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Ms. Rebecca Hanmer Z7
Regional Administrator '
U. S. Environmental Protection )D
Agency, Region IV f’
34% Courtland Street, N.E.
Atlanta, Georgia 30308
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Dear Mi;//ﬁanﬁ€§.

We are pleased to submit the enclosed revision to Florida's
State Air Implementation Plan which establishes emission limiting
standards for Tampa Electric Company's Francis J. Gannon Station
upon the conversion of Units 1 through 4 to solid fuel. The
section of Chapter 17-2, Florida Administrative Code (FAC), which
is amended by this revision is 17-2.05 (Prohibitive Acts), specifi-
cally 17-2.05(6), Table II, E., Emission Limiting Standards - Fossil
Fuel Steam Generators.

We hereby certify that the public hearing requirements of
40 CFR 51.4 and 51.6 as well as those of the State of Florida
have been satisfied with respect to this revision: The amendments
to Chapter 17-2 FAC were adopted by the Florida Envirocnmental
Regulation Commission at a duly noticed public hearing on October
23, 1980. Your agency was given thirty days advance notice of the
hearing and provided with copies of the materials to be considered.

L ]

A detailed response to the 40 CFR 51.4 requirements, a comparative
appraisal of regulations, and all relevant administrative and '
technical exhibits are enclosed for your consideration. On the
basis of available evidence, this revision will not jeopardize the
attainment or maintenance of Federal or State Ambient Air Quality
Standards.

We respectfully request your approval of this revision to the
State Air Implementation Plan pursuant to the Clean aAir Act as
amended, 42 USC 1857 et seq.

- Sincerely,

Encl. <:EZL411_.
cc: Steve Smallwood (/Jacob D. Varn,

Secretary-

original typed on 100% recycled paper
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RESPONSE TO 40 CFR 51.4 REQUIREMENTS

SUBJECT: Emission Limiting Standards - Tampa Electric

Company's Gannon Station Upon Conversion of
Units 1-4 to Solid Fuel - Revision to 17-2.05(6)
Table II, E., Florida Administrative Code.

The revision was subject to a public hearing before the
Florida Environmental Regulation Commission (ERC) on October
23, 1980, in Tallahassee, Florida.

A copy of the public notice which was prominently advertised
thirt:- days prior to the hearing is attached.

The U.S. Environmental Protection Agency, Region IV, was
nor.fied thirty days in advance of the hearing and pro-
vided with copies of the materials to be considered.

Transmittal of the materials included herein is intended
to satisfy the reporting requirement. The subject revision
was adopted by the ERC on October 23, 1980.

Certification of coﬁpllance with the publlc hearing require-
ments of 40 CFR 51.4 and 51.6 is included in the letter of
transmittal.



COMPARATIVE APPRAISAL OF REGULATIONS

A petition to amend Chapter 17-2, Florida Administrative
Code (FAC), was filed by Tampa Electric Company (TECO) in
anticipation of a prohibition order under the Fuel Use Act.
Units 1 through 4 at TECO's Francis J. Gannon Generating Station,
now operating on low-sulfur No. 6 fuel o0il, were originally coal-
fired units and, therefore, natural candidates for such an order.
Units 5 and 6 at the Gannon Station presently burn coal, and
all six units are equipped with electrostatic precipitators to
control particulate emissions.

On October 23, 1980, the Florida Envirommental Regulation
Commission (ERC) amended Section 17-2.05 FAC to establish
emission limiting standards for the Gannon Station upon con-
version of Units 1-4 to solid fuel. Subsection 17-2.05(6),

Table II, E. (1)(b)l.e. had specified emission limiting standards
for Units 1-4 on liquid fuel. It was amended to specify that the
emission limiting standards would apply to each unit prior to
conversion. Subsection 17-2.05(6), Table II, E.(1)(b)2.a. had
specified emission limiting standards for Units 5 and 6 on

solid fuel. It was amended to include Units 1-4 upon their
conversion to solid fuel and add new conditioms.

The effect of the amendments is to allow no increase in
total particulate or sulfur dioxide emissions to occur at the
Gannon Station as a result of the conversion of Units 1-4.
This is done by:

1. Maintaining the particulate emission limiting standard
at 0.1 1b/MMBTU, two-hour average, for all units.

2. Maintaining the sulfur dioxide emission limiting standard
at 2.4 1b/MMBTU, weekly average, for Units 5 and 6.

3. Raising the sulfur dioxide emission limiting standard
for Units 1-4 from 1.1 1b/MMBTU on liquid fuel to 2.4
1b/MMBTU, weekly average, on solid fuel while imposing
a sulfur dioxide emissions cap of 10.6 tons/hour, weekly
average, on Units 1-6 combined.
e
TECO plans to meet the particulate emission limiting standard
through the use of add-on electrostatic precipitators for units
1-4. Stack sampling in accordance with EPA-approved test methods
will be used to demonstrate compliance.

The sulfur dioxide emission limiting standard of 2.4 1b/MMBTU
will be met through the use of low-sulfur coal (nominally 1.3% §),
a firm supply of which is available to TECO from company-owned
mines in East Kentucky. Compliance with the sulfur dioxide
emission limiting standard will be demonstrated by weekly composite
fuel analysis, the technique currently used to assess the com-
pliance status of Units 5 and 6. This technique was found to
be an acceptable alternative to the use of continuous emission
monitors (Exhibit X).




The sulfur dioxide cap of 10.6 tons per hour is equivalent
to the total emission allowed under the current State Imple-
mentation Plan (SIP), that is, Units 1-4 (5,989 MMBTU/hour)
at 1.1 1b/MMBTU plus Units 5-6 (6,082 MMBTU/hour) at 2.4 1b/MMBTU.
Compliance with the cap will be demonstrated by combining the
results of the weekly composite fuel analysis with the weekly
average operating rate for Units 1-6.

While compliance with the emissions cap will result in no
increase in SIP-allowable sulfur dioxide emissions for averaging
periods of one week or longer, shorter term emissions could run
as high as 14.5 tons per hour (12,071 MMBTU/hour at 2.4 1b/MMBTU).
For this reason, a modeling analysis (Exhibit XI) was performed
to assess compliance with short-term (3-hour and 24-hour) sulfur
dioxide ambient air quality standards with all units emitting at
the rate of 2.4 1b/MMBTU.

The modeling analysis indicated that the Florida 24-hour
ambient sulfur dioxide standard of-260 ug/m° could be exceeded
at plant operating rates of 10,500 MMBTU/hour or greater with
all units emitting at the rate of 2.4 1b/MMBTU. However, an
analysis of sulfur variability in the compliance coal (Exhibit XII)
indicated that short-term emissions at or near a rate of 2.4
1b/MMBTU will occur infrequently. To avoid violating ambient
standards under such conditions, TECO will implement a regulatory
compliance plan (Exhibit XIII) featuring predaily fuel analysis
and load shifting when peak loads are projected to exceed 10,500
MMBTU/hour. The compliance plan will be made a part of the
operating permit of each unit at the station.

Alternative strategies, including the use of flue gas desulfurizationm,
were examined by TECO and the Department (Exhibit XIV) and found to
be less satisfactory than the low-sulfur coal option.
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“xr. Winston Smith

Alr Programs 2ranch

Alr and lazardous
H4aterial Divisien

J. §. Environmental
Protection Agency

Pagion IV

345 Ccurtland Street, T

Atlanta, SA IN3ES

Cear Yr. Snmith:

The attached material includes a proposed amendment to
Sgction 17-2.0516) Table II E.(1)(b), which will accomodate
tha ccnversion from oil to coal fuel of the Tampa Electric
Company (TECOD) Gannon Plant Urits l-4. Units 5 and 6 are
prasently using coal. This rule will be considered for
adoption by the Florida Environmmental Requlation Commission
at the October 23, 1380 hearing in Tallahassee.

The proposed rule sets an emission limitaticn which will
not allow the current total allowable emission of sulfur
dioxide to increase and will also protect Federal and State
Ambient Air Quality Standards. In addition, a resgulatory
compliance plan is requirad of TECO for Gannon Units 1l-6.

This notification is submitted in compliance with
40 CFR 51.4. Your review and comments prior to the hearing
will be most, apnreciated.

Sincerely,

Steva Smallwood, Chief

2ureau cf Air Onality Management
[odalVASY )
Dy ae

Lttachment
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Letter Transmitting Public Information Package to
District for public Display
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SECRETARY

STATE OF FLORIDA
DEPARTMENT OF ENVIRONMENTAL REGULATION

MEMORANDUM

TO: Department of Environmental Regulation District
Managers
Local Program D;?ﬂctors

FROM: Steve Smallwooc
DATE: September 12, 1980

SUBJECT: Rule Amendment

Please note the attached package of proposed amendments to the
Rule Chapters 17-2 FAC to be heard by the Environmental
Regulation Commission on October 23, 1980, in Tallahassee.

The following are included:

1. A proposed rule Section 17-2.23 and amendments to 17-2.08
and 17-2.02 FAC and copies of the hearing notices. These
amendments will establish source sampling methods for the
State including both general categories of sources, those
which are not regulated by NSPS or NESHAPS and those which
are.

[39]

A proposed amendment to Chapter 17-2.05(6) Table II E.{(1l) (b)
l.e. and 17-2.05(6) Table II E.{(l)(b)2.a, will accomodate
the fuel conversion of TECQ's Gannon station Units 1-4

from oil to coal fuel. The proposed rule and the required
Regulatory Compliance Plan will insure that sulfur dioxide
emissions will not exceed the existing allowable emissions.
No change is proposed for the particulzte limiting standard.

We urge you to forward your comments on these proposals,
particularly the proposed source sample rule, to help guide us-
in our decisions and presentaticn to the Commission.

This package is to be maintaineé and made available for zublic
inspection for a 30 day pericd beginning 30 cdays prior to
October 23, the hearing date as required by 40 CFR 51.

SS:jr
attachments: Proposed rule and hearing notice

for 1 and 2 above
original typed on 100% recycled paper
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Public Display Package
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SECRETARY
STATE OF FLORIDA

'DEPARTMENT OF ENVIRONMENTAL REGULATION:
Septembe; 16, 19890

Mrs. Liz Cloud
Department of State
FPlorida Administrative Weekly
The Capitol
Tallahassee,

Florida 32301
Subject:

Notice of Public Hearing, October 23, 1930
by the Environmental Regulation Commission
Proposed changes to allow the Tampa Electric

Company to convert the electric generating

plant Ganncn 1-4 from oil to coal
Dear Mrs.

fuel.
Cloud: '
Please publish the attached notice of public hearing
raference above in the September 19, 1980 issue of the
Florida Administrative Weekly.

Should you have any questions, please call me at 8-48037.

Sincerely,

'

——y
2
e M -
»>m 9 -
. . 22 =
Geneéva M. Hartsfield e
Administrative Assistant X7 -
U - (™) il
(S50 -
GMH/es ,.— ll_c -
ey — N
P
Attachment = - —
’ :’;:.‘ :—5
P

original typed on 100% recvcled paper



DEPARTMENT OF ENVIRONMEMNTAL REGULATION CCCXET NO. 80-25R
RULE NO.: Section 17-2.,05, F.a.C.

RULE TITﬁE: Alr Pollution

PURPCSE AND EFFECT: The proposed :ulg would allow the Tampa Zlectric
Compaﬂx to conwvert the elactric generatin§ plant Gannon Units l1-4 from
oil to coal fuel. The proposed rule will not allow the current total
allowable emission of sulfur dioxide (SO,) to be iancreased and it will
also proﬁect the Florida Ambient Air Quality Standards. Yo changes
are proposed for the particulate emission standard.

SUMMARY: In June 1980, the Departmént of Energy issued a prohibition
on natural gas or petroleum as the primary ene.g3y source £for Gannon
Units l=~4. For this reason, the Tampa Electric Company (TECQO) 1is
planning to convert these units to burn coal, the fuel they were
originally designed for. The propo#ed rule will protect the ambient
air gquality standards and will not ailow the total allowable emission

of soz to increase, The rule will include specific emission staandards

for Units 1l-6 and require é compliance plan to insure that the appli-
cable emission limits are met on a continuous basis,

SPECIFIC LEGAL AUTHORITY UNDER WHICH THE ADOPTION IS AUTHORIZED AND
THE LAW BEING IMPLEMENTED, INTERPRETED, OR MADE SPECIZFIC:

Specific Authority 403.061, F.S. Law Implemgnted 403,021, 403.031,
403,061, 403.087, F.S. -

ESTIMATE OF ECONOMIC IMPACT ON ALL AFFECTED PZRSONS: The pronosed

g c-_f: -
rule will, adjust the SO, emission standards within specificgZimdits Sor
3 = -

. -
. -~ —

. . . . >= =7 It
burning coal in Gannon Units 1-6., The two most realistic sgenarios.

‘
.
]

set forth by TECQO for this conversion are 1) conversion to ﬁhrnhhigh
- —




sulfur coal and 2) conversion to bura low szulfur coal. The £first
scenario (high sulfur) would involve £lue gas desulfurization (FGD)
units as well as electrostatic precipitators for control of SOz aané
particulate emissions respectively. The second scenario {low sulfur)
would not require FGD units. The‘following costs are for 20 years'
operation and represent ﬁhe difference between the listed alternatives
and the cost involved with continuing to burn oil fuel in the units

to be converted:

Capital Costs Production Costs
(Million $) : (Million §)
‘Low Sulfur Coal 82.5 -134 (savings)
High Sulfur Coal ‘ 327.5 300 (added costs)

The production costs include operation and maintenance, fuel costs,

and other non-capital costs, The low sulfur alternative is the most
cost affective. The continuing protection of the‘ambient air quality
standards will result in no additional cost imposed on citizens as a
result of pollutants released in the area,

A hearing will be held by the Environmental Regulation Commission:

DATE AND TIME: October 23, 1980, 9:00 A. M.

PLACE: .Department of Environmental Regulation, PFourith Floor Conference
Room, Twin Towers Building, 2600 Blair Stone Road, Tallanassees, Fla.

A copy of the proposed rule and economic¢ impact statement may be

obtained by writing to the Qffice of Public Information, Department of

S3lazir Ston=2 Road,

[w}

Environmental Regulation, Twin Towers Buildiag, 283

Tallahassee, Florida 32301.



EMISSION LIMITING STANDARDS

Proposed

Stationary Sourcesi

Barticulates

Rule

Sul fur Dioxide
per million DTU

heat input

L7-2.05%5(6) Table II A;r(l)(b)l.d.

Mk,
2.

e.

No chanye
Hillsborough
County including
Tampa Eleclric
Cowpany Gannon
Stabion Units )
through 4 prior

Lo conversion

Lo solid fuel,

and Hooker's Point
Generating station.
No_ change

Solid

Fuel

illsborouygh
County, Tampa
Electric Company
Francis J.

Gannon Gencya-
ting Station Units
% and 6 and uUnits
1-4 uwpon Lhair
canversion to
solid fuel.

0.) pounds per
million B1TU heat
input, maximum
two houyr average

1.1 pounds per
wmillion BTU heat
input.

units 1-6 in total

shall not ewit wore

than 10.6 tons per

hour of sulfur

dioxide on a weekly
average and a8 maximum
unit limit of 2.4

pounds of sulfur

dioxide per million

BIU heat input on a
weekly average. A plan
tor assuring compliance
with Florida Ambient Air
Quality Standards will be
incorporated into the
revised operating permit
for the station.

September 18, 1980
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THE TAMPA TRIBUNE,

Published Daily
Tampa, Hillsborough County, Florida

State of Florida }
County of Hill-borough

Before the undersigned nuthority personally appeared
7. T. Gleason. who va vuth suvs that he is Controller of The Tumpa Tribune, a duaily
newspaper published at Tampa in Hillsborough County. Florida; that the antached copy
of udvertisement being a

Affiant further savs that the said The Tumpa Tribune is a newspaper published at
Tampa, in said Hillsborough County, Floride. and that the said newspaper has

. heretofore been continuously published in said Hillsborough County, Florida, each day

and has been entered us secund class mail macter at the post uffice in Tampa, in said
Hillsborough County. Flurida. for a period of vne vear next preceding the first publica-
tion of the aitached copy of advertisement; and affiant further says that he has neither

id nor promised any person, firm, or corporation any discount. rebate, commission or
refund for the purpose of securing this advertisement for pubhcg\;:‘;gq,,':s?\éhf said
newspaper. R 1E 1y

....... Ve PN S '\
3
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TALLAHASSEE — LEON — FLORIDA

STATE OF FLORIDA
COUNTY OF LEON:

. Before the undersigned authority personalily appeared
A. Parks who on oath says that she is Kegal Control CYerk of
The Tailahassee Democrat, a daily newspaper published at
Tallahassee in Leon County, Florida; that the attached copy

oA S, IS AR AN " Re TSt Y e o

inthe
Court, was published in said newspaper in the issues of:
_Sept. 19.

Affiant further sazs that the said Tallahassee Democrat
is a newspaper published at Tallahassee, in the said Leon
County, #lorida, and that the said newspaper has hetetofore
heen continuouslg published in said Leon County, Florida,
each day and has been entered as second class mail matter at
the post office in Tallahassee, in said Leon County, Florida,
fora period of one year next preceding the first publication of
the attached copy of advertisement; and affiant further says
that she has neither paid nor promised any person, {irm or
corporation any discount, rebate, commission or refund for
the purpose of securing this publication in the said

newspaper.

Audrey Pa/n[s. Lelgval Control Clerk

"
To And Subscribed Before Ma This%é'
iﬂ&ﬂu Q BA__ AD.19 g

(SEAL)

Sworn

dayof

Natary Public

Notary Pudlic, State of Florida at Large

My Commission Exzires March 14, 1933
donged 3y Amerx.n fire & Caivaily Campaay
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Florida Administrative Weekly Notice
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STATE OF FLORIDA

' DEPARTMENT OF ENVIRONMENTAL REGULATION

September 16, 1980

Mrs, Liz Cloud
Department of State

Florida Administrative Weekly
The Capitol
Tallahassee,

Florida 32301
Subject:

Notice of Public Hearing,

19840
Prorosed changes to allow the Tampa Electric

Company te convert the electric generating

Qctober 23,
by the Environmental Regulation Commission
plant Gannon 1-4 from oil to coal fuel.
Cloud:

Dear

Mrs.

Please publish the attached notice of public hearing
reference above in the September 19, 1980 issue of the
Florida Administrative Weekly. :

" should you have any questions, please call me at 8-4807.

Sincerely,

Geneva M.

'v"\
- rr'f", -
zZ O T
Hartsfield o= BN
Administrative Assistant =7 -
‘{,’,': C "__
GMH/es ‘,.;;j_' v -
ey % —— .
o = v
Attachment o 7 o

. = ,

4

otiginal Lyped oo 100% recycled paper
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RTMENT OF ENVIRONMENTAL REGULATION _ DOCKET NO. 80-235R%

NO.,: Section 17-2.05, F.A,C.

&)
[
r
ty

AULE TITLE: Air 2ollution

27 RPQOSE AND EF?ECT: The proposed rule would alloQ the Tampa Electric
Compaiy to convert the electric‘genéxa:ing plant Gannon Uﬁits-l—4 from
oi1l to coal fuel, The prqposed rule will not allow the current total
allowable emission of sulfur dioxide (5025 to be increased and it will
a' 'O protect the Florida Ambient Air Quality Standards., No changes
are propased for the parc;culate emission standard.

SUMMARY: In June 1980, the Department of Energy issued a prohibitica
on natural gas or petroleum as the primary energy source for Gannon
Units 1=4, For this reason, the Tampa Electric Company (TECO) is
slananing to0 convert these units to burn coal, the fuel they vere-
originally designed fc¢:., The proposed rule will protect the ;mbient
air cuality standards and will not allow the total allﬁwable emissicn

6f S0, to increase. The rule will include specific emission standazds

for Units 1-6 and require a compliance plan to insure that the appli-
cable emission limits are met on a continuous basis,

SPECIFIC LEGAL AUTHORITY UNDER WHICH THE ADOPTIOM IS AUTHORIZED AND
THE LAW BEUING IMPLEMENTED, INTERPRETED, OR MADE SPECIFIC:

Specific Authority 403.061,‘F.S. Law Implementad 403,021, 403.031,
403,061, 403,087, F.S.

SSTIMATE OF ECONOMIC IMPACT ON ALL AFFECTEZ PERSONS: The proposed

N e B
rule will, adjust the S0O; emission standards within specificﬁfﬁdﬁts:{;r
& - v

. P ot e,
. ; : >= =3 -
burning coal in Gannon Units 1-6., The two most realistic sgenarios.

- .- --
Lol -

set forth by TECO for this conversion are 1) conversion to Sﬁ}nuhigh-
- ‘—' .
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sulfur coal! and 2) conversicn to burn low sulfur coal. The first
scenario (high sulfur) would involve flue-qas desulfurization (FGD)
cnits as well as electrostatic pPrecipitators for control of 5032 and
particulate emissions respectively. The second scenario. (low sulfur)
would_hot requizre FGD units. The following costs are for 20 years
operation and represeﬁt the difference between the listed alternatives
and the-cbst involved with continuing to ﬁu:nloil fuel in the units

to be converted:

Capital Costs Production Costs
(Million §) (Million §)
Low Sulfur Coal 82.5 ~134 (savings)
High Sulfur Coal 327.5 . 300 (added costs)

The production costs include operation and maintenance, fuel costs,
and other non-capital costs. The low sulfur alternative is the mos:t
cost effective, The continuing protection of the ambie;t air quality
standazds will result in no additional cost ihaposed on citizens as a
result of pollutants gelgased in the area.

A hearing‘wili be held by the Environmental Regulation Commission;:
DATE AND TIME: OQctober 23, 1980, 9:00 A. M.

PLACE: ODepartment of Enviroamental Regulaticon, Fourth Floor Conference
Room, Twin Towers Building, 2609 Blair Stone Rsocad, Tallahassee, Fla.

A cop? of the proposed rule and ecénomic impact statement may be
obtained by writing to the 0ffice of Public Information, Department of
tnvironmental Regulation, Twin Towers 3uilding, 2600 Z2Zlair S=one Road,

Tallahas§ée, Florida 32301l.
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STATE OF FLORIDA

DEPARTMENT OF ENVIRONMENTAL REGULATION:

September 22, 1980

Mr. Carroll Webb, Executive Director
Joint Committee on Administrative

Procedures
Holland Building, Room 120
Tallahassee, Florida 32304
Re: Proposed Amendments to Section 17-2.05, Florida
Administrative Code, Docket Number: 80-2SR

Dear Mr. Webb:

Pursuant to Section 120.54(1ll) (a), Florida Statutes, please
find enclosed a copy of the above-referenced rule, a Detailed
Written Statement of the Facts and Circumstances Justifying the
Proposed Rule, a copy of the Estimate of Economic Impact, a
Statement of the Extent to Which the Proposed Rule Establishes
Standards More Restrictive than Federal Standards, and a copy
of the Notice of the hearing on the propocsed rule which was pub-
lished in the September 19th, 1980, Florida Administrative

Weekly.

A hearing on the proposed rule will be held before the
Environmental Regulation Commigsion on October 23rd, 1930.

If you have any questions in this regard, please feel free
to call.

Sincerely,

71’2@‘#3@@!&/{
Mary F. Clark
Assistant General Counsel

MFC/pm

Encls,

cc: Burke Jolly
Stephen Smallwood

HAND DELIVERED - °

ul’i}_’inﬂ‘ l) pl'\l on D0 rm-yrfwl puprr
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EMISSION LIMITING STANDARDS

SLationary Sowice:.

L7-2.05(6) Table 11 AzE(L) (b)1.A.

2.

Particulatey

Sul fur Dioxide
per million By

heat input

No change

e. Milisborough
Connly inctuding
Tampa Elecliic
Cowmprany Gaunon
Stalion Yuies 1
through 4 prior
LU cConversion
Lo solid fucl,
and Buuker's Polnt

Generating Stavion.
Ack e No changye

solid fuel

a.  Hillsbayvouyh
Counly, Tawmpa
Electric Company
Francis J.

Gannon Geneva-
Ling Statlon Units
5 and 6 and ity
t-4 upon Lhelr
Conversion 1o
sotvd tacl.

0.} pounds per
willion BTU heat
inpul, maximum
Lwo hour average

1.1 pounds per
willion BTU heat
faput,

Upits 1-6 in total
shall not emit wmore
than 0.6 tons per

hiour of sulfur

dioxide on a weekly
average and a waximun
uit limit of 2.4
pounds of sulfur
dioxide per million

WiV heat iupul on a
weckly avegage. A plan
tor assuring compliance
wilhh Flogida Amwbicat Air
Quality Standards will be
incorporated into the
revised operalting permit
for the station.

Seplembey 18, 1940



ECONOMIC IMPACT STATEMENT
Proposed Amendment to Chapter 17-2, F.A.C.
Docket Number 80-25R

Introduction

The proposed rule change, Ch. 17-2.05, will adjust the SO
emission standards within specific limits for burning coal in
Tampa Electric Company (TECO) Gannon units 1-6. Gannon units 5
and 6 are currently burning coal, and units 1-4 will require con-
version to burn coal. The two most realistic scenarios set forth
by TECO for this conversion are 1) conversion to burn high sul fur
coal (HSC); and 2) conversion to burn low sulfur coal (LSC). Due
to high capital costs for pollution control equipment associated
with burning HSC, the LSC alternative is the most economical
choice.

Cost to the Agency of Implementation

There may be a small amount of additional paperwork required of
the DER Bureau of Air Quality Management to implement the proposed
rule, but the amount of _Jdditional paperwork and personnel time
will be easily handled by current staff and existing program funds.

Estimates of the Costs and Benefits

The only two scenarios to be considered here are 1) conversion
of Gannon units 1-4 to burn high sulfur coal (HSC); and
2) conversion of Gannon units l1-4 to burn low sulfur coal (LSC).
The first scenario (HSC) would involve retrofitting the four units
with Flue Gas Desulfurization (FGD) units for control of SO
emissions and add-on Electrostatic Precipitators (ESPs). The
second scenario (LSC) would not reguire the FGD units but would
reguire add-on ESPs.

The following estimated costs are for 20 years operation and
represent the difference between the listed alternatives and the
costs involved with continuing to burn oil fuel in the units to
be converted. They include costs for add-on ESPs for units 1l-4 to
control particulate emissions. Particulate emissions are not
addressed by the proposed rule change but are included here for
completeness. Their exclusion would lessen the capital costs by
between 30 and 40 million dollars and so would also dampen the
magnitudes of the other cost estimates but would not affect their
basic relationship.

