PALM BEACH COUNTY

SOLID WASTE AUTHORITY

Novemher 5, 1985

Florida Department of
Environmental Regulatiocon
Twin Towers Office Building
2600 Blzir Stene Road
Tallanassee, FL 32301-8241

Attn: Mr. Hamilton S. Oven, Jr., P.E.
Administrator
€iting Coordination Section

Fe: Rszzponse tc Auvgust 27, 1985 Letter

applicaticn for Power Plant Eite Certification
kesource Recovery Facility
8clid Waste Authority
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Fesponses to all of the questions/comments concerniang the applii-
cation are ibc uded in each respcocnze booklet for cdistribution.
é

Responses Lo
“hrouch 2 zre under Tabk Nc. 1, questions 4 through 6 are
Tar Ko, 2 and ouestions 7 through 10 are vnder Tab No. 2.
espouse to the comments from the Katicnal Park Service is
= No. 4. References B, € and D accempanying the respoils
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Should veou have any further guestions please contact cur office.

Very truly yours,

Thomase R. K
Environmen

T Ccmplience
hdministrate
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TRR/pcC
enclosure

5114 Okeechobee Blvd. / Suite 2C / West Palm Beach, Florida 33409 / Telephone {305) 471-5770




'STATE OF FLORIDA

DEPARTMENT OF ENVIRONMENTAL REGULATION A‘;GFF'VED
29 1985

BOB GRAHAM
TwiN TOWERS OFFICE BUILDING GOVERNOR
2600 BLAIR STONE ROAD

TALLAHASSEE, FLORIDA 32301-8241 VICTORIA J. TSCHINKEL

SECRETARY

August 27, 1885

Mr., Tim Hunt, Jr.

Executive Director

Palm Beach County Solid

_ Waste Authority
£114 (Qkeechobee Blvd.

Suite 2C .
hesb Palm Beach, FL 33409

RE: Palm Beach County Resource Recovery Fac111ty
PA 84-20

Dear Mr. Hunt:

_ Flease respond to the attached commeqgts from the department's

Bureau of Air Quality Management concerning sufficiency of the
certification application. Also you may wish to review the en-
closed letter from the Neticnal Park Serv1ce

S1ncere1y,

Ham11ton S Oven,
Administrator
Siting Coordination Section

HSGjr/sb
‘Attachment
cc: William Kendrick

A1l Parties
Don White:




Far Aouting To District Offices

{ An To Other Than The Addresses
Siate of Fiarida tTo: Loctn.: :
CEPARTMENT OF ENVIRONMENTAL REGULATION Teo: - LoctA.: !
!Tc: . Loctn,: :
INTEROFFICE MEMORANDUM Ve om- —— Cate
. i ‘Repiv Couonai 1] Resty Rezuwed | Inte, Qniy | 1L

‘Date Cuel Tate Dwe: ____ :

TO:
FROM:
DATE:

SUBJ:

1.

Eamilton Oven

Clair fanc{:;tyAh

Bucgust 23, 1985

Paim Beach County Resource Recovery Facility -
Sufficiency Review

Listed below are guestions -my staff has preparéd to be submitted
to the applicant. These questions need to be answered before
final review of the application can be completed.

Submit a ccpy of ‘the appropriate sections cf the references
used to devise the emission facters for all the pollutants
emitted by the propcsed facility.

Provide documentation that an electrostatic precipitator
(ESP) will remove 99% of sulfuric acic mist at an exit cas

~temperature of 450 °F.

The emission factor for dioxins appears to be bazsed on the
emission factcr for the Brooklyn Navy Yard prcject which
will use a dry scrubber and baghouse for control. What 1is
the emission factor when an ESP is used as the only control
device. :

wet scrubbers were not evaluated in the BACT because they
produced an "eaestheticelly undesirable water vapor plume.”
Provide all the appropriate evaluations of wet scrubbers for
the proposed BACT. '

The proposed BACT compares an ESP to a dryscrubber and

tzghcuse. This is nct a valid comparison. Submit the .
necessary data ccmparing a baghouse to an ESP and a
dryscrubber with a baghouse to scrubber with an ESP.

2 EACT eccnomic analysis which evaluates unit cost per ton
of pcllutant removed should include all the pollutants; for
example, dry scrubbers should address acids, SOp etc.
Resubmit the economic data for all of the control systems
which are to be evaluated, '



Hamilton Oven
Page Two

\0

10.

© hugust 23, 1985

wWill any hospital waste or "red bag” waste be incinerated at
this facility. If so, please quantify the amounts,
composition, and the source of these materials.

Verify and correct, if necessary, the tons per year
enissions contained in the air permit application.

Tables 5-9 A through F of appendix 10.1.5 contain results of
the highest, second high modeled concentrations for the
proposed facility. These results include vaiues at a
distance of 730 meters from the center of the facility. The.
modeled runs, however, do not include any receptors at this
distance. Please explain.

EPA informed us very recently that The Power Plant AcCt is
not totally compatable with their rules and they are going
to rescind our delegation of sources subject to PSD PPS.

The county needs to be informed of such and they must send a

- Jetter to me requesting that we perform the Technical and

rédministrative review for EPA so thkat they can issue a
federal PSD permit. ' )

TR/kS




United States Department of the Interior
NATIONAL PARK SERVICE
SOUTHEAST REGIONAL OFFICE
75 Spring Sireetl, S WL
Atanta, Georgia 30303

tw RLPLY REFLR TO

N3615(SER-QOPS)

Mr. Teo Rogers

Bureau of Air Quality Managenent

Stzte of Florida

Department of Environmental Regulztion
Twin Tewers Office Building

2600 Blair Stone Road
Tzlizhacsee, Florida 32301-8241

Desr Mr. Rogers:

Thank you for sending us z copy of the Pzlm Beach C
power plaat site certification application for 2 ed rescurce recoVery
facility in Palo Beach Coumty, Florice, appfoxi:a:ely 120 k= northezer of
Everglades National Park. Your early notification of this project is

Xesource Recovery

[

3
r.n-r
w

appreciated.

We rave reviewved the information you sent to Ls'”'o based on thet infcrma- .
ticn, we would not expect ecissions froo the proposed facility to zdversely’
itpact the &ir guality or air quelity values of Evergleces heticmal Perk.

Bovever, we hzve several corments regerding the zir quality and control
technolegy anzlyses contained in the zppliceticen. These corments are
discussed in - the enclosed technicel review decument. We esk that you coneider
these corments while performing vour review of the zpplication, We also ask
that vou forward us a2 copy of vour preliminary determination document once
your technical review of the project is completed., Ve will review your
prelicinary determination and suboit any sdditionsl comments regarding the
project during the 3C-day public comment period.

the enclosed ccmments, plezse contect Merk
n in Denver at (303) 236-8765.

Regicnal Director

Southezst Region : [) EE F?

Faclesure




Technical Review of Power Plant Site Certification Application
for Palm Eeach County Solid Waste Authority

Percit Review and c
< ALz Qualicy sicn - Den.er
Palm Beach Couaty Solid Waste Authority (Palm Beach County) is propesing to

struct a resource recovery facility iIn an ur‘“cor,o ated secticn of Pals
Beach County. The location is approximately 120 k= northeast of Everglades
Nztfonal Park, a PSD class I zrea adainistered by the Natiornal Parr Service.
The purpcse of the facility is to dispose of solid waste pgenerated in Pzln
Beach County. The project will be a mass-burn facility with a zexizum contin-
uous design rated czpacity of 3,000 tons per dz2y of solid waste 2rnd a2 caxizum
electrical generating capacity of approxinately 75 megawatts. The inirizl

design is for 2,000 tons per day capacity and 50 wegawatt generating cepacity.

The exzissions from the propesed facility are estizmated 2s follows bzsed on
1,800 tons per day (annual zverage) of refuse burned: 3,942 tens per year
(1 Y) of carbon monoxide, 1,314 TPY of nitrogen oxides, 2,957 TPY cof sulfur

dicxide, 1,150 TPY of chlo::ces, 65.6 TPY of wvolatile or :1ic cecpounds, 214
Y of particulate rmatter, O0.131 TPY of sulfuric acid =isr, 13.2 TPY ef
fluc:ioes, 0.46 T2Y of lead, 0.98 T7Y of mercury, end 0.003 TPY of bervliiuz.

Under the PSD regulz:ticns, these exisslon rafes zre considerad sfznificent fer
cart son [= onoxlde, nitrogen oxides, sulfur d*ea de, vo1a::le orgaenic cozpounds,

filverides, mercury, bervlliuz, znd pa:t¢cul=;e zztter., Therefore, new source
Teview is required . for the aforecentioned? pelluzzants. Follc:ing gre cur
ccozents on the best avzilable control techng icgy, eir guality, and &ir quality
Telated values analyses with respect to =®he gproject's expected imzaces.

2ZST AVAILABLE CONTROL TECEN

The zajor sources of exissions at the propeosed facility are the three asso-
cia:edipoilers. Therefore, our review will focus on e=-issioz controls on
these units. Also, there is a2 relatively rtecent publicaticn entitled, TAir
Pclluticn Centrol at Resource Recovery Facilities” that discusses resource
recovery facilicies in derail. This document was published in May 1984 by the

Ceilfornia Alr Resources card, &nd was suzmarized 4n a2 technical paper
presented at the 77th annual ceeting of the Air Pollution Control Associatio:z
deld in June 1984, As of 1984, all refuse-burning facilizies with zoplicaticeos

pending 1in California are preoposing control technologies that are ccnsistent
with, or wmore stringent rthan, the guideline emissien lizits discussed in this
report. We refer to this publication throughout our ccz=ents on the proposed
2air pollution control technoleogy analysis,

Particulate Matter (PM)

Palz Bedch County proposes to use electrostatic precipitztors (ESPs) to minimize
PY ezlssions pgenerated by cezbustion of the solid waste 1n the boilers. Each
ES? will be capable of reducing the exhaust gas P¥ concentration to 0.03 grains
per ¢ry standard cublc foot (gr/dsci). Pala Beach County states that an ESP
with an outlet grain loading of 0.03 gr/dscf {s best available ccntrol technology
BACT) fer the proposed facility.




We agree that high efficlency control devices such as £5Ps or baghouses represent
BACT for PM emissions from the proposed facility. However, based on infer=ation
provided in the California Air Resources Board (CARB) docuzent referenced above,
an ecission lizit of 0.01 gr/dscfi can be achleved with these devices. This is
the guideline exission lizit propesed by the CARB for new refuse recovery factli-
ties in California aad should be considered as the BACT exissionm lizit.

Palz 3each County indicates on page 8, Voluze IV, of their certification applice-
tion that they could obtain s guaranteed P¥ exission rzte of less than 0.0l
gr/dscf iroo a baghouse. However, they ceterzined a bzghcuse was not zpprepriate
due to filter media blinding and due to the incidence of fires caused by sparks,

Baghouses have been installed at several refuse burning facilitles. Elinding
problecs were encountered at the East Bridgewater, Massachuserts, installstion,
bu: the unit was rebuilt to zaintain flue gas tecperature at 500°F through the
baghouse. The wmodificaticn apparently solved the zajor blinding problecs.

1f baghouses are installed, znd 1f the proposec flue gas teczperature is in-

creased from 450°F to 500°F, blinding should not be 2 wajor problem. The
spark carry over and denger of fire in the bags coculd be minizized by instal-
ling a pricary collector such as a cultitube cvclone zhead of the baghouse.
Regardless of whether baghouses or ESPs are lustalled wve feel an exnission
liznit of 0.01 gr/dscf represents 3ACT. '

Sulfui Dioxide (S037)

Beach Ccunty 1s prepesing n ¢evices for liziting SOy emissicns;

Pzlao g no control

rather, they are proposing the firing. of Iov sulfur refuse as BACT for the
prepesed faeility. The resulting 3aCT lizit=propesed 1s 0.7 pounds per zmillion
Btu heat input (15/10% Btu). ‘

The enission guideline reccczended in the CAR3 document is 30 ppz, which cor-
respepds to an SO, exission rate of approxicately 0.08 15/10% -Bru. To achleve
this exission level, flue gas coztrols such as wet or dry scrubbing are reguired.
Dry scrubbing processes have been effectively ezploved at pilot and full-scale
refuse burning facllities in Eurcpe, Japan, and the United States. Wet scrubbers
have also been employed at full-scale refuse burning facilities. Im light of
this informaticn, we recczoend that Pzla Beach County re-evaluate flue gas
scrubbing as BACT for 505 emissions froco the proposed facility.

