maryland 21284-9840
410/ 321-5200

contact: M. Allen Bacon

Envi r opl an

3 Becker Farm Road

Rosel and, NJ 07068

201/ 994- 2300

contact: M. Robert Feingold

Extrel Corporation

Extrel Mass Spectronety
575 Epsilon Drive
Pittsburgh, PA 15238-2838
412/ 963- 7530

contact: M. Tony Sl api kas

Fi scher and Porter Conpany
Box 3355

Warm nster, PA 18974

800/ 829- 6001
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Foxbor o Conpany
Bristol Park
Foxboro, MA 02035
800/ 521- 0451

Gow Mac | nstrunments Conpany
Keary Street, Building 26E
Bri dgewat er, New Jersey 08807
908/ 560- 0600

Graseby- Nut ech- RTL

4022 Stirrup Creek Drive
Durham North Carolina 27703
800/ 637-6312

G aseby- STI

PO Box B

Wal dren, Arkansas 72948
501/ 637- 2687

Hori ba I nstrunments | ncorporated
17671 Arnmstrong Avenue

Irvine, California 92714

800/ 446- 7422

contact: M. Robert Collett

I nfrared Anal ysis, Inc.

1424 North Central Park Avenue
Anaheim CA 92802-1418

714/ 535- 7667

contact: M. Steve Hanst

Kurz I nstrunents, |nc.
2411 Garden Road

Monterey, California 93940
800/ 424- 7356

KVB
9342 Jeroni no, Suite #101
Irvine, California 92718
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800/ 722- 3047
contact: Joanne
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Lanmott e Conpany

Box 329

Chestertown, Maryland 21620
800/ 344- 3100

Land Combustion, |nc.
2525-B Pear| Buck Road
Bristol, PA 19007

800/ 922- 9679

contact: Dr. Ken West

Lear Siegler Measurenent Controls
74 I nverness Drive, East

Engl ewood CO 80112

800/ 422- 1499

contact: M. Cark Doran

McNei Il I nternationa
37914 Euclid Avenue

W I | oughby, OChio 44094
800/ 626- 3455

contact: Damr

MDA Scientific, Inc.

405 Barcl ay Bl vd.

Li ncol nshire, Illinos 60069

800/ 323- 2000

contacts: M. Les WIf, M. Karla Reisch and M. Ron Wal czak

Measur enment Technol ogi es

3485 Sacranento Drive, Suite F
San Luis Obi spo, CA 93401

805/ 549- 0595

contact: M. WII Whal en

Metrosoni cs, |nc.

Box 23075

Rochester, New York 14692
716/ 334- 7300
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X M dac Corporation
1599 Superior Avenue, Suite B-3926
Costa Mesa, CA 92627-3625
714/ 645- 4096

Ni col et I nstrunment Corporation
Anal ytical Division

5225-1 Verona Road

Madi son, W 53711

800/ 356- 8088

X Phoeni x I nstrunents, Inc.
65 North Pl ains Industrial Road
Val | i ngton, CT 06492
203/ 269- 4331
contact: M. James Jordan

Radi omet er Anerica, |Inc.
811 Sharon Drive

Cl evel and, Onhi o 44145
800/ 736- 0600

* Rosemount Anal ytical, Inc.
1201 North Main Street
P. O Box 901
Orville, Chio 44667-0901
216/ 684- 4418
contact: M. Gary Lang

Sensi dyne

16333 Bay Vista Drive

Cl earwater, FL 34620

800/ 451- 9444

contact: Cavalier (Sensidyne representative)
804/ 271-5226
M. M ke Pausic

* Ser omex Conpany
90 Kerry Pl ace
Nor wood, Massachusetts 02062
800/ 862- 0200
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contact: M. Kevin Ceary
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Si enens | ndustrial Automation, Inc.
100 Technol ogy Drive

Al pharetta, Georgia 30202

404/ 740- 3933

contact: M. Harold Henry

Sierra Instruments, Inc.

5 Harris Court, Building L
Mont erey, CA 93940- 5700
800/ 866- 0200

contact: M. Kieth G ant

Sierra Monitor Corporation
1991 Tarob Court

M| pitas, CA 95035

408/ 262- 6611

Tel edyne Anal ytical Instrunents
16830 Chestnut Street

Cty of Industry, CA 91749

818/ 961- 9221

Tess-Com | nc.

Anal ytical Instrunents
P. O Box 600

Clairton, PA 15025

412/ 233-5782

contact: M. Lou Col onna

Thernp Environnental |nstruments, |nc.

8 West Forge Par kway
Franklin, MA 02038
508/ 520- 0430

Uni versal Sensors and Devi ces, |Inc.
9205 Al abama Avenue, Unit C

Chat sworth, CA 91311

800/ 899- 7121

Vi king I nstruments Corporation
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12007 Sunrise Valley Drive
Reston, Virginia 22091
703/ 758- 9339



APPENDI X D

MANUFACTURERS' LI TERATURE



The foll ow ng manufacturers supplied information for this section
(in order as they appear):

KVvB

Hor i ba

Dasi bi Envi r onnent al

Anet ek

Rosenpunt

Alr Instrunents and Measurenents, Inc.
Ser vonex

Envi ronment al Technol ogi es Group, Inc.
Calibrated Instruments, Inc.

Tess-Com | nc.

Extrel

MDA Scientific