Net
Capital Production Total Net Costs,
Costs Costs Present Worth
LSC 82.5 (134) (18)
HSC 327.6 300 140

All costs are in millions of dollars.
( ) indicates a met savings.



EIS, Page 2

The capital costs and net production cost estimates are the
differences between the listed alternatives and cost projections
for continued oil burning. Production costs include fuel, operation
and maintenance, and other non-capital expenses. The Total Net
Costs, Present Worth figure is the net cost differences from
remaining on oil in 1980 dollars accumulated through time. These
cost estimates show the HSC alternative to be very costly. The
high capital cost of installing FGD units cannot be cffset by low
fuel cost and so this alternative has a present worth net cost of
$140 million 1980 dollars when compared to the units 1-4 remaining
0il. The LSC alternative could result in a present worth net
savings of 18 million 1980 dollars when compared to remaining on
01il. Thus conversion to burn LSC fuel is more cost effective than
conversion to burn high sulfur coal. It is probable that conversion
to LSC will be even less costly than if the units l1-4 were to remain
on oil.

If the Gannon units l1-4 are converted to burn LSC, total yearly
emissions for Gannon units 1-6 are not expected to exceed current
loadings of S0,. Even though the emission rates for short-term
averages may be higher burning LSC than oil, no ambient violations
are anticipated. No estimable incremental costs are expected due
to emissions resulting from the conversion.

There should be no additional cost to TECO for compliance
sampling if the proposed "Fuel Analysis" procedure is used. However,
there may be additional costs if stack monitors are required by
the DER.

Effects on Employment and Competition

No impacts on competition or employment are anticipated.

Data and Methodology

The information used in this EIS was derived from TECO's
"Supplementary Documentation for Gannon Units No. 1l-4 Conversion To
Coal", employees of the TECO engineering and economic staff, and
personnel of the DER Bureau of Air Quality Management.

LG:jb



DETAILED WRITTEN STATEMENT OF THE FACTS
AND CIRCUMSTANCES JUSTIFYING THE PRCPOSED RULE

The proposed amendments to Section 17-2.05, Florida Aaminis—
trative Code, would revise the emission limiting standard for
sulfur dioxide applicable to Tampa Electric Company's Gannon
generating station, Units 1 through 6. The Company presently
burns residual fuel oil in Units 1 through 4 anéd low sulfur con-
tent coal in Units 5 and 6. However, the Company has received a
proposed prohibition order from the federal Depaftment of Energy
uncder the Energy Supply and Environmental Coordination Act of
1974 which would préhibit the continued use of oil in Units 1
through 4. In addition, conversion of those units to coal would
save the Company millions of dollars in operating costs. The
present emission limiting standard must be revised to allow the
conversion to take place since it reflects the fact that the
Company is burning oil. The proposed standard would allow the
use of low éulfur coal in all six units and would impose an
emissions cap on sulfur dioxide stringent enough to protect
ambient air quality standards. No change in the emissions

standards for other pollutants is necessary.



STATEMENT OF EXTENT TO WHICH THE PROPOSED
RULE IS MORE RESTRICTIVE THAN FEDERAL STANDARDS

The proposed amendments to Section 17-2.05, Florida Acdminis-

trative Code, are no more restrictive than federal standards-:
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' DEPARTMENT OF ENVIRONMENTAL REGULATION

September 186, 1980

Mrs., Liz Cloud
Department of State

The Capitol

Florida Administrative Weekly
Tallahassee,

Florida 32301
Subject: Notice of Public Hearing,

1380
Prozosed changes to allow the Tampa Electric

Company to convert the electric generating

October 23,
by the Environmental Ragulation Commission
plant Gannon 1-4 froma oil to coal fuel.
Cloud:

Dear Mrs.

Please publish the attached notice of public hearing
reference above in the September 19, 1980 issue of the
Florida Administrative Weekly.

Should you have any cuestions, please call me at 8-4807.

Sincerely,

C/’ —
— —1 —
o>~ -~ o
- 7 = VY
Geneva M. Hartsifield ez >
Administrative assistant <7 —-
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SEZPARTMENT OF ZHVIROMMENTAL RIGULATION CcCC¥ET Q. 80—25§
2ULE NO.: Section 17-2.35? F.a.C.

AULE TITLE: Air Pollution

PURPOSE AND ZFTECT: The proposed rule would allow the Tampa Electric
Company to convert the electric generating plant Gannon Units 1l-4 fronm
oil to coal fuel. The proposed rule will not allow the curreat total
allowable emission of sulfur dioxide (SO;) to be increased and it #ill
also protect the Florida Ambient Air Quality Standards. No changes
are proposed for the particulate emission standard.

SUMMARY: In June 1980, the Department of Energsy issued a prohibition
oen natural gas or petroleum as the primary energy source £or Gannon
Units l=-4. For this reason, the Tampa Electric Company (TECQ) 1is
Pplanaing %o convért these units %o burn c¢3al, the fuel they were
originally designed for. The proposed rule will protect the ﬁmbient
air cguality standards and will not allow the total allowable emission
cf 50, to increase. The rule will include specifiq emissicn standards
for Units 1-6 and require a compliance plan to insure that zhe appli-
cable emission limits are met on a continuous basis.

SP

ta

CIFIC LEGAL AUTHORITY UNDER WHICH TYHE ADOPTIONM IS AUTHORIZED AND
THE LAWA BEING IMPLEMENTED, INTERPRETED, OR MADE SPECI-TIC:
Specific Authority 403,061, F.S. Law Implemented 403.021, 403.031,

403.0861, 403.087, F.S.

Q]

STIMATE OF ZCONOMIC IMPACT ON ALL AFFZICTED PEIRSONS: Th2 proposed

A < -
rule will, adjust the SO, emission standards within specificZZizfits
P = -
. r'"—l —.-

. . C o >z =3 -
burning coal in Gannon Units l-6. The two most realistic sgenazios

PR -
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set forth by TECO for this ccaversion are 1) conversion %¢ %uza high




suifur coal and 2) conversion to bura low sulfur cocal. The first
scenario (high sulfur) would invglve flue gas desulfurizatioan (FGD)
units as well as electrostatic precipitators f£or coentrol 3f{ SC32 and
pa::i:ulq:e emissions respectively. The second scenaczi (low sulfur)
would not regquire TGD units. The following costs are for 23 years
operation and represent the difference between the listed alternatives
and the cost involved with continuing to burn oil fuel in the units

to be converted:

Capital Casts Producticn Costs
{Million $) (#1illion $)
Low Sulfur Coal 82.5 -134 (savings)
High Sulfur Coal 327.5 300 (added costs)

The production costs include operation and maintenance, fuel costs,
and other non-capital costs. The low sulfur alternative is the most
¢cost affective. The continuing protection of the ambient air quality
standards will resultc in no_addicional cost iaposed on ci%izens as a
result of pollutants released in the area.

A hearing will be held by the Environmental Regulation Commission:
DATE AND TIME: October 23, 1980, 9:00 A, M.

PLACE; Department of ESnviroamental Resulation, Fourth Floor Confarence
Room, Twin Towers Building, 2600 3lair Stoné Road, Tallanhasse2, Tla.

A copy of the proposed rule and ecénomic impact statement may be
obtained by writing to the 0Office ¢f Public Information, Department of
Environmental Regulation, Twin Towers 3uildiing, 2933 Zlair 3=one Road,

Tallahas;ée, Florida 32301.
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STATE OF F.LOR|DA
DEPARTMENT OF ENVIRONMENTAL REGULATION
October 23, 1980

CERTIFICATION OF PUBLIC HEARING: DOCKET NO., 80-25R, Proposed
revisions to Section 17-2.,05(6), Table II, E. (1) (b), F.A.C.,
Tampa Electric Company's Gannon Units 1-4,

1.

Notice of the proposed revisions was published in the
following Florida newspapers on the dates indicated pur-
suant to federal notice requirements:

The Tampa Tribune, September 22, 1980
The Tallahassee Democrat, September 13, 1980

Notice of the proposed revisions and public hearing was
published on September 19, 1980, in the Florida Admini-
strative Weekly pursuant to the Administrative Procedures
Act.

Copies of required documents were transmitted by hand
delivery on September 22, 1980, to the Executive Director
of the Joint Committee on Administrative Procedures.

A copy of the notice of public hearing was furnished by
U. S. Mail on September 25, 1980, to each person on the
Department's official mailing list.

The Department has complied with state and federal regulations
relating to public notice, and it is recommended that the
notice provided be duly certified.
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Amended Regulation



TABLE 1]
EMISSION LIMITING STANDARDS

Stationary Sources Particulates Sulfur Dioxide

per million BTU
heat input

17-2.05(6) Table 1I AsF(1)(b)l.d.
Ho change

¢. Hillsborough 0.1 pounds per 1.1 pounds per
County including million B1U heat : million BTU heat
Tampa Electric input, waximum input.
Company Gannon tvo hour average

Station Units 1
through 1 prior
to conversion
to solid fuel,
and Hooker's Point
Cenerating Station.
17-2.05(6) Tablc E. {(1){b)1.f.thruk.
_ No change

2. Solid Fuel

o A pounde- per- adld-on

@. Hillsborough BRG reat- nput-

County, Tampa : Units 1-6 in total

Electric Company shall not emit more

Francis J. than 10.6 “ons pel

Cannon Geneya- hour of sulfur

ting Station Units dioxide on a weekly

v and 6 and -Units average and a maximum

i-4 upon thear unit_limic of 2.4

cohversion to pounds_of sulfur

s011d fuel

dioxide per million

BTU heat. input on _a
weekly average. A plan
for assuring compliance
vith Florida hmbient Air
Quality Standaids will be

' incorporated into the
P7-2.05(6) Table 11 E. (1) (b) 2. b. Tevised operating permit
Lhya 17-2.23 No chanye £ rating permit

for the station.
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INTRODUCTION

Tampa Electric Company (TECO) is considering converting its
Gannon Station Units 1 - 4 from oil to coal firing. TECO
has been requested to examine alternatives to currently
accepted fuel analysis as the mechanism by which compliance
with sulfur dioxide emission limitations may be demonstrated.

Entropy Environmentalists, Inc. has been retained by TECO

te address the technical merits of the two, currently accepted
emission monitoring techniques in terms of their use as com-
pliance determination procedures: £fuel analysis and contin-
uous emission mbnitoring. The following discussions, which
address the basic requirements of any emission monitoring
procedure, demonstrate that fuel sampling is the preferred
option.

Before discussing the relative merits of either compliance
determination procedure, the goals and requirements of the
emission monitoring program should first be delineated..
Then the choice of an appropriate emission monitoring pro-
cedure can be rationally developed. - '



EPA PHILOSOPHY ON CONTINUOUS EMISSION MONITORING

The EPA, in the preamble to the promulgation of 40 CFR 51,
discusses their rationale for requiring emission monitoring.l
EPA explains that the emission monitoring and reporting re-
guirements are "designed to partially implement the regquire-
ments of Sections 110(a) (2) (F) (ii) and (iii) of the Clean

Air Act, which state that implementation plans must provide
'requirements for installation of equipment by owners or
operators of stationary sources to monitor emissions from
such sources', and 'for periodic'reports on the nature and
amounts of such emissions'".? '

In discussing the need for a continuous emission monitoring
system, the EPA states that regulatory agencies historically
had to rely on infrequent manual source tests and periodic
field inspections to provide much of the information nec-
essary to ascertain the compliance status of sources. The
discussion also includes the short comings of using infre-
guent manual source tests as indicators of continuocus com-
pliance with emission limitations. Their major concern
with the use of manual source tests was the inability to be
representative of all operating conditions. Having dis-
cussed the problems associated with historical source sur-
veillance/compliance determination technigques, the advant-
ages of continuous emission monitoring systems were outlined.
These advantages inclﬁde:

1) providing a continuous record of emissions under

1 Requirements for the preparation, adoption, and submittal
of Implementation Plans, Federal Register, Vol. 40, No. 194,
Monday, October 6, 1975.

5 _

Ibid.



2)

3)

4)

5)

all operating conditions;

a good indicator of whetner a source is using
good operating and maintenance practices to
minimize emission to the atmosphere;
providing a valuable record to indicate the
performance of a source in complying with
applicable emission regulations;

signaling of a plant upset or egquipment
malfunction so that plant operator can take
corrective action to reduce emissions; and
under certain conditions, data may be sufficient
evidence to issue a notice of violation.

EPA summarized their position on continuous emission mon-

itoring by stating, "Use of emission monitors can therefore

provide valuable information to minimize emission to the

atmosphere and to assure that full-time control efforts,

i such as good maintenance and operating conditions, are

.-

being utilized by source operators".

3

opl

cit.
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EPA POSITION ON FUEL ANALYSIS

The proposed requirements for 40 CFR 51 generally allows
the use of fuel analysis as an option to continuous emission
monitorina.4 In addressing the public comments on the pro-
posed reguirements, EPA recogqnized an issue of more import-
ance than the fregquency of analysis necessary to determine
the sulfur content of the fuel. This issue involves the
determination (definition) of what constitutes excess
emission when fuel analysis is used as the method to det-

+

ermine source emissions.

The specific problem is that although the sulfur content
of a total load of coal (representing, consequently, a
relatively long averaging time) may be within acceptable
limits, the variability of the sulfur content within that
load (which would represent the emissions over a shorter
averaging period) might be such as to cause the emission
limit to be exceeded. Thus, there exists a strong concern
that fuel analysis might not be adequate to protect short-
term emission standards.

The initial EPA investigations into this issue indicated

"a relative specificity” on the subject.5 In recognition
of this, and in consideration of the fact that the same
problem would have to be faced in relation to enforcing
New Source Performance Standards, the Agency withheld
promulgating fuel analysis provisions. They did, however,
state that upon completion of a more thorough investigation
of the situation, the Agency would set forth its findings
and provide guidance to state and local control agencies

on this issue. However, in the interim, continuous emission

Federal Register, op. cit.

Federal Register, op. cit.



This model provides a mechanism by which short-term emissions
can be related to long-term emissions.

Although the major EPA objection t¢ fuel sampling, as
presénted in the preamble to the promulgated 40 CFR 51,

has been. resolved through TECO's intensive fuel analysis
program, it is proper to also discuss the relative merits
of using either fuel sampling or continuous emission mon- -
itoring to determine sulfur dioxide emissions. This dis-
cussion, which will address the basic requirements of any
emission monitoring system, demonstrates that fuel analysis
is an equally preferred method for determining sulfur di-
oxide emissions. '



REQUIREMENTS OF EMISSION MONITORING SYSTEMS

The basic reguirements of any emission monitoring system

are that it: 1) obtain a representative sample; 2) per-
form an accurate analysis; and 3) not be subject to frequent
malfunctions. It is important that these requirements are
met simultaneously in order to adequately characterize emis-.

"sions. For example, it is useless to have an accurate mon-

itoring system which analyzes a portion of an effluent stream
that is not representative of the total effluent, or is fre-
quently out of service for extended periods of time.

Representative Sample

In order to adequately characterize emissions over a spec-
ified averaging period, the sampling location must first be
able to provide an unbiased sample (non-stratified location)
and enough samples must be taken during the averaging period
to confidently estimate the emissions. Thus, representative-
ness can be broken into two components - location and number

of data points.

It is evident that a monitoring system which provides biased
samples is of little wvalue to sources or regulatory agencies.
On the other hand, if the sample location is representative,
but the number of data points is insufficient, then large |
uncertainties can exist as to what the emissions actually

were during the period.

The adequacy of a sampling location can be ensured for both
continuous emission monitoring systems and fuel sampling
systems. EPA's Performance Specifications for continuous
emission monitoring systems specify clearly the criteria
under which monitor locations must be evaluated. These
criteria ensure that the monitor location (and, hence, each
sample of effluent that the monitor subsequently analyzes)
is representative of the total emissions.
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The fuel sampling procedure specified in Reference Method 19
(ASTM D-2234, "Collection of a Gross Sample of Coal")also
contains requirements for ensuring that sampling procedures
are unbiased. These procedures are designed so that the
‘entire cross-section of a conveyor belt is sampled. This
prevents any sample bias that may be caused by coal péfticle
segregation (stratification) across a belt face.

The second essential element in characterizing emission
levels is the number of data points (samples) collected.
during an averaging period. Before addressing the
principles of this issue, it is important to understand

the data capture requirements set forth in relevant Federal
Regulations. The distinction between a "continuous” emission
monitoring system and the actual data capture requirements
must be understood. The performance criteria for contin-
uous monitors do not require that the monitors analyze and
report data continuously. In fact, the general monitoring
requirements set forth in both 40 CFR 51 and 40 CFR 60
require a continuous monitoring system to sample, analyze
and record only one (1) data point per fifteen (15) minutes
(96 per 24-hour period). '

The amount of data required by NSPS Subpart Da is even less.
Subpart Da requires that monitoring systems produce emission
data for a minimum of eighteen (18) hours in at least twenty-
two (22) out the thirty (30) successive boiler operating

days for which cmpliance with the emission limitation is to
be determined. Furthermore, only two (2) points pef hour
are required to calculate the one hour averages. These

data requirements imply that thirty-six (36) data points

are adequate to represent a 24-hour emission value -

(i.e 2 Points % 18 Hour _ 36 Points )
*T*’ Hour Day Day :

The actual performance required of instrumental continuous
emission monitoring systems at electric utility boilers,
therefore, is not to provide a continuous record of emissions,
but rather a discrete number of samples from the source
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"effluent. During the development of Subpart Da EPA determined

that two (2) data points per hour, as opposed to four .(4)
data points per hour required by 40 CFR 51 and previously
by 40 CFR 60, are sufficient to characterize emission levels.

The fuel sampling procedures set forth in Subpart Da also
require this collection and analysis of a discrete number
of samples. The minimum sampling requirements of the ASTM
procedure depend on the lot size to be sampled, and whether
or not the cocal has been mechanicallly cleaned.

The required number of samples is given by the following

relationship: :
N. = N \J Total Tons
2 1 1000 Tons

Where N, is the total number of samples;
Nl is 15 for mechanically cleaned coal
and 35 for raw (unwashed) coal

- To put the ASTM and continuous emission monitoring system

sample requirements in perspective, it is appropriate to
compare the minimum number of samples required by ASTM with
those required for continuous emission monitoring systems.

More specifically, the 24-hour average coal firing rate for
Gannon Units 5 and 6 is approximately 3000 and 5000 tons
respectively. Therefore, the minimum ASTM sample require-
ments for Units 5 and 6, based on usihg raw (unwashed) coal,
would be 61 and 78 respectively. The minimum number of samples
required by ASTM fuel analysis procedures to determine the emis-
sions over a 24-hour period are less than the 96 required by the
continuous monitoring requirements of 40 CFR 51 and 40 CFR 60.13
and are greater than the 36 required by the NSPS, Subpart Da.

The lack of continuous emission data from either continuous
emission monitoring systems or ASTM procedure may be discon-
certing. It is commonly, and correctly, believed that the
more samples that are taken, the better the estimate of the
average quantity will be. This can be restated by saying
that more samples will yield a more precise estimate of,

-8~




for example, the 24-hour average emissions. There is,
however, an upper limit to the amount of data necessary

to adequately determine emission levels over a specified
averaging period, above which improved representation is
insignificant. For example, if an emission limit is 2.00
lb/MMBtu, it is not necessary to have a precision of. . +.001
1lb/MMBtu.

A detailed statistical analysis of the ASTM and continuous
emission monitoring system minimum data capture requirements

was performed in order to determine their relative precisions.6

The results of this analysis, based on conservative estimates
the relevant statistical properties, are presented in Table 1.
Inspection of this Table reveals that, in absolute terms, the
40 CFR 51 and 40 CFR 60.13 requirements ‘result in the most
precise estimate of the average SO, emissions.

As a practical matter, however, the additional uncertainty
introduced by using fuel sampling as opposed to instrumental
stack monitoring is not very significant. For example, for
Unit 3, suppose the true 24-hour SO, emission rate was 2.0
lb/MMBtu. The uncertainty in this value resulting from
taking 96 data points over the 24-hour period is (2.0) (0.011)
0.02 lb/MMBtu and the uncertainty derived through ASTM samp-
ling is (2.0) (.040) = 0.08 lb/MMBtu. The difference between
the two values is only .06 lb/MMBtu.

of

"Variance Calculations for Conveyor Belt Sampling" for
Entropy Environmentalists, Inc. by C. H. Proctor, In-
stitute of Statistics, July 1980; and "Further Variance
Calculations for Belt Sampling"” for Entropy Environ-
mentalists, Inc., C. H. Proctor, North Carclina State
University, August 1980.



TABLE 1

COMPARISON COF THE DATA CAPTURE REQUIREMENTS FOR CONTINUOQUS

EMISSION MONITORING SYSTEMS AND ASTM SAMPLING PROCEDURES
ON THE UNCERTAINTY (95% CONFIDENCE INTERVAL), IN A 24-HOUR
AVERAGE SULFUR DIOXIDE EMISSION RATE

Data Capture 95% Confidence Interval as a

Requirements Percent of the Mean Value
Gannon S Gannon 6§

CEM - 96 * 1.1 1.1

CEM - 36 ** 1.9 2.0

ASTM *** 4.0 3.5

* 40 CFR 51 and 40 CFR 60.13
** NSPS 40 CFR 60, Subpart Da
**% ASTM D-2234
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Accurate Analysis

The second requirement of an emission monitoring system is
that the system must be able to accurately analyze the samples
obtained. The accuracy of the analysis depends largely on

two (2) factors: 1) the bias of the analytical procedure; and
2) the stability of the analytical method.

The accuracy of instrumental stack monitoring systems is
determined through a series of comparative wet-chemical
tests (Reference Method). These tests, called the Field
Tdst for Relative Accuracy, are intended to demonstrate

the degree to which a continuous emission monitoring system
is "capable of measuring emission levels within +20 percent

7 The accuracy of the

with a confidence level of 95 percent.
data reported by the continuous emission monitoring system

is also affected by the drift (stability) allowed in the
Performance Specifications.8 As an example of this potential
impact, consider the effect of the 2.0% span zero drift and
the 2.5% of span calibration drift allowed by the Performance
Specifications during a 24-hour period on the data reported
by an S0, analyzér having a full range span of 2000 ppm S0,.
The result of these allowed drifts is that the monitor,

when challenged with a zero SO; concentration would indicate
a concentration of 40 ppm and a concentratiord of 2090 ppm
when challenged with a 2000 ppm SOj concentration.® The
error at full span would be 4.5%. The error when responding

7 40 CFR 60.13 () (2) (ii).

40 CFR 60, Appendix B, Performance Specifications 2 and 3.
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to 1000 ppm and 500 ppm SO, concentrations would be 6.5%

and 10.5% respectively. It is clearly evident that the bias
introduced by the drift allowed in the Performance Specifications
can compound the 20% bias allowed by the Relative Accuracy
Specification. Furthermore, emissions in terms of 1lb S0, /MMBtu
are generally determined by an SO,/diluent continuous mon-
itoring system. Since both monitoring systems are allowed

to drift within certain ranges, it may be possible that the
biases introduced by the independent, diverging drifts could
be additive. Thus, the accuracy of the emission data reported
by an SOj3/diluent monitoring system may be further influenced
by the potentially additive effects of the biases allowed by
the Relative Accuracy and Drift Performance Specifications.

Fuel analysis, on the other hand, is fundamentally not sub-
ject to either bias or drift. The determination of the sul-
fur dioxide content of a coal sample (in terms of 1lb SOZ/MMBtu)
is performed using established ASTM procedures which are in
themselves unbiased.9 The use of fuel sampling and the assoc-
iated ASTM analysis procedures is, therefore, analagous to

the use of EPA established Reference Method tests, as opposed
to continuous emission monitors for determining sulfur dioxide
emissions. Furthermore, the ASTM procedures, which are stable
chemical techniques, are not subject to the potential elect-
ronic drift problems associated with continuous emission mon-

itoring systems.

Reliable Overation

The third major requirement of any emission monitoring system
is the ability of the system to function without excessive
loss of data from system malfunctions. It is in regard to

9 The EPA historically uses ASTM procedures whenever possible.

See, for example, 40 CFR 60, Subpart D, Subpart Da, Ref-
erence Method 19.
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this requirement that the greatest difference may exist bet-
ween the capabilities of fuel sampling or continuous mon-

itoring systems.

Continuous emission monitoring systems have had a notoriously
poor track record in terms of system up-time. This has been
well documented in a survey of existing continuous emission
monitoring systems.lo Some of the relevant results of this
survey are présented in the following tables (Tables 2 and
3). The data in Table 2 is based on survey respondents which
had system availability broken down into frequency and duration.
The data indicates that SO, monitors experience an average of
3 outages per month with an average duration of 47 hours per
ocutage. Diluent monitors (Oz or COz) experience aﬁ average
of 1.9 outages per month with an average duration of 33 hours
per outage. These outage figures translate into an average
monitor availability of 80% for SO2 monitors, 91% for diluent
monitors, and 73% for S0, diluent systems.

Table 3 represents the system availability computed using the
data from Table 2 (115 respondents for frequency and duration)
and the data from respondents who were only able to discuss
availability in terms of a percentage value. These data
indicate that S0, and diluent monitors experience an average
percent availability of 67% and 76% respectively, with SOZ/
diluent system availabilities of only 51% (assuming that the
monitor system failures are random and independent).

EPA has also recognized that continuous emission monitoring
systems are subject to poor availability. The continuous

10 "An Evaluation of the Continuous Monitoring Requirements

of the September 19, 1978 Subpart Da NSPS Proposal,
January, 1970". Prepared by Entropy Environmentalists, Inc.
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monitoring specifications set forth in the September 19, 1978
Subpart Da proposal required a 98.9% data capture rate (avail-
ability). After review of public comments on the availability
of continuous emission monitoring systems, the EPA significantly
relaxed the data capture requirements. The 24-hour data cap-
ture requirements were reduced from requiring data during 23

of the 24 hours to only 18 of the 24. This reduction was in-
tended to allow additional time for calibration and to correct
minor failures. The EPA 'is thus acknowledging that these

systems may require up to six hours per day for calibration and
minor repairs. The EPA also realized that long term outages
could also occur. In this regard they further reduced the data
capture requirements to allow up to 8 days of data to be lost
due to major malfunctions during 30 successive boiler operating

days. Thus, the EPA, in response to public comments has recog-
nized the significant limitations which have been seen with
attempts to "continuously” operate monitoring systems.

TECO, on the other hand, has experienced excellent reliability
in their fuel sampling procedures. During the intensive six-
week period during which the 3-hour average SO, emissions were
determined, only one data point out of a total of 331 (184

fdr Unit 5 and 147 for Unit 6) was not obtained. 1In addition,
TECO has used fuel sampling and analysis as the compliance
demonstration procedure for the weekly 502 emission limitation
since 1976. Communications with TECO personnel indicate that
TECO has not been made aware of any problems regarding the data
collected according to these procedures.