Nitrogen Oxide (NOy) and Carbez Monoxide (CO) -

The proposed BACT for KOy and CO ezisslocns is boller desizn and good combustion
nraczices. The resulting KO, and CO enissions lizits proposed are 0.3 and
1.0 15/10% Bru, respectively. Ezsed on inforzation presented iz the CARB
report, combustion modificaticns such as staged cozbustion, low excess air, and
flue gas recirculation can reduce NOy ecissions to between 140 to 200 ppa or
0.28 to 0.4 lb/lO6 Bru. Since the.proposed WO, limit fzlls 1o this racge, we
agtee that the proposed cozbustion controls and corresponding emissien lizd
represent NO, BACT. Regarding CO e=igsions, preper application cf the zbove
combucrion modification techniques will also zinicize CO ecissicns.



Other Pollutants

Othef pollutants exitted frecz the proposed rescurce recovery facilicy resuirin
BACT review include fluoride, beryllium, and zercury. The proposed BaCT for
verv™iuo 1s the ESPs for the control cf pa ulaze zart
liun {s emitted in the solid phase, therefore control
also control beryllium exissions. We agree that the propes

for bery‘l;um.

-

e-issions. Eesyl-
P¥ emissions will
ESPs represent EACT

-
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Fluorides and mercury are ccitted in s=mall quantities prizarily in the gaseous
phase, No additional cerntrols are proposed for these pollutants. However, if
the wet or dry scrubbers reccznended for §0p control were instzlled, the flucride

emissions could be reduced by over 90 percent.

Our lzst comment 1in this section pertains to the large cdiscrepancies In scoze
of Palm Beach County's ecission estinmztes compared to those c2de for the
Zreward County refuse recovery facility iIn their March 1985 site certification
2pplication. Since the Paln 3each County facility is rated (annuezl zverege)
at 1,800 tozs per day (initial stage) and the Browzrd County facility Is rated
at 3,;00 tons per dav, we would expect the ratic of the Pzlz Beach Ceunty to
Eroward County emissions to be 1800/3300 or 0Q.55.

The fqllowing table illustrates that, for several polls this {s not the

utenis,
case: d : . .
z Falm Eeach C
Foigsion ay Exissicn Ereward Co.
Pollutanct Rate for Palc Beach County I Rate for Erewartd County Retio
' (Tons Per Year) . (Tons Per Year)

SCo 2957 3628 0.86

NO, 1314 3491 0.38

Cog 3642 555 7.10

P 214 461 0.46

Lead 0.45 167 - 0.002

Flucrides 13.2 156 0.085

Sulfuric . 131 17.3 0.608

Acid Mist

The above 1inconsisterncles In ezission estizates sheuld be resclved before
cranting power plant site certifications for the propcsed facilicies.

AIR QUALITY ANALYSIS

The air quality wmodeling analysis appears to be adequate for the study area
that was anazlyzed. Eowever, there is no indication of estimates of concen-
rration valtes in Everglacdes Naticoal Park, a class I area. A screeci:
level -air quality wmodeling analysis should have. been perforoed. Also, at a
=inimuz, 2 Level I visibility analysis should be cdone and the. results givec.

[

-(Wote: Due to the lacx of such a technical acnalysis, we perforzed a Llevel I




visibility analysis. Based on the expected ezissisns and the distance to the
irms that the prciect should not significantly impact

park, the analysis coniir
r des National Fark).

the visibility act Evergla

QALITY RELATED VALUES ANALYSIS

Presently, low 507 concentrations have been conitored In Everglades Nztional
Park, and the proposed project would pretabdl ntribute lircle to the
concentrations. Therefore, we do no: anticipate zny acdverse iZpacts on air
quality related values (AQRVs) in the park froax S$0,. Hcwever, because this
appears to be a high-growth areaz, and because bicassays of lichens and epliphytes
{n the park are showing elevated levels of suliur, we would like to see a
cumulative modeling analysis showing the pollutant concentrations expected at
Everglades National Park from the proposed source, background, aod all other
proposed sources. ‘

In addition, high oczone levels heve been =zonitored in Everglades Kationel

Park, and we have ccczenced studies to ceterzice if there are any adverse
{m-accs on vegetation. EHcowever, we ¢¢ ‘nct expect the propeosed source to
significantly contribute to ozone levels in the park. However, it is known
thar for sose species small azmounts of S50p czn act synergistically wich the
czone to c2use Dore foliar injury than wvowdd bYe expected with the 507 or
ozone alone. We are awaiting results cf -f ztion stucdies being conducted
for us® by EPA on slash pine using O3 and S8 which will give us inforzation
on how much S0 can be &dded to high O3 zrezs before izpacts on slash pine
will ocgur -

CONCLUSION

Based oo the informaticn provided, we weuld no:f expect ecissions from the
proposed facility to adveresly izpact the air quelity or air guelity related
valuesy of Everglades Nztional Park. Yeowever, we have rzde several comments re-
gardiTt the proposed control rtechzolegy azd aif quality ernalyses that should
be addressed before the power plant site cercification is granted for the
propesed project. Results from current stulles ':.c.y lead to the Naticnal Park
Secvice reaching different coaclusions zbout the effects ¢f sizilar sources on

AQRVs in the future.
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PREFACE

This Supplemental Report is in response to State of Florida Department
of Environmental Regulation (DER) communication of August 27, 1985
(from Hamilton S. Oven, Jr., P.E., Administrator, Siting Coordination
Section to Tim Hunt, Jr., Executive Director, Palm Beach County Solid

Waste).

The DER communication included a Sufficiency Review by DER staff
embodied in & two-page Interoffice Memorandum listing ten questions
(from Clair Fancy to Hamilton Oven) dated August 23, 1985 and also a
four-page Technical Review of the Authority's Power Plant Site
Certification Application. The Technical Review was authored by the
U.S. Department of the Interior National Park Service Southeast
Regional office, transmitted by National Park Service August 16, 1985
letter directed to Mr. Tom Rogers, Bureau of Air Quality Management of
the DER. '

The response to questions raised by DER and the National Park Service
is provided in four sections of this Supplemental Report as follows:

Section 1 - addresses Queétions 1,2 and 3 of
DER August 23, 1985 Interoffice Memorandum on
the subject of Emission Factors.

" Section I1 - responds to DER August 23, 1985
Tnteroffice Memorandum Questions 4, 5 and & on
the issues of Best Available Control Technology
(BACT) and addresses comments by National Park
Service on this subject.

Section II1 - covers the Authority’'s response
to DER Questions 7, 8, g and 10 on
miscellaneous matters encompassing hospital
waste, annual emissions, air quality modeling
receptors and Technical and Administrative
review protocol, respectively.

Section IV - responds specifically to the
i ssues raised in the National Park Service
Technical Review.

An Appendix section is included, reproducing in entirety References B,
C and D used in Section 1 development of emission factors. The se
reference documents may not be readily available to DER and are
included in the Appendix to facilitate the DER review by providing
complete contexts to the exhibited excerpts taken from the documents
for development of specific emission factors.




SECTION I

EMISSION FACTORS




4.1.10
4.1.11

d.1.12

4.1.13

SECTION 1

EMISSION FACTORS

Table of Contents

Question No. 1 and List of References
Total Suspended Particulate (PM)
Sulfur Dioxide (SOZ)

Carbon Monoxide (CO)

Volatile Organic Compounds {VOC)
Nitrogen Oxides (NOX)

Lgad (Pb)

Beryilium (Be)

Meréury (Hg)

Chlorides (As HCL)

_Fluorides (As HF)

Sulfuric Acide Mist

Hydrogen Sulfide, Total Reduced Sulfur,
Reduced Sulfur Compounds, Vinyl Chloride and Asbestos

Dioxin

Questions No. 2 & 3



SECTION 1

EMISSION FACTORS

List of Exhibits (1 of Zl

Exhibit Title Ref*

4-1 Table 29 - Uncontrolled Particulate Matter A
at Refuse-Burning Facilities

4-2 Table 1-2 - Typical Analysis and Composition F
of Refuse Derived Fuel (RDF) Percent by Weight

4-3.1 Table 34 - Uncontrolled Matter Emissions of CO A
and THC at Refuse - Burning Facilities

4-3.2 Page 290 - Table 7 - Carbon Monoxide Emissions B

4-3.3 Foster Wheeler Energy Corp. E

(Shs. 1&2) Letter of December 6, 1984

4-4,1 Table 34 - Uncontrolled Matter Emissions of A.
€0 and THC at Refuse - Burning Facilites

4=4.,2 Pages 290 & 291 - Hydrocarbons B

(Shs. 1&2) and Table 8 - Hydrocarbon Emissions

4-4,3 Table 11 - Uncontrolled Total Hydrocarbon [o
Emission in LB/Ton

4-5 Table 15 - Uncontrolled NO, Emissions at A
Refuse - Burning Facilitie’s

4-6.1 Table 42 - Estimated Total Heavy Metzl Emissions A
Rates (#/10 Btu) For Refuse Fired Units

b=6.2 Table 82-09-05.2.5 Emission Factors for D
TSP & HCL Based on Total Feed Material

4-6.3 Table 82-09-05.2.6 Concentrations of Trace D
Elements in Uncontrolled Particulate Emissions

4=-6.4 Table 82-09-05.2.7 Concentrations of Trace D
Elements in Controlled Particulate Emissions

4-6.5 Table 82-09-05.2.8 Controlled D
Emissions of Trace Elements

4-7.1 A

Table 42 Esgimated Total Heavy Metal Emission
Rates (#/10° Btu)

* For 1ist of References, See pages I-1 & 2.

I-ii

Page
I-3



Exhibit

List of Exhibits (2 of 2)

Title

Table 40 Observed Metal Emission Factors for

Facilities Burning Coal, 0il, Refuse and Coal/

Refuse Mixtures (mg/MJ) as Fired

Table 82-09-05.2.4 Comparison of Average Non-
Criteria Pollutant Metal Emissions from MSW
Combustion

Tab1e642 - Estimated Total Heavy Emission Rates
(#/10° Btu) for Refuse Fired Units '

Page 292 - Table 12 - Mercury Emissions
Page 291 - Table 9 Hydrochloric Ac¢id Emissions

Table 82-09-05.2.5 Emission_Factors for TSP & HCL

. Table 20 Uncontrolled Emissions of S$02, HCL & HF .

Page 293 - Sulfuric Acid Mist

‘Page 295 - Asbestos, Vinyl Chloride, H,S,

Total Reduced Sulfur

Table 3-2 Predicted PCDF and PCDD Emissions
from BNYRRF (Assuming all PCDDs and PCDFs
emitted are in gaseous form)

* For List of References, see pages I-1 & 2.

I-iii

I-29



PALM BEACH COUNTY SQLID WASTE AUTHORITY
SOLID WASTE - TO ENERGY FACILITY

REPORT ON AIR QUALITY IMPACTS ANALYSIS
RESPONSE TO FLORIDA DER SUFFICIENCY REVIEW

QUESTION NO. 1:

SUBMIT A COPY OF THE APPROPRIATE SECTIONS OF THE REFERENCES USED TO DEVISE
THE EMISSION FACTORS FOR ALL THE POLLUTANTS EMITTED BY THE PROPOSED

FACILITY. .
RESPONSE :
LIST OF REFERENCES
A. "AIR POLLUTION CONTROL AT RESOURCES RECOVERY FACILITIES",
PRELIMINARY DRAFT,
CALIFORNIA AIR RESOURCES BOARD,
NOVEMBER 15, 1983
B. “EMISSIONS AND EMISSION CONTROL IN MODERN INCINERATORS™,
W. L. O'CONNELL, G. C. STOTLER, AND R. CLARK,
BATTELLE'S COLUMBUS LABORATORY, COLUMBUS, OHIO
1982 ASME NATIONAL WASTE PROCESSING CONFERENCE PROCEEDINGS
C. AN EVALUATION OF EMISSTON FACTORS FOR WASTE - TO ~ ENERGY SYSTEMS" -
EXECUTIVE SUMMARY,
G. M. RINALDI, T. R. BLACKWOOD, D. L. HARRIS & K. M. TACKETT
MAY 29, 1979 USEPA CONTRACT NO. 68-03-2550, TASK II
D. “SUMMARY REPORT - ASSESSMENT OF NON-CRITERIA POLLUTANT EMISSIONS"

PREPARED FOR NORTH SANTA CLARA COUNTY SOLID WASTE AUTHORITY

BY HAYDEN-WEMAN/CARROLLO ENGINEERS

CCTOBER 25, 1983

FOSTER WHEELER ENERGY CORPORATION LETTER TO HAYDEN-WEGMAN, INC.