-14-



TABLE 2

TABULATION OF RESPONSES TO OCTOBER/NOVEMBER 1978
CONTINUQUS MONITORING SURVEY

TABLE 11

AVERAGE NUMBER AND DURATION
OF MONITOR OUTAGES/MQNTH

Average Number of Average Duration
Number of Outages Per Number of of Monitor Outages
Responses Month Per Monitor Responses (Hours Per Outage)

Opacity 46 6.0 32 42
S0, 30 3.0 30 47
NO,. 11 4.0 12 49
05 or CO, 28 1.9 37 ‘ 33
TOTAL 115 4.0 131 41

. (NOTE: The difference between the number of responses in the first
and third columms is due to the fact that some sources which

responded were only able to confidently provide data on
outage duration.)

Emnmvm ~e.
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TABLE 3

TABULATION OF RESPONSES TO OCTOBER/MNOVEMBER 1978
CONTINUOUS MONITORING SURVEY

TABLE 12

AVERAGE NUMBER AND DURATION
OF MONITOR OUTAGES/MONTH

Number of Average Percentage Availability
Responses of Individual Monitors
Opacity 117 74
50, 55 67
NO, 50 67
0, or CO, _85 _16
Total 307 72

(NOTE: The values presented in this table represent the total
of all combined responses listed in Table 11, in addition
to those directly responding in terms of percentage

availability.)

==
NVIRSOMNMENTALISTE, NC
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CONCLUSION

In conclusion, fuel sampling and analysis is a fully adequate
procedure for determining the sulfur dioxide emission at TECO's
Gannon Station. ©Not only does this procedure meet the basic
EPA requirements for emission monitoring as stated in the pre-
amble to the promulgation of 40 CFR 51, it also does not suifer
from the accuracy and reliability problems that continue to
pPlague continuous emission monitoring systems. Furthermore,
the intensive fuel sampling program conducted by TECO has
addressed the'EPA concern regarding the ability of fuel analysis
to adequately characterize short-term sulfur dioxide emission
rates.
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Variance Calculations for Conveysr 3elt Sampling
For Zntropy Envirommentalists, Inc. by C. H. Proctor,

titute of Statistics, July 1980

We ‘have been requested to furnish sampliﬁg variances for estimates of
sulfur content based on sampling frem- the conveyor belt. Our previbus work
nas been with samples from the gas_stréam ard there are a number of guestions
to answer in order to comvert cur information on variability a2nd auto-
correlations for the gas stream to covariarces for the conveyor velt. We
propose to use the same specificaticn of the process, namely first order
Markov with superposed variation, for both the.g;s-stream and the c«nveycr
belt. Although the mean appears to shift frem pile to pile or frem time to
time and so does the variance, these hetercgeneities may be taken into
account by using upper and lower limits in the parameter values 02 , ™and A,
while cantinuing to givé greatest credence to the central (estimated) wvalues.

The features of conveyor beit sampling, as it 5as been descffbed, aprear
to fit a mecdel of twe-stage systematic sampling. In one particular case scme
375 tons were moved ia 7CO secconds; every 2C seconds 2 sample of 2 lbs. was
taken frem acrcoss the moving stream. I am supposing that drawing the 2 1.
sample requires ome seccnd, but scme other duraticn may te acre rezlistic.

I also suppose tha% the 2 1%. sazple is Dicked up in teaths (i.e. 0.2 1. in

-3 -

eaca) and again other values of this "rifling factor” can be used i toey
would seem $9 ve nore realistie.

In this exampls the elementary cluster, ZC, is taxen ts e the 0.2 lb.
unit and we suppcose that all 275 x 2C00 x 5 = 3,750,000 2C are lined in 2 rcw

They are separatad into 35 "zones” sach requiring 20 seconds te Dass an

in cnme secondé wiaich aumber 5,357. Frem thess 7CO 2C's 35 are drawn 2
\



a systematic sample\ and from each PC a sub-systematic sample of 10 3C's is
then selectad. .
The sample des igﬁ. Jaremeters will be defined as follows:
N = No. of EC's in the populaticn.
a = No. of EC ia each EC.
.= No. of FC's drawn into first stage systematic saméle-
k= Gap, in C's, for first stage sample, & = N/(hnl)
o= .No. of 3C's in second stage systematic sample.

ky= Gap ia EC's, for second stage sauple, ik, = 'n./n.2 .

The first stage systematic sample is drawn by selecting at random a
starting IC as one from the ny in the first zome and then usiang that same

vosition for selecting the PC in all k. zomes. The second stage sample is

drawn by selecting at random one of the first n, EC's in the filrst selscted

2
PC and then taking avery k,th EC afterwards and doing the same (but not

rerandcmizing the siart) in the remaining selected C's. Sample size is thus
fro pooulation © i X = } .

a,o, from 2 popula £ size X nlslnzs.z
The process axpectad variznce of a sample average {rca such a sample

design is:

g sy8) = | (D)l ) + 2(0m (- my e,
* + 1 -a.*1 . +2

Toes” T+ agllag-tley T - (3y*lley” - 2(zymy-lla,

2. . 2 2
* 2ayapy 1+ 0% (agrliag ~mng) < 2, ]

'
- -

+L n g+l -nrl
nl 2 :

+ .03 Eaz + .02 - 29_2}},{31_(1‘:3)&2(1-02)]2_

e 4
o mEert ]
- L(man -l - e e T T e )P
h ( - -)/nlng »
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The situations in which the wvariance expressiocn may te used sesm %2 de
characterized by the values of scme ten Parameters and so a program was written
in PROC MATRIX to convert these specifications into sampling varianmces. The

varameters are as follows:

= Drocess mean (= MU)
@ = process standard deviation ( = SIG)

1- vrovortion superposed variation (= 1 -PI)

3
(]

A, = correlogran parameter at ome-second (=IMS)
A = toms of ccal bu 1ed in 3 aocurs (= TPH)
T

= time in seccnds to ereate pile (= LDTM)

no. of probe samples (= N1)

@ P
'}

= lbs. of coal in each prove sample (= SFS)

no. of sub-systematic samples (rifles) in each probe sample (=N2)

N o

duration in seconds of taking a probe sample (=DUR)

' The calculations are designed first %o create a sampling freme as a Llist
o cecnsecutive elementary clusters, EC's, and <hea apply thke wvariance formula
to i%. Tor examrle, the size of an EC in lbs. of coal is S/:.'.2 and tze pumber
of 3C's on the frame is thus ¥ = 2C00 A :12/8 . The size of an IT in seccnds is
T/, while the mumber of IC's that Tass cn the conveyor in ome ssccnd is /T .
Thus the correlogram parametar for the ZC precess is A = ),1 T/N, while the

aurber of EC's £rom which each probe sample is drawm is a = & N/T .

[{]
[N

—
oy =4

From the data taken every 15 seconds during burming and publiiso
————r
Wwe pnad found X., as scmewhat la2ss than .00l but, as usual, some ugrer and lower
e
limits may also te used. Ia the Dresert applicaticn we 2lso ased to 2cavers,

-~

N .
A, frcm burning time units to loading time units. I loading rata is Zive Zimas



as fast as turning rate then kl = .005 .
Although the parameter u f{s around 2 parts per million BTU the process

variance is not so well mown. Such variables have been found to nave

coefficients of variation around 10% and perhaps this ome will te no larger

than 20%. Thus we may use ¢ = .2 x 2 = .4 .

%

The basic program output is the quantity Jrcm the formula fo:.c' =

Vas-ss )5
called EV. The product of the square root of EV and the population coefficient
of variation gives the sampling coefficient of variation, called SAMCV in the
Srogram. In the Dpresent applications-there is an assigned total amount of
coal and thus one can coﬁ§ider estimating an approximate total weight of
sulfur. A rough standard error of this estimate is also given and called
SAMSIG. A copy of the program and its oubtput is attached.

The quantities that are herein called "sampling errors” or "sampliﬁg
standard deviations" are actually process expected guantities and it might
ve wise to review that definition. When <ne has collected his sample and Pound
the astimate there exists a deviation quantity which equals the estimate minus
the true -ralue. Since we very seldom mow %Lhe true value we seldcm now thae

’

deviations, but the quantities are well defined and quite concrete. Wonen

squared deviations are averaged over all Sossible samples from the same lot

of coal we 2ave the sampling variance. When sampling variances are averaged
over all vossible lots of cocal we have the process expected sampling variance.

It is the square reot of this that we aave been calling "sampling error.”
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- Further Variance Calculaticns for 3elt Sampling
For Zntropy Envirommentalists, Inc.,

C. . Proctor, JCSU, August, 1580

In an earlier report, "Variance Calculations for Ccaveyor Bel:t Samplizg,"”
4r furnished a veriance formula and a ccmputer program that served to adapt oar
rasults 2or the continuous monitoring data té the coaveycr belt case. The
formula seems capable of even IJurther extension while the computer program
stands in need of scme correcticns. I the present re?ort we give the extensians,
and correctiocms, aad will alsc discuss more fully how our time series style of
approacih can be used in the conveyor belt situation.

We must confess that only recently nave we studied in detail scme report

(2]

sn American theory and experiences wisth tulk sampling of coal, L"Symposium o
Bulkx Sempliag,” (ASTM 114), "Symposiums on Coal Sampling,” (ASTM 162) ard a

1358 "Symposium cn Bulx Sampling” (AS™ 2u2)]. We realize that cur choicé 2
the time seriss approach’wa; largely a aisstorical accident sinece the data 2roz
'EPA were Dresented to us as a seguence of cbservaticns in time and %he fi:sé
references we consulted (Jowett and Cochran) used the time series acproaca. The.
variance ccapcnent viewpoinf is actually more familiar to us statistiecally and
if we nad first ssen the papers by Berthdlf we nay have adoptad it. The sgace
series or stream mcdel is certainly more realistic and I bvelieve we nave sicwz
it is practical as well.

In ccavertizg ocur measure of correlation, A, frcm data in time {o data in

tulk it became necessary to adopt a standard rate of 2low which will be taken

2S ome %*om Der pinutae. In our preliminary report, "Process Csvariance Parazeter
[ . e
Tstimation,” values of 20 kl were Taund to be arcund 0.02 . Rougaly sJeaiing,

shsarvations on a time slice wnhea separated by 19 =miautes (or ty 30 slsmeasary



2

pericds, EP's) would be correlated to an extent e-.OZ = .98. trictly

speaking such observaticns are taken to be free of measurement error and of
short termm fluctuations. Taking into account short term fluctuations and using

2, 1e32089.

the estimateé = .9 with 30 ;? = 3 gives a correlation of .Ge °

Standardizing the value il = .02, which is for a 15 ainute interval, to
a one minute interval leads to )S:L = .02/15 = .00133 . At present we are not
sure at what rate of flow the coal was being burned when E-P'A’s data were
collected. We will.suppose that it #as one ton per mipute and thus will leave
ASJ. = .00133 . The units for 331 may be called "nixings per ton-mimute." That
is, when material is mixed so as to make it locally more hetercgeneous this
decreases correlation or raises the walue of A . Actually nixing may te doi:
by blending, washing, crusking by natural difusiomn of particles, or mar— other
means while "anti-mixing," such as segregation on the belt, may also take Dlace.

T.he standard estimated value for Xz, which appeared as (30)12 = 3, bhecames
ASZ = 0.L. A difficzﬂty"arises in the conversion of the estimate of ®. We
hawve noticed in cther reports that by changing the size of the elemeatary eriod
this changes. . Roughly speaking, the long.er the elementary jericd the smaller
becomes T, since ' reflects the provortion of longer term variation ard aver'aging
over a longer elementary periocd cancells ocut short term variaticm.

If one could locate those molecules respoasible f£or a snapshot readizg back
on the conveyor belt their positions may appvear to he normally distributed aleong )
a stretch-of the belt, although I am only moderately sure about such a "reverse-
diffusion” process. Averaging squared interpoint distances gives 26‘2 where G2 is
the variance of the normal di;tri‘butian. If the distribution had been rectangular
then its range would be /12 ¢ = h say and ome could use his iknowledge of weight

of cocal per distance unit to find the weight of an increment corresponding to 2

snapshot. Roughly speaking, we need to mow the variance of the effect of a



sinéle particle of cocal. I suspeqct there is lmowledge of the t{ime reguired to
pass frcu conveyor belt to stack and what we need to imow is the va:iince of
those times or the "rate of diffusion.”

If one identifies the variance componeat for "tread" in the coal sampling
literature with longer term fluctuations in our time series model and the
camponent for "increment” with shorter term fluctuations, thea the proportion
of trend variance can be eguated to 7w . Such values for 7 were found to range
fram % (Cabin Creek) tarough 15% (Emas) to 25% (East River). However, these
are for percentagze of ash whereas our interest is in sulfur, actually parts of
sulfur Der Btu. Thus we will leave ocpen to further data tné setting of the
value of m , but suspect it may be scmewhere between m = .6 and = .1.

The three sets of data Just mentionmed (Cabin Creek, Enos ﬁnd East River)
also permitted us %0 examine the shape of correlogram for bulk sampling of coal |
and the.evidence for the value of xl was reasonably consistent with what had
already been estimated. Por the Cabin Creek Qata the shape was cloge to the
exponential and frcamw a value of the first séﬁial correlation of r; = .67 w; £ind
i = .0k . The spacing appeared to be at 3 hours between anreménts and close to
one ton a minute so that Mg = .04/180 = .002 . The Enos data alsc showed the
clean exponential shape but the East River data produced a mixed shape. The
fact that something over half of data sets yisld clean expcnential shaped
correlograms with a zixed appearance of the others, is similar to our experiences
with the continucus meniter data.

After having exemined the writiten accounts of factors affecting level of
ash and Raving begun to glimpse something of the complexities of ecal handling
and of the paysical nature of coal, the earlier decision to use a mixture of

exponentials as correlogram shape continues to hold appeal, It was chosen on



the basis of appearance of the empirical correlograms- dacked by Joweti's

cbservations . Appearancss continue %o favor it but in  perhaps a scmewhat

-modified way. That is, no particular stochastic process model of moderate

simplicity can possibly f£it all the great variety in patterns of interpoint
correlation found in coal streams. If Just natursl process such as affact
variation frem the mine face were present there may be scmé chance for a simple
nodel, but the intervention of b.andling guided by seemingly limitless technical
ariteria def=at simplicity. About the only common ground seems to be positive
autacorrelations at certain scales of separatio.n in the streanx.
Having thus reaffirmed our telief in the usefulness as well as in the

itations 2f our process specification we can now proceed to extend the forn-
ula angd -correct the ccmputer vrograms. Recall that the Zormula of rage 2
separated into a rather lengthy multiple of * and another simple multiple, namely
(:.laz)'l, of (L-m). Th;s result is aporopriate for a process specified by

and where short term variation is error variance. Alternatively,

correlogram me”
the aultiple of (1 -r) would b? [(nlnz)-L - (nlnzklké)-l] where <he short tem
variation is superposed variation due to the lump to lump variability in sulfur
level.

If the complicated ccefficient 2f m be denoted E'.Vl vlmen. calculated wi%

! _ N

and be denoted =V, when g = e then the extended formula beccmes:

e 2

-2 - - -
“(Ves-s*:s) = Evlﬂ + E'Vz(l n) .

Notice that when ).32 is very large (i.e. short term mixing is virtually complste)
then

2 BT, _yg) = BT+ [(nlnz)‘l - (22 ) 10 )

as just meationed.



Apncther difficulty with the program appears to be rounding errcr. Wnen
the smapshot or lacrement sizes beccme very small then negative values of zvl
turned up. We checked the formula by rederiving it and also found its firss
derivative with respect to A\ %o prove that as )\ moves even a little way from

Zero the variance will be positive. This derivative is:

BT - g1 + gl 1y

Since a.ll-design Darametars are pdsitive integers the derivative is nocnmegative.
We have used the value of the derivative to approximate the value for IV whenesver
1t appear. to go negative but this sclution is only temporary. The program will
need t~ be rewritten in a more precise language than SAS, FROC MATRIX.

The corrected computer program is included as an Appendix but it will helD
to reexpress the design parameters in both the language of tulk sampling and
of continnsous mcnitoring. In bulk sampling we will usually take cpme lb. as
"elementary cluster" whick is actually smaller than is realistic and would have
to be formed similar td tissue sections - ‘Ey freezing and slicing. The so called
incrémen’cs actually cbtained by stopping the belt dropping a frame and scraping
of the material between plates are not exactly sums of elementary clusters but
suffer from boundary effects. - Such effects have been rather throughly studied
and beccme. ingignificant only for relatively larz= increments such as 50 lbs.

The actual aethed cof sampling being investigated at Tampa is a mechanical
collecticn device %that trav;rses across the bulk stream and picks up a 2 1b
"arcte sample.” Such a device may be represented by the subsampling of an
increment. That is, the amount of ccal passing 2s the collector ®Begins until
it completes its traverse is the total éa:nple increment wnile the 2 lbs is a
systematic subsampla drawn of more or lass two slementary clusters. The numter

9f subsamples may te adjusted by changipg the definiticn of slamentary clustasr



O\

amd can be used to reflect uncontrolled toundary effects of the collector.
Bias created by the collsctors bcundary effects must be handled ajart.

The design parameter that represents the size of increment is d'enoted 1
which is expressed in numbers of EC's . If w be set equal to the weight of
cpe EC then W = bw is the weight of an increment. The value of a, equals the
number of subsampled EC's and fthus a,w is the weight of the prove sample. The
second stage sampling gap is n/n2 = k2 . Qther aspects of ‘the desi;g.n are
2, = the guzmber of increments and X, - Bl’/‘zm._L the first stage sampling gap,
where ¥ is the total aumber of EC's in the population being sampled. A minimal
set of sampling design parameters are N, a, , h-and o, -

There is in fact an additional design parameter, called 3, .the number of

l=boratory pulps analyzed. The full variance Zorzuls beccmes:

Ve E(Vy o) ¥ T/p
_ ra

where cia is the so celled variance of reduction and analysis. If one could
find a cost function in terms of scme <235t pa.rametgrs and having N., 2, , 3 n2
and 2 as arguments that gives the experse of collecting, analyzing and ccaputiog
the estimate then it should be relatively straight forward to find cp’cimu:.ﬁ
sizes for 3, ‘aa.ndnz ..

The appesrance of our "time-series” variance expression is certainly more

ccaplex than the one arising from the components of variance approach. That

one is: 2

2
g. *t o /w
= = l/ r e .

%= N ra’ =

With the computer program, acwever, the formula for V beccmes guite usable. Its

realizm is of course, dependeat on the aptness of choice ¢ Irocess parametars:

LB

2
¢ and w ag well as A\, , XZ and w . Perhaps its greatest applications sre 2

.—J

deciding con sample sizes and levels of accuracy in casss ¢ repeated applicaticns

with relatively ccnsiant recurring cenditions.



In the case of a single, possibly unique, finite population ar lot of coal, .
for which one requires not only an estimate but a self contained estimate of
survey errdr one would be well advised to design the sample in interpenetrating
subsamples. That is, instead of drawin.g,' for. example, a probe sample every 20
3econds for 700 seconds, one would select at randam five start times in %he:
first 100 seconds ard successively add 100 to each of the five times until one
nad designated 35 times for mak:x.ng collections. The coal from each of the S
start times would be kept separate and five determinations made, one for each
series of seven collecticn times. The average of the five determinations
constitutes the overall estimate (barring the appearance of an outlier) and
their variabilify may be used to eétima.té sampling error.

During repeated use of 2 sampling plan based on the variance foraula it ‘
would be useful from time to time £o analyze separate increments drawn in a
vattern auch like that of a two-stage systematic sample and then calculate serial
eorrelatiocn cocefficients for the short range and longer :a.bge gaps available.
These would help to verify or to correct the values of )‘l , Xz and also 62

being used.

While attempting ‘o provide a single program for variaance calculation Zer
both continuous momnitecring and bulk sampliﬁg one beccmes more aware Of the
possibilities and difficulties in ecmparing the methods. For example bota the
eollector and the lizht heam scan some rather vaguely defined portion of the
stresm. Only when the stream is sectioned can one be relatively sure 9f reducing

boundary tias and then cnly for quite large sections.
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‘ SULFUR DIOXIDE IMPACT ANALYSIS OF
‘fr;:‘,‘f TECO GANNON UNITS l-4 RECONVERSION TO COAL:
EXISTI‘NG_i STACK CONFIGURATION

EXHIBIT X1

ESE Report - Sulfur Dioxide Impact
Analysis of TECO Gannon Unit 1-4
Reconversion to Coal: Existing
Stack Configuration




TECO/GANNON. 1 /GANRECES. 1
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SULFUR DIOXIDE IMPACT ANALYSIS OF
TECO GANNON UNITS l-4 RECONVERSION TO COAL:
EXISTING STACK CONFIGURATIONS

INTRODUCTION
Tampa Electric Company (TECQO) of Tampa, Florida, has received a draft

prohibition order under the Fuel Use Act and is proposing to convert the
affected units (Gannoa | through 4) to low sulfur coal. Currently there
exisi af Gannon six steam electric generating units with a total
generating capacity of 1,270 megawatts. Units 1 through & currently
burn fuel oil, while Units 5 and 6 burn coal. All units at Gannon arxe
equipped with individual stacks. Unit &4 is serviced by two identical
stacks.

Before a reconversion to coal can take place, it must be demonstrated
that ambient air quality standards (AAQS) will aot be violated as a
result of the reconversion. TECO contracted Enéi:onmental Science and
Engineering, Inc. (ES%) of Gainesville, Florida, to conduct a sulfur
dioxide (SO09) impact analysis of all six units at Gannon burning coal.
This study addresses compliance with Florida AAQS based upon the
existing stack configuration. For the Gannon'station, the State of
Florida AAQS are the most stringent applicable standards for S05.

The AAQS are: 60 ug/m3, annual arithmetic mean; 260 ug/m3, 24-hour
average; 1,300 ug/m3, 3-hour average (24-hour and 3=hour levels not

to be exceeded more than once per year).

This report presents the data bases, methodology, and results of the
dispersion modeling study. All input data are described, and all

computer model results are in the appendix.
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EMISSIONS INVENTORY

Emissions inventory data for the Gannom station were supplied by TECO.
Stack parameters provided included stack height, flow rate, stack exit
velocity, stack exit temperature, and stack diameter. Flow rate, stack
exit velocity, and temperature were provided by TECO for 100-, 75-, and
50-percent load cases based upoa actual (as opposed to design) operating
data for the six units using coal. Heat input values for each unit were
also provided by TECO. The evaluation was conducted based upon the
existing stack configuration at Gannon; stack parameters used in the

modeling evaluation are presentad in Table Il.

At TECO's direction, the S09 emission rate used in the dispersion
modeling study for all units at Gannon was 2.4 lb 502/106 Btu heat input.

Units 5 and 6 are currently limited to this emission rate.

Sources of S0 considered in the analysis in additiom to Gannon
included all significant sbﬁrces within about 15 kilometers (km) of
Gannon (Figure 1). These included TECO Hookers Point and Gardinier, the
two largest eﬁitting sources nearby. 1In addition, the TECO Big Bend and
Florida Power & Light Manatee power plants were included. Stack
parameters and SO, emission rates for these other sources were

obtained from data om-hand at ESE and/or from Air Pollutant Inventory

System (APIS) state emission inventory files.

METEOROLOGICAL DATA

Meteorological data used in the dispersion modeling analysis consisted

of a 5-year hourly data record from Tampa International Airport (1970 to
1974). Hourly wind direction, wind speed, temperature, and atmospheric
stability wera developed from these data with the CRSTER meteorological
preprocessor program, This program uses EPA's wind direction randomiza-
tion scheme. Upper air data were also from Tampa for the same period
and included the corrections for mixing height data from the National

Climatic Center's program.



.Gull Coast Lsad

. e Municipsl Incinarator

/]
m# TECO Hookers Pt.
General Portland® Suiphur Term.

\\21 }J .Chlo:;mhh

.l °
T }\mc Phos.

MILES
[

KILOMETERS

. . LOCATIONS OF SIGNIFICANT SULFUR DIOXIDE
SOURCES IN THE VICINITY OF TECO GANNON.

SQURCE: ENVIRONMENTAL SCIENCE AND ENGINEERING, INC., 1980




TECO/GANNON. 1 /GANRECES. 3
8/15/80

DISPERSION MODELING METHODOLOGY

Past dispersion modeling studies conductad by ESE have shown that the
short-tarm averaging times (24 hours or less) are generally critical for
determining compliance with AAQS. As a result, annual average impacts

were not evaluated in this study.

The EPA-developed Single Source (CRSTER) model was used to identify
meteorological conditions associated with Gannon's highest, second-
highest predicted impacts for 24-hour and 3-hour averaging times
(critical meteorology). Three load scenario cases were evaluated with
the CRSTER: all six Gannon units at 100-percent, 75-percent, and |

50-percent load.

Multiple CRSTER model executions were performed to evaluate downwind
distances ranging from 1.0 to 3.8 km with a 0.2-km receptor spacing.
When necessary, additional !CRSTER models were executed to evaluate
ireceptor distances of less‘tﬁan 1.0 km (if previous executions indicated
a maximum impact value might occur less than 1.0 km downwind). The

CRSTER was executed in the rural dispersion mode.

ESE's CRSTER model has been modified to process a 5-year meteorological
data base. Highest and second-highest short-term (24-hour and 3-hour)
summary tables are output by the model for each year, and a composite
summary table is provided at the end of each model execution. The
critical meteorology, which resulted in highest, second-highest
ground-level impacts for each scenario, can readily be identified by

examining these tables.

After the critical meteorology for each load case scenario was identi-
fied, the EPA short-term PTMTPW model was used to further refine high-
est, second-highest concentrations. The PTMTPW model accepts spatially
distributed sources, either designated receptors or a receptor grid, and
up to 24 hours of meteorology. all SOy sources described previously

under the EMISSIONS INVENTORY section of this report were entered into
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the PTMTPW model, along with the critical meteorology and appropriatealy
placed 1.0-km by l.0-km grids with a 0.l-km receptor spacing. In this
manner, the highest, second-highest Gannon concentrations were refined

with the inclusion of other S07 sources in the vicinity of Gannon.

Based upon the results of the dispersion modeling study, emission limits
were identified. for the Gannon station in order to meet the applicable

AAQS.