DECEMBER 6, 1984
VOLUME IV - AIR QUALITY REPORT, APPENDIX 10.1.5 ON -PREVENTION OF

SIGNIFICANT DETERIORATION, PALM BEACH COUNTY, FLORIDA.SOLID WASTE



RESOURCE RECOVERY FACILITY APPLICATION FOR POWER PLANT SITE

~ CERTIFICATION DATED APRIL, 1985

"ASSESSMENT OF POTENTIAL PUBLIC HEALTH IMPACTS ASSOCIATED WITH

PREDICTED EMISSIONS OF POLYCHLORINATED DIBENZO-DIOXINS AND
POLYCHLORINATED DIBENZO-FURANS FROM THE BROOKLYN NAVY YARD RESOURCE

RECOVERY FACILITY"

BY FRED C. HART ASSOCIATES.

AUGUST 17, 1984.

PARAGRAPH NUMBERS PROVIDED BELOW ARE KEYED TO THE PARAGRAPH NUMBERS USED IN
THE AUTHORITY INITIAL APPLICATION.

4.1.1 TOTAL SUSPENDED PARTICULATE (PM)

THE EMISSION FACTOR IS BASED UPON THE ABILITY OF THE ELECTROSTATIC
PRECIPITATOR MANUFACTURER TO NOT EXCEED A GUARANTEED GRAIN LOADING OF 0.03
GRAINS/DSCF AT 12% €02. THIS EMISSION LEVEL REPRESENTS BACT FOR TSP.

FROM REFERENCE "A", TABLE 29, (EXHIBIT 4-1) UNDER RDF-FIRED SPREADER STOKER

TYPE,

UNCONTROLLED PM EMISSION IN GRAINS/DSCF, 127 CO2
= 1.08 TO 3.52 = 2.30 (AVERAGE); % REMOVAL EFF. TO OBTAIN 0.03

GR/DSCF ASSUMING GRAIN LOADING OF 3.0 GR/DSCF = 100(1 - 0.03) = 99%
3.00

UNCONTROLLED PM EMISSION IN LB/1.0E6 BTU
= 3.0 TO 7.4 = 5.2 (AVERAGE)
CONVERT LB/1.0E6 BTU TO LB/TON,
5.2 LB/1.0E6 X 6164 BTU/LB X 2000 LB/TON = 64.11 LB/TON

AFTER 99% REMOVAL BY ESP,
CONTROLLED PM EMISSION 64.11 X (1 - .99)

0.6411 LB/TON
0.65 LB/TON (ROUNDED)




PM
Table 29 EXHIBIT.4-1

Uncontrolled Particulate Matter Emissions
at Refuse-Burning Facilities

Particulate Matter Emissions
Concentrations : ; Exission Rates
ams/Nm°, dry+ | grma/
Type of Facility grains/dscf) v {1b/10° Btu)
Low | High |, Low | Kigh
| (I |
Mass Burning Refractory Wall .26 | 3.96 || 198 955
{0.55) | (1.73) | (0.46) | (2.&2)
: | [ |
Mass Burning Waterwall 1.80 470 547 1+ 3150
{0.83) (2.05) ¢ Q.27 ¢ (7.32)
| I i
RDF-Fired Spreader Stoker 2.47 | 8,06 g 1230 ¢ 80
_ (1.08) | (3.52) 11 (3.0 1 (7.4)
1 ti I
Rotary Xiln . 2660 ) 353 1 1080 | 450
, 1.16)  {1.54) ¢ (2.81)  (3.37)
] 1 f

tConcentrations corrected to 12% CD and are baéed on the front half of EPA
Method 5 Sampling Train

t+Rates based on HHV of refuse "as-fired"

Source: Appendix B

Concentration data listed in Table 29 are corrected to 12 percent
CO2 for comparative purposes. The concentration data indicate that
uncontrolled particulate matter concentration§ are highest at RDF-fired
spreader stoker units and Towest at the refractory wall mass-burning units
and rotary‘ki1ns. In addition, the concentration data show that wide
variations exist within each class of faci1ity.

Emission rate data follow a pattern similar to the one set by the
concentration data. The RDF-fired spreader stoker units are the highest
emitters of uncontrolled particulate matter. Uncontrolled particulate matter
emission rates at these facilities range between approximately 1300 to 3200

grams per billion Joules (3.02 to 7.44 1bs per million Btu) of fuel (as-fired).

Mass-burning waterwall units have slightly lower particulate matt r emission

rates, ranging from approximaté]y 550 to 3200 grams per billion Joules (1.28

I-3



4.1.2 SULFUR DIOXIDE (S02)

THE S02 EMISSION FACTOR IS BASED UPON RDF FUEL SULFUR CONTENT WHICH 18
ASSUMED TO BE COMPLETELY CONVERTED TO S02.

FROM TABLE 1-2 ON PAGE 4 (EXHIBIT 4-2) IN *VOL. IV - AIR QUALITY REPORT,

APPENDIX 10.1.5 ON PREVENTION OF SIGNIFICANT DETERIORATION,

SULFUR CONTENT IN RDF = 0.22 LB/100 LB RDF
= 4.4 LB/TON RDF

ASSUME 100% CONVERSION FROM S TO $02,
S + 02 --> 502

MOL. WT. 32 64

THEREFORE,

4.4 LB S/TON = 8.8 LB S02/TON
= 9,0 LB $02/TON (ROUNDED)

*PALM BEACH COUNTY, FLORIDA SOLID WASTE RESOURCE RECOVERY FACILITY
APPLICATION FOR POWER PLANT SITE CERTIFICATION DATED APRIL, 1985
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EXHIBIT 4-2

PALK BFACH COUFTY SOLID WASTE COMPOSITION STUDY

TYPICAL ANALYSIS AND COMPOSITICH OF REFUSE IERIVED fUEL {RDF)
FEKCEWT BY WEIGHT

1-5

COMPONERT :S:gwf:: KOISTURE INORGANIC CARBOW HYDROGEN (XYGEN NITROGEW CHLORINE SULFUR  TOTAL HMV BTUALE
CORRUGATEL BOARD 9.0 1.48 0‘.17 272 b.38 2.42 6.01 0.01 0.02 7.3% 461,
NEWSPAPER 99.0 5.10 0.37 8.74 1.1 7.60 6.0 0.03 6.04  23.01 1488
NAGAZINES 9.0 6.78 0.82 1.55 0.2 1.54 0.01 ¢.01 0.01 4.2 260.
OTHER PAPER $9.0 S.78 2.3 B.5é 1.1% 7.90 0,08 0.1¢ 0.00 26,12 144G,
PLASTICS 98.0 1.12 0.%0 5.92 0.82 0.84 0.0% $.31 0.03 10,03 1215,
RUBBERy LEATHER §9.0 0.20 0,44 W22 0.13 0.32 0.04 Q.14 §.03 2.?6 239,
L it §%.0 0.14 0.03 0.50 Q.05 0.42 0.00 0.00 €.00 . 1.16 g4,
TEXTILES 98.0 g.41 G.10 1.92 0.26 1,40 0.16 0.01 6.0 4,28 0.
YARD WASTE 8.0 0.0 0.13 0.30 0.04 on 0.01 0.00 0.00 1.1% 51,
FOOD MASIE 60.0 0.49 6.29 1.04 6.15 ‘ 0.74 0.07 0.02 ¢.00 - 3.0 189,
KIXED COMBUSTIRLES 40.0 | 3.70 0.77 2.2 0.3) 1.7';: 0.05 0.04 ¢.02 .85 184,
FRROUS - 1.0 0.01 0.53 0.01 0.00 0.01 6.00 0.00 0.00 0.%6 i
ALUKINUA 5.0 0.01 0.88 0.01 0.00 0.01 6.00 0.00 0.00 0.93 2
CTHER ROK-FEFRIVUS 10.0 0.00 0.04 0.00 0.00 0.60 ¢.00 0.00 0.00 0.05 ¢.
BLASS .0 ¢.08 5.78 0.03 0.00 6.02 0.00 0.00 0.00 5.52 S
TOTALS 20,00 13,66 WS .65 25.40 0.54 0.73 220 100,00 6171
yzal VELLE AS PROPUCED (20,01 H2D) = 8171, ASH AS PRODUCED (20,02 K20) = 13,72
FIAT VALUE OF DRY SOLIDS = 7714, DERSITY ‘ e 2.5 10 3.5 FOUNDS/CUEIC FOOT
HEAT VALUE OF CONRUSTIBLES = §302. SIit e MINUS 20X HIWUS 2° X RIKUS 2°
—d-



4.1.3 CARBON MONOXIDE (CO)

SEVERAL DATA BASES WERE INVESTIGATED TO DEVELOP AN EMISSION FACTOR FOR CO.

FROM REFERENCE "A", TABLE 34 (EXHIBIT 4-3.1) UNDER RDF-FIRED

SPREADER STOKER,
UNCONTROLLED €O EMISSION IN LB/1.0E6 BTU = .44 TO 2.3
CONVERT LB/1.0E6 BTU TO LB/TON,

.44 LB/1.0E6 BTU X 6164 BTU/LB X 2000 LB/TON = 5.43 LB/TON
2.3 LB/1.0E6 BTU X 6164 BTU/LB X 2000 LB/TON = 28.35 LB/TON

THEREFORE,
UNCONTROLLED CO EMISSION IN LB/TON = 5.43 TO 28.35

FROM REFERENCE "B", PAGE 290, TABLE 7 (EXHIBIT 4-3.2)
UNCONTROLLED CO EMISSION IN LB/TON = 1.9 LB/TON

FROM REFERENCE "E™", (EXHIBIT 4-3.3 SHEETS 1&2)

UNCONTROLLED CO EMISSION IN PPM = 500 —-——=—----======(1)
CONVERT FROM PPM TO LB/TON RDF BASED ON FOSTER WHEELER'S DATA,
500 CF OF CO = 500 CF X 28 LB/379 CF = 36.94 LB OF CO ----- (2)
212,500 ACFM = 212,500 ACF/MIN X (460+60) R/(460+450) R

= 121,429 SCFM —c-mmmmmmm—rmmmmmmm e m e (3)

750 TPD=750 TPD X HR/60 MIN X DAY/24 HR = 0.5208 TON/MIN--(4)
(3)/(4) = 121,429 SCFM / 0.5208 TON/MIN = 233,159 SCF/TON RDF
1000000 SCF OF FLUE GAS = 1000000 SCF / 233,159 SCF/TON RDF
= 4.29 TON RDF ——-r-—-—==mcommmm—e (5)
(2)/(5) = 500 PPM = 36.94 LB CO / 4.29 TON RDF
= 8.61 LB CO/TON RDF




THE PRINCIPAL REASON FOR THE DIFFERENCE IN EMISSION FACTORS LISTED ABOVE 13
DUE TO EXCESS AIR DESIGN. MOST OF THE SPREADER STOKER FURNACES CITED BY
CARB WERE DESIGNED TO FIRE RDF AT ABOUT 40% EXCESS AIR. OUR INVESTIGATIONS
HAVE INDICATED THAT A PRUDENT OPERATING POINT FOR RDF COMBUSTION TO BE AT
50% EXCESS AIR WITH A DESIGN POINT OF 60% TO ACCOMMODATE VARIATIONS IN FUEL
HOISTURE AND HEATING VALUE. ACCORDINGLY A MEDIUM VALUE OF 12 LB/TON RDF IS
SELECTED AS THE EMISSION FACTOR FOR CO.




R BN am = . IIII A Iy e S IIII IIII . R e W Es
FEXHIBIT. 4-3.1

~ Table 34

Uncontrolled Matter Emissions of CO and THC
at Refuse-Burning Facilities*

Concentrations Emissions Rates

- (ppmv, dry)+ ‘ grams/GJ
Type of Facility : - ‘ (167106 Btu)
o - THC** co THC |
Low ! High Low | High Low | High Low | High
1 | i ] }
| | I N
Mass Burning [ : | |
Refractory Wall 87 , 99 84 | 169 26 27 14 17.0
| : (.06) |( .06) | (.03) , (.04)
Mass burning Waterwall | 105 | 2186 | 7.3 | 60| - | 65 |, 860 | 1.3 | 1.7
| : (. 15)I (2.0) | (. 003)l (.004)
|
RDF-F ired : | ' :
Spreader Stoker 196 | 1160 8 | 2450 190 ' yo00 8.6 470
| , (.44) I(2 3) | (.02) . (1.09)
Rotary Kiln 48 | 3500 [ NA | NA 14 1100 | M) wA
1 ! (.03) | (2.6) !
| 1 | |

+ Concentrations corrected to 12X CO;
* Rates based on HHV of fuel "as-fired"
** THC reported as methane

NA Not Available

Suurce: Appendix B : o ‘ 1-8
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EXHIBIT 4-3.2

TABLE 6 NITROGEN OXIDE EMISSIONS
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The nitrogen oxide emissions reported are quite
variable. We fee! that the Rinaidi [1] value of 1.6
Ib/ton (0.8 kg/Mp) of refuse burned. which is
equivalent to about 75 ppm in the flue gas, is a
reasonable and conservative value for a modern
waterwall incinerator.

CONTROLS

Since the NO, levels are naturally comparative-
ly low, the control of NO, is not practiced on
mass-burning municipal incinerators. Combustion
modification techniques applicable to fossi fuel-
fired-boilers either are generally not applicable to
the mass-buming situation or tend to cause higher
€O emissions and unacceptable boiler corrosion.
One of the add-on control systems availabie for
fossil fuel-fired-boilers has been tested in Japan
(32} . The results of the test showed that the NO,
could be reduced by 60 percent by injecting NH,
under precise contral into the incinerator firebox.
About 20 ppm of unreacted NH; remaining in the
gas caused precipitates of ammonium salts to form
in the economizer.

This test does not appear to establish that these
reductions have been “achieved in practice™ by a
municipal incinerator as required in the regulations
to establish LAER or BACT and thereafore should
not be used to establish BACT or LAER.

CARBON MONOXIDE

EMISSIONS

Carbon monoxide is a2 product of incomplete
combustion snd for municipal incineration depends

largely on the overfite air ratic. the desipn of the
overfire air jets, and the combustion temperature.
Values of CO reported in the literature are shown
in Table 7. Considering these data. we have chosen
2 somewhat conservative 150 ppm as a reasonable
estimate for a modern incinerator design using the
combustion control measures now commonly used
to contral boiler tube wastage. This 15 equivalent
1o an emission rate of 1.9 Ibfton (0.95 kg/Mg) of
refuse burned. A

TABLE 7 CARBON MONOXIDE EMISSIONS

LT3 e PTY
Incimarator I Ten ~ srianl pm e 121 CDy Mt

arioe » ALY L}
Traintires ”y 1y a
Rapnvills Li3 e "
[T WY 8714 | ]
Yariows . [PRE83: ] +
T lmwgua .17 e.sh) 1"
svarsge 103 ™
e Bmv. Ty -

¢ imcimarstion prokjsms repsried

CONTROLS

The_CO emissions from modern incinerators are
usually limited to a few hundred ppm by combus-
tion control measures designed 10 achieve good
combustion and minimize boiler tube wastage. The
maintenance of a minimum temperature and ade-
quate turbulence (usualiv by means of overfire air
jets) in the firebox — as required to control flame
Jength, insure complete combustion, and reduce
the corrosion of the boiler tubes — normally pro-
vides adequate control of CO and no additional
controls are required.

HYDROCARBONS
EMISSIONS

Hydrocarbons appearing in the flue gas of an in-
cinerator are products of incompiete combustion.
They are mostly low-molecular.weight hvdrocar-
bons, aldehydes, and organic acids with traces of
high molecular-weight compounds also present,
Values reported for hydrocarbon emissions from
municipal incinerators are shown in Table §. Older
refractory wall incinerators frequently have higher
HC and €O emissions than modern waterwall in-
cinerators. Considering these data, we have chosen
an emussion rate of 0.12 1b/ton (0.06 kg/Ma) which

1-9
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EXHIBIT 4-3.3

FOSTER WHEELER ENERGY CORPORATION

38 MEADOWLAND PARKWAY « BECAUCUS, N. J. 07084 « PHONE 201-884-3880 « (NYC) 212.584-8301

December S, 1984

Hayden-wegman’ InC. T < ATt -
330 West 42nd Street

ew York, New York 10036 . SR

« e =

Atsention: Mr, Louis A Terracc1ano

Subject:  Hayden- wegman for - :
Paim Beach County, F]or1da
FWL Ref 282-253

Dear lou: _;_“ T :f-;f;'f

requested to you

we have reca1cu1ated the data contained here1n on the basis of two bo11ers

gach capable of hand11ng 750 tons of RDF,

- .

‘Please accept my apolog1es for the de1ay in gett1ng the information you .

The following data app11es for MCR 75” Ioad and 50% 1oad respect1ve1y

L Y | MCR
‘ sl e N
. Fuel Qty (pph) f,;.&_ 62 187 5 -
_Fuel KHV (Btu/lb. ) U664 -
© Excess Air %) : '_ L ! "‘  fff i1}_80
Gas Exit Temp. (deg F) R 450
Y R 212,500
N, (pom) 250
S0, {ppm) 150
Particulate {1b./10 6 Btu) 0.1
€0 {ppm) 500
HC  {ppm) 70
Notes:

1. As load decreases, NOy will decrease slightly,

available to determine by how much.

N 5‘ 75%

f46 227 5
B RUNE
Ts0
430
- 156,250
.Note
Note
Note
Note
Note

30 597 5

P ) 164";'
fx‘HBOII

a0
100,000
1

2
3
4
4

However. no data

I-10
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vage 2.
Mr. Louis A. Terracciano _
Cecomper 6, 1984 _ ' EXHIBIT 4-3.3 (Sh. 2 of 2).

- . T

Noes (continued):

s ty

2. SO, 1eve1 w111 remain fairIy constant as 1oad decreases. __f j,:j coog

‘..\ .

3.. Part1cu1ate after prec1p1tation w111 decrease sl1ght1y as 10ad o

decreases but very sl1ght1y. f-;=:;;:%._{_‘:;} S ,‘;_ I \}_;;" .
4. CO and HC emxssions will increase slightly as “Toad decreases._hgﬁ” -
However, RO data ava1lab1e to de+enn1ne by how much.

is new data meets your needs Should you have any questions,-j;_j s o5

1 hope that thi
ure you, we w111 be more prompt o

pTease do not hesitate to caTl me and, I ass
in answering these requests ek R G ET

A S

S1ncere1y,"r
FOSTER HHEELER ENERGY CURPDRATION

“=“+:22rtaéf’=i;-;':--a, SERRCEET SP
FRERI Sl LR R e T K
. o P - T

T William F. Bischoff .~ 1 .= . ..
~Assistant Regional Hanager ‘
C Northeast Reg1on S U

" ech: }

~




4.1.4 VOLATILE ORGANIC COMPOUNDS (VOC)

THE EMISSION FACTOR FOR VOC REPRESENTS THE NON-METHANE PORTION OF THE TOTAL
HYDROCARBON EMISSIONS.

FROM REFERENCE "A", TABLE 34, PAGE (EXHIBIT 4-4.1) UNDER RDF-FIRED SPREADER
STOKER TYPE,

UNCONTROLLED TOTAL HYDROCABBON EMISSION IN LB/1.0E6 BTU
] = 0.02 TO 1.09

CONVERT LB/10Eé6 TO LB/TON,
.02 LB/1.0E6 BTU.X 6164 BTU/LB X 2000 LB/TON = 0.25 LB/TON
1.09 LB/1.0E6 BTU X 6164 BTU/LB X 2000 LB/TON = 13.44/TON

THEREFORE,

UNCONTROLLED TOTAL HYDROCARBON EMISSION IN LB/TON
- " = 0.25 TO 13.44

FROM REFERENCE “B", PAGES 290 & 291 (EXHIBIT 4-4.2 SHEETS 1 & 2)
UNCONTROLLED TOTAL HYDROCARBON EMISSION IN LB/TON
= 0.12

FROM REFERENCE "C", TABLE 10, PAGE 8 (EXHIBIT 4.4.3)
UNCONTROLLED TOTAL HYDROCARBON EMISSION IN LB/TON
' = 0.002 TO 0.0}

REFERENCE LITERATURE INDICATED A WIDE RANGE OF VOC EMISSIONS. THIS WIDE
RANGE 1S BELIEVED TO BE CAUSED BY THE VARIATIONS IN EXCESS AIR DESIGN -CITED
IN DISCUSSION ABOVE FOR CO AND THE INABILITY TO MAINTAIN SUFFICIENT
TEMPERATURE AND INADEQUATE COMBUSTION CONTROLS. THE PROPOSED FACILITY WILL
UTILIZE STATE-OF-ART COMBUSTION CONTROLS COUPLED WITH CONSERVATIVE FURNACE
DESIGN IN TERMS OF EXCESS AIR, GAS TEMPERATURE AND DWELL TIME TO MINIMIZE
vOC EMISSIONS. ACCORDINGLY, THE VOC EMISSION FACTOR OF 0.20 LB/TON WAS
SELECTED FROM MID-RANGE DATA TO PROVIDE SUFFICIENT CONSERVATISM AND AVOID

UNDERSTATING POSSIBLE FACILITY EMISSIONS.
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EXHIBIT 4-4.1
Table 34
Uncontrolled Matter Emissions of CO and THC
- at Refuse-Burning Facilities*
Concentrations Emissions Rates
_ (ppmv, dry)+ grams/GJ
Type of Facility (167106 Btu)
co THC** co THC
Low : High Low : High Low | High Low | High
: s ;
| | | |
Mass Burning | I l l
Refractory Wall 87 , 99 84 |, 169 26 27 14 17.0
. | v (.06) | (.06) | {.03) | (.04)
Mass burning Waterwall 105 , 2186 | 7.3, 60 65 , 860 1.3 ! 1.7
' g . ' {.15) I(2 o) | (. 003)[ (.004)
ROF -Fired : : ! :
Spreader Stoker 196 , 1160 8 | 2450 190 | 1000 | 8.6 470
| l { 44)| (2.3) | (.02) l (1.09)
Rotary Kiln 48 | 3500 | NA | NA 14 100 | owa )
| ! { 03). (2.6) I
l 1 | j
+ Concentrations corrected to 12X CO;
* Rates based on HHV of fuel "as-fired"
** THC reported as methane
NA Not Available
1-13
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EXHIBIT 5-4.2 (Sh. 1 of 2)

TABLE 6 NITROGEN OXIDE EMISSIONS
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The nitrogen oxide emissions reported are quite
variable. We fee! that the Rinaldi [1] value of 1.6
1b/ton (0.8 kp/Mg) of refuse burned, which is
equivalent to about 75 ppm in the flue gas, is 2
reasonable and conservative value for a modern
waterwall incinerator. -

CONTROLS

Since the NO, levels are naturally comparative-
ly low, the contro} of NOy is not practiced on
mass-burning municipal incinerators. Combustion
modification techniques applicable to fossil fuel-
fired-boilers either are generally not applicable to
the mass-bumning situation or tend to cause higher
CO emissions and unacceptable boiler corrosion.
One of the add-on control systems available for
fossil fuel-fized-boilers has been tested in Japan
[32]. The results of the test showed that the NOy
could be reduced by 60 percent by injecting NH,
under precise control into the incinerator firebox.
About 20 ppm of unreacted NH; remaining in the
gas caused precipitates of ammonium salts to form
in the economizer. :

This test does not appear to establish that these
reductions have been “achieved in practice™ by a
municipal incinerator as required in the regulatons
to establish LAER or BACT and thereafore should
not be used to establish BACT or LAER.

CARBON MONOXIDE
EMISSIONS

Carbon monoxide is & product of incomplete
combustion and for municipal incineration depends

Jargely on the overfire air ratio, the design of the
overfire air jets, and the combustion temperature.
Values of CO reported in the literature are shown
in Table 7. Considering these data, we have chosen
a somewhat conservative 150 ppm as 2 reasonable
estimate for a modemn incinerator design using the
combustion control measures now commonly used
to control boiler tube wastage. This is equivalent
to zn emission rate of 1.9 Ib/ion (095 kg/Mg) of
refuse burned.

TABLE 7 CARBON MONOXIDE EMISSIONS
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CONTROLS

The_ CO emissions from modern incinerators are
usually limited to a few hundred ppm by combus-
tion control measures designed to achieve good
combustion and minimize boiler tube wastage. The
maintenance of a minimum temperature and ade-
quate turbulence (usually by means of overfire air
jets) in the firebox — as required 1o control flame
length, insure complete combustion, and reduce
the corrosion of the boiler tubes — normally pro-
vides adequate control of COand no additional
controls are required.

HYDROCARBONS
EMISSIONS

Hydrocarbons appearing in the flue gas of an in-
cinerator are products of incomplete combustion.
They are mostly low-molecular-weight hydrocar-
bons, aldehydes, and organic acids with traces of
high molecular-weight compounds also present.
Values reported for hydrocarbon emissions from
municipal incinerators are shown in Table 8. Older
refractory wall incinerators frequently have higher
HC and CO emissions than modern waterwall in-
cinerators. Considering these data, we have chosen
an emission rate of 0.12 Ibjton (0.06 kg/Mg) which

I-14
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EXHIBIT 4-4.2 (Sh. 2 of 2)

is equivalent to approximately 16 ppm as a reason-
able value for total hydrocarbon emissions for this

TABLE 9 HYDROCHLORIC ACID EMISSIONS
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CONTROLS

To the authors’ knowledge, no municipal incin-
erator uses any type of add-on control to reduce

‘ hydrocarbon emissions and there are no published

correlations between design or operating parametets
and hydrocarbon emissions; however, it is reason-
able to expect that measures used to controi CO

will control hydrocarbons even more effectively.