RESULTS :

Table 2 presénts a tabulation of the critical meteorological periods
identified for the Gannon station. These critical meteorological
periods were used in the PTMTPW refined modeling amalysis. For several
scenarios, more than one period of critical meteorology was evaluated,
since the CRSTER results identified similar highest, second-highest
impact concentrations for these periods. In addition, for certain
scenarios, critical meteorological periods switched from highest to
second-highest impact conéentrations. Multiple PTMTPW executions were
then neceséary to correctly identify the highest, second-highest
concentration. In cases where multiple PTMTPW models were executed for
a single scenario, the meteorological period resulting in the highest,
second-highest concentration was determined. These periods are iden-
tified with a dagger (t) in Table 2. These concentratioms are also

identified in the PTMTPW computer model printouts in the appendix.

Table 3 presents a summary of the highest, second-highest predicted
24-hour and 3-hour SO, concentrations for Ganmon at 2.4 1lb 802/106 Btu
after reconversion to coal. The contributions from each Gannon unit to
the total are shown, as well as the total contribution from all other

S07 sources included in the evaluation.

The total summed concentrations can be compared to the Florida AAQOS of

260 ug/m3 (24-hour averaging time) and 1,300 ug/m3 (3-hour averaging
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time). As shown, only the highest, second-highest 24~hour impact at
100-percent load, 265 ug/m3, exceeds any of the AAQS. Of chis

total, 17 ug/m3 is due to other nearby sources, based upon

countinuous 24-hour operation of all sources. As load is decreased
uniformly for all Gannon units, maximum impacc'concencrations also
decrease for both the 24-hour and 3-hour averaging times. This result
indicates that the decrease in plume rise for the units does not totally
account for the decrease in emissions when reducing load, i.e., maximum

concentrations are more dependent upon emissions than plume rise.

Comparison of the prediccad background SOj concentrations shows that

the 24-hour backgrouad concentrations are higher than the 3-hour back-
ground concentrations. This result arises from the relation of the par-
ticular wind directions and stabilities causing the maxima to the
locatious of other S0; sources. For 24-hour periods, winds are
generally more variable than for 3-hour periods, and stabilities are
generally neutral. Such meteorology increases the potential impacts
from an array of distributed sources. In comparisom, 3-hour critical
metaorology generally consists of unstable (A stability) conditions and,
at most, three different wind directions. Unstable conditions teand to

cause maximum impacts close to the source.,

Table 4 presents the calculated maximum SO, emissions for the Gannon
station to meet the applicable Florida AAQS, based upon the existing
stack configuration. The emission rate values are based on all Gannon
units emitting at identical emission rates and on the background SO7
values shown in Table 3. As shown, only the l00-perceant load case
results in an emission limitation of less tham 2.4 1b/106 Bru, with

the 24-hour averaging time being most stringent for the Gamnon statiom.

Because the CRSTER model is a single source {plant) model, interactions
with other nearby sources of S0g were not directly evaluated with

the 5-year meteorological data base. However, it was assumed that the
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Gannon station would dominate local maximum impact concentrations.

This assumption has been substantiated by past dispersion modeling
studies of Gannon (Prevention of Significant Deteioration Analysis, TECO
Gannon Units 1 through 4, Envirommental Science and Engineering, Inc.,
February 1980) and can be supported by examination of the emission
inventory, which shows the Gannon statiom to be the largest SO2

source in the vicinity. TECO Hookers Point, located about &4 km from
Gannon, has similar stack heights to Gannon, but its emissions are on
the order of 10 times less than Gannon. TECO Big Bend, including the
proposed Big Bend 4 Unit, is the largest source of emissions in Tampa,

but 1s located about 12 km south of Gannon.

Copies of all computer model outputs supporting this impact analysis,
including both CRSTER and PTMTPW model results, are included in the

appendix.
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Table 1. Stack Parameters and SO Emission Rates Utilized in the Garmon Coal Recomversion Impact

Analysis
\
S0y Emission
Heat Input- Rate at Stack Stack Exit , ’
Load Rate 2.4 1b/106 Btu Height Diameter Temperatwe Flow Rate  Velocity
Unit (3) (106 Btu/mr) (g/sec) (m) (m) (°R) (1000 acfm) (m/s)
1 100 1257.0 380.1 438 . 500 32.4
75 9%2.8 285.1 93.3 3.05 425 383 26.8
50 628.5 190.1 ' 411 252 16.3
2 100 1257.0 380.1 438 500 32.4
75 9%2.8 285.1 3.3 3.05 - 425 383 24.8
50 628.5 190.1 411 252 16.3
3 100 1599.0 483.5 427 615 35.4
75 1199.3 362.7 9.3 3.3 420 469 27.0
50 799.5 241.8 410 342 19.7
4 100 1876.0 567.3 443% 700 24.6%
75 1407.0 425.5 93.3% 2.93* 433+ 520 18.2*
50 938.0 263.7 4i7* 353 12.4%
5 100 2284.0 690.7 416 681 20.7
75 1713.0 518.0 3.3 4,45 410 552 16.8
50 1142.0 345.3 407 440 13.4
6 100 3798.0 - 1148.5 439 1120 3.8
75 2848.5 81.2 93.3 5.36 423 873 18.2
50 1899.0 574.3 407 637 13.3

* Two identical stacks service Unit 4. The parameters shown are for each stack.

Source: Tampa Electric Campany, 1980.
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Table 2. Critical Meteorological Periods Identified for the Gannon Coal
Reconversion Impact Analysis

Radial Downwind.
Day/Year Direction Distance
Scenario (Period)* (degrees) (m)
24-Hour Averaging Time
All units at 100 percent load 194/71¢ 90 2.2
284/74 240 2.8
286/74 240 2.8
All units at 75 percent load 284/74 T 240 2.6
286/74t 240 2.6
All units at 50 percent load 284/741t . 240 2.2
286/74 240 2.2
3-Hour Averaging Time
All units at 100 percent load 178/71(4)t 90 1.8
194/71(4) 90 1.8
220/71(5) 9 1.8
All units at 75 percent load 178/71(4)t .90 2.0
All units at 50 percent load 178/71(4)¢ 30 1.8
220/71(5) 90 1.8

* Period eaquals one of the 3~hour periods of the day, beginning at midnight
(Period 1) and ending at midnight (Period 8). ’

t Critical meteorology for indicated scenario.

Source: Envirommental Science and Engineering, Inc., 1980.
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Table 3. Highest, Second-Highest Predicted SO, Concentrations, TECO
Gannon Coal Reconversion Study=-All Gannon Units at
2.4 1bs/106 Btu

Highest, Second-Highest
Concentration (ug/
Scenario 24~9our J=Hour

7 Stacks at 100 Percent Load

Unic 1 29 141

Unit 2 29 142
Unit 3 35 163
Unit 4a 24 128
4b 24 » 128
Unit 5 49 226
Uanit 6 58 188
Subtotal 14 1,117
Backgrouad 17 5
TOTAL 765 T, 122
7 Stacks at 75 Percent Load
Unit 1! 22 114
Unit 2 28 133
Unit 3 32 153
Unit 4a 24 119
4% 24 119
Unit 5 43 204
Uait 6 49 197
Subtotal 727 ,
Background 15 6
TOTAL 736 1,055
7 Stacks at 50 Percent Load
Uait 1 27 114
Unit 2 27 115
Unit 3 29 ’ 126
Unit 4a 24 99
4b 25 99
Unit S 36 153
Unit 6 42 182
Subtotal Z09 k11
Background 12 8
TOTAL 27T Bo6

NOTE: Sums may not equal total due to round-off error.

Source: Envirommental Science and Engineering, Inc., 1980.
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Table 4. Maximum SO, Emissions to Meet Ambient Air Quality,Standards*,
TECO Gannon Station Coal Reconversion
24~Hour Emission Rate 3-Hour Emission Rate
Scenario (1b/10% Btu) (1b/10% Btu)
7 stacks at 100 percent 2.35 2.78
7 stacks at 75 percent 2.65 2.99
7 stacks at 50 percent 2.85 ‘ 3.49
* 3~Hour Florida A40S is 1,300 ug/m3; 24-hour Florida AAQS is 260 ug/ms.
Source: Eavirommental Science and Engineering, Inc., 1980.
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All Gannon Units At 2.4 1b/106 Btu
100 Percent Load



© INTRODUCTION

Tampa Electric Company (TECO) is considering the conversion
of its Gannon Station Unit L - 4 to low sulfur coal of the
type presently utilized in Gannon Unit 6. Eatropy Environ-
mentalists, Inc. was requested by TECO to gerform a statisti-
cal analysis of both the long andrshort term sulfur dioxide
emissions.

The emissions data supplied to Entropy consisted of weekly
emission data submitted to the Florida Department of Environ-
mental Regulation (DER) and data obtained during a six-week
period in which 3-hour sulfur dioxide emission data was taksan.
The 3-nour data was collected in order to determine the rela-
tionships between short-term and long-term SO emission rates.

These data ars summarized in Tables 1 and 2.



Tampa Zlectric Company is

REQUIREMENTS

oroposing a ccmpliance plan

to provide assurance that long-term (based on current allow-

anle weekly) and short-term (based on 24-hour and 3-hour

dispersion modeling) emission limitations will not be exceeded.

The

are

II.

requirements to statistically support this compliance plan

as follows:

Long-term

To detsrmine the probability of a weekly emission value

exceeding 2.4 lbs. per million BTU.

Short-term

A.

Twenty-four Hour

To determine, for both the observed weekly mean of 1.86
1lbs. pef million BTU and the maximum allowable weekly
mean of 2.4 lbs. per million 3TU, the cofrespcndin¢
upper limit of 24-hour average emission values.
Three-Hour

To determine, £or the allowable 24-hour emission wvalues
(as determined by dispersion modeling, see page iii of
this report), the vrobability of the 3-hour =missicn
value exceeding the correséonding allowable 3-houx
emission limit (also determined by diSQersion moéeling,

see page iii of this report).

ii



—

mn ld - l“ﬂ : IJ lnn-" : IJ — | - | ..—...j

TECO/GANNON. L /GAN/VT34 . 1

3/12/80
Table 4. Maximum SO, Zmissions CoO Meec aAmbient Air Qualicy Standardsw,
TECO Gaancn Statian Coal Reconversion
24-Hour Imission Race 3-Hour fmigsion Race-
Scenario {(1b/10Q° 3cu) (15/10° 3cu)

7 3tacks ac 100 percent 2.35 2.78
7 stacks at 75 parcent 2.85 2.99 .
7 stacks ac 5Q percenc 2.85 3.49
* 3=Four Fl. rida A40S is 1,300 ug/md; 24-hour Florida aaQS is 290 ug/=S.
Sourca: “nvizommental Sciance and Zagineering, Ine., 1980,



SUMMARY

The results of the statistical analyses are presented in
Table 3 - 5;_ These Tables were constructed after first
detarmining the statistical propertias of the sulfur dioxide
emission data. (See .Appendix for a detailad discussion of

the statistical procedures used.)

Table 3 shows the probability of a 7-day average SQ; emission
value exceeding a given level. This Table shows that the
current SO; emission limit of 2.40 lb/MMBTU has a probability

of being exceeded by 0.001 or 0.1% of the time.

Table 4 shows a reasoﬁable upper limit ¢f 3-hour or 24-hour
average SOZ gmissions that corraesponds to two specified weekly
S0, averages. This Table shows that if the weekly mean is
2.40 lb_SOz/MMBIU, then there is only a 5% chance that 3-hour
emission rate of 2.61 lb SOo/MMBTU or a 24-hour SOz.emission

rate of 2.538 lb SQ07/MMBTU will be exceeded.

Table 5 shows the probability of certain critiecal 3-hour
average emission values being exceeded given a specifisd 24-
hour average emiésion rate. For example, if the 24-hour
average emission rate is 2.35 1lb SOZ/MMBTU, then a 2.78 1b
SOZ/MMBTU l-hour average has only a 0.0006 probability or

.06% chance of being exceeded.

-



TABLE 1

WEZKLY §0, EMISSICN RATES FOR GANNON UNIT 6 FOR THE PERIOD
JANUARY 1 - JULY 31, 1980

Week S0, Lb/MMBtu Week S0, Lb/MMBtu
1 1.79 16 1.95
2 1.65 17 2.12
3 1.60 18 2.05
4 1.54 19 o 1.77
5 1.68 20 1.69
6 - , 21 1.73
7 1.55 22 ' ' 1.92
8 1.94 23 1,79
9 1.75 .24 1.98

10 0 2.09 25 -
1l 1.92 . 26 ' 1.92
12 1.87 27 - 1.96
13 1.85 28 1.94
14 2.25 ' .29 2.06
15

1.89 30 1.86
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TAB
PROBABILITY OF EX ZZDING A GIVEN WEEXLY SO, ZMISSION RATE

Probability of Weekly S0,
Average Exceeding Emission

Emission Rate, Lb,SOZ/MMBtu ‘ Rate
1.40 0.996
1.50 0.980
1.60 - ‘ 0.932
1.70 0.832
1.80 ; 0.633
1.90 0.409
2.0 - : 0.212
2.10 0.085S
2.20 0.026
2.30 - 0.006
2.40 - 0.001
2.50 0.0001



TABLE 4

95% CONFIDENCE INTERVAL ON 24 AND 3~-ZQOUR AVERAGE SO, IMISSION

VALUES GIVEN A WEEXLY AVERAGE SO, EMISSION RATE OF 2.40 OR
1.86 LB SQ,/MMBTU*

Averaging Period Value Exceeded Onlv 5% of the Time
Weekly Average Weekly Average
i85 _____ —————2230

3=-Hour 2.08 2.61

24-Hour . 2.04 2.58

* 1l.86 lb §O0,/MMBtu is the long-term average SO, emission
rate determined from the analysis of the weekliy fuel
analysis submitted by TECO to DER.



TABLE 3.

PROBABILITY OF EXCEEDING VARIOUS 3-HCUR AVERAGE S0,
EMISSION VALUES GIVEN A SPECIFIZD 24-H0OUR AVERAGE

24-Hour Average Critical 3-dHour Average Probability of:
SO2 Zmission Value- SO0, Emission Value Being Exceeded
2.35 2.78 0.0006
2.67 2.99 0.008
2.85 3.49 <0.00002



STATISTICAL APPENDIX



ANALYSIS OF WEEXLY SULFUR DIOXIDE EMISSION RATE AT THE
TAMPA EZLECTRIC COMPANY GANNCN UNIT 6
¢

Dr. A. R, Manson

A plot of 3lom's normal scores versus the observed weekly
S04 levels for 28 weeks 9f data showed no significant dev-
~iation of these weekly SO0, levels from normality. A com-
parison with a log-normal distribution showed that weekly
SO0, levels are closer to following a normal distribution
than a log-normal one, although no significant deviation
exists between the degree of £fit using either of the two
distributions. The correlation between normal scores and
SO, levels shows a higher correlation under the assumption
of normality than under log-normality.



Report on TECO Time Series Analysis

Prepared for
Zatropy Znovirommentalists, Iac.

by
D. A. Dickey

The data analyzad wers J-nour ameasuraments X: of sulf;;':ontenc-
of coal suppliad by Mr. Wallace Pitts of EZntropy Envirommentaliscs, Iac.
We wers ianterestad ia developing a scheme to astimaca the probabilics
that a randomly selzcted 3=hour measursment, daily mean, or weekly
mean will axceed a specified "eritical value"” givem a value u for the
pTocess mean. We used the data from sice 6 omly.

The firsc stap was o check the distribuytional propertiaes of che i
3-hour measurements. The aormal plocs appeared Zo be consiscent with the
assumpcion that the Zeasuresmencs are normally discribuced.. The mean of
the site § measuremencs was u = 1.3968 wich standard deviation
&I = 1327 . |

The computacion of P(Xt > C) for any givem "critical value" ¢

and 2 mean u = 1.8968 oroceeds as Sollows:

C - 1.8968

1) Compucte Zc = 1327

2) Find 2(2 > ZC) in che tables of che standard normal distribu-

tion.

To compute the probabilicy that a2 randomly selectad I=four aeasuyrzment
X: will excsed C witen the mean 4 is some value other tham th
gbserved 1.3968, simply raplace 1.8963 by cthe speciii v value ia

Stap 1 and proceed. Ia this case we have assumed the standard deviacion

remaias ac the observed value .1327 regardless of the specifiad .



"~

An altarmnative procaedurs is o assume chat cthe coefiiciant of variation

:I/X a ,1327/1.8968 = .06396 remains fixed. Then we raplacs 1.8963 by
the specifiad u and we replace .1327 by Ig = .026996u .

The estimacion of ?(D, > C) and 2(W_ > C), where D_ anmd "
are daily and weekly means respectively, is now discussed. We need o9

know the standard deviations cP_ and 9y of the means of 8 and 36

consecutive 3-nour observations. If the 3-hour measurements Xc ars

not independent, the Zormulas &D = EI//S and 5? = 51//36 will noz

be appropriate. Thus ocur first s:e§ is to investigzaca the corralation
struccure for the site § observacioms. Autoregressive time serias model
wich up to 4 lags wera fizted to che site 6 daca. Missing values in
sice 3 correspond to aicther weekends or periods in which sice 5 was

veing loaded. Since sita 5 was loaded at a differant rate than size 5,

iz was felt thac cross produc:s (Kc Xc—’ for example) which werz lagged

across aissing values (Xt corresponding to sitz 3) should zoc be used

1

in estimacing che corralacion structure of the data. This still lefc
46 degraees of freedom in a lag 2 model and 88 im a lag l model. Yo lags
beyond lag two were significant avem ac amn a = .80 significance

lavel. The nodel chogen for the 3~-hour measursments I_ was
-

(X ~u) = .5227 (X__,=u) + .3228 (X__,-u) + e ... 8
¢ (.1287) ©°t (.1192) 2 c

wich o = 1.8968 , og = .1327. Numbers in ( ) are scandard erzors.

The standard deviacion of D: is Iy = (cz/v’g)fD whers :the

5
{ .
autocorralation correlacion factor ED is ) 8 l(8—{h{)c(h) and ao(%)
h=-7
is cthe autocorTslacion Zunctiom of the process (1) above. Thais gives
7y = .10983 . The sctandard deviacion of W, is 3. = (24/738) %,



53
P! : . . , - N
whers EW is Z:o‘@é—ih[)g(n). This gives I ® .06376 . To calcu-
h==35

lacs P(Dc >C) or ?(W: > C) <Zfollow che staps above replacing

: =a.,] ' 4
I 1327 by 9y 9T 9. as appropriaca.
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FRANCIS J. GANNON STATION
REGULATORY COMPLIANCE
-\ . ) . PLAN

L Introduction

This compliance plan has been developed to explain how Tampa Electric Company
intends to demonstrate that its Gannon Station operations will be maintained in such
a manner that current allowable emissions will not be increased and that Florida
Ambient Air Quality Standards (AAQS) will be protected.

The current allowable sulfur dioxide emission rate for individual coal burning units
at Gannon Station is 2.4 lbs. per million BTU based on a weekly composite fuel
analysis. The current ailowable sulfur dioxide emission rate for the entire station
can be calculated at 10.6 tons per hour, also over a weekly period. Part I of the
compliance plan describes how weekly generation data a.nd‘weekly fuel analyses data
will be used to demonstrate compliance with the existing 2.4 lbs/MMBTU and the

'10.6 tons per hour limitations.

Allowable emission rates over a 24-hour averaging time are limited by ambient
impacts predicted with dispersion modeling. The results of this modeling indicate
that maximum emission rates for the protection of AAQS vary inversely with station
load. Detailed sulfur variability statistical studies (Entropy, Inc. August 1980)
indicate that compliance with a weekly limit 2.4 1lbs. per million BTU assures
compliance with the 24-hour AAQS up to 10,050 MMBTU per hour (about 83%
station load). Part II describes how at load points above 10,050 MMBTU per hour,
daily fuel analysis will be performed and examined carefully to ensure operations at

appropriate levels.




O. PARTI- COMPLIANCE WITH EMISSION LIMITS

The purpcse of this portion of the plan is to show compliance with a 2.4 Ibs.
SO‘Z‘/MMBTU emission limit and a 10.6 toms SOZ/hour emissicn cap over a weekly
averaging period and ensure compliance with Florida Ambient Air Quality standards.
Inputs to this porticn of the plan include weekly station generation data, station
heat rate data and weekly composite fuel analysis results.

As shown graphically on Figure 1, the plant operating range to ensure compliance
with existing emission limitations is dependant on weekly station load and weekly
composite fuel quality (Ibs. SOZ/MMBTﬁ). Operating the plant below 8859
MMBTU/HR (73% load) on a weekly average with a 2.4 1b/MMBTU or less fuel
automatically ensures compliance with both the emission limit and the emission cap.
When the plant is operated above 8850 MMBTU/HR on a weekly average, the fuel
qué.lity must be below 2.4 lbs. SOZ/MMBTU. The maximum weekly average heat
input for a given fuel quality can be obtained from Figure 1.

Compliance cn a weekly basis will be demonstrated in the following manner. A
weekly composite fuel analysis will be obtained and the SOZ emission rate will be
calculated using the percent sulfur and the heating value of the fuel in the following

equation:

{percent sulfur/100)(.95}{2 1b SO, /Ib $)(1,000,000 BTU/MMBTU)
(heating value ~ BTU/Ib)

Ibs SOZ =

The tons of SOz/hour will be calculated from the weekly heat input. The weekly
heat input is calculated from the weekly generation and the station heat rate as

follows:

-

.., Heat input, MMBTU = (heat rate, MMBTU/KWH) (generation, KWH)

The tons SO, emitted per week will then be calculated as follows:

2

(heat input, MMBTU) (#SO.,/MMBTU)
2000 #/ton =

tons SOZ =



OI. PART I - COMPLIANCE WITH FLORIDA AMEIENT AIR QUALITY
STANDARDS

The purpose of this portion of the compliance plan is to ensure protection of the 24
hour and 3 hour Florida AAQS based on actual conditions modeled and actual load

conditions.

The primary input to this part of the compliance plan is the peak load availability
and forecast for the following day. If this value is less than 10,050 MMBTU/HR then
the sulfur variability statistics and Part I of this plan assure protection of the AAQS
and no further _a.ction need be taken.

If the projected peak load is above 10,050 MMBTU/HR (see Figure 2), then a fuel
analysis of the coal to be burned the following day will be performed. When the
result of this fuel analysis is obtained and the lbs SOZ per MMBTU has been
calculated, Figure 2 will be examined to find the maximum allowable operating
point. The Plant Superintendent will then be notified of the maximum allowable
operating point.




IV. OPERATING FIGURES
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V'

COMPLIANCE PLAN VERIFICATION

A.

B.

Sulfur Variability

An examination of weekly composite fuel analysis results will allow
a straightforward evaluation of overall fuel quality in terms of
sulfur dioxide emission rate. To provide an extra level of
confidence that sulfur variability after conversion has not changed
significantly from that currently observed (Entropy, Inc. August
1980), in one week (7 concurrent days) per year, daily fuel samples
will be collected, analyzed, : d evaluated statistically.

Stack Sampling

At some period in each year when daily fuel samples are being
collected, a stack test for sulfur dioxide will be conducted for the
purpose of comparing those stack test results to fuel analysis
results.




VL REPORTING

A.

Frequency - reporting of compliance status shall be performed on a

quarterly calendar basis.
Content - quarterly reports will consist of:

1. Weekly average emission rate in 1bs/MMBTU and tons/hour of
sulfur dioxide.

2. Daily emission rates and generation data for those periods

necessary under Part II of the plan.

3. Results of sulfur variability testing (Part V. A) and stack sampling
(Part V. B) if performed during the calendar quarter.
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SUMMARY

The Francis J. Gannon Steam Plant of Tampa Electric Company (TECO) cur-
rently has six units with a total generating capacity of 1315 MW. Units 1-4
are oil-fired units with rated capacities of 115, 125, 175, and 210 MW respec-
tively. Units 5 and 6 are coal-fired boilers with rated generating capacities
of 265 and 425 MW respectively. The average coal analysis for 1979 was 12,174
Btu/1b, 1.3 percent sulfur, 10.1 percent ash, and 7.6 percent moisture. The
average oil analysis was 150,083 Btu/gal with 0.95 percent sulfur.

Electrostatic precipitators (ESPs) control particulate emissions. Units 1
and 2 have ESPs with design efficiencies of 90 percent each. ESPs on Units 3
and 4 have design efficiencies of 93 and 95.5 percent. Based on coal with 3.2
percent sulfur, Units 5 and 6 have design efficiencies of 99.78 percent.
Sulfur dioxide (S0,) emissions are presently not controlled by any flue gas
cleansing system.

For 1979, total particulate emissions were 890 tons for all six boilers.
This is 0.056 1b/million Btu for the yearly average.  The allowable particu-
late emissions are 0.1 1b/million Btu. Total SO, emissions were 38,500 tons
for 1979. This is equivalent to 2.42 1b S0,/ million Btu. Current S0, regu-
lations are 1.1 1b/million Btu for Units 1-4. Units 5 and 6 have maximum
allowable rates of 2.4 1b/million Btu.

Tampa Electric Company plans to reconvert Boilers 1-4 from oil burning
back to coal because of the increasing price of crude oil. TECO's plans
include burning low sulfur coal and using an emission bubble cap to meet SO0,
Timitations. Add-on ESPs will be installed on Units 1-4 to aid in particulate
emissions.

Using low sulfur coal (1.2 percent sulfur), TECO calculates the expected
emissions to be 1.73 1b S0,/million Btu. This is slightly higher than the
current 1imit, so TECO is_réquesting an overall emission cap of 10.6 ton/hr to

1imit S0, emission levels. However, with the decrease in sulfur content of
| the coal, the efficiency of the various ESPs also declines as a result of



increased flyash resistivity. Additional collection area is required to
maintajn the requisite level of callection efficiency. TECO will install
additional ESPs on Units 1-4, the first being completed by mid-1983. Their
retrofit plan calls for one ESP to be installed every year for four yéars.