HYDROCHLORIC ACID
EMISSIONS

" Flue gases from municipal incinerators normally
contain hydrochloric acid as a by-product of the
combustion of PVC, other chlorinated plastics,and
sodium chioride found in the waste. Hydrochloric
acid emissions are not regulated by the US. EPA,
but most states require the emissions to be reported
and control regulations are under consideration in
several states. It has been reported that only about
half of the chloride in the waste is converted to
hydrochloric acid [28] and some of the evolved
HC1 may be removed on the ash particles [34] as
the flue gases pass through the boiler and electro-
static precipitator. Emissions of hydrochloric acid
reported in the literature are found in Table 9.
Considering these data, we feel that 200 ppm or
341b/ton (1.7 kg/Mpg) is a reasonable estimate of
the hydrochloric acid emissions.

CONTROLS

Wet scrubbers were commonly used on munici-
pal incincrators in the past for particulate control,

and more recently for gas cooling ahead of ESPs,
and the acid control they gave was incidental.
These scrubbers were incapable of meeting current
particulate emission standards and heat recovery
boilers have largely replaced water quenching so
scrubbers became uncommon on municipal incin-
erators. Acid gas control has been required in West
Germany and Japan for several years and is now
being required by several local and state agencies,
most notably in California.

Wet scrubbers are being used foracid gas control
on municipal incinerators in West Germany in con-
junction with electrostatic precipitators, and are
common on hazardous waste incinerators; however,
corrosion and waste water disposal problems have
restricted their use on municipal incinerators.
Where acid gas control is required, dry scrubbers
are now commonly used. Of the seventeen scrub-
bing systems we are aware of that were installed
in Germany and Japan in 1980 and 1981, ¢leven
were dry scrubbers.

FLUORIDES

EMISSIONS

Traces of hydrogen fluoride from the combus-
tion of fluorinated plastics or similar materials
appear in the flue gas from municipal incinerators.
There are no federal regulations limiting the emus-
sions of fluorides from municipal incinerators,
however the PSD regulations require that the
fluoride emissions be estimated and reported. The
emissions of flucrides from municipal incinerators
reported in the literature arc shown in Tabie 10.
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EXHIBIT 4-3.3

TALZLE . EMISSION FACTCRS FCR OTEZR CRITERIA
FOLLUTANTS FROM CCRL COMZUSTION®
Emicsicrn tactor
Avesage kanze
Polivtant c/ke l=/%on c/xz l=/v1en
{as S0O3:) 32 64 18 - 52 g - 10¢
{as NC3) 2.1 4.3 1.7 - 2.¢ 4 - 5.0

0.003 0.005 0.002 - 0.00% 0.003 - 0.31

ccroustion in a unit suited to ecciirin

of refcse-

o

fuels.



4.1.5 NITROGEN OXIDES (NOX)

.

FROM REFERENCE "A", TABLE 15, (EXHIBIT 4-5) UNDER THE RDF-FIRED SPREADER

STOKER TYPE,
UNCONTROLLED NOX EMISSION IN LB/1.0E6 BTU
= 0.02 TC 0.63

CONVERT LB/1.0E6 TO LB/TON,
.02 LB/1.0E6 BTU X 6164 BTU/LB X 2000 LB/TON = 0.25 LB/TON
0.63 LB/1.0E6 BTU X 6164 BTU/LB X 2,000 LB/TON = 7.76 LB/TON
THEREFORE,
UNCONTROLLED TOTAL NOX EMISSION IN LB/TON
= 0.25 TO 7.76

4.0 LB/TON IS SELECTED- FOR NOX EMISSION FACTOR AND IS REPRESENTATIVE OF THE

MEDIAN VALUES OF THE DATA BASES USED.




Teble 15

\\

Uncontrolled NOx Emissions st Refuse-Burning Facilities*

NOx Emissions

EXHIBIT 4.5
--—--—---_-—-—

Emission Kates
Concentrations grams/6J
(ppmv, dry)+ (167106 Btu)++
Type of Facility Low High Low High
Mass Burning . - 53 165 4.3 30
Refractory Wall : {.01) (.07)
Mass Burning 74 262 30 180
Waterwall ' (.07) {.42)
ROF Fired 79 427 8.6 270
Spreader Stoker (.02) (.63}
Rotary Kiln in 196 56 99
) . (.13) (.23)
" % Data obtained from Appendix B
+ Concentrations corrected to 12% COp
+ Rates based on HHY of refuse "ps-fired”
I-18



4.1.6 LEAD (PB)

N

FROM REFERENCE "A", TABLE 42, (EXHIBIT 4-6.1)
ESP CONTROLLED PB EMISSION IN LB/1.0E6 BTU
= 1.91E-5 TO 1.8E-3

CONVERT LB/1.0E6 TO LB/TON,
1.91E-5 LB/1.0E6 BTU X 6164 BTU/LB X 2000 LB/TON
= 0.000235 LB/TON

1.8E~3 LB/1.0E6 BTU X 6164 BTU/LB X 2000 LB/TON
= 0.0222 LB/TON
THEREFORE, ’
ESP CONTROLLED PB EMISSION IN LB/TON
= 0.000235 TO 0.0222
FROM REFERENCE "E”,
TABLES 82-09-05.2.5, 8-09-05.2.6, 82-09-05.2.7, AND 82-09-05.2.8
(EXHIBITS 4-62, 4=-6.3, 4-6.4 AND 4-6.5 RESPECTIVELY) SHOW THE
DEVELOPMENT OF PB EMISSION FACTOR. FROM TABLE 82-09-05.2.8,
CONTROLLED PB EMISSION = 2.995 TO.12.328 LB/1000 TON
= 0.003 TO 0.0123 LB/TON

ALTHOUGH THE REFERENCE "A" DATA INDICATES. THE 0.0014 LB/TON CONTROLLED
EMISSION FACTOR (GIVEN IN THE AUTHORITY'S INITIAL SUBMITTAL) HAS BEEN
ACHIEVED, IN VIEW OF THE REFERENCE "E" DATA, IT 1S PRUDENT TO INCREASE THE
0.0014 LB/TON PREDICTION BY AN ORDER OF MAGNITUDE TO 0.014 LB/TON.
REFERENCE TO MAXIMUM AMBIENT AIR QUALITY IMPACTS, DISPLAYED IN TABLE 5-11,

_PAGE 69 OF REFERENCE F, INDICATES THAT THE 10-FOLD INCREASE IN PB EMISSIONS

WILL NOT JEOPARDIZE MAINTENANCE OF AMBIENT AIR QUALITY STANDARDS AS REGARDS
PB.



Table 42

EXHIBIT 4-6.1

Estimated Total Heavy Metal Emfssfon Rates (#/106 Btu).

For Refuse-Fired Units

Element

Baghouse

~ ESP

Antimony (Sb)
Arsenic (As}
Beryllium (Be)
Cadmium (Cd}

Chromium (Cr}
Copper {Cu)

Lead (Pb)

Manganese (Mn)
Mercury (Hg)
Molybdenum (Mo)
Nickel (N{i)
Selenfum (Se)
Tin (Sn)
Yanadium (V)
Zinc (Zn)

5.32x10-8 - 7,78x10-6
2.75x10~9 - 1.13x10-7

7.13x10~11 - 1.43x10-9
4.5x10~8 - 3.73x10-6

9.49x10-9 - 1.21x10~7
7.32x10-8 - 1.10x10-6
8.74x10-7 - 1.75x10~5
4.26x10-9 - 1.01x10-6

3.4x10-5 -~ 2.16x10-4

6.52x10-9 - 2,3x10-5

9.39x10-1%} - 1.67x10-7
7.44x10-11 -~ 1,49x10-4
8.68x10-8 - 1.43x10-5
7.18x10-10 - 1,55x10-7
8.14x10-6 - 1.63x10-5

1.48x10-6 - 3.5x10~1
1.10x10-7 -~ 2.71x10-6
4.81x10-9 - 6.42x10-8

.1.8x10-6 - 1.67x10-4

3.8x10-7 - 2.17x10-5
2.54x10-6 - 1.16x10-4

1.91x10-5 - 1.8 x 10-3
4.69x10-7 . - 7.4x10-5
3.4x10-5 - 2.16x10-4

3.46x10-8 - 1,39x10-4
1.88x10-8 - 1,33x10-5
6.45x10-8 - 4.19x10-4
1.61x10-6 - 6.48x10~4

1.08x10-7 - 6.97x10-6
6.98x10-5 - 4,40x10-3

Source: Appendix C
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_HAYDEN-WEGMAN/CAROLLO

engineers’

EXHIBIT 4-6.2

Qctober 25, 1983

RESOURCE RECOVERY FACILITY DESIGN
NORTH SANTA CLARA COUNTY SOLID WASTE MANAGEMENT AUTHORITY

TABLE 82-09-05.2.5

Emission Factors for TSP & HC1l Based on Total Feed Material

UNCONTROLLED* CONTROLLED**
Category 1 11 III Coal I 11 III Coal
TSP : :
_1b7ton ) 25 20 134 128 0.125 0.100 0.670 | 0.640
HC1
1b/ton 1.4 NA 3.2 0.4 0.140 NA 0.320 | 0.040
Category Definitions
1 - Mass-fired MSW Combustion w/o Heat Recovery
11 - Mass-fired MSW Combustion with Heat Recovery
II1 - RDF Combustion with Heat Recovery
TSP Total Suspended Particulates
HC1 Hydrochloric Acid
Emissions given in 1b 6f emission per ton of total feed:
' MSW for Categories I & 11
RDF for Catogory III
* Reference: An Evaluation of Emission Factors ¥For
Waste-to-Energy Systems — Executive Summary
by G.M. Rinaldi, T.R. Blackwood,
D.L. Harris & K.M. Tackett
Monsanto Research Corp. Dayton, Ohio
g Table 6 for TSP Uncontrolled Emissions)
Table 13 for HC1 Uncontrolled Emissions)
29 May 1979
USEPA Contract No. 68-03-2550, Task II
*% Aggume Controlled Emissions as follows:
99,5% Efficiency for TSP
90.0% " " HC1
NA - No data available
I-21




EXHIBIT 4-06.3

HAYDEN ~WEGMAN/ CAROLLO
engineers

October 25, 1983

RESOURCE RECOVERY FACILITY DESIGN

4 W

[N

4
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V]

LN

A

1 Y

T

NORTH SANTA CLARA COUNTY SOLID WASTE MANAGEMENT AUTHORITY

Concentractions of Trace Elements in Uncontrolled Particulate Emigsions

UNCONTROLLED CONCENTRATIONS ppm
Element Category I Category 11 Category 111 Coal
Antimony -g 260 - 620 0.4 - 10 7- 20
Arsenic ~a 50 - 70 20 “a 80 20 ~a 120
Barium ~a 270 - 540 ~a "a :
Bromine ~a 420 - 2,400 - -
Cadmium ~a 380 - 820 0.3 “a 1.4 0.6 s 1.0
Chlorine ~a >10,000 - -
Chromium ~a 50 - 560 | 5 - 20 6 - 8
Cobolt "a 10 - 100 0.6 - 2.0 0.4 - 1.5
Copper ~a 420 - 590 10 - 50 6 - 7
Iron - 970 - 1,090 700 -~ 2,410 2,350 - 2,800
Lead —: 11,600 - 17,500 1,220 - 2,930 340 - 38O
Manganese “a 420 a 1,400 10 - 20 20 - 40
Nickel ~a - 3 - 20 6 - 20
Selenium - <90 10 - 40 10 - 50
Silver -2 110 - 200 -8 2
Tin —: 2,600 - 5,000 50 - 150 20 - 30
Zinc <5 >10,000 B60 - 3,770 180 - 560
® Data Not Available
Reference: An Evaluation of Emission Factors For
Waste-to—-Energy Systems - Executive Summary
by G.M. Rinaldi, T.R. Blackwood,
D.L. Harris & K.M. Tackett
Monsanto Research Corp., Dayton, Ohio
(Tables 14, 15, 16 & 17)
29 May 1979
USEPA Contract No. 68-03-2550, Task II
Category Definitions: See Table 82-09-05.2.5
ppn = parts per million
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engineers