The other option open to TECO is to burn high sulfur coal (3.78 percent
sulfur). High sulfur coal raises the efficiency of the ESPs on Units 5 and. 6
to approximately 99.9 percent. The ESPs on Units 1-4 will have an operating
efficiency of approximately 90 percent. Burning high sulfur coal causes
SO, to be emitted at higher levels than currently allowed. At present, there
is no system at the plant to control the high S0, levels. If the switch to
high sulfur coal is made, a flue gas desulfurization (FGD) system will have to
be installed. This option is extremely costly because of the lack of avail-
able space and the difficulty in retrofit. With high sulfur coal, expected
emissions are 6.84 1b S0,/million Btu. An FGD system with a 77.6 percent
efficiency will lower the emission rate to 1.53 1b S0,/ million Btu. The
estimated operating efficiency of a 1ime or limestone FGD is 85 percent or
better. This lowers possible S0, emission levels to 1.03 1b S0,/ million Btu
or lower. B

A Time or a limestone system are the most feasible FGD systems for Gan-
non. The major drawback, however, is the large required land area required
which Gannon does not have. The lime FGD requires less room than the 1ime-
stone system, but it still requires 1.3 acres for the necessary equipment.
Following TECO's installation schedule, PEDCo projects lime FGD capital cost
at around $310 million, using the present ESPs for particulate control. If a
Venturi scrubber is installed, the costs are near 3360 million. These costs
amount to $590/kW, $685/kW with the venturi. Limestone FGD costs are slightly
higher, running near $320 million with ESPs and $360 million with a venturi.
These capital costs amount to $610/kW, $686/kW with the venturi. Annual costs
for the lime FGD are $96 million/year (46 mill1/kWh) with ESPs or $114 million/
year (55 mi11/kWh) with a venturi. Annual costs for a limestone FGD are $99
million (48 mil1/kWh) with existing ESPs or $114 million (55 mil1/kWh) with a
venturi.

TECO prefers to use low sulfur coal in conjunction with an emission cap.
This enables TECO to help reduce overall costs in switching from high priced

crude oil to low cost coal. Annual savings for low sulfur coal in comparison
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with oil are estimated to be $8.7 million. Annual costs for FGD and high
sulfur coal are estimated to be $53.7 million higher than for 0il. The fol-
lowing table is a present worth comparison of incremental capital and annual
costs relative to burning 0il for the two principal TECO options:

° Convert units to low-sulfur coal, using ESPs.

° Convert units to high-sulfur coal, using FGD-ESPs.

For the low-sulfur option, capital costs are incurred to convert the units to
coal and to install an ESP. For annual costs, the fuel cost differential is
negative, but there are two incremental annual costs. First there is the
annual cost associated with the ESP. Secondly, there are annual costs associ-
ated with the boiler conversion and with the increased 0&M requirements for a
coal-fired boiler. These costs have been estimated to be 25 percent of the
boiler conversion costs. For the high-sulfur coal option, the cost increments
fall into the same categories. In addition, there are capital and annual
components for the FGD systems.

Florida has drafted a regulation to limit emissions from the Gannon
coal-fired units to 2.4 1b SO, per million Btu heat input for each unit on a
weekly average. Furthermore, combined emissions from all six boilers are not
to exceed 10.6 ton S0,/h on a weekly basis. TECO is to verify compliance by
submitting weekly station generation data and weekly composite fuel quality
analysis data. Compliance with 3-hour and 24-hour ambient standards is to be
insured by load limiting in conjunction with daily fuel gquality; details are
to be specified in the station operating permit(s). This new regulation has
not been promulgated, pending a public hearing in mid-October, 1980. The
intent of the proposed regulation is to allow TECO to demonstrate continuing
compliance to the satisfaction of the state agency at reasonable cost. The
alternative to the use of routine coal analyses would be to require the in-
stallation and operation of a continuous emissions monitoring (CEM) system.

We have visited two utilities that use CEM systems extensively and we
have discussed the relative problems associated with demonstration of compli-
ance by coal analysis and by the use of CEM equipment. The following conclu-
sions are based on our visits to these plants and on data supplied to us by
the Tennessee Valley Authority (TVA).



OVERALL COST

Boiler conversion
costs

Capital FGD and
ESP costs (1980)

Capital ESP costs
(1980) -

TOTAL

Annual fuel costs
(1980)

Annual FGD and
ESP costs (1980)

Annual ESP costs
(1980)

Annual fuel
conversion costs

TOTAL

COMPARISONS RELATIVE TO PRESENT QOIL-FIRING.

Capital Costs ($x108)

Low=sulfur coal High-sulfur Coal

_ Lime FGD Limestone FGD
TECO PEDCo PEDCo TECO PEDCo
36.4 36.4 99.0 99.0 99.0

0.0 0.0 205.4 118.4 212.2
31.0 40.3 0.0 0.0 0.0
67.4 76.7 304.4 217.4 311.2

Annual Costs ($x106)

-- (28.5)  (36.96) (36.96)
-- 0.0 65_‘..9 68.3
-- 10.7 0.0 0.0
-- 9.1 24.8 24.8

== (8.7) 53.74 56.14
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Any system of data collection and reporting that is agreed upon between
the utility and the state must report data in a form that is usable to the
state and which gives strong evidence that agreed emission 1limits are being
met so that ambient standards will not be violated. The reporting systam must
be simple enough that the state will not be burdened with a mountain of data
to sort through; yet the utility must be able to maintain backup data for a
reasonable period of time to defend any challenge that the plant may not be in
compliance. By the same token, the utility needs to protect itself from a
cumbersome data reduction task. TVA visually integrates 15-minute SO, emis-
sion averages from strip chart data; this procedure seems too expensive and
cumbersome for TECO to have to adopt.

Although an underlying relationship necessarily exists between the sulfur
content of coal and the SO0, emissions from burning the coal, we were unable to
correlate TVA's coal analysis data with corresponding CEM data. This may be
partly because in our correlation we have not incorporated the variable lag
time between loading the bunker and burning the coal. However, some question
exists that the two data sets are equivalent for demonstration of compliance
with emissions regulations. Whether Florida decides to require coal analysis
data or CEM data to demonstrate compliance, the utility must insure that the
selected method accurately reflects true SO, emissions. _ :

- TVA analyzes each coal sample two or three days. after the coal is put
into the bunker. In most cases the coal is burned about a day before the
analysis is completed. Thus the analysis is of little more than historical
interest and cannot be used for essentially real-time control. On the other
hand CEM data are available only miputes after the coal is burned, and it is
conceivable that a system could be developed to divert clean coal into a
boiler quickly to bring indicated high SO, emissions into line with regulatory
limits. However, if no such system is available to TECO, there may be littie
practical value in eliminating any lag time that coal analysis necessitates.

Because coal has inherent variability in gquality, any strategy to comply
with emissions regulations must incorporate a statistical analysis to comply
with those regulations for a certain minimum percentage of the time. Any
regulation that is promulgated should take this statistical variation into
account and should permit a given 1imit to be exceeded only with limited

frequency such as one day per month or three weeks per year or ten days per
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year. Penalties for exceeding the prescribed frequency should be indicated,
-and the system whereby TECO is to demonstrate continuing compliiance should be

described in detail.



SECTION 1
INTRODUCTION

This report summarizes the results of a study conducted by PEDCo Environ-
mental, Inc. for the U. S. Environmental Protection Agency (EPA) under Con-
tract No. 68-02-2535, Task No. 19, to provide technical assistance to the
State of Florida Department of Environmental Regulation in regard to a peti-
tion by Tampa Electric Company (TECO) to revise the Florida State Implementa-
tion Plan to permit their Gannon power station to burn low-sulfur coal instead
of oil.

TECO is seeking a regulation change from the Florida Department of Envi-
ronmental Regulation so that the Gannon plant can be converted to low sulfur
coal without the need for a flue gas desulfurization (FGD) sysfem.

Qur evaluation covers the subjects of low-sulfur coal conversion with
electrostatic precipitator (ESP) installation, highjsulfUr coal with FGD, and
ESP installation, retrofit and coal conversion costs, and continuous emission
monitor requiremeﬁts. |



SECTION 2
PLANT DESCRIPTION

The Francis J. Gannon Steam Plant, operated by Tampa Electric Company
(TECO), is located four miles southeast of Tampa, Florida, on the East Shore
of Hillsborough Bay. The plant has six wet bottom boilers. Boilers 1, 2, 3,
and 4, originally coal fired, are Babcock and Wilcox cyclone fired boilers
that now use low sulfur No. 6 fuel oil (0.95 percent sulfur average for 1979).
Boilers 5 and 6 are Riley pulverized coal turbo-fired boilers with flyash
reinjection, that use low sulfur coal (1.3 percent sulfur and 10.1 percent ash
averages for 1979) as fuel. All six boilers have electrostatic precipitators
(ESPs) to control particulate emissions.

The plant is presently considering plans to reconvert Boilers 1, 2, 3,
and 4 from o0il back to coal. The addition of add-on ESPs are included in
these plans to help control particulate emissions. TECQ plans to start the
conversion of Boiler 4 by 1983. Following the comﬁ]etion of Boiler 4, Boilers
1, 3, and 2, will be converted in order, with one unft outage per year includ-
ing six months for ESP tie-in.

The Gannon Plant has performed several studies of the feasibility to-
convert the oil-fired boilers.to coal, including economic evaluations compar-
ing the costs of oil-fired and coal~fired boilers. Comparisons between the
costs of low sulfur coal and high sulfur coal have also been projected. These
comparisons are being used in the consideration of the various emission con-
trol systems required. Low sulfur coal will not produce great amounts of SO,
(1.73 1b/million Btu) and only add-on ESPs will be needed to control particu-
late emissions. If high sulfur coal is fired, a new FGD system will be needed
to control excessive SO, emissions (6.84 1b/million Btu). Either a venturi
scrubber or an ESP will be required for particulate control. Boiler design
and operating data are listed in Table 2-1. Appendix A is TECQ's May 1980

Power Plant Survey Form.



TABLE 2-1.

Boiler data 1

Generating capacity 115
Hours of operation (1979) 5,278
Average capacity factor (1979) 48
Served by stack number _ 1
Boiler manufacturer B&wW
Year placed in service 1957
Max. oil consumption (bbl/h) 255
Max. coal consumption (ton/h) 49,7
Max. heat input (million/Btu/h) 1,257
Stack height (ft. above grade) 306
Flue gas rate - max. (acfm) 500,000
Flue gas temperature (°F) 309
Emission controls ESP
Emission rates
Particulates (1b/million Btu) 0.04
(1b/h) max. 50
S0, (1b/million Btu) 1.03
(1b/h) max.

1,295,

Boiler number

2 3 4 5
125 175 210 265
6,416 5,448 5,369 6,630
48 44 42 59
2 3 4(a),4a(b) 5
B&W B&W B&W Riley
1958 1960 1963 1965
255 344 409 none
49.7 64.9 71.3 93.4
1,257 1,579 1,876 2,284
306 306 306 306
500,000 615,000 700,000 681,000
309 266 286 288
ESP ESP ESP ESP
0.04 0.03 0.07 0.004
50 48 131 10
1.06 0.96 1.10 1.43
1,332 1,535 2,064 3,267

POWER GENERATING UNIT DESIGN AND OPERATING DATA FOR F. J. GANNON PLANT.

6

425
6,554
65

6
Riley
1967
none
151.4
3,790
306
1,120,000
292
ESP

0.02
76
1.9
7,330



SECTION 3
FUEL CHARACTERISTICS

The Gannon Plant originally used West Kentucky coal to fire the boilers.
As this coal became unavailable, the plant switched to East Kentucky coal.

The boilers require an ash content of at least five or six percent to coat the
inside of the cyclone burners. Australian and African coal were tried, but
difficulties proved them uneconomical.

Presently, the plant has a long-term contract for the import of Polish
coal. TECO also owns Cal-Glo mines, which has an estimated 60 million tons in
~reserve at about 1.9 1b S05/million Btu. Low sulfur Polish coal leads to poor
ESP performance, so a mixture of Polish and East or West Kentucky coal is
used. TECO maintains a stockpile of West Kentucky coal in Louisiana which is
readily available by barge.

For 1979, Boilers 5 and 6 used a mixture of coal with a net heating value
of 12,174 Btu/1b. 0On the average, the coal has ]0.1 percent ash, 1.3% sulfur,
and a 7.6 percent moisture. The average equivalent 502 content of this coal
was 2.1 1b SO, per million Btu. These boilers operate at approximately 88.8
percent efficiency each, with heat inputs of 2691 and 4361 million Btu/h
respectively. Fuel sources and analyses for the Gannon boilers are shown in
Table 3-1.



TABLE 3-1. FUEL SOURCES OF THE F. J. GANNON PLANT.

COAL (1979)

Quantity Source
(1000 tons) (coal districts) Supplier

841 8 Cal-Glo Coal Inc.

127 8 Blue Gem Coal and Land Company

26 13 . Mineral Land and Mining Company

22 8 Diversified Fuels

14 13 . Brilliant Company

111 -- Coal Age (Foreign Supplier, Poland)

AVERAGE COAL ANALYSIS FOR 1979
Btu/1b % Sulfur % Ash % Moisture
12,174 1.3 . 10.1 7.6
OIL (1979)
3,466,000 bbl 0.95% S 150,083 Btu/gal Western Fuels (Tampa, Florida)



SECTION 4
EMISSIONS AND ALLOWABLE EMISSION RATES

Presently, the Gannon Plant is meeting the'emission limitations set by
law. Based on 1979 stack test results, particulate-emissions for all six
boilers did not exceed the 0.1 1b/million Btu limit. S0, emissions for Boil-
ers No. 1 through 4 did not exceed the 1.1 1b/million Btu 1imit, and emissions
from Boilers 5 and 6 are within the 2.4 1b S0,/million Btu limit. Mass emis-
sion rates for each stack are found in Appendix A. In the future, TECO re-
quests that a bubble limit for emission control be used. This would limit the
overall plant emission rate to 10.6 ton/h. TECO predicts that the plant can
1imit the load on all six boilers and burn coal with an equivalent SO, content
of less than 2.4 1b/million Btu to meet the proposed 10.6 ton/h regulation.
Present and predicted emission rates for Units 1-6 are shown in Table 4-1. Ve
have estimated that the existing ESPs on Units 1-4 would have a collection
efficiency of 50 percent on low sulfur coal.
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TABLE 4-1. PARTICULATE AND SULFUR DIOXIDE EMISSIONS FROM THE F. J. GANNON POWER PLANT.
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SECTION 5

FEASIBILITY OF USING ELECTROSTATIC
PRECIPITATORS ‘AND LOW-SULFUR COAL

TECO has studied the feasibility of emissions control systems at Gannon-
using ESPs, FGD systems, venturi scrubbers, or a combination of these to con-
trol overall emissions. The current SO, emission regulations are 1.1 1b SO,
per million Btu for Units 1 through 4, and 2.4 1b S0,/million Btu for Units §
and 6. TECO plans to use low sulfur coal (1.2 percent sulfur) to fire all six
boilers. However, SO, emissions are expected to be 1.73.1b S0,/million Btu.
ESP's will be used to control particulate emissions. If high sulfur coal
(3.78 percent sulfur) is used, the estimated uncontrolled emission rate is
6.84 1b SO,/million Btu. Using a 77.6 percent efficient FGD system, emissions
will be reduced to 1.53 1b SO/million Btu. To comply with current SO, regu-
lations via Tow-sulfur coal, a coal with 0.62 percent sulfur must be used.
TECO indicates that a source of such coal has been Jocated in Utah, and that
no problems are anticipated in its availability. This coal was not evaluated
in this study because of its high cost. However, with low sulfur coal there
would be a decrease in the SO, content of the resulting flue gas sfream and a
corresponding decrease in ESP collection efficiency, but even if high suifur
coal were used, the collection efficiency would be inadequate to meet current
regulations. Therefore, an FGD system and particulate control system will

have to be installed to control emission levels.

ESP SYSTEM

Electrostatic precipitators are used to remove particulates from flue
gases. In ESP operation, a system of alternate parallel banks of ionizing
wires and collection plates form a high voltage corona. This corona causes
the gas molecules to form ions. The ionized gas molecules collide with and
charge the dust particles in the flue gas stream.” The charged particles
migrate towards oppositely charged plates where they adhere and agglomerate.



SECTION 6
FEASIBILITY OF FGD SYSTEMS AT GANNON

The option of using FGD systems at Gannon has been studied by both TECO
and PEDCo. Cost estimates have been prepared for the installation of 1ime and
1imestone FGD systems in conjunction with new ESPs for the boilers. PEDCo has
also estimated costs for the addition of venturi scrubbers to the FGD system
in lieu of ESPs. A 77.6 percent efficient FGD system is required to control
the SO, emissions. Lime and limestone FGD system each have an estimated
operating efficiency of 85 percent.

Some of the physical parameters of the lime and limestone FGD systems
include scrubber train modules sized in pairs to handle the flue gases from
each boiler at its rated capacity with a third module as a spare. For Boiler
No. 4, three operating modules and a spare are used. The lime or Timestone
feed will be 1.3 times stoichiometric requirements. The design SO, inlet
concentration is 6.84 1b SO,/million Btu using 3.78 percent sulfur coal.
Feeders and conveyors are sized to handle 4.6 time§ the maximum lime or lime-
stone required. In the absorber, the liquid to gas rate is 40 gallons/1000
standard cubic feet for lime, and 65 gallons/1000 standard cubic feet for
limestone. Slurry concentration is 8 percent by weight for either lime or
limestone. The flue gas pressure is atmosphere. The total pressure drop
through the FGD system will be 15 inches H,0 for Boilers 1 through 4. The
flue gas temperatures for the four boilers are: 309°F for Nos. 1 and 2, 266°F
for No. 3, and 286°F for No. 4. The flue gas reheater will use low pressure
steam for indirect heat exchange. Scrubbed gases at 125°F are reheated to a
temperature of 175°F. The clarifiers are sized at 15 square feet of surface
area per ton of dry solids removed per day.

PEDCo's estimated FGD costs are shown in Tables 6-1 through 6-4. ~Lime
and limestone costs for FGD-ESP systems are shown in Table 6-1. Present worth
capital investment is estimated to be $205 million or $391/kW. Annual costs
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TABLE 6-1.

Capital cost

COSTS OF FGD WITH ESP FOR GANNON BOILER NO.

Lime FGD

Annual cost

Capital cost

1T

Limestone FGD

HROUGH 4.

Annual cost

Schedule $x10%  $/kW $x10% Mills/kWwh $x10% $/kW $x10® Mills/kwh
1980 205 391 66 32 212 404 68 33

PEDCo

FGD
schedule 251 479 79 38 260 495 82 40
TECO FGD
schedule 310 590 96 46 320 610 99 48

1990 423 806 135 65 437 833 140 68

TABLE 6-2. COSTS OF FGD WITH VENTURI FOR GANNON BQILERS NO. 1 THROUGH 4.

Capital cost

Basis $x108
1980 238
PEDCo

FGD
schedule 292
TECO FGD
schedule 360
1990 491

Lime FGD

$/kwW  $x108
454 77
556 93
685 114
935 158

Annual cost

37

45

55
76

Capital cost
Mills/kwh $x10°

239

292

360
491

Limestone FGD
Annua

$/kW $x108 M
455 78
556 94
686 114

936 159

1 cost
i11s/kWwh

38

45

55
77



Basis
1980

PEDCo
FGD
schedule

TECO FGD
schedule

1990

Basis
1980

PEDCo
FGD
schedule

TECO
FGD
schedule

1990

TABLE 6-3.

COMPARISON OF FGD TOTAL CAPITAL INVESTMENT

14

FOR GANNON BOILER NO. 1 THROUGH 4.

Lime Limestone
With ESP With venturi With ESP  With venturi
$x10%  $/kW $x108  $/kW $x10% $/kW $x108  $/kW
205 391 238 454 212 404 239 455
251 479 292 556 260 495 292 556
310 590 360 685 320 610 360 686
423 806 491 935 437 833 491 936

TABLE 6-4. COMPARISON OF FGD ANNUAL COSTS
FOR GANNON BQILERS NO. 1 THROUGH 4.

Lime Limestone
With ESP With venturi With ESP  With venturi
$x108  $/kW $x108  $/kW $x108 S$/kW $x108  $/kW
66 32 77 37 68 33 78 38
79 38 93 45 82 40 94 45
96 46 114 55 99 48 114 55
135 65 158 77 140 68 159 77

ESP

$x108  $/kW

49 94

ESP

$x108  $/kW

13 6



are $66 million or 32 mills/kwh. These costs are very high as a result of
extremely high flue gas volumes, spare modules, and the difficulty of retro-
fit. Using TECO's suggested installation schedule, capital investment in-
creases to $310 million and annual costs are $96 million. Table 6-2 shaows
corresponding costs for FGD-venturi systems. Capital costs are about. 15
'percent higher than for the FGD-ESP systems. Annual costs are higher by about
the same percentage.

Tables 6-3 and 6-4 present the same data in a slightly different format
and also show the costs of installing an ESP to be used in conjunction with
low sulfur coal by comparison. The capital investment for the ESP is only 15
to 20 percent of that for an FGD system, and the annual cost is about the same
percentage.

FGD INSTALLATION REQUIREMENTS

For estimating purposes we have indicated that this FGD installation
would be an extremely difficult retrofit. There is essentially no spare land
in the vicfnity of the Gannon Plant. Our computer program has indicated that
area requirements for a limestone system are about 2.1 acres, and for a lime
system, the required area would be about 1.3 acres (Table 6-5). In addition,
an area of about two acres would be required for an emergency gypsum stock-out
pile. There is no single open area at the plant where a two-acre FGD system
can be built. One possibility is that the FGD system could be built on part
of the area where the existing coal pile is located. Obviously, this is not
very satisfactory because the area for stockpiling of coal is already insuffi-
cient. The coal displaced by the FGD system would have to be located at
another site. One possibility might be to stockpile the coal at the Big Bend
plant. The Big Bend plant is located only 15 miles from the Gannon plant, so
there would not be a serious time delay if a supply of coal were needed.
Another alternative is that a site closer to the p]ant'cou1d be leased by TECO
for stockpiling the additional coal. We have not worked out any transporta-
tion costs for transfer of the coal from a selected site to the plant, nor
have we considered any additional leasing costs if a site near the plant is
used for stockpiling coal.

15



TABLE 6-5. AREA REQUIREMENTS OF FGD EXCLUDING
VENTURI FOR GANNON BOILERS NO. 1 THROUGH 4.

Lime Limestone
(sg. ft.) (sq. ft.)

Feed preparation

Lime silos 1,600 0

Slakers ‘ 400 0

Storage pile 0 33,000
Grinding mills 0 200

Feed tanks ' 400 900

Total 7 2,400 34,100
Scrubbing

Scrubbing trains 43,200 _ 43,200

Fans and misc. 4,320 : 4,320

Total 47,520 47,520
Sludge handling and disposal

Effluent tanks 100 100

Clarifiers 6,600 9,800
Vacuum filters and misc. 100 100
Total 6,800 . 10,000
Grand Total 56,720 . 91,620

(1.3 acres) (2.1 acres)
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LIME FGD SYSTEM DESCRIPTION

In a lime FGD process, lime slurry is prepared on-site for use in an
absorber. Lime is slaked with water to form the slurry, using handling and
conveying equipment, lime storage si]os; slakers, and slurry storage tanks.
The boiler flue gas initially enters an ESP or a venturi scrubber to remove
particulates. Booster fans are used to overcome FGD system pressure drops.
The flue gas enters the absorber at the base, and is cooled by quenching with
water. The flue gas ascends and reacts with the lime slurry to form CaSO; and
CaS04. The desulfurized gas passes through a demister and is then reheated
before it is released to the atmosphere. The slurry passes from the absorber
to a circulation tank where it is sparged with air and to precipitate CaSO,
(gypsum). The liquid stream continues to a clarifier where the precipitate,
any flyash, and unreacted 1ime sett1e.out. The clean water from the clarifier
is then returned to the circulation tank. The underflow from the clarifier is
processed through a vacuum filter to recover gypsum which we have assumed to
be salable at a price to offset the cost of removing it from the site. The
estimated SO, removal efficiency for a lime system is 85 percent or better. A
typical lime system is shown in Figure 6-1.

LIME FGD COSTS

PEDCo and TECO have both estimated FGD costs for the Gannon boilers.
TECO has calculated that the actual conversion of Boilers No. 1-4 from oil to
Tow-sulfur coal firing will cost approximately $36.4 million; their estimated
cost for a new FGD system totals $118.4 million. The total cost of new preci-
pitators will be $31.0 million. This brings the overall cost of the FGD-ESP
system to $149.4 million. Adding the cost of the boiler conversions, TECO
projects a grand total of $186.0 million to convert and modify Boilers 1-4,
A11 of these costs have been adjusted by PEDCo to mid-13980 dollars. PEDCo's
total estimated cost for a lime FGD system with a venturi scrubber is $360
million, not including coal conversion costs. With an ESP instead of a ven-
turi, our cost is $310 million. Adding in TECO's coal conversion cost of
$36.4 million, PEDCo estimates a grand total of $346.4 million. Annual costs
for the lime FGD and venturi are estimated around $114 million; annual costs
for the FGD-ESP system will be approximately $36 million per year. These

17
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PEDCo cost estimates do not include reconversion of the boilers so that they

can fire coal.

LIME FGD ADVANTAGES AND DISADVANTAGES

In the lime FGD gypsum process, several storage areas are necessary.

Lime storage silos are needed for a 12-day continuous supply of lime. Operat-
ing silos are needed which can hold an additional three-day supply of lime.
Storage tanks, with 24-hour storage capacity, are needed to hold the prepared
slurry, which includes a fresh supply and make-up slurry for the system. An
effluent hold tank with a five-minute retention time is required to hold the
spent liquor from the absorber, and a permanent site is required for storage
of the gypsum.

Lime FGD system is usually at least 85 percent efficient at removing SO,
from flue gases. Costs are also usually lower and space requirements are less
than those for a limestone FGD system. However, a lime system still has large
space constraints for the necessary equipment (such as the storage vessels and
absorber). The absorber also requires expensive alloys to prevent corrosion

of the system.

LIMESTONE FGD

The limestone FGD process is similar to that for lime. Limestone slurry
is used as the SO, absorbant. Limestone is wet milled to produce a fine
slurry in which 95 percent of the particles.are smaller than 325 mesh. This
process requires an open limestone storage area, handling and conveying equip-
ment, 1imestone storage silos, wet ball mills, and a slurry storage tank. The
S0, removal process is identical to the lime process. The flue gas passes
through an ESP or a venturi scrubber to remove particulates and continues to
the absorber where the SO, reacts with the slurry to form CaSO; and CaSOy4.

The flue gas is reheated and released to the atmosphere. The slurry passes
.from the absorber to a circulation tank where it is sparged with air to oxi-
dize CaSO; to CaSO4 (gypsum) which is precipitated. The liquid stream contin-
ues to a clarifier where the precipitate, flyash, and unreacted lime, are
settled out. The clean water from the clarifier is then returned to the
circulation tank.. The underflow from the clarifier is processed through a
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vacuum filter to recover gypsum which is assumed to be salable at a piece to
"of fset the cost of removing it from the site. The estimated SO, removal
efficiency for a limestone system is 85 percent or better. A typical lime-
stone system is shown in Figure 6-2.