HAYDEN-WEGMAN/CAROLLO

EXHIBIT 4-6.4

RESOURCE RECOVERY FACILITY DESIGN
NORTH SANTA CLARA COUNTY SOLID WASTE MANAGEMENT AUTHORITY

Concentrations of Trace

October 25, 1983

Elements in Controlled Particulate Emissions

CORNRTROLL

ED CONCENTRATIONS ppn

Element Category 1 Category 11 Category 111 Coal
Antimony 610 - 12,600 460 - 1,000 2 - 180 10 - 150
" Arsenic 80 - 510 50 - 100 140 “a 740 20 “a 680
. Barium 40 - 1,700 270 - 540 “a | ~a '
i Bromine 320 - 6,700 350 - 1,200 - 3 -
| Cadmium 520 - 2,300 670 - 1,150 | 0.2 - 10 | 2 - 8
Chlorine | 99,000 - 330,000 10,000 ! -2 ! -2 :
I Chromium 70 - 1,800 130 - 260 | 60 - 100 | 30 - 40 -
Cobolt 2 - 30 5= 50 | 4 - 40 | 3 - 30
Copper 970 - 6,800 620 - 800 : 50 - 280 30 - 40
'  1Iron 1,700 - 18,000 | 2,000 - 2,130 16,940 - 17,300 :13,200 - 18,200
; Lead 50,000 - 155,000 |1B8,100 - 34,200 {4,470 - 18,400 ; 1,050 - 1,790
i Manganese 170 - 5,700 140 " 490 110 - 240 100 - 140
i Nickel. 40 - 440 - ot 20 - 190 30 - 40
| Selenium 10 - 120 <30 . 20 -, 430 ° 30 -, 40
Silver : 40 - 2,000 50 - 110 | - : -
l Tin - 8,500 - 15,100 1400 - 5000 i 260 - 870 30 - 270
Zine - 47,000 - 240,000 >10,000 4,360 - 17,200 910 - 3340
L
a
Data Not Available
Reference: See Table 82-09-05.2.6
Category Definitions: See Table B2-09-05.2.5
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RESOURCE RECOVERY FACILITY DESIGN
NORTH SANTA CLARA COUNTY SOLID WASTE MANAGEMENT AUTHORITY o

TABLE 82-09-05.2.8

EXHIBIT 4-6.5

October 25, 1983

Controlled Emissions of Trace Elements

CONTROLLED EMISSIONS 1b/1000 tom
Element Category 11 Category 1II
Antimony 0.046-0.10 0.0013-0.121
Arsenic 0.005-0.01 0,09&-0.&92
Barium 0.027-0.054 “a
Bromine 0.035-0.120 -
Cadmium 0.067-0.115 0.0001—0.006;
Chlorine >1 -

- Chromium 0.013-0.026 0.040-0.067
" Cobolt 0.0005-0.005 0.0027-0.027
Copper’ 0.062-0.080 0.034-0.,188
Iron 0.200-0.213 4.650-11.591
Lead 1.810-3.420 2.995-12.328
Manganese 0.014-0.042 0.074=0.161
Nickel o= 0.013-0.127
Selenium <0.003 0.01370.282
Silver 0.005-0.011 -
Tin 0.140-0.500 0.174-0.583
Zinc >1 2,921-11.524

Controlled Emissions in 1b/1000 tons is product of data shown in Tables
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HAYDEN-WEGMAN/CAROLLO

engineers

EXHIBIT 4-6.5

October 25, 1983

RESOURCE RECOVERY FACILITY DESIGN

NORTH SANTA CLARA COUNTY SOLID WASTE MANAGEMENT AUTHORITY

TABLE 82-09-05.2.8

Controlled Emissions of Trace Elements

CONTROLLED EMISSIONS 1b/1000 ton
Element Category Il Category I11
Antimony 0.046-0.10 0.0013-0,121
Arsenic 0.005-0.01 0.094-0.499 '
Barium 0.027=-0.054 "a
Bromine 0.035-0.120 -
Cadmium 0.067-0.115 0.0001-0.0067
Chlorine >1 -8
Chromium 0.013-0.026 0.040-0.067
Cobolt 0.0005-0.005 0.0027-0.027
Copper 0.062-0.080 0.034-0,188
Iron 0.200~0.213 4.650-11.591
Lead 1.810-3.420 2,995-12.328
Manganese 0.014-0.043 '0.074-0,161
Nickel - 0.013-0.127
Selenium <0.003 0.013-0.28§
Silver 0.005-0.011 -
Tin " 0.140-0.500 0.174-0,583

- Zinc >1 2.921-11.524

Controlled Emissions in 1b/1000 tons is product of data shown in Tables
82-09-05.2.5 and 82-09-05.2.7

S I-25



4.1.7 BERYLLIUM (BE)

FROM REFERENCE "A", TABLE 42, PAGE.206, (EXHIBIT 4-7.1)
ESP CONTROLLED BE EMISSION IN LB/1.0E6 BTU
= 4.81E-9 TO 6.42E-8
CONVERT LB/1.0E6 BTU TO LB/TON,
4.81E-9 LB/1.0E6 BTU X 6164 BTU/LB X 2000 LB/TON
= 0.593E-6 LB/TON
6.42E-8 LB/1.0E6 BTU X 6164 BTU/LB X 2000 LB/TON

= 0.792E-6 LB/TON
THEREFORE,

ESP CONTROLLED BE EMISSION IN LB/TON
= (0.0593E-6 TO 0.792E-6 LB/TON

FROM REFERENCE "A", TABLE 40, PAGE 200, (EXHIBIT 4-7.2)

UNCONTROLLED BE EMISSION = 1.08 MICROGRAM/MJ (AVERAGE)
3.00 MICROGRAM/MJ (PEAK)

2.51E~6 LB/1.0E6 BTU (AVERAGE)

7.00E-6 LB/1.0E6 BTU (PEAK)
CONVERT LB/1.0E6 BTU TO LB/TON.
2.51E-6 LB/1/0E6 BTU X 6164 BTU/LB X 2000 Lﬁ/TON

= 31.0E-6 LB/TON
7.00E-6 LB/1.0E6 BTU X 6164 BTU/LB X 2000 LB/TON

= 86.5E~6 LB/TON
FROM REFERENCE "E", TABLE 82-09-05.2.4,

(EXHIBIT 4-7.3)
ESP CONTROLLED BE EMISSION = 4E-4 LB/1000 TON
= 0.4E-6 LB/TON
9.0E-6 LB/TON 1S SELECTED FOR BE EMISSION FACTOR BASED ON CONSIDERATION

OF THE DATA BASES USED.
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l "M | EXHIBIT 4-7.1

Table 42

Estimated Total Heavy Metal Emission Rates (#7108 Btu)
For Refuse-Fired Units

Element | Baghouse ~ ESP
Antimony (Sb) 5.32x10-8 - 7.78x10-6 1.48x10-6 - 3.5x10-]
Arsenic (As) 2.75x10°9 - 1.13x10-7 1.10x10-7 - ¢.11x10-6
| Beryl1ium {Be) 7.13x10-11 - 1.43x10-9 4.81x10-9 - 6.42x10-8
Cadmium (Cd) ) 45x10-8 - 3.73x10-6 1.8x10-6 - 1.67x10-4
Chromium (Cr) 9.49x10°9 - 1.21x107 3.8x10-7 - 2.17x10-5
Copper (Cu) ] 7.32x108 - 1.10x10-6 2.54x10-6 - 1.16x10-4
Lead (Pb) 8.74x16-7 - 1.75x10-5 1.91x10-5 - 1.8 x 10-3
Manganese (Mn) 4.26x10~9 - 1.01x10-6 4.69x10°7 - 7.4x10~5
Mercury (Hg) 3.4x10-5 - 2.16x10-4 3.4x10-5 - 2,16x10-4
- 1.39x10-4
Nickel (Ni) 9.39x10-11 - 1.67x10-7 1.88x10-8 - 1.32x10-5
Selenium (Se) 1 7.4800-1 - 1.40x10-4 | 6.45x10-8 - 4.19x10-4
Tin {Sn) © 8.68x10-8 - 1.43x10-5 1.61x10-6 - 6.48x10-4
Vanadium (V) 7.18x10-10 - 1.55x10-7 1.08x10-7 - 6.97510-6 |
Zine (In) 8.14x10-6 - 1.63x10-5 6.98x10-5 - 4,40x10-3

Source: Appendix C -

i
1
1
|
1
’
1
i
I
| | roubdenun (o) 6.52x10°% - 2.3x10°5 | 3.46x10-8
|| |
i
|
I
|
|
|
1
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Observed Metal Emission Factors for Facilities Burning Coal, 0il, Refuse
and Coal/Refuse Mixtures

Table 40

(ug/MJ) as Fired

EXHIBIT 4-7.2

011-Fired Coal-Fired Coal-Fired Coal/Refuse-Fired Refuse-Fired
(Tang)+ (ss)* :

Hetal Low | High | Avg. Low | High | Avg. Low | High | Avg. Low §High | Avg. Low High | Avg.
As <0.2) 49 25 20 | 3400 | 680 100 540 | 260 20 {1300 | ¢200 16 1 1763 {469
Be <0.2 |<0.3 |<0.3 7.9 40 19 1.3 15 11 <0.85| 26 9.0 - <.08 3 |1.ea

§§ Cd --- e 8.5 | 1900 { 430 2.5 22 12 3.5 [ 110 27 150 |-1am | aes

: cr 2 55 29 210 | 100 | s40 29 2200 | 930 18 | 4100 | 1200 1.5 | 1z00 {499
Cu 2 180 | 91 250 | 4100 | 1400 28 220 | 130 a1 |« 1600 | 370 85 | 1866 {870
Hq 0.6 2 1.3 0.09 | 35 22 - --- | <3.2 5.5 | <28 16 1 390 {187
Mn ] 10 5.5 150 | 740 400 17 770 | 330 32 | <430 | 240 11| 3350 |1am
Mo 2 72 36 360 | 4300 | 2300 --- e I s | --- --- 27 1 8987 3043
ni 200 360 | 230 1z0 | 730 450 28 230 | 110 18 |53 32 2.7 1ea | 286
Pb 20 65 13 140 {17,000 [ 5100 21 7600 | 1900 aso 20,000 | 4900 S600 {16,600 | 9511
Sb - -] 20 7.2 | 1600 § 320 - - | <7 <4.5| <77 | 25 18 | 2060 | 936
Se 0.3 16 B.2 15 1400 | 330 14 37 6 0 |ag 50 A 250 | 95
Sn - U e | - 120 --- -.- |<o0.82 1.4 | <140 | &1 3.4 | oy |21,
¥ 20 BBo | 4s0 240 | 1300 ] €10 <37 | 790 | 400 <z5 |s7r0 270 11 A
In 3 200 | 100 490 |39.000 | 8400 38 h3.000 [3300 440 {i8,000 |4900 4500 91,060 [ 33,9

Source: Appendix €, Tables

+ Tangential

* Spreader Stoker

8¢-1

€C1b-C6b

W Ll
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EXHIBIT 4-7.3

'HAYDEN-WEGMAN/CAROLLO
onglineors - October 25, 1983

RESOIRCE RFCOVERY FACILITY DFRTON
NORTH SANTA CLARA QOUNIY SOLID WASTE MAMAGEMENT AUTHORITY

TAP\Y, 82-09-05.2.4

Comparison of Average Non<Criterla follutant Hetal Falusicona® from HSW Combustion

“c" Hnuhlngton D.C. SWRC 1 “D" Niconla "E” Brointree “C” Alexandrls
Croup | Elewent  Symbol Cycl. Col./FSP 0.9 1b/ton Trey Scrub'r ESP 2.7 1./toem Wet Haffle 5.6 kb/ton

*4ly Ash |’ Suspended 8 1b/ton Inlet Outlet | MaFlynan Suspended
1 Arsentc As 59 3o (0.20) 200 120 .51 (0.1%) 40 210
1 Barium Ba 3,200 950 (0.89) ' 220 ' 400 o (0.92) 2,800 690
I Cadalvm cd 185 1,900 {1.71) 5,500 1,100 480 (1.29) 42 1,100
1 Chroni us Cr 160 870 (0.78) 105 270 200 {0.5&) 1,330 430
i Lead b NR 78,000  (70.20) 69,000 MR MR - 40,000 97,000
1 Mercury Hg MR HR NR MR 0.31 (Bxln_‘) NH NR
1 Selenlum Se 12 » (0.07) ) 49 < 25 38 {ixi10 ) 3.4 23
1 Sllver . Ag . 220 1,000 {0.90) : 110 165 19 (0.21) 85 390
n Antimony  Sb $80 2,400 . (2.16) 1,600 2,200 [ 1,600 (4.37) 210 2,400
It Beryllivm Re NR NR ‘ NR < 0.15 £ 0.16 (&x10 )
11 Cobolt Cn 27 5 {0.0043). 2 38 17 (0.03) 12
11 Copper Cu 950 1,50  (1.3%) 1,700 1,800 1,600  (4,32) 980 2,000
I Manganene Mn 2,100 Alo- 0.31) 21 170 330  (0.89) &, 300 1,500
- Holybdenum Mo NR i " MR NR 4] i (0.10) NR NR
Tt Nickel L1 NR 170 {0.15) ‘ 9 NR NR 740 200
11 Thallim Tl NR MR NR 1.8 1.6 (0,004) Nt NR
It Vanadium v NR NR HR 39 24 (0.06) 135 22
1} Zine In 240,000 140,000 (126) 110,000 | > 10,000 {> 10,000 (> 27) 10, B 120,000

Croup I  wetale sare clansitied Non-Criterte Pollutants by USEPA & CDOMS
Group 11 wetaln are clamsified Hon—Criteris Pollutente by CDOHS ouly
ISFPA = United States Environmental Protection Agency

COOIlS = Calffornia Depsrtoment of Health Services

HR = HNot Reported

. Netal emissions are given in ppa concentration of metal fn totsl particulate emissions
in rra = parta per wilifon unlesn noted
) ( ) = 1h of mrtal emitted/I0N0 ton MSW
o bl Cnllerted Fly Anh

C*, "D & "¢ droote retrrences to literatura. (Seea page v).



4.1.8 MERCURY (HG)

FROM REFERENCE "A", TABLE 42, PAGE 206, (EXHIBIT 4-8.1)
ESP CONTROLLED HG EMISSION IN LB/1.QE6 BTU
= 3.4E-5 TO 2.16E-4
CONVERT LB/1.0E6 BTU TO LB/TON,
3.4E-5 LB/1.0E6 BTU X 6164 BTU/LB X 2000 LB/TON
= 0.000419 LB/TON
2.16E-4 LB/1.0E6 BTU X 6164 BTU/LB X 20000 LB/TON
= 0.00266 LB/TON
THEREFORE,
ESP CONTROLLED HG EMISSION IN LB/TON
| | = 0.000419 TO 0.00266 LB/TON
FROM REFERENCE "B", PAGE 292, (EXHIBIT 4-~8.2)
CONTROLLED HG EMISSION IN LB/TON = 0.0064
0.003 LB/TON IS SELECTED FOR HG EMISSTON FACTOR AND IS

REPRESENTATIVE OF THE MEDIAN VALUES OF THE DATA BASES USED.
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Table 42

For Refuse-Fired Units

EXHIZIT 4-8.1

Estimated Totz] Heavy Metal Emission Rates (2106 ey

Baghouse

Antimony (Sb)
Arsenic (As)
Beryllium (Be)
Cacmium (Cd)

Chromium {(Cr)

Copper {Cu)
Lead (Pb)

.Hercury (Hg)
Mclybdenum (Mo)
Nickel (Ni)
Selenium (Se)
Tin {Sn)
Vanaditm (V)
Zinc (Zn)

.32x10-8 - 7.78x10-6
.75x10-9 - 1.13x10-7
13x10-11 < 1,43x10-9
1,5x10-8 - 3.73x10-6"

.49x10-9 - 1.21x10-7
7.32x10-8 - 1.10x10-6

O

74x10°7 - 1.76x10-5

>

.26x10-2 - 1.01x10-6
L4x10-5 - 2.16x10-4

(98]

.52x1079 - 2.3x10-5
.39x10-11 - 1.67x10-7
.44x10-11 - 1.49x10-4 "
.68x10-8 - 1.43x10-5
.16x10-10 - 1.55x10-7
.14x1076 - 1.63x10-5

1.48x10-6 - 3.5x10-]
1.10x10-7 - 2.11x10-6
4.81x10-9 - 6.42x10-8
1.8x10%6 - 1.67x10-4

3.8x10-7 - 2.17x10°5
2.54x10-6 - 1.16x10-¢

1.81x10-5 - 1.8 x 10-3
4.69x10-7 - 7.4x10-5
3:4x10-5 - 2.16x10-%
3.46x10-8 - 1,39x10-¢
1.88x10-8 - 1,32x10-5

6.45x10-8 - 4.19x10-4

1.61x10-6 - 6.48x10-4
1.08x10-7 - 6.97>10-6
6.98x10~% - 4.40x10-3

Source: Appendix C -

l _ ‘Hanganese (Mn)

-206-
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TABLE 10 FLUORIDE EMISSIONS
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" Based on these data 6.5 ppm or 0.06 1bfton (0.03
kg/Mg) has heen chosen as a conservative estimate
of Nuoride emissions.

CONTROLS

Fluoride emission control is normally not re-
quired on municipal incineraters except in conjunc-
tion with acid gas control. Some of the fluoride
appears to be associated with the panticulate matter
and therefore will be removed by the particulate
control device while same is apparently present as
a gas and would be removed in the acid gas scrub-
ber. Very little fluoride removal data are availabie-
but it appears that the fluoride may be removed a
little more efficently than the hydrochloric acid.

TRACE METALS, LEAD,
MERCURY, BERYLLIUM

EMISSIONS

~ Some of the lead in the municipal waste is emit-
ted with the fly ash from a municipal incinerator.
The amount of lead emitted will depend upon the
efficiency of the particulate control system. Some
reported values of lead emissions for incinerators
using elecuostatic precipitators for particulate
control ate shown in Table §1. We have chosen
34200 ug/g (0.034 1b/1b) of particulates or 0.012
Tb/1on {0.006 kg/Mg) of refuse burned as a reason-
able estimate of the jead emissions.

TABLE 11 LEAD EMISSIONS

EXHIBIT 4.8.2

a3 .

lacirerator 4 el bartocuisies grrdne! dnca sl .
frainires .0 5.8 L
Nar ngnom, DLC. YR oot 16
Tar.oun 18, 100- 30,200 1
hat:lien 5.7% ¢
Cerzan 70,100 $
[ 1w

Ry, mw, 27,760

Trace amounts of mercury have been found in
1he emissions for municipal incinerators. Values
reported in the literature are shown in Table 12.
Based on the listed data. an emission of 2.4 X 107~
gr/dscf (0.55 mg/dsem) or 0.0064 Ibfton (0.0032
kg/Mg) of refuse burned was chosen as a conserva-
tive esumate of total mercury emissions.

TABLE 12 MERCURY EMISSIONS

L) L]
Ing Lamreier T g rnetl Teca Ml
Braintres 6.191078 purticulate {00 ]
20210 vapor £.95)
a3 Lton o ]
Guremny 133 ]
Opnt, belg:um 647905 vepor i.012) by
© Eserage 213 earg-t L0113

Few data giving emissions of beryllium from mu-
nicipal incinerators were found. The only reference
to beryllium emissions was for the Braintree incin-
erator [4] where less than (.15 pg/p of emitted
particulates was reported. Using this data, based
on the particulate emissions previously cited, the
emissions of beryllium are estimated to be less
than 5.6 X 107 lbjton (2.8 X 1072 kg/Mg) of
refuse burned.

Trace quantities of a large number of other
metals have been found in the fly ash {rom munici-
pal incinerators. Most of them are present in very
small quantities and are of little environmental .
concem. Concentrations of the more toxic matals
are presented in Table 13.

CONTROLS

The trace metals are minor and variable constit-
uents of the waste. Most of the metals except for
mercury appeat to cancentrate in the bottom ash
or fly ash. Data presented by Law [38], factored
for the difference in efficiency between a baifie
chamber and and ESP (95 percent). indicate that
most of the mercury is emitted, less than 3 percent
of the volatile metals (such as lead. cadmium and
zinc) are emitted and less than 1 percent of the
nonvolatile metals (such as barium. chromium. and
copper) are emitted.

The data indicate that an effective particulate
control svstem is about equally effective in control-
ling the trace metals. 1t is sometimes stated that 3
fabric filter’s high efficiency {or fine particulates
makes it more efficient than other devices in col-
lecting trace metals, but there is znadnqualc data
10 substantiate such superionty.
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4.1.9 CHLORIDES (AS HCL)

FROM REFERENCE "B", PAGE 291, (EXHIBIT 4-9.1)
UNCONTROLLED HCL EMISSION IN LB/TON = 3.4 (200 PPM)
FROM REFERENCE "D, TABLE 82-09-05.2.5
(EXHIBIT 4-9.2) UNCONTROLLED HCL = 3.2

USE 3.5 LB/TON RDF.
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CONTROLS

To the authors’ knowledge, no municipal incin-
erator us : any type of add-on control to reduce

“hydroca: ;on emissions and there are no published _

correlatons between design or operating parameters
and hydrocarbon emissions; however, it is reason-
able 1o expect that measures used to control CO
will control hydrocarbons even more effectively.

HYDROCHLORIC ACID
EMISSIONS

Flue gases from municipal incineratorsnormally
contain hydrochloric acid as a by-product of the
combustion of PV, other chlorinated plastics,and
sodium ¢hloride found in the waste. Hydrochloric
acid emissions are not regulated by the US. EPA,
but most siates require the emissions to be reported
and control regulations are under consideration in
several states, It has been reported that only about
half of the chloride in the waste is converted to
hydrochloric acid {28] and some of the evolved
HCI may be removed on the ash particles {34] as
the flue zases pass through the boiler and electro-
static precipitztor, Emissions of hydrochloric acid
teporizd in the literature are found in Table 9.
Considening thesz data. we feel th 1200 ppm or
3.4b on (1.7 %z2/Mg) is a reatonable estimate of
the by drachions acid emissions.

CCNTROLS

W corser e wene commuonly used sn munici-
slmcdneratas in the sLrticalste control,
| tars in the past for porticalste contzol

S

EXHIBIT 4-~9.1
TABLE 3 HYDRGCHLORIC ACID EMIS3IGNS ‘
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and more recently for gas cooling ahead of ESPs,
and the acid control they gave was incidentai.
These scrubbers were incapable of meeting current
particuiate emission standards and heat recovery
boilers have largely replaced water quenching so
scrubbers bezame uncommon on munjcipal incin-
erators. Acid gas control has been required in West
Germany and Japan for several years and is now
being required by several local and state agencies,
most notabiy in California.

Wet scrubbers are being used for acid gas control
on municipal incinerators in West Germany in con-
junction with electrostatic precipitators, and are
cammon on hazardous waste incinerators: however,
corrosion and waste water disposal probiems have
restricted their use on municipal incinerators.
Where acid gas control is required, dry scrubbers
are now commonly used. Of the seventesn scrub-
bing systermns we are aware of that were instafled
in Germany and Japan in 1980 and 1981, eleven
were dry scrubbers,

FLUORIDES

EMISSIONS

Traces of hvdroegen fluoride from the combus.
tion of Nuorinated plastics or similar materials
aprear in the flue gos from municipal incinerators.
There are no (ederal tegulations limiting the emus.
sicns of fluorides from mun:cipal incinerators,
however the PED repulations requite that the
fluoride emissinns e estimated and repored. The
emissions of Muorides from municipal ineinerators
reported in the teratury gre showein Tabie 10,

N
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HAYDEN-WEGMAN/CAROLLO - EXHIBIT 4-9.2
engineers | )

Oczisber 25, 19€3

RESOURCE RECOVERY FACILITY DESIGN
NCRTH .SANTA CLARA CCUNTY SOLID WASTE MANAGEMENT AUTHORITY

TABLE 82-09-05.2.5
Exission Factors for TSP & HC]l Based on Total Feed Material

. UNCONTROLLED* CONTROLLED**
Category 1 11 III | Coal 1 11 111 ! Coal
TSP ,
1b/ton 25 20 136 | 128 | 0.125° | 0.100 | 0.670 | 0.64
HCY j '
1b/ton 1.4- YA, 3.2 | 0.4 0.140 NA | 0.320 |0.04D

Lategorv Def: :1tions
I = Mass-~fired MSW Combustion w/o Heat Recovery

II - Mass-fired MSW Combustion with Heat Recovery
111 - RDF Combustion with Heat Recovery
TSP Total Suspended Particulates

HC1 Hydrochloric Acid

Emissions given in 1lb of emission per ton of total feed:
MSW for Cacegories I & 11
RDF for Catogory III1

* Reference: An Evaluation of Emission Factors For
Waste—to-Energy Systems - Executive Summary
by G.M. Rinaldi, T.R. Blackwood,

D.L. Harris & R.M, Tackett

Monsanto Reszarch Corp. Dayton, Ohie
Table 6 for TSP Uncontrolled Emissions)
Table 13 for HCl Uncontrolled Emissions)
29 May 1979
USEPA Contract No. 68-03-2550, Task 11

*: Assum: Co troiled Emissions as follows:
99.5% Efficiency for TSP
90.0% " " HC1

NA - No dzta available
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4.1.10 FLOURIDES (AS HF)