LIMESTONE FGD COSTS

t

The capital costs for a limestone FGD system are somewhat higher than for
a lime FGD system. PEDCo projects the costs for the entire system (FGD plus
venturi) to be $360 million, while the costs for an FGD-ESP system run ap-
proximately $320 million, which is three percent higher than for the lime
system. Annual costs with a venturi are somewhat less for a limestone system
at $114 million. With an ESP, limestone annual costs are estimated to be $99
million, which are three percent higher than for a lime FGD system.

LIMESTONE FGD ADVANTAGES AND DISADVANTAGES

A limestone FGD process requires a larger overall storage area than a
lime system. An open storage area with a 30-day supply of limestone is re-
quired, as well as storage silos to hold a 12-day supply of limestone and
operating silos to hold a three-day supply. Slurry storage tanks with a
24-hour storage capacity are needed for the fresh limestone slurry for the
system. An effluent hold tank with a five-minute retention time, is required
to hold the spent liquor from the absorber.

A limestone FGD system, like the lime process, is usually 85 percent
efficient or better for SO, removal. If venturi scrubbers are used, the costs
are somewhat lower than those of a lime FGD system. However, the limestone

vsystem regquires somewhat more space than a lime system mainly because of
additional egquipment (such as the ball mills and the 30-day open storage
area).
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SECTION 7
VENTURI SCRUBBERS WITH ABSORBERS

Another option which we considered is that of using venturi scrubbers in
combination with the FGD system. Venturi scrubbers use water spray to trap
dust particles for removal from gas streams. The venturi precede the absorb-
ers so that the particulates are removed before the flue gas enters the ab-
sorbers. In a venturi scrubber flue gases pass through a venturi at a velo-
city of 15,000 to 20,000 ft/min, and low-pressure water is added at the
throat. The gas pressure drop through the venturi ranges from 10 to about 30
in. Hp0 depending on design. The extreme turbulence in the venturi promotes
very complete particle-water contact in spite of a relatively short contact
time. The dust particle-impregnated water droplets and are collected in a
cyclone spray separator. The flue gases then passes to the lime or Timestone
absorber for SO, removal. Generally, we have assumed three absorber modules
per boiler, two in operation at full load and one sérving as a standby unit.
Boiler No. 4 will have four moduies, including one étandby unit.

PEDCo has determined that using a lime FGD system the capital costs for
installing venturis for Boilers 1 through 4 will be around $238 million, with
annual operating costs of around $77 million. For a limestone FGD system,
capital costs are approximately $239 million, with annual operating costs of
$78 million.

PEDCo has also investigated the use of scrubbers on Boilers 3 and 4
alone. If the bubble 1imit for SO, emissions is used, it may be feasible to
control Boilers 3 and 4 and to curtail loads on Units 1- and 2 severely to
bring the station under the 10.6 ton SO0,/h limit that TECO is requesting. If
a lime system with a venturi were used on Boilers 3 and 4, capital costs would
be about $126 million and annual operating costs would be $41 million. If the
existing ESPs are used instead of venturis, the capital costs fall to $119
million with annual operating costs of $39 million.

22



SECTION 8
LOW-SULFUR COAL

The success of TECO's proposed strategy to meet a bubble limit of 10.6
tons per hour depends only on three factors: the interpretation of the regu-
lation for enforcement, the gquality of the coal, and the station load at the
Gannon Plant.

ENFORCEMENT ASPECTS

The bubble 1imit must be enforced on the basis of some prescribed aver-
aging time. In theory the regulatory agency might require Gannon to show that
the emission 1imit is met during each hour of operation or that the limit is
not exceeded for more than a certain number of hours in each week, month, or
year. TECO could construct a data handling system to demonstrate compliance
on that basis, but a one-hour regulatory time frame would be difficult for
TECO to react to. For example, if the station load were such that a one-hour
violation occurred and if the SO, monitoring system f]agged the violation
immediately, it might be several hours before TECO could shift the load to
another station or purge the bunkers to begin feeding cleaner coal that would
bring the unit back within limits. Thus, although one-hour readings might be
useful for TECO to maintain emissions within bounds, the reporting of hourly
readings might tend to overwhelm the regulatory agency with data that would
never be used.

The question that needs to be answered is whether the regulatory agency
would tolerate a few excursions above the hourly standard in a given day,
enforcing only against emissions that exceed a prescribed 1imit on a longer
time base such as 24 hours. This seems more reasonable than the prospect of
creating multiple violations in one episode merely because sophisticated
monitoring machinery can be put in place to measure such violations.
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A multi-tiered regulation may be in order. For example, it may be appro-
priate to restrict Gannon to a timit of 254 tons of SO, in a calendar day, not
to be exceeded more than 4 days per year (1% of the time). Such a regulation
might be enforced on the basis of reports submitted by TECO to the state on a
weekly or monthly basis in which cumulative daily exceedances would be report-
ed for the calendar year. In addition to the daily limit it might be appro-
priate to set an hourly limit somewhat greater than 10.6 tons to insure that
Gannon would not overload the atmosphere for short periods. For example, the
hourly limit might be set at 120 percent of the product of TECO's indicated
maximum s;ation heat input and the mean coal equivalent S0, content, i.e. 13.7
tons/hr (1.20 x 1.9 1b S0,/108 Btu x 12 x 10° Btu/hr # 2000 1b/ton). Thus
TECO could not operate at full load with inferior coal for short periods in
anticipation that the load would not be sustained throughout the day. Any
exceedance or multiple exceedance of this limit in a given day would have to
be reported and would constitute a daily violation, chargeable against the
four allowable daily exceedances per year. The fifth exceedance in a calendar
year would constitute a violation, punishable by prescribed fine.

COAL QUALITY

Coal's variability must be accommodated in a pollution control strategy
and should be considered carefully in the formulation of an enforceable regu-
lation. If a coal supply has an average equivalent SO, emission content of
1.9 1b per million Btu, then at any given instant a portion of that coal, upon
combustion will produce more or less than 1.9 1b SO, per million Btu. If an
emission 1imit is set at 1.9, the coal will comply about half the time on any
averaging-time basis. To insure compliance with the regulation for more than
50 percent of the time it would be necessary to burn coal with a somewhat
lower equivalent SO, content than 1.9. As the required percentage of time in
compliance is increased beyond 50 perceﬁt, the equivalent SO, content of the
coal must be decreased. As the coal variability increases, the margin between
the regulatory limit and the mean coal equivalent S0, content must also be
increased.
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The plates are periodically rapped to dislodge the dust particles which then
fall into collecting hoppers.

A strong advantage of ESPs is their overall collection efficiency. The
design efficiency can be better than.99 percent. However, the sulfur content
of coal directly affects the efficiency of flyash removal. A coal with Tow
sulfur content has a poor collection efficiency because of the increased
electrical resistivity of the flyash particles. Therefore, with low sulfur
coal, larger collection plates are required. Figures 5-1 and 5-2 illustrate
the effects of sulfur content on fly ash resistivity and migration velocity.
High sulfur coal lowers the resistivity of the flyash and increases the oper-
ating efficiency. The existing Gannon ESPs have an estimated 80 to 90 percent
flyash collection efficiency. If the conversion is made to low sulfur coal,
the efficiencies of the ESPs are expected to drop to less than 75 percent.

New ESPs were added to Boilers 5 and 6 to increase design efficiency to 99.7
percent using 3.2 percent sulfur coal, but a switch to low sulfur coal will
réduce the efficiency of these ESPs and necessitate the installation of a flue
gas conditioning system to meet the particulate regulation of 0.1 1b per
million Btu. TECO plans to install add-on precipitators on Gannon Units

1-4.

To compensate for the decline in ESP efficiency with the decline in the
sulfur content of the coal, the physical size of an ESP must be increased. We:
have estimated that an additional ESP specific collection area (SCA) of
580 ft2 will be required. Capital costs for installing new ESPs on Boilers 1
through 4, will be approximately $40.3 million. Annual operating costs will
be approximately $10.7 million per year for all four units.

Low=Sulfur Coal Schedules

TECO has proposed to install ESPs on Boilers 1 through 4, bringing the
first unit on line in mid-1983 and an additional unit each year thereafter.
This closely corresponds to the PEDCo FGD schedule and is used interchangeably
in this report. However, we feel that TECO could expedite the schedule and
bring one ESP unit on line every six months after the first one to save addi-
tional oil and to avoid some inflation.
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The introduction of a bubble limit in terms of tons of pollutant per unit
of time may permit a facility to comply by means of load reduction in conjunc-
tion with the fuel being burned. Table 8-1 shows the percentage of time that
a facility is out of compliance as a function of load and of the variability
of the equivalent S0, content of the coal. The following assumptions are
pertinent. '

° Emission limit = 254.4 1b S0,/day

° 24-hour coal equivalent S0, content averages are normally distri-

buted

Mean = 1.6, 1.9, 2.2 1b S0,/million Btu

Relative standard deviation (RSD) = 3, 6, 12, 18 percent of

mean
The table showns that 1.6 1b coal will insure that there is virtually no
noncompliance likelihood (<0.1 percent) if the coal S0, variébi]ity (expressed
as RSD) is 3 percent (or less). If the variability of the 1.6 1b coal is 18
percent, the station operating at 100 percent load will be out of compliance
29.5 percent of the time, and only at 70 percent load or less will the station
be in compliance essentially all the time. If a 2.2 1b coal with a 12 percent
RSD is used at a 70 percent station load, the station will be out of compli-
ance 21.8 percent of the time. This illustrates dramatically that a predic-
tion of compliance or noncompliance relies heavily on an accurate characteri-
zation of the coal in terms of its quality and its variability. Using the
normality assumption for coal variability we can calculate the likelihood of
compliance using any prescribed coal quality (SO, mean and RSD), station load,
and bubble regulation.

TECO has reported monthly coal quality averages for calendar year 1979
which show a month-to-month RSD of 32 percent. Day-to-day variations for this
coal supply would be somewhat larger. The large variation is due in part to
the fact that TECO's 1979 coal supply was from six different sources and was
reported on an as-received basis. Various techniques such as coal blending
and coal cleaning will have to be incorporated to reduce this coal quality

variation to a reasonable level.
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TABLE 8-1. GANNON NONCOMPLIANCE LIKELIHOQGD AS
A FUNCTION OF COAL SO, QUALITY AND STATION LOAD

Noncompliance likelihood: percent
1.6 1b Coal 1.9 1b Coal 2.2 1b Coal
Load RSD % RSD % RSD %
% 3. 6- 12 18 3 6 12 . 18 3 6 12
100 0.0 5.2 20.6 29.5 99.4 89.6 73.6 66.3 100.0 100.0 95.4
35 0.5 9.7 19.2 81.3 67.4 58.7 56.0 100.0 99.6 90.8
30 0.0 3.4 11.1 18.1 32.3 40.9 44.0 100.0 97.0 82.6
85 0.8 5.3 0.2 7.2 23.3 31.2 97.8 84.4 69.2
80 0.0 1.9 0.0 0.5 9.7 19.2 52.4 51.2 50.8
75 0.5 0.0 2.6 9.9 1.5 14.0 29.5
70 0.0 0.4 3.8 0.0 0.9 12.1
65 0.0 0.9 0.0 2.9
60 0.1 - 0.3
55 0.0 0.0
50
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STATION LOAD

TECO maintains that as the Gannon Plant gets older it will be used less
so that SO, emissions will not exceed current levels. Because the area is
nonattainment for SO0,, S0, emission increases cannot be permitted in the
revised SIP regulation that will be required for the plant. TECO has pre-
sented evidence that conversion to low-sulfur coal will not increase emissions
beyond the 1979 level for future years through 1989 unless maximum interchange
sales are assumed. In that case emissions will still not exceed the 1976
Tevel. As an additional exercise we have calculated the percentage likelihood
of exceeding the proposed bubble regulation of 254.4 ton S0,/day assuming that
the station will be loaded as it was in 1979. For this calculation we have
used an unofficial TECO tabulation of daily Gannon station loads for 1979.

Our results are shown in Table 8-2. - | _

These load frequencies are combined with the estimated likelihoods of
being out of compliance with SO, regulations, using various qualities of coal
at the prescribed assumed loads. Table 8-3 indicates the estimated percentage
of days that Gannon would be out of compliance on the basis of TECO's assumed
1979 load distribution. The 1.6 1b coals are not included because they all
show essentially zero likelihood of noncompliance using the 1979 load profile.

The data in Table 8-3 indicate that if the 1979 station load profile is -
typical, the 1.9 1b coals will not result in more than 1 percent noncompli-
ance. However, 2.2 1b coal will result in 1.1 to 4.5 percent noncompliance,
depending on the variability of the coal. Our conclusion then is that TECO's
low sulfur coal proposal is basically a sound concept, but that sufficient
safeguards will have to incorporated into their program to insure that they
meet the imposed limits by maintaining proper coal quality and appropriate
station loads.

TECO's success in using the proposed Tow-sulfur coal option depends on
the utility's ability to maintain a reliable supply of compliance coal. TECO
indicates confidence that by cleaning the coal and using proper additives, the
utility will be able to burn the coal in the cyclone-fired boilers. Ash
content and ash fusion temperature can be maintained to prevent excessive
fouling and slagging of the boilers; coal sulfur content and boiler Toad can
be manipulated to meet the SOZ emission limit. Adeéuate ESP capacity can be
installed to meet particulate emission requirements. Furthermore, TECC should
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TABLE 8-2. DAILY STATION LOADS - GANNON - 1979

Days Load, % Relative frequency Assumed load, %

1 Above 80 0.003 85.0
11 75 - 80 0.030 77.5
20 70 - 75 0.055 72.5
24 65 - 70 0.066 67.5
27 60 - 65 0.074 62.5
30 55 - 60 0.082 57.5
32 50 - 55 0.088 52.5
50 45 - 50 0.317 47.5
61 40 - 45 0.168 42.5
43 35 - 40 0.118 37.5
30 30 - 35 0.082 32.5
17 25 - 30 0.047 27.5

9 20 - 25 0.025 22.5

9 15-20 0.025 17.5
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be expected to install and operate continuous opacity and SO, emission moni-
toring equipment to demonstrate compliance with regulations on a continuing
basis. A description of various continuous monitors is described in Appen-
dix B.

The conversion of these boilers to coal will result in their more fre-
quent dispatch to meet electrical load, a situation that runs counter to
TECO's contention that the boilers will be used less frequently in future
years. Some provision must be incorporated in TECO's program to input the
environmental restrictions for the station into their economic dispatch sys-
tem. Regulatory and other implications of overriding TECO's existing eccnomic
dispatch program are not addressed in this report.
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SECTION 9
S0, EMISSIONS REGULATIONS
AND CONTINUING COMPLIANCE

BACKGROUND

Although the Tampa area is in compliance with National Ambient Air Qual-
ity Standards (NAAQS) for SO,, compliance is marginal. The three-hour ambient
S0, standard is in greatest jeopardy; thus the Florida Department of Environ-
mental Regulation (DER) has a responsibility to protect that standard and to
insure that TECO does not cause a violation of that standard as a consequence
of converting the Gannon boilers to coal. Accordingly, Florida has drafted a
regulation to limit emissions from Gannon coal-fired units to 2.4 1b SO, per
million Btu heat input for each unit on a weekly average. Furthermore, com-
bined emissions from all six boilers are not to exceed 10.6 ton S0,/h on a
weekly basis. TECO is to verify compliance by submitting weekly station
generation data and weekly composite fuel quality aﬁa]ysis data. Compliance
with 3-hour and 24-hour ambient standards is to be fnsured by load limiting in
conjunction with daily fuel quality; details are to be specified in the sta-
tion operating permit(s).

This new regulation has not been promulgated, pending a public hearing in
mid-October. The intent of the proposed regulation is to allow TECO to demon-
strate continuing compliance to the satisfaction of the state agency at rea-
sonable Eost. The alternative to the use of routine coal analyses would be to
require the installation and operétion of a continuous emissions monitoring
(CEM) system. In order to investigate the merits of such a requirement we
visited Gulf Power Company and the Tennessee Valley Authority (TVA), two
utilities that each maintain a number of CEM systems for SQ,.

Gulf Power has seven generating units at its Crist Plant in Penascola,
Florida. The company maintains Lear Siegler monitors for opacity, S0;, 0,
and NO on four coal-fired units at the plant (Units 4-7). A computer system

31



calculates 3-hour averages for 1b SO, per million Btu for each boiler in
1-hour steps. The regulation at the plant is 4.9 1b SO, per million Btu.
Gulf Power indicates that the monitors have shown that the standard is never
violated. Before the monitors were installed some coal analyses showed viola-
tions.

The emissions monitors are serviced by Lear Siegler under a maintenance
contract. . Plant personnel provide only routine support (1/2 man per year) to
the Lear Siegler representative who spends full time maintaining the monitors
on 11 units at three Guif Power plants. Preventive maintenance service by
Gulf Power amounts to about 2 man years per year. Thus, the total manpower
requirement to service and maintain the monitors on the 11 units is about
3 1/2 people. The maintenance contract to Lear Siegler costs about $70,000
per year. System up-time on the monitors runs about 85 percent. Gulf Power
has no legal requirement to maintain the monitors, nor to report CEM data to
the state on a routine basis. However, it is possible that reporting require-
ments may be incorporated into future state operating permit renewals for the
plants.

Gulf Power has not prepared any formal comparisons between CEM data and
coal analysis data, but Gulf Power personnel indicate that the monitor data
seem to run slightly Tower than the coal analyses. . The amount of the discrep-
ancy was not indicated. Other studies have shown that 90 to 95 percent of the
sulfur in coal is emitted as SO,. | ' .

TVA has operated CEM systems for several years as part of a program to
curtail emissions during periods of adverse meteorological conditions. More
recently TVA has installed a large number of Lear Siegler instruments at
various plants in conjunction with a consent agreement with EPA. At the
Widows Creek plant TVA maintains seven DuPont SO, analyzers and three Lear
Siegler systems that each measure SO,, NO, 0,, and obacity. The Lear Siegler
units alternate at T-minute intervals between the measurement of NO and SO,.
S0, data for each monitor are reported for each 15-minute period. At present
a full-time statistician transfers strip chart data to report forms that array
96 15-minute average readings for each day. TVA is planning to develop and
install a computer system to handle this data load for compliance monitoring.
In addition to the statistician, TVA employs four mechanics and one foreman
full-time to maintain these instruments. In contrast with Gulf Power, TVA
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does not subscribe to a maintenance contract with Lear Siegler. Instead, TVA
maintains a rather exhaustive instrument diagnosis and repair facility. The
instruments seem to require frequent circuit board repairs. TVA will eventu-
ally have a total of 111 CEM units in 12 plants, each éubject to annual recer-
tification. However, there are no established EPA caiibration reguirements,
according to TVA. Routine calibration (zero and span) is performed automati-
cally once each day on each instrument, and voluntary calibration checks are
run quarterly by TVA. Only 20 percent relative accuracy is required at in-
strument operating conditions. TVA has attained a very high up-time percent-
age for these instruments by deveting a lot of attention to them. Each time
there is an instrument malfunction TVA is required to report the incident to
EPA. TVA claims that this involves considerable unnecessary time and expense
(including a mailgram).

Each Lear Siegler analyzer system costs about $20,000. TVA recently
ordered $250,000 worth of spare parts for all of its plants and is gathering
data to define requirements for spare parts and supplies requirements in
greater detail.

For each boiler TVA fills the coal bunker each night for the next day's
burn and collects a coal sample as the coal is charged into the bunker. This
sample is analyzed in the laboratory; results are available about two days
after the coal sample is collected. Thus the coal is usually burned a day or
so before the coal analysis is completed. '

DATA

TVA has provided us with several months of data, including CEM data and
coal analysis data. Using these data, three points were investigated.

1. Relationships between short-term and long-term coal or emissions vari-
ability. - -

2. Relationships between coal sulfur content and suifur dioxide emissions.

3. Relationships between coal analysis data and CEM emissions data.

Beginning on November 19, 1979, TVA has produced daily CEM summaries for
Widows Creek Unit 7 that each consist of 96 15-minute average S0, emission
readings (1b S0, per million Btu). These data permit us to estimate the
variability in emissions on any time basis that is an integral multipie of
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-15 minutes. If emissions data points were truly independent it would be
possible to calculate the variability for any time frame (i.e., hourly, daily, -
weekly, etc.) once we know the variability for one time frame. However,
emissions data are not really independent; thus short-term and iong-term
emissions trends make it impossible to infer the variability for one time
frame from another one.. Variabilities in coal quality and emissions must be
estimated by accumulating relatively large gquantities of sample data over long
periods of time.

TVA has provided 85 days of CEM data formatted in daily arrays each
consisting of 96 fifteen-minute SO0, emission averages for Widows Creek Unit 7.
In addition, TVA has sampled and analyzed the coal supply to the Unit 7 bunker
each night as the coal is Toaded to the bunker for the next day's operation;
TVA has also provided these data for 154 days for our analysis. Using these
various data; we have calculated the following parameters.

Mean daily emissions based on 24 consecutive daily coal samples:
4.00 1b S0,/10® Btu

Mean daily emissions based on the same 24 consecutive days of CEM data:
4.31 1b S0,/108 Btu

Daily standard deviation based on 24 consecutive daily coal samples:
0.935 1b S0,/10% Btu

Daily standard deviation based on the same 24 consecutive days of CEM
data:
"~ 0.927 1b S0,/108 Btu

Mean daily emissions based on 78 days of CEM data:
4.54 1b S0,/10€ Btu

Daily standard deviation based on 78 days of CEM data:
0.689 1b S0,/10% Btu

Three-hour standard deviation based on 624 three-hour periods (78 days)
of CEM data:
0.778 1b S0,/10% Btu.

One~hour standard deviation based on 1872 hours (78 days) of CEM data:
0.794 1b S0,/10¢ Btu.

Average daily three-hour standard deviation based on 78 days of CEM data:
0.336 1b S0,/10® Btu

Average daily one-hour standard deviation based on 78 days of CEM data:
0.355 1b S0,/10% Btu
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Mean daily emissions based on 154 daily coal samples:
4.32 1b S0,/10% Btu

Daily standard deviation based on 154 daily coal samples:
1.475 1b S0,/108 Btu

The above data presentation is somewhat disjointed, but a closer examina-
tion reveals several points. For the 24-day period in which there are compar-
ative coal sample and CEM data there is no significant correlation between the
daily coal analyses and the average daily CEM analyses. The calculated corre-
lation coefficients for these data were -0.02 and -0.14 based on respective
assumed lag times of one day and two days between loading the bunker and
burning the coal. Unit 7 is rated at 530 MW, and the bunker is large enough
to substain a 24-hour burn at 500 MW. On the average the boiler generates
300 MW so the coal is usually burned within a day or two after it is charged
into the bunker. The variable lag time between charging the bunker and burn-
ing the coal thus tends to weaken the correlation that we expect between coal
data and CEM data, but it does not seem reasonable that the correlation coef- _
ficient should be essentially zero. It is disconcerting that the coal data
~and the CEM data appear to be totally unrelated, and further effort should be
exerted to demonstrate the underlying correlation. |

The CEM data for the 24-day period indicate that emissions average eight
percent higher than the corresponding coal analysis data. Because not all of
the sulfur in the coal is converted to SO, in the bof]er, the CEM data would
be expected to be slightly lower than the coal analysis data. This logical
inconsistency needs to be investigated in further detail to determine whether
or not there is a systematic error in either the coal sampling and analysis
procedures, the emissions monitoring system, or the various calculations
associated with the analyses. The two data sets should both reflect actual
emissions; it is possible that the accuracy in the two data sets for the
24-day term was not sufficient to compare the emissions indicated by the two
methods.

The data show that for this plant long-term coal variability tends to the
greater than short-term variability. The day-to-day variability for the
24-day period is less than the day-to-day variability over a 1534~day period,
and a sample 1-hour standard deviation calculated from a single day of data
tends to be lower than the 1-hour standard deviation calculated over a longer
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period. This indicates that overall coal variabf1ity should probably not be
"~ inferred from short-term data and that conventional statistical procedures are
inappropriate if they assume that sémp]e data points are independent.

TVA supplied us with CEM data for the 113-day period from October 19,
1979, through February 8, 1980. In that period the boiler was out of service
for all or part of 35 calendar days. Three CEM failures of 4 hours, 8 hours,
and 4 hours respective]y‘during that period precluded obtaining complete data
oh three days when the boiler was operating, so the CEM provided essentially
complete data on 96 percent of the days that the boiler operated. This leads
us to the conclusion that CEM reliability can be high if good maintenance
procedures are adopted, but that maintenance costs are also high, as indicated

earlier.

CONCLUSIONS

Our conclusions to this study are necessarily tentative because of its
limited scope. Our data base would have to be expanded in order to draw more
general conclusions about CEM performance. However, the following conclusions
seem appropriate.

Any system of data collection and reporting that is agreed upon between
the utility and the state must report data in a form that is usable to the
state and which gives strong evidence that agreed emission limits are being
met so that ambient standards will not be violated. The reporting system must
be simple enough that the state is not burdened with a mountain of data to
sort through, but yet the utility must be able to maintain backup data for a
reasonable period of time to defend any challenge that the plant may not be in
compliance. By the same token, the utility needs to protect itself from a
cumbersome data reduction task. TVA's painstaking procedure of visual inte-
gration of 15-minute averages from strip chart data appears to be too expen-
sive and cumbersome for TECO to have to adopt.

Although an underlying relationship necessarily exists between the sulfur
content of coal and the SO, emissions from burning the coal, we have been
unable to correlate TVA's coal analysis data with corresponding CEM data.

This may be partly because in our correlation we have not incorporated the
variable lag time between loading the bunker and burning the coal. However,

some question exists that the two data sets are equivalent for demonstration
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of compliance with emissions regulations. Whether Florida decides to require
coal analysis data or CEM data to demonstrate comb]iance, it is very important
to insure that the selected method accurately reflect true SO, emissions.

" TVA analyzes each coal sample two or three days after the coal is put
into the bunker. In most cases the coal is burned about a day before an
analysis can be avai]ab]e. Thus the analysis is of little more than histori-
cal interest and cannot be used for essentially real-time control. On the
other hand CEM data are available only minutes after the coal is burned, and
it is conceivable that a system could be developed to divert clean coal into a
boiler quickly to bring indicated high SO, emissions into line with regulatory
limits. However, if no such system is available to TECO, there may be little
practical value in eliminating any lag time that coal analysis necessitates.

Because coal has inherent variability in quality, any strategy to comply
with emissions regu.ations must incorporate a statistical analysis to comply
with those regulations for a certain minimum percentage of the time. Any
regulation that is promulgated should take this statistical variation into
account and should permit a given 1imit to be exceeded only with limited
frequency such as one day per month or three weeks per year or ten days per
year. Penalties for exceeding the prescribed frequency should be indicated,
and the system whereby TECO is to demonstrate continuing compliance should be

described in detail.
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APPENDIX A

POWLER PLANT SURVEY FORM

COMPANY INFORIATION:

COMPANY WAIE: Tampa Electric Company

MAIN OFFICE: = P.0. Box 111, Tampa, FL 33601
RESPONSIBLE OFFICER: G.F. Anderson ]
PGCSITION:: Vice President - Production, Operalt.ions, Maintenance -
PLANT NAME: Gannon Station

LANT LOCATION: Port Sutton Road

RESPONSIBLE OFFICEZR AT PLANT LOCATION: H.D. Broome
POSITION: Plant Superintendent

POWER POOL N.A.

W0 0 ~J O N e W N

DATZ INFORIIATION GATHERED:

Updated May 1980

PARTICIPANTS IN MELETING:



Boiler nunber

B. ATHOSPHERIC EMISSIONS 1 2 3 4 >
1. PARTICULATE EMISSIONS?®
LB/H¥ BTU (1979 Stack Test Results) 0.04 0.04 0.03 1 0.07 0.004
GPRATNS/ACE N.A.
LB/iiR (FULL LOAD) 50 - 50 48 131 10 o
TONS/YEAR (10//7Y(1979) 80 98 93 229 23
2. APPLICABLE PARTICULATE EMISSIOHN
REGULATION
2) CURPENT REQUIREMEHNT
AQCP PRIORITY CLASSIFICATION Flopida Administrative Code
RECULAT.OW & SECTION HO. 17-2.05(6) | E.(1)(b)1l.c| and 17-2.05(6)E. (1) (L)} a.
Le/uit BTU |__o.1 0.1 0.1 0.1 0.1
b) FUTURE REQUIREMENT (DATE:
REGULATION & SECTION NO.
LE/::1 BTU
3. SO, EdISSTONS® o o
LB;LEI BTU (1979 Stack Test Results) 1.03 1.06 0.96 1.10 1.43
Ls/HRr (FULL LOAD) 1295 1332 1535 2064 3267
TONS/YEAR /YYPTEN (1979) 2071 2604 2971 3592 7950
4. APPLICABLE SO, EMISSION REGULATION o
a) CURRENT REQUIREMENT Flprida Adminipktrative Codj
REGULATION & SECTION NO. 17-2.05(b)F|. (1) (b)1. e apd 17-2.05(6pE. (1) (b)2.a
LB/} BTU 1.1 1.1 1.1 1.1 2.4

b) FUTURE REQUIREMENT (DATE:

REGULATION & SECTION NO.

LB/MM BTU

a) TAaptifv whether results are fro™ stack tests or estimatec
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DATA

U.T.M. COORDINATES _360,100 mE and 3,087,500 mN

ELEVATION ABOVE MEAN SEA LEVEL (FT) +9.0 MLW

SOIL DATA: BEARING VALUE ~2000 r‘r‘/ft2

PILE DATA See attached report

DRAWINGS REQUIRED provided to PedCo on May S5, 1980
PLOT PLAN OF SITE (CONTOUR)
EQUIPMENT LAYOUT AND ELEVATION

ACRIAL PHOTOGRAPIIS OF SITE INCLUDING POWER PLANT,
COAL STORAGE AND ASH DISPOSAL AREA

HEIGHT OF TALLEST BUILDING AT PLAWT SITE OR
IN CLOSE PROXIMITY TO STACK (FT. ABOVE GRADEL)

HEIGHT OF COOLING TOWERS (FT. ABOVE GRADE): N-A.




Fuel Consumption Fuel Characteristics
Month oil N
(1972) 1 Coa 0il
Gallons Tons

(1000) (1000) Avg S % Max S % Min S % Avg S % Max S %

Coal

Januarv
February Sce attached 1979 See attach¢d 1979 FPC-67 |Form - page 2 |
March FPC-67 lorm - pagk .5
April
May
- Jure
. July
August

Seotember
October

Novembar
Dccempber

Average Boiler Load Factors (Weekday)

Boiler Boiler Boiler . Boller Boiler

Month 4 hr | Average| 4 hr | Average 4 hr | Average | 4 hr | Average 4 hr | Averags
(1972) Pealk 24 hr Peak 24 hr Peak 24 hr Peak 24 hr Peak 24 hr
Period | Period Period | Period Period | Period Period | Period Period | Period

Januarvy
February : ) _ o _
March Sce attaghed 1979 FPC-67 Forp - page 5
April
tav
June
July
August

Septorber
October
November

December




| Boiler number
E. BOILER DATA 1 2 3 4 5
1. SERVICE: BASE LO:LD
STANDEY, FLOATING, PELK See capjcity factor|helow
2. TOTAL HOURS OPERATION (Y97R) (1979) 5278 6116 5448 5369 6630 £
3. AVERAGE CAPACITY FACTOR (AA//7) (1979) 48% 48% 44% 42% 59% £
4. SERYED BY STACX MNO. 1 2 3 4a § 4b 5 ‘
5. BOILER MANUFACTURER BgW BGW BW BEW Rilev  Hi
6. YE:R ‘BOILER PLACED IN SERVICE 35 Yy 1957 1958 1960 1963 1965 1
7. REMAINING LIFE OF ULIT 12 13 15 18 20
8. CELERATING CAPACITY (ME)
LHAMEPLATE 125 125 179.52 187.5 _239.36 [
MAKIMUM CONTIHUOUS (yet) 98 108 150 169 214 3
PLAK {(no distinction from maximum contilous) !
9. MEXINUHM HEAT INPUT (M BTU/HR) 1257 1257 1599 1876 2394 |3
10. FUEL COMNSUMPTION: MAX/DSALLI/AVER :
. CCAL (TPH) 93.4/77.7 |2
OIZ (GPH) %;044/5080 8,0-14/5100 |10,846/7,57312,900:8,11(
11. ACTUAL FUEL CONSUMPTION
cozL (TPY) (1979) x 1000 457.8 kS
OIL (GPY) (1979) x 1000 26,813 32,748 41,262 43,543
12. WET OR DRY BOTTO: Wet Wet Wet Wet Net 3
13. FLY ASH REIMJECTION (YES OR NO) NAL NA. N.A. N.A. Yes g
14. STACK HGT ABOVE GEADE (FT.) 306 306 306 306 306 o
15. I.D. OF STACK AT TOP (fA/TUfL)(It) 10.0 10.0 10.6 9,6 cach 14.6 L

Notes:



Boiler number

1 2 3 4 )
16. FLUE GAS CLEANTNG EQUIPHMENT
a) MECHANICAL COLLECTORS None
MAHUFACTURER
TYPE
EFFICIENCY: DESIGN/ACTUAL (%)
MASS EMISSION RATE: i
(GR/ACF)
(4 /ilR) I
(¢/M21 BTU)
b) ELECTROSTATIC PRECIPITATOR : .
Research Research Research American Research
MANUFACTURER Cottrell | Cottrell | Cottrell |Standard Cottrell
TYPE Upgraded —
EFFICIENCY: DESIGN/ALAAIKL/ /() 90 90 93 95 .5 98.5/99.8
MASS EMISSION RATE See question 2 ¢f this form
(GR/ACF) '
(£ /HR)
(/M1 BTU)
NO. OF IND. BUS SECTIOIS 6 6 12 8 8
TOTAL PLATE AREA (FT”) 34,800 34,800 62,400 62, 200 106,800 14
FLUE GAS TEMPERATURE :
@ INLET ESP @ 100% LOAD (°F) 309 309 266 286 288
17. EXCESS AIR: DESIGN/ACTUAL (%) 13 13 16 16 s -

Notes:



Boiler number

1 2 3 4 5
18. FLUE GAS RATE (ACFM)
@ 1003 LOAD (note 1) 500,000 /500,000 615,000 700,000 681,000
@ 75% LOAD (Note 2) 383,000 383,000 469,000 520,000 552,000
@ 505 LOAD  (vote 2) 252,000 252,000 | 342,000 353,000 440,000
19. STACHK GAS EXIT TEMPERATURE (°F) '
@ 1005 LOAD L 309 309 266 286 288
8 75% LCAD 280 230 249 266 278
@ 50% LOAD 265 265 242 252 273
20. EXIT GAS STACK VELOCITY (FPS)
@ 100% LOAD 79 79 98.8 71.7 64.1
@ 753 LOAD 62 62 74.1 53.8 52.0
€ 0% LOAD a1 41 49.4 | 35.9 dia
21. FLY ASH: TOTAL COLLECTED (TOS/YEAR)
DISPOSAL METHOD __ Sce_attachdd FPC-67 Foiym - page 7
DISPOSAL COST ($/TOU)
22. BOTTO: ASH: TOTAL COLLECTED (1OuS/
DISPOSAL METHOD  YFDAR) See attachdd FPC Form { page 7
DISPOSAL COST ($/TOti)
23. E¥1EAUST DUCT DIMENSIONS @ ST.‘\CI\ 7'0")(24'0" 7’0")(24'0" 7'5")(29'4" 10' 1.D. 15' 1.D.
24. ELEVATION OF TIE IN POINT TO STACK 11610 11610" 1231gn 106'6"* 1200
25. SCHEDULED MAINTENANCE SHUTDOWN :
(ATTACH PROJECTED SCHEDULLE)
Notes:

(1) Based on measurements taken by prCC1p1tator manufacturers for performance tests and mcasurements taken at
later dates by TCCO.
(2) Estimated based upon Note 1 above and boiler design data
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APPENDIX B
CONTINUQUS MONITOQRS

GENERAL REQUIREMENTS

TECO's Gannon Station will probably be subject to continous monitoring
requirements for SO, and opacity. System requirements are not highly depen-
dent on the precise SIP regulation that is adopted for the plant, because a
computerized data reduction system will be necessary in any case. A recent
agreement by West Penn Power for the Mitchell Plant included requirements to
transmit ambient data directly to the state on an hourly basis. For Gannon it
might be practical to report only the hourly emissions that exceed emission
standards and to report daily emissions in a simple report each month. The
monthly report format might be as simple as the following:

SO0, Emissions Report - August 31, 1984 '

Excursions Above Limits To Date (13.7 ton/h, 254 ton/day) - Gannon

Max. Max

hour Date ton/h Ton/day
1100 01-14-84 13.0 270*
1300 04-01-84 13.9* 241
1100 06-17-84 12.8 258*
1400 06-18-84 14.2* 255*
1300 08-27-84 13.8* 259*

*Indicates an exceedance.

Only days with exceedances would be reported. Ffor all reparted days, the
maximum hourly reading would be reported. Exceedances would be identified by
an asterisk. The above report indicates that four days exceeded the daily
cap. Short-term (hourly) exceedances accounted for the other infraction. Two
days exceeded both the hourly and daily limits.
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To implement the SO, emission bubble and to insure the successful en-
forcement of S0, emission limits TECO will have to install. and operate a
sophisticated continuous emissions monitoring system (CMS). The following
description of emissions monitoring concepts and requirements for existing
boilers is condensed mainly from "Evaluation Of Continuous Monitoring Systems
For Stationary Sources", a manual prepared by Engineering-Science, Mclean,
Virginia, for the U.S. Environmental Protection Agency, Region IV, August 1,
1978.

We have not performed an in-depth cost analysis for continuous emissions
monitoring systems that will be required by TECO, but other clients have
indicated costs in the neighborhood of $100,000 to monitor a single unit.
Some economics can be effected in a system to process and report data for six
boilers at once; $500,000 might be a good first guess at the capital cost for
the system. At least one operator will probably be required on a full-time
basis to maintain the system.

REGULATIONS

On October 6, 1975, EPA adopted requirements for the continuous emission
monitoring of certain new and existing sources. The requirements for existing
sources were adopted under 40 CFR Part 51, "Requirehents for the Preparation,
Adoption and Submittal of Implementaion Plans. The requirements for new
sources were adopted under 40 CFR Part 60, Standards of Performance for New
Stationary Sources. These regulations appeared in the Federal Register at 40
FR 46256, QOctober 6, 1975. The continuous monitoring requirements adopted by
EPA are minimum requirements. State and local agencies may, at their dis-
cretion, adopt more comprehensive or stringent requirements.

In general, these regulations require that specific categories of indus-
trial sources shall install continuous monitoring systems to monitor emissions
of sulfur dioxide, oxides of nitrogen, and opacity. In certain cases, sources
are also required to monitor carbon dioxide or oxygen so that the output from
the SO0, and NQx monitors can be converted to units of the standard. The '
regulations include requirements for design and performance specifications,
procedures for conducting performance evaluations, and requirements for record
keeping. These regulations provide the basic framework for EPA's continuous
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monitoring programs under the Clean Air Act and thus provide a useful refer-
ence for federal, state, and local air pollution officials involved in imple-
menting these programs.

The requirements for existing sources to install continuous monitoring
systems were designed to partially implement the requirements of Sections
110(a)(2)(F)(ii) and (iii) of the Clean Air Act, which state that implemen-
tation plans must provide "requirements for installation of equipment by
owners or operators of stationary sources to monitor emissions from such
sources", and "for periodic reports on the nature and amounts of such emis-
sions". However, the original implementation plan requirements did not re-
quire SIP's to contain legally enforceable procedures mandating continuous
emission monitoring and recording. At the time the original requirements were
published, EPA had accumulated 1ittle data on the availability and reliability
of continuous monitoring devices. The Agency felt that the state-of-the-art
was such that it was not prudent to require existing sources to install such
devices.

Since that time, much work has been done by EPA and others to field test
and compare various continuous emission monitors. As a result of this work,
the Agency now believes that for certain sources, performance specifications
for accuracy, reliability, and durability can be established for continous
emission monitors of oxygen, carbon dioxide, sulfur dioxide, and oxides of
nitrogen and for the continuous measurement of opacity. Accordingly EPA
adopted the requirements now contained at 40 CFR 51.19(e) which requires
states to revise their implementation plans to include legally enforceable
procedures to require certain stationary sources to install, calibrate, main-
tain, and operate equipment for continously menitoring and recording emis-
sions. The specific stationary sources and pollutants to be monitored are
identified in 40 CFR 51, Appendix P - Minimum Emission Monitoring Require
ments. Appendix P outlines the specifics of the applicability of the con-

~ tinous monitoring regulations regarding size (throughput) iimitations for the

affected facilities, the po]]utants that must be monitored, exemptions, per-
formance specifications, and evaluation procedures, data reduction and main-
tenance requirements, and special considerations regarding alternative pro-
cedures.
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The States were required to revise their implementation plans to include
specific procedures for continuous monitoring systems within one year after
EPA adopted its requirements under 40 CFR Part 51; that is, the revised plans
were due to be submitted by October 6, 1976. Source owners are required to
have the continuous monitoring systems on-line within eighteen months of EPA's
approval of promulgation of the revised plans.

Several of the salient features of the CMS requirements for existing
sources are discussed in the paragraphs below.

Affected Facilities

Fossil-fuel fired steam generators must, under certain circumstances, be
monitored for emissions of opacity, sulfur dioxide, nitrogen oxides, and, if
necessary to convert to units of the applicable standard, oxygen or carbon
dioxide. No monitoring is required if the annual average capacity factor is
less than or equal to 30 percent, as reported to the Federal Power Commission
for the calendar year 1974. In addition, monitoring is not required if no SIP
emission limitation is in effect.

Opacity monitoring is required for coal-fired units having greater than
250 million Btu/h heat input. 0il and combination o0il and gas-fired units are
exempt if a particulate collection device is not necessary to meet the SIP
emission 1imit at for particulate collection device is not necessary to meet
the SIP emission limit for particulates and the unit has no history of visible
emissions violations. Sulfur dioxide monitoring is required for units having
a heat input greater than 250 million Btu/h and that utilize SO, control
equipment.

Reporting Requirements

The SIP's should provide for quarterly reporting by source operators.
The reports must contain data regarding excess emissions and periods when the
continous monitoring equipment was inoperative (40 CFR 51, Appendix P, Para-
graph 4). If neither situation occurred during the quarter, a report docu-

- menting the absence of these events must still be filed.

The reports should identify, where applicable, the cause of excess emis-
sions, the dates, times, and magnitude of such emissions and the dates and
times when the continuous monitoring system was inoperative and the nature of
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repairs and adjustments. Excess opacity emissions should be reported as
one-minute averages or other time periods prescribed by the state. Excess
emissions for SO, and NOx should be reported in units of the standard; the
averaging time should be required to be consistent with the averagjng period
specified in the emission test method used to determine compliance with the
applicable SIP emission limitation.

Data reduction procedures are essentially the'same as required for new
sources under 40 CFR 60. However, the units of the SIP emission limitations
may be different from those for sources subject to NSPS, thus requiring some
alteration of certain data reduction procedures.

Performance Specifications

The performance specifications for monitors installed on existing facili-
ties are the same as those for new facilities. These specifications are
tabulated in Tables II-1 through II-3. It should be noted, however, that for
existing sources that purchased an emission monitoring system prior to Septem-
ber 11, 1974, the SIP may provide for an exemption from meeting the perfor-

~ mance specifications and associated test procedures for a period not to exceed

five years from plan approval or promulgation.

Special Considerations

In Appendix P, Paragraph 6.0, EPA has recognized the difficulty in set-
ting uniform requirements for continuous moﬁitoring systems at existing facil-
ities and has allowed the SIPs to include flexible requirements that will not
impede the development of new technology and will provide the minimum instal-
lation and operating costs. Alternative monitoring requirements may be adopt-
ed on a case-by-case basis. Specific problems that may be encountered
(i1) infrequent operation of the facility, (iii) extreme economic burden, and
(iv) physical limitations at the facility.

Major Differences in Requirements For New and Existing Sources

EPA allows more flexibility in impiementing CMS requirements for existing
sources as compared to new sources. For new sources, the continous monitoring
system can be integrated into the original design of the facility. Retro-
fitting CMS equipment on ekisting facilities may require significant addi-
tional expenses relating to altering existing equipment, e.g., representative
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TABLE II-1. PERFORMANCE SPECIFICATIONS FOR TRANSMISSOMETERS

Parameter | Specification
A. Calibration error* +3% opacity
B. Zero drfft (24h)* +2% opacity

C. "Calibration drift (24 h) +2% opacity
D. Response time 10 seconds (maximum)

E. Operation test period 168 hours

*Expressed as a sum of absolute mean value plus 95 percent confidence interval
of a series of tests.



PERFORMANCE SPECIFICATIONS
FOR GAS MONITORS

TABLE II-2. SO, AND NOx MONITORS

Parameter Specification
A. Accuracy* +20% of mean value of reference
method test data.
B. Calibration error* +5% of each (50%, 90%)
. calibration gas mixture
C. Zero drift (2 h)* 2% of Span
D. Zero drift (24 h)* 2% of Span

E. Calibration drift (2 h)* 2% of Span
F. Calibration drift (24 h)* 2.5% of Span
G. Response time 15 minutes (maximum)

E. Operational period - 168 hours (minimum)

TABLE II-3. COp AND 0x MONITORS

Parameter Specification
A. Zero drift (2 h)% +0.4% 0, or CO0,
B. Zero drift (24 h)* +0.5% 04 -or CO,

C. Calibration drift (2 h)* £0.4% O, or CO,
D. Calibration drift (24 h)* +0.5% 0, or CO,
E. Response time , 10 minutes (maximum)

F. Operational period 168 hours (minimum)

*Expressed as a sum of absolute mean value plus 95 percent confidence interval
of a series of tests.
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sampling locations may be inaccessible or nonexistent. If retirement of the
facility is scheduled in the near future, or if it is operated only on a
Timited basis, CMS installation and operating costs may not be warranted.
Thus, under the requirements of 40 CFR 51, Appendix P, EPA suggests that the
States provide for case-by-case determinations of the desirability of con-
tinous emission monitoring systems. Similarly, EPA generally requires all new
sources within a category to install monitoring systems, whereas smaller
existing sources are exempted.

Other major differences between the requirements for new and existing

sources are summarized as follows:

° EPA regulates new sources directly NSPS; existing sources are regu-
lated by states according to minimum requirements set by EPA.

° NSPS specify a six-minute aver. 3jing time for opacity measurements be
used to determine compliance whereas Part 51 specifies a one-minute
averaging time (or such time period prescribed by the state) be used
to compute excess emissions.

° NSPS specify a three-hour averaging'time for gaseous pollutants--
Part 51 specifies that the averaging time used by the state for
manual compliance testing shall be used.

° 0il-burning and oil/gas-burning boilers are exempted from opacity
monitoring requirements if they are existing sources and have no
record of visible emissions violations, whereas all such boilers are
required to monitor opacity under NSPS. -

°© . Monitors for nitrogen oxides are required only in those AQCR's where
the Administrator has called for a control strategy for nitrogen
dioxide for Part 51 requirements whereas Part 60 regulations require
nitrogen oxides monitors regardiess of SIP requirements.

EXTRACTIVE AND IN-SITU MONITORS

A11 categories of sources required to install continuous gaseous emission
monitors are faced with the problem of selecting instruments that will give
data representative of the actual source emissions. The extraction of a
sample gas from a stack or duct presents a number of problems for extractive
continuous analyzers. To obtain accurate results, a representative sample
must be extracted and transported to the monitor itself. Beforehand, the
sample must be processed by removing particulate matter, water vapor, and, in
some cases, .specific gases that interfere in the analytical method. In-situ
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monitors, in contrast with extractive monitors, do not require the removal of
particulates or water vapor. The analytical methods used in in-situ monitors
have been chosen to avoid these interferences. In-situ monitors do, however,
have limitations in their application. [f a stack or-duct contains entrained

water in the form of liquid droplets, light scattering problems and adsorption

of the pollutant gases in the liquid may cause the instrument values to differ.
from those obtained by the EPA reference method. The choice of the type of
system (extractive or in-situ) to be used in a given application will often
depend upon features of the plant design.

The selection of a monitor is also dependent upon the criteria for per-
formance. An S0, emissions monitoring system must meet the following speci-
fications after it is installed on the source: '

Accuracy - £20%
Calibration error . 5%
Zero drift

2 hour : £2% of span

24 hour £2% of span
Calibration drift

2 hour €2% of span

24 hour £2.5% of span
Response time 15 minutes (maximum)
Operational period 168 hours

Extractive and in-situ S0, emission monitors can be characterized by the
principles of chemical physics used. The methods used can be grouped into
three major categories:

[}

absorption spectrometers

° Tuminescene analyzers

° electroanalytical methods

Extractive SO, monitors utilize methods from all of these categories,
whereas in-situ systems generally use spectroscopic absorption methods. An
exception is thermal conductivity used in a few in-situ SO, monitors.

EXTRACTIVE ANALYZERS

In the past, either existing ambient air monitors or common laboratory
instruments were modified for source-level monitoring applications. Problems
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tended to arise with the inevitable dilution systems and delicate nature of
some of these systems. Many of these earlier problems have since been solved.
Extﬁactive analyzers are now designed to specifically monitor at source-level
concentrations and are constructed to withstand the rigors of a plant environ-

ment.

Absorption Spectrometers

Nondispersive infrared (NDIR) analyzers have been developed to monitor

S0,, NO, CO, CO,, and other gases that absorb in the infrared, including

hydrocarbons. An NDIR analyzer utilizes a broad band of infrared light cen-

tered at an absorption peak of the pollutant molecuie.

The advantages of the NDIR analyzers are their relatively low cost and

the ability to apply the method to many types of gases.

Problems associated

with the method arise from interfering species, the degradation of optical

systems due to corrosive atmospheres, and in some cases, limited sensitivity.

Detectors are sensitive to vibration, often requiring electronic and mechani-

cal damping.

MANUFACTURERS OF NDIR MONITORS

Beckman Instruments, Inc.
2500 Harbor Boulevard
Fullerton, CA 92634
(714) 871-4848

Calibrated Instruments, Inc.
431 Saw Mill River Road
Ardsley, NY 10502

(914) 692-9232

CEA Instruments (Peerless) ',
~ Sumneytown Pike

555 Madison Avenue
New York, NY 10022
(212) 247-2518

Horiba Instruments, Inc.
1021 Buryea Avenue
Irvine, CA 92714

(714) 540-7874

Bendix Corporation
Process Instruments Div.
P. 0. Drawer 831
Lewisburg, WV 24901
(304) 647-4358

Esterline-Angus

19 Rozel Road
Princeton, NJ 08540
(609) 452-8600

Leeds & Northrob

Northwales, PA 19454 -

- (215) 643-2000

MSA Instrument Division
Mine Safety Appliances
400 Penn Center Blvd.
(412) 241-5900
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Infra-red Industries Teledyne

P. 0. Box 989 Analytical Instruments
Santa Barbara, CA 93102 333 West Mission Drive
P. 0. Box 70

San Gabriel, CA 91776

Several nondispersive syStems are available that use light in the ultra-
violet and visible regions'of the spectrum rather than in the infrared. To
analyze for S0, these instruments utilize one of the narrow absorption bands
of the ultraviolet absorption spectrum. The instruments work in a similar
manner to the NDIR method discussed previously. Essentially, the analyzers
measure the degree of absorption at a wavelength in the absorption band of the
molecule of interest, (280 mm for S0,). This method of analysis is often
termed "differential absorption" because measurements are performed at two
different frequencies. One at the wavelength of maximum absorption and one
where S0, has minimal absorption.

- MANUFACTURERS OF EXTRACTIVE DIFFERENTIAL ABSORPTION ANALYZERS

GEA Instruments DuPont Company

555 Madison Avenue Instrument Products
New York, NY 10022 Scientific & Process Div.
(212) 247-2518 Wilmington, DE 19898
(302) 772-5500
Western Research and Esterline-Angus
Development Ltd. 19 Rozel Road
Marketing Department Princeton, NJ 08540

#3, 1313 - 44th Avenue, N.E. (609) 452-8600
Calgary - Alberta T2E GLS
(403) 276-8806

Teledyne

Analytical Instruments
333 West Mission Drive
P. 0. Box 70

San Gabriel, CA 91776

Luminescence Methods

Luminescence is the emission of light from a molecule that has been
excited in some manner and photoluminescence is the release of light after a
molecule has been excited by ultraviolet, visible, or infrared radiation. The
emission of light from an excited molecule created in a chemical reaction is
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known as chemiluminescence. The atoms of a molecule can even be excited to
luminescence in a hydrogen flame. These three types of luminescent processes
are used in source monitoring applications. Monitors utilizing the effects of
luminescene can be very specific for given pollutant species and can have
greater sensitivity than some of the absorption or electrochemical methods.

Fluorescence is a photoluminescent in which light energy of a given
wavelength is absorbed and light energy of a different wavelength is emitted.
In this process, the molecule excited by the 1ight energy will remain excited
for about 10 8 to 10 4 seconds. This period of time will be sufficient for
the molecule to dissipate some of this energy in the form of vibrational and
rotational motions. When the remaining energy is re-emitted as light, the
energy of the light will be lower, meaning light of a longer wavelength (lower
frequency) will be observed. Thus, the basis the fluorescence technique is to
irradiate the molecule with 1ight at a given wavelength (usually in the near
ultraviolet) and to measure the emitted light at a longer wavelength.

The S0, fluorescence monitors are customarily calibrated using SO in air
mixtures. It has often happened, that a technician will take a convenient
cylinder of span gas having SO, in nitrogen instead of air. Spanning the
instrument with such a mixture will cause the subsequent S50, readings to be
approximately 30% lower than the true values. Ideally, the best way to span
fluorescence analyzers for source application is to use a span gas with a
composition similar to that of the stack effluent. Fluorescence monitors,
aside from this quenching problem, have no other significant interference
problems. Particulates and water must be completely removed from the sampling
stream before it enters the sampling chamber or else the instrument will
easily be fouled. Permeation tube dryers are generally used in the instrument
itself to eliminate any water vapor that is not removed by the extractive

system.
MANUFACTURERS OF FLUQRESCENCE SOURCE ANALYZERS
Thermo Electron Corporation Research Appliance Corp.
Environmental Instruments Div. Route 8
108 South Street Gibsonia, PA 15044

Hopkinton, MA 01748 (412) 443-5935
(617) 435-5321 :
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Electroanalytical Methods.

Another class of instruments based upon electroanalytical methods of
measurement has found great utility in source monitoring applications. There
are four distinct types of electroanalytical methods used in source monitor-
ing. These are:

. Polarography

° Electrocatalysis

©  Amperometric Analysis

o

Conductivity

A number of monitors based on polarographic and electrocatalytic methods
are available for source monitoring applications. Polarographic analyzers
have been developed for a number of gases and can be inexpensive and portable;
ideal for inspection work. Complete continuous source-monitoring systems are
also available from manufacturers of these instruments. The electrocatalytic
or high temperature fuel-cell method, as it is often called, is used to moni
tor oxygen only. Both extractive and in-stack monitors are available using
this technique. The methods of amperometric analysis and conductivity are
less widely used and are subject to a number of interferences. They will not
be discussed further in the report. '

Polarographic analyzers have variously been called voltammetric analyzers
or electrochemical transducers. With the proper choice of electrodes and
electrolytes, instruments have been developed utilizing the principles of
polarography to monitor SO,, NO,, CO, 0, H,S, and other gasés.

The transducer in these instruments is generally a self-contained elec-
trochemical cell in which a chemical reaction takes place involving the pol-
Tutant molecule. Two basic techniques are used in the transducer: (a) the
utilization of a selective semipermeable membrane that allows the pollutant
molecule to diffuse to an electrolytic solution, and (b) the measurement of
the current change produced at an electrode by the oxidation or reduction of

~ the dissolved gas at the electrode. For SO,, the oxidation that takes place

is:

-2 + -
SO, + 2H,0 » SOF + 4H™ + 2e
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The polarographic analyzers in their earlier development were temperature
sensitive, but temperature compensation devices are now generally provided to
avoid this problem. This electrolyte of the cells will generally be used up
in 3 to 6 months of continuous use. The cells can be sent back to the manu-
facturer and recharged, or new ones can be purchased. It is extremely im-
portant that the sample gaé be conditioned before entering these analyzers.
The stack gas should come to ambient temperature and the particulate matter
and water vapor should be removed to avoid -fouling the cell membrane.

With proper use, polarographic analyzers can be a valuable tod] to an air
pollution agency's inspection program or to a source operator wishing to check
pollutant levels at various plant locations. Complete systems are also avail-
able for continuous moniforing, but should be designed carefully so as to give
accurate data.

MANUFACTURERS OF POLAROGRAPHIC ANALYZERS

Dynasciences (Whitaker Corp.) Interscan Corp.
Township Line Road 20620 Superior St.
Blue Bell, PA 19422 Chatsworth, CA 91311
(215) 643-0250 (213) 882-2331
IBC/Berkeley Instruments Theta Sensors, Inc.
2700 DuPont Drive Box 637
Irvine, CA 92715 Altadena, CA 91001
(714) 833-3300 (213) 798-9101

(will provide systems)
Western Precipitation Division Teledyne Analytical
Joy Manufacturing Company Instruments '
P. 0. Box 2744 Terminal Annex 333 West Mission Drive
Los Angeles, CA 90051 San Gabriel, CA 91776

(Portable models - not designed (213) 282-7181
for continuous stack application) (0, only = micro-fuel cell)

Beckman Instruments, Inc.
Process Instruments Division
2500 Harbor Blvd.

Fullerton, CA 92634

(714) 871-4848

(02 only)
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IN-SITU MONITORING SYSTEMS

The problems and expense sometimes associated with extractive monitoring
systems have led to the development of instrumentation that can directly
measure source-level gas concentrations in the stack. The so-called "in-situ”
systems do not modify the flue gas composition and are designed to detect gas
concentrations in the presence of particulate matter. Since particu]até
matter causes a reduction in light transmission, in-situ monitors utilize
advanced electro-optical techniques to eliminate this effect when detecting
gases. These techniques are:

° Differential absorption
° Gas filter correlation

° Second derivative spectroscopy

 Also, as discussed earlier, an electrocatalytic analyzer has been designed to

monitor oxygen concentrations in=-situ.

Terminology

A number of terms categorize the different types of in-situ monitors.

Cross-stack in-situ monitors measure a pollutant level across the com-
plete diameter or a major portion of the diameter of a stack or duct. There
are two types of cross-stack monitors: (a) single pass and (b) double pass.
Single-pass and double-pass transmissometers have been discussed earlier, and
the distinction holds for in-situ gas monitoring systems. Single-pass systenms
locate the light transmitter and the detector on opposite ends of the optical
sample path. Double-pass systems locate the 1ight transmitter and the de-
tector on one end of the optical sample path. To do this, the light beam must
fold back on itself by the use of a retroreflector. Double-pass systems are
usually easier to service than single-pass systems since all of the active
components are in one Tlocation.

In=stack in-situ systems monitor emission levels by using a probe that
measures over a limited sample path length. All of the commercial optical
in-stack monitors are double-pass systems (the in-stack electrocatalytic
oxygen monitor discussed earlier is not an optical system). "The path length
may vary from 8 cm to a meter. A retroreflector, usually made of quartz, is
located at the end of the probe. The in-stack systems are all double-pass and
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have also been termed short-path monitors. The siting of such systems should
follow the same guidelines as those given for extractive systems. A location
representative of the pollutant level should be determined before installa-
tion. ,

There are currently only three vendors of in-situ optical gaseous emis-
sion monitors. Environmental Data Corporation (EDC) uses the technique of
differential absorption to monitor CO,, S0z and NO, and the gas filter corre-
lation technique to monitor CO. Contraves markets an instrument that measures:
S0,, NO, CO,, and CO levels all by the gas filter correlation method. Lear
Siegler, Inc. utilizes second derivative spectroscopy to measure SO, and NO
levels with their in-stack monitor. The following discussion of each of these
methods is intended to provide the reader with a background in these new
technologies so that informed evaluations may be made of the commercially
marketed systems.

Cross-Stack Analyzers

The technique of differential absorption spectroscopy used in the EDC
cross-stack gas monitor is similar to that used in the NDUV extractive ana-
lyzers discussed earlier. To obtain a narrow band of radiation over which the
pollutant molecule will absorb energy, a diffrattiop grating is used in this
analyzer. A grating disperses light from a UV lamp and 1ight of the appro-
priate wavelength is picked off; one wavelength for monitoring the pollutant
level, another to serve as a reference wavelength.

The ratio of intensities in the differential absorption technique is
important in the case of in-stack monitors. Particulates in the flue gas will
attenuate the amount of 1ight energy passing through the optical path. This
is the principle of measurement in the opacity monitors. If the light atten-
tuation is the same for the light energy at the measuring wavelength and that
at the reference wavelength, each intensity is reduced by a constant factor.

This satisfies a requirement demanded of all in-situ monitors: that
particulates not interfere in the analytical method. Interference due to the
broad band absorption by water vapor or other molecular species should simi-
larly cancel out if the measuring and reference wavelengths do not differ too
greatly. Further information on this system may be obtained from:
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" Environmental Data Corporation
608 Fig Avenue
Monrovia, California 91019
(213) 358-4551

The gas-filter correlation (GFC) method is used in an analyzer produced
by Contraves-Goerz Corp. to monitor C0,, CO, SOz, and NO. This method shows
potential in both in-situ and remote pollutant emissions monitoring.

The GFC method has been found to be a very sensitive and specific method
in the infrared. The ability to monitor a large number of absorption lines
provides greater sensitivity, in some cases, than can be obtained with the
differential absorption technique using only filters. The GFC method is an
NDIR method; the light is not dispersed.

The Contraves-Goerz system uses only one correlation cell containing CG,
CO2, SO,, and NO. Full advantage is taken of the spectral characteristics of
these molecules to prevent problems of interference in the measurement. More
information may be obtained on this system from:

Contraves-Goerz Corporation
610 Epsilon Drive

Pittsburgh, PA 15238
(412) 782-7700

In-Stack Analyzers

At the present time, only one instrument is manufactured that monitors
SG, and NO in-stack. This is the Lear-Siegler second derivative "stack-gas
monitor'. Although the second derivation technique is somewhat more compli-

. cated than those discussed earlier, an understanding of the method is neces-

sary if a source operator or agency observer has to make an evaluation of
different monitoring systems.

This monitor analyzes the gas in-situ; the gas is not extracted, but is
monitored as it exists in the flue gas stream. The tip of the probe contains
the measuring chamber, which senses across a distance of 10 cm. The instru-
ment therefore does not measure "cross-stack". It is an in-stack “point"
monitor or "short-path" monitor. Care should be taken siting such a system
since a representative location must be monitored. The guidelines given for
siting of the probe of an extraétive system could be followed in choosing the
lTocation of an in-stack monitor, although EPA has not published any specific
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siting criteria for this technique outside of the general criteria for repre-
sentative measuring. _

The second derivative in-stack monitor is, of course, limited to monitor-
ing one stack at a time. Vibration can also be a problem since the optical
system can suffer in extreme cases. 0One of the most common problems in this
and similar electro-optical systems is the failure of electronic components.
The complicated circuitry of such systems in some cases may lead to a higher
probability of component failure. A significant feature of the LSI system is
that zero and span gases can be used to flood the sample chamber to a pressure
greater than the stack static pressure. This provides an alternate method to
the use calibration cells if desired. The calibration cells may be used for
daily span checks and would save the expense of span gas and associated plumb-
ing systems. The LSI second derivative source monitor may also be modified to
measure ammonia concentrations. More information may be obtained on the
analyzer from: '

Lear Siegler, Inc.
Environmental Technology Division
74 Inverness Drive East

Englewood, CO 90110
(303) 770-3300-

DATA HANDLING TECHNIQUES

The continuous emission monitoring regulations do not contain detailed
specifications for data handling equipment. Other than specifically requiring
that a data recorder be used, in most instances there are few or no additional
requirements. Given only rather general "data recorder" requirements, one is
tempted to conclude that just about any recorder would be acceptable, but
closer scrutiny of the regulations reveals that this is not the case. Perfor-
mance specifications are stipulated for the entire continuous monitoring
system which consists of several subsystems, including the data recorder.
Therefore, by being a part of the monitoring system, the data recorder must
function properly if the monitoring system is to meet the performance specifi-
cations.

- The monitoring system data need not be continuously recorded. Continuous
monitoring systems must meet only the following operating requirements:
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Opacity monitoring system - minimum of one cycle of sampling and
analysis every 10 seconds and one cycle of data recording every 6
minutes.

° Gaseous (S0,, NO_, CO,, 0p) monitoring system - minimum of one cycle
of operation (saﬁpling, analyzing, and data recording) every 15
minutes.
The number of different data handiing systems greatly exceeds the types
of continuous monitors. A1l data acquisition systems (DAS) can be grouped
into three major categories:

° Strip chart recorder

° Data logger and support device

° Mini computer and support device

Strip chart recorders creat a continuous trace of the analog signal
corresponding to the parameter being measured. The primary disadvantage to
the use of a strip chart recorder is the time requirement involved in manually
reducing the data. For opacity monitoring data, six-minute averages have to
be calculated from a minimum of 24 equally-spaced points. In the case of
gaseous monitoring data, one-hour averages must be calculated from a minimum
of .four equally-spaced points. Only excess emissions need to be reduced and
reported, but the process of reducing a large volume of strip chart data is
quite tedious and time-consuming. When measuring S0, and/or NOx at fossil
fuel-fired steam generators, the corresponding 0, (or CO;) measurement and the
appropriate "wet" or "dry" F factor must be used to determine if the pollutant
value is an excess emission point. '

At most sources the monitoring data are handled with automated data
processing (ADP). A single data logger, the most basic type of ADP system,
can be an active or passive device. As a péssive device, the data logger will
collect analog data from- the analyzers at pre-selected intervals as required
by the standards, transform this analog data to a digital signal using an
internal digitizer,'and then output this signal to a recording device. As an
active device, the data logger incorporates a programmable microprocessor. In
this case, after the signal from the analyzer has been digitized, the data is
then converted to the proper engineering units and is then output to a record-
ing device. Depending upon the programming capacity of the microprocessor,
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the data Togger can flag or delete periods of analyzer malfunctions and of
calibration checks. The data logger may also be used to average the data and
to warn of system measurements that exceed the applicable standard. Because
the output is in digital form, the data logger can act as a remote device to
send data long distances over dedicated telephone lines.

The second kind of available ADP system is that controlled by a mini-
computer. Because of the large programming and storage potential of the =
computer, many data handling functions can be performed automatically. The
computer is used frequently to control a remote data logger. Because of the
long distance data transmission capabilities of a digital signal, a most
significant aspect of the computer is its capability fof processing data as it
is being collected. Most computer systems available today can perform the
following:

° Collect raw data from analyzer/data logger

° Convert data to proper units

° Averagé data according to standard

° Qutput data to multiple recording devices

° Automatically control daily calibration of instruments-

From an inspector's viewpoint, it is extremely difficult to discern much
from a data handling procedure conducted exc]usive1y by automated processing
equipment. Even with the examination of chart recorded data, the best that
can be expected at this time is the detection of more commonly occurring
errors and the identification of trends in the data which may point to poss-
ible malfunctions in one of the monitoring subsystems.

DATA REDUCTION PROCEDURES AND EXCESS EMISSION REPORTS

Conversion Factors

Gaseous emission standards for fossil fuel-fired steam generators (FFFSG)
covered by NSPS, as well as many state emission limitations for existing
facilities in that source category, are expressed in terms of mass per unit of
heat input, i.e. 1b/10® Btu. On the other hand, the output from continuous

B-20



systems to monitor these emissions is expressed in terms of pollutant concen-
tration, i.e. ppm. In order to determine the compliance status of gaseous
emissions from FFFSG, it is, therefore, hecessary to apply a conversion factor
to the monitor data (ppm) in order to determine the emission rate (1b/108
Btu). .

This issue of convertfng monitoring data to units of the standards be-
comes more complex for the case of steam generators. For these types of
fossil fuel-fired facilties, large errors can result in the computation of
emission rates if no correction is made for the presence of excess air. These
potential inaccuracies can be minimized by simultaneously monitoring a "dilu-
ent gas", such as 0, or CO,, at the point where the pollutant(s) is mgasured,
and then adjusting or normalizing the pollutant concentration to a common
basis.

Therefore, the conversion process for FFFSG in calculating scurce emis-
sion rates in v-its of the standards from monitoring data in units of concen-
tration involves two additional parameters known as (1) an F factor and (2) a
diluent gas concentration. The generalized equations for converting pollutant
monitoring data to units of the standard are shown below for the cases where
0, is the diluent gas monitored and where CO, is the diluent gas monitored,
respectively.

20.9
E=KxCpxF x
P 220 9 - 9002
and
100
E=KxCpxF x
P % C0,
where E = pollutant emission rate, 1b/10% Btu

Cp = pollutant concentration as measured by the contxn-
uous monitoring system, ppm

K = constant; factor that converts units of Cp from
ppm to 1b/dscf

%0, = percent volumetric concentration of 0, determined
at same location and same time as Cp ’

%C0, = percent volumetric concentration of CO, determined

at same location and at same as Cp
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F = factor representing a.ratio of the volume of dry
flue gases generated to the calorific value of the
fuel combusted, dscf/10% Btu

F_ = factor representing a ratio of the volume of
carbon dioxide generated to the colorific valve
of the fuel combusted, dscf/10€ Btu

Although use of either of the above equations would éppear rather uncomn-
plicated and straightforward, conversion of the monitoring data requires that
the pollutant and diluent gases be measured on a consistent basis, i.e. either
dry or "wet" (including water vapor) and the corresponding F (or Fc) factor
also be on that same dry or "wet" basis. It is of utmost importance that
conversion calculations do not employ a combination of dry concentration
measurements and a "wet" F (or Fc) factor or vice versa. It should be appar-
ent that conversions using the F factor are utilized in conjunction with O,
measurements. Either method may be used, but consistency in the basis of the
calculation is critical.

The F (or Fc) factor for a given fuel can be determined from the stoi-
chiometry of the reactions for complete combustion if the composition of the
fuel is known. Therefore, by conducting both an ultimate analysis on the
given fuel and a determination of the gross heating. value of that fuel, equa-
tions for the different basis F factors are derived as follows:

_ 108 (3.64%H + 1.53%C 0.57%S + 0.T4%N - 0.46%0"

Fq = - GV

¢ o 108 (5.57%H + 1.534C + 0.57%5 + 0.14%N - 0.46%0 + 0.21%H,0)
w GCV

e = 108 (0.321%C)

c Gov

where: “F, = F factor on a dry basis and 02 is the diluent gas
monitored

Fw = F factor.on a wet basis and 0, is the diluent gas
monitored ' -
FC = F_ factor when CO, is the diluent gas monitored

feither dry or wet basis)

%H, %C, %S, %N, %0 = weight percent of these respective elements
in the fuel, as determined by the ultimate analysis
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%H20 = weight percent of free water in the fuel sample,
analyzed on an "as-received" basis

GCV = gross calorific value of the fuel combusted,
Btu/1b
It must be emphasized that FC factors are used in conjunction with COp diluent
monitoring; Fd (dry) and Fw‘(wet) are F factors that correspond to 0, diluent
monitoring. '

As shown in Table II-4, average values for Fd’ Fw, and’Fc have been compiled
for the more common types of fossil fuels being burned. The affected facility
has been given the option of either using an average F factor value from the
table or experimentally determining that value from fuel analysis together
with equation 3, 4, or 5 above.

Once the particular F factor has been selected, SO, and NOx continuous
monitoring data can be converted from ppm to 1b/10® Btu using one of the
following appropriate equations:

TABLE II-4. F FACTORS FOR VARIOUS FUELS!

| Fy F, Fe

Fuel Type dscf/108 Btu wscf/10% Btu scf/10% Btu

Coal ’ ‘
Anthracite 10140 (2.0) 10580 (1.5) 1980 (4.1)

Bituminous 9820 (3.1) 10680 (277) 1810 (5.9)

Lignite 9900 (2.2) 12000 (3.8) 1920 (4.6)
lOi] 9220 (3.0) 10360 (3.5) 1430 (5.1)
Gas
- Natural 8740 (2.2) 10650 (0.8) 1040_(3.9)
Propane 8740 (2.2) 10240 (0.4) 1200 (1.0)*.
Butane 8740 (2.2) 10430 (0.7) 1260 (1.0)
Wood 9280 (1.9)* =-=====---- - 1840 (5.0)
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Wood Bark 9640 (4.1)  =========e- 1860 (3.6)

1Shigehra, R. T., et al "Summary of F Factor Methods for Determing Emissions
from Combustion Sources." Source Evaluation Society Newsletter Vol. 1,
No. 4, November 12, 1976.

3Numbers in parenthesis are maximum deviations (%) from either the midpoint or
average F Factors.

Note: To convert to metric system, multiply the above values by 1.123 x 104
to obtain scm/108 cal. .

bA]] numbers below the asterisks (*) in each column are midpoint values. A1l

others are averages.

20.9

‘ £ =% Fa 2009 - %0y,
' A 20.9
E=C F - —
w d 20.9 (1 Bws) %Ozw
E=C F 20.9
W W = =
20.9 (1 Bwa) %Ozw
= 100 _ 100
: = Fexo,; = % e oo,
[
where
E = Emission rate in 1b/10% Btu
Cd = Average dry continuous monitor data in 1b/dscf
. obtained by multiplying hourly_average con-
centration in ppm by 2.64 x 10 ° (m)
1b/dscf/ppm where
m = molecular wt of pollutant measured

m for S0, = 64.07
m for NOx 46.01

C, = Same as Cd but on a wet basis
%02d = Volume percent of 0, continuously measured

over the same time base as poliutant emis-
sions, dry basis
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Volume percent of O, continuously measured over the
same time base as pollutant emissions, wet basis

%0z,

%cozd = Volume percent of CO, continuously measured over the
same time base as pollutant emissions, dry basis

%C02w = Volume percent of CO, continuously measured over the
same time base as pollutant emissions, wet basis
Bws = Moisture content of stack gas, volume fraction
Bwa = Moisture content of air ehtering combustion chamber,

volume fraction

Data Averaging

When continuous monitoring data are being reduced, i.e. converted to
units of the standard and then averaged, there are differences in averaging
methods depending upon the type of applicable regulation, i.e. either an NSPS
or an SIP emission limitation. Only in states which employ NSPS-type emission
standards for existing sources will the data averaging scheme be a common

procedure.

Opacity-- .

For opacity data NSPS regulations require that measurements be averaged
on a six-minute basis in order to coincide with the Reference Method 9 proce-
dure for evaluating visible emissions. Many state-of-the-art transmissometer
systems are now being equipped with an internal, averaging function that auto-
matically stores the opacity measurements over a six-minute interval, inte-
grates that data, and prints out the six-minute averaging value. (Note: This
coincides with the NSPS cycle time requirement for measurement of opacity at
least once every ten seconds but data recording at least once every six min-
utes.) .

On the other hand, the SIP requirement for opacity data (40 CFR 51,
Appendix P) specifies a one-minute averaging of the data or some other time
period that is deemed acceptable by the State. In some states the one-minute
period is the basis for the opacity standard. Other states have elected to
use the option available in Appendix P and have based their opacity standards
on a six-minute interval consistent with NSPS. Therefore, the inspector must
obviously be familiar with the applicable opacity standard time basis in order
to confirm the correct interval for opacity averaging.
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Regardless of the time basis for opacity averaging (one-minute or six-
mindte), that average may be determined either by (1) integration or by
(2) arithematic averaging. In the case where arithematic averaging is em-
ployed, the regulations require using a minimum of four equally spaced data
readings per minute.

Gases--

For averaging data from gaseous monitors on NSPS faci]ities,'the process
is rather straightforward. Gaseous monitoring data (either pollutant or
diluent) are averaged on an hourly basis. Again the averages may be calcu-
lated either by (1) integration over the hourly interval or by (2) arithematic
averaging over the hour. In the case of arithematic averages, the regulations
require using a minimum of four equally spaced data points for determining an
hourly average. '

There is no comparable régu]ation applicable to existing sources subject
to a SIP monitoring requirement. Paragraph 4.1 of Appendix P (40 CFR 51)
dictates that "The averaging period used for data reporting should be estab-
lished by the State to correspond to the averaging period specified in the
emission test method used to determine compliance with an emission standard
for the pollutant/source catégory in question." That requirement poses few
problems for opacity, as previously discussed, over one-minute intervals in
lieu of the NSPS six-minute period. However, for gaseous monitoring, each
State must specify the averaging periods for required compliance tests.

Excess Emission Reports (EER)

Stationary sources subject to NSPS Regulation 40 CFR 60.7 must submit
quarterly written reports of excess emissions. Similarly, 40 CFR 51 requires
that all existing stationary sources, directed to implement a continuous
monitoring program, must also provide quarterly excess emission reports (EER).
This reporting requirement, as originally conceived in the September 11, 1974,
proposal of continuous monitoring rules, specified not only quarterly report-
ing of excess emissions but also quarterly submittal of all monitoring re-
sults.

The public comments to that particular proposal were heavily against such
procedures citing the voluminous amount of records involved and the associated
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costs to maintain such a reporting program. Accordingly; the promulgated
rules were revised to necessitate only reporting of excess emissions.

An excess emission is one whose average emission over the time period of
the subject standard exceeds the emission value. For example, .if a new oil-
fired steam generator emits SO, for three successive hours at rates of 0.6,
0.9, and 0.9 1b/10% Btu, it emits at an average of 0.8 1b/10% Btu for that
three-hour period. Excess emissions are calculated on a three-hour basis for
S0, from FFFSG, so this 0.8 1b/10% Btu (averaged over three hours) does not
exceed the applicable 0.8 1b/10¢ Btu standard even though the boiler emitted
at a higher rate than the standard for two of the three hours.

In addition to the emission value and the associated time period, some
standards have exceptions which permit brief excursions above the nominal
value of the standard. This is most prominent with opacity standards which
normally allow two to three minutes per hour for emissions greater than the
standard. When determining the occurrences of excess emissions, any excep-
tions such as these must be accounted for and cannot be considered in calcu-
lating an excess emission. ,

The regulations do not specify exact methods to report excess emissions.
Basically, the minimum information that must be included in these quarterly
reports includes the following:

1. The magnitude of excess emissions, date and time of occurrence (both
beginning and ending); conversion factors used in data reduction.

2. Specific periods of excess emissions due to:

%startup at facility

°shutdown at facility

°malfunctions at facility, and nature and cause of
malfunction together with the corrective action
taken

3. Specific periods when continuous monitoring system was inoperative
and the nature of the system repairs
In addition, if during the calendar quarter there were no periods of excess
emissions, malfunctions or inoperative monitoring systems, the quarterly
~report should indicate that information.
Different groups throughout the country are currently addressing the
issue of excess emission reports - format, content, means of standardization,
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etc. Region VIII has developed the form shown on the following pages as a
guideline to be used for FFFSG in preparing their emission reports.*

*Floyd, John R., "The Implementation of the NSPS Continuous Monitoring Regu-
lTations in EPA, Region VIII, presented at the 71st Annual Meeting of APCA,
Houston, Texas, June 28, 1978.
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