FROM REFERENCE "A", TABLE 20, (EXHIBIT 4-10)
UNCONTROLLED HF EMISSION IN LB/1.0E6 BTU
= 0.003 TO 0.004
CONVERT LB/1.0E6 BTU TO LB/TON,
0.003 LB/1.0E6 BTU X 6164 BTU/LB X 2000 LB/TON
= 0.037 LB/TON
0.004 LB/1.0E6 BTU X 6164 BIU/LB X 2000 LB/TON
= 0.0493 LB/TON
THEREFORE,
UNCONTROLLED HF EMISSION IN LB/TON

0.04 LB/TON 1S SELECTED FOR HF EMISSION FACTOR AND IS REPRESENTATIVE

OF THE MEDIAN VALUES OF THE DATA BASES USED.
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Table 20
Uncontrolled Emissions of SO, HC1 and WF at Refuse-Burning Facilities

-LLl-

_ Concentrations . [mission Ratles
Type of (ppmv, dry)+ grams/GJ++  (1bs/106 Btu)
Facility S0» HC1 HF S02> HC1 : HF
Low : High | Low ' High | Low !High Low | High | Low | wigh | vLow - | nigh
- 1 l
1 T N 1 _ I
| | | | ” l |
Mass-Burning 47 131 3.0 13 32 , 360 | 0.9 | 4.3
r-fractory Wall | | | (.074) . {.84) (.002) . (.01)
76 665 b 8.6 | 430 |
| | 1 | (:02) | (1.0) |
Mass-Burning 12 | 442 | NA | NA 17 | 310 NA NA
Waterwali | (.040) (.720) ! |
Rotary Kiln w s |) | NA | A 6 | 6 ] ! T
| | O (.06) | (.16) | |
ROF-Fired 162 l 472 | 610 [ 654 1 | 15 130 | 770 160 | 190 1.3 I 1.7
Spreader Stoker (.300) "(1.790)} (.37) { (.44} | (.003) ! {.004)
l 1 | r
| |

NA = Not Avaflable

.+ Corrected to 12% CO»
++ Rates based on HHY of fuel "as-fired"

Source: Abpendix B

01-% IIEIHXH
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4.1.11 SULFURIC ACID MIST (H2S504)

IN THE DEVELOPMENT OF 862 EMISSION FACTOR, WE HAVE ASSUMED THAT ALL
SﬁLFUR CONTENT IN RDF IS COMPLETELY CONVERTED TO S02.
THEREFORE, THERE SHALL BE NO SULFUR LEFT TO FORM SULFURIC ACID MIST.
HOWEVER REF.ERENCE “B", PAGE 293 (EXHIBIT 4-11) STATES

UNCONTROLLED H2S04 EMISSION = 0.04 LB/TON

CONTROLLED H2S04  EMISSION = 0.04 X (1 - .99) = 0.0004 LB/TON

THE BOILING POINT OF SULFURIC ACID IS 626°F. AT THE STACK EXIT GAS
TEMPERATURE OF 450 °F, THE SULFURIC ACID THAT IS FORMED FROM 502,
H20 AND 02 1S PRESUMED TO BE A LIQUID AEROSOL WHICH WOULD BE
ADSORBED ON FLY‘ASH PARTICULATE}AND COLLECTED AT AN EFFICIENCY OF

99%.



EKHIBIT. 4-11

©2 22NCINTRATIONS OF SELECTED TRACE METALS IN MUNICIPAL INCINEZATOR FLY ASH

TA<LE T2 TTN

<oy Eﬁ
Metsl BT Amf. it Aef Average ies/Ten? "
Arze-.: <7 310 5Q0-1C0 170 5.8 g 10-° (2.2%:0°7) =
3ar.uz 163 990 270-%-2 €40 1,8 x 1073 (0.9x10-)
tacisiz 489 1960 AT0-11%d 1100, 3.8 ¢ 107 (1.9x10-7) ~
Thraz..z 250 870 130-250 160 1.2 x 10~ (0.6x10-1)
sopnar 1650 1500 §20-300 1106 1.8 ¢ 10-d {(1.9210-%)
Hlcuel 170 170 5.8 x 10+3 2.9x10-5%y
Tire o8 10 ] 5.8 1.9 ¢ 10~< {6.3x10-5)

ar zarticulate ezissions of 0.34 1b/%on (0.17 g/ Mg )

SULFURIC ACID MIST
EMISSIONS

Very Lttle data is available on emissions of sul-
furic acid mist from municipal incinerators. Data
from Harmisburg {3] give 0.0014 or gr/scf (3.2
mgiscm) which is 1.6 percent of the SO, emussion
r-te. On the basis of the 2.4 Ib/ton (1 2 kg/Mg)
rate previously established for SO, emissions, a

- sulfuric acid mist emissions rate of 0.04 Thfton

(0.5 ng/Mg) of refuse burned can be calculated.
CONTROLS

Sulfric acid mist will be a vapor at high temper-
atures but, especially in the presence of moisture,
will condense as an aerosol at lower temperatures.
Most common pollution contral systems will have
Jow capture efficiencies but dry acid gas scrubbers

{espe=aily those utilizing fabric filters) should pro-

vide good control.
DIOXINS AND FURANS

MISSIONS

T:zces of polychlorinated dibenzo-p-dioxins
and ditenzofurans have been identified in the
emissiois from a number of municipal incinerators
abread and in the US. The source or mechanism
of formmation of thes: compounds has not yet been

s Tor ther prescnce: they may be present in
s roosthroegh the incinerator unde.
tirey gy be furmied from precursers such

.........

PCBs. present in the feed: or they may be formed
by the reaction of traces of chlorine present in the
feed with complex grganics formed in the combus-
tion process. Much of the published data on dioxin
emissions are not quantitative and the quantitative
~data available, as shown in Table 14, are very scat-
tered. Several reports reviewing the literature on
dioxins have been published [45, 46], but most of
the data cited in this paper were detived {rom
original literature sources where available.

In general, the vanability of the data makes
averages derived from it statistically meaningless
except possibly for tetrachlorodibenzo-p-dioxin
(TCDD) which has received the most attention
from the investigators. It can be observed that the
emissions reported for the Dutch incinerators are
considerably higher than the other reported emis-
sions {(TCDD = 54 vs. 5.8 ng/g for ESP fly ash and
100 versus 2 ng/g for stack particulates); that the
more highly chlorinated isomers, particularly the
hexa and hepta chloro isomers, are more plentiful
than the tetrachloro isomers: that there is several
times as much dioxin in the emitted particulate as
in that cellected in the ESP; and that there can pe
anpreciabic diomns in the vapor prase. Lhese is no
ingdication of why the reported emussions from the
Dutch and the US.incinerator are 50 high com-
pared to 1:¢ test. however the preponderance of
evidence seems to {avor the lower numbers,

Consicering the avaidai e data, we conclude that
the best estimatz of TCDD emissions possible is
IX 107 165X 107 Ibiton (03 X 107 10 2.5 X
1077 kgMg) ¢! refuse burred and that total dioxin
entssions are possitly 3 fastor of 10 higher, Data
presented by Covatlaro {427 and others indicate

that the concentiation of 1he tonc isoner 2.3 7 8.
TCOD wall be abaut 3 percent of the total TCDD
M3
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4.1.12 HYDROGEN SULFIDE, TOTAL REDUCED SULFUR, REDUCED SULFUR COMPOUNDS,

VINYL CHLORIDE AND ASBESTOS

BASED ON REFERENCE “B“, PAGE 295, (EXHIBIT 4-12) NO EMISSIONS OF
HYDROGEN SULFIDE, TOTAL REDUCED SULFUR, REDUCED SULFUR

COMPOUNDS, VINYL CHLORIDE AND ASBESTOS ARE EXPECTED.



TAELE 16 POLYNUCLEAR AROMATIC
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shcwn in Tabie !6. Considering the wide vaniation
of :he availabie da:a. we have selected an average
vaive of 1 X 107 1b per ton (0.5 X 107 kg/Mp)
of zefuse burned or 30 pg'g of emitted particulates.

POLYCHLORINATED BIPHENYLS (PC3s!

PCBs have been found in trace amounts in several
municipal incinerator emissions. These materials
probably result from incomplete destruction of
traces of PCBs found in the waste fesd. Since the
manufaciure and distribution of FCBs is now pro-
hibited, the amounts found in the refuse, and
therefore the amount in the emissions, can be
expected to decline in the future. The reported
PCB emissions are shown in Table 17.

Considering these dzta, 5 X 1078 gr/dscf (0.011
mg/dsem) or 1.3 X 107 Ib/ton (0.65 X 107" .kg/
Mg) is a reasonably conservative value for PCB
emissions from municipal incinerators.

TABLE 17 PCB EMISSIONS

EXHIBIT &4~-12

VINYL CHLORIDE, H, 8 TRS*

No reports of the detecuon of these matenais
in tae emussions from a muniaipal incinerator were
found. Since these matenas weould e readily oxi-
dized under the zonditions prevaiiing in the ncin-
erator, we conclude that there will be essentially
zero emissions of these matenals and that BACT is
the standard combustion controls normally used
on these units.

CONCLUSIONS

Published data on the emissions from municipal
incinerators have been used to denve emission
factoss for 2 modern mass burning, waterwail
municipal waste incinerator equipped with an
electrostauc predpitator. These emission factors
are summarized in Tabie 18.

TABLE 18 SUMMARY OF EMISSION FACTORS

Consutriutl abs

Fal lutast P o gy} th/Tan
Port Lo latas - {s.02)* [ ]
Suifur Mexide L 1.4
Mtrugm Oxidas " 1.4
Cartas fumatide L 1.y
Sreremaremmg L a.12
By ervaslaris Atis =0 3.4
Flmiridas [ A} “n
Land {9 el L) .02

P reury [ FT (W1
Burylliue 13.0n10-1e 9. mivd,
Buifarle St Wit ey .08
Totraah]ernd| bwasamp 43 u Lna o4
Polyram losr bresaiies 1.0ar0~S
Folysalovinated Bipoasyis ’ Lt

Lac ineruvos 15l Ry} gr/7asaf  (mgravem) Bot,
Caseage W 1wt (psaw?; 4t ey "
Sude Ca et e ®
" Bratative 1.40104"* (5.001) N

¢ *% s decethivrelianewyl

A8 hrwrlar 1248

ASBESTOS

No data were found on the emissions of ashestos
from municipal incinerators. Some asbestos may
cccur in municipal waste and small quantities may
te suspended in the flue s, but the particulate

cantiel equipment i expecied 1o remove most of it

and e enussions ate expected to be insizuficant.

SCarrecien te 173 GOy

These factors have been used in several instances
to provide the emissions estimates for proposed
incinerators for use in permit applications and
environmental impact reports.

State-of-the-art control systems have been
identified for each emitted pollutant asan aid in
identifying BACT and LAER. A summary of these
systems is presented in Table 19. In general, we -
have concluded that while thermal nitrogen oxide
reduction systems and fabric filters show promise
as improved pollution control systems, there is’
yet insufficient data in the literature to prove that
they will maintain the clzimed efficiencies under
normal incinerator operating conditions. -

*Tota: reduced sulfur.
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—



4,1.13 DIOXIN

THE EMISSION FACTOR WAS CALCULATED FOR THE TETRA . HOMOLOGUE
(CONTAINING FOUR CHLORINE ATOMS) TCDD WHICH CONTAINS THE ISOMER

2,3,7,8 - TCDD OF GREATEST TOXICITY AND CONCERN.

FROM REFERENCE "G", TABLE 3-2 (EXHIBIT 4-13), MASS EMISSION
RATE FOR TCDD‘.BASED ON THE.ANALYSIS mE FOR THE PROPOSED NEW
YORK CITY BROOKLYN NAVY YARD 3000 TPD MASS BURN WATERWALL
PLANT, ASSU‘MI.NG THE WORST C_ZASE CONDITION WHERE ALL DIOXIN ARE
EMITTED IN GASEOUS FORM (EQUALLY UNCONTROLLED WHETHER AN

ELECTROSTATIC PRECIPITATOR OR BAG HOUSE 1S USED), IS GIVEN AT

1.07 ug/sec.  THIS IS CALCULATED TO BE EQUIVALENT TO THE

EMISSION FACTOR 8.5 E-08 LB/TON GIVEN IN TABLE 4-1 OF REFERENCE

“F" A5 FOLLOMWS:
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1.07 ug x E-6 g x 1b
sec 1 ug = 453.6g

-3000 ton MSW

24 X 60 X 60 sec
MSW @ 827% combustible.

0.07 E-6 1b = 8.5 E-8 1b

_ 0.07 E-6 1b/ton MSW

0.82 x ton MSW ton Combustible

= 8.5 E-8 1b/ton RDF
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THE TSCHMER 2;3,7,8 TCDD IS SHOWN IN EXHIBIT 4-13 TO BE
0.07 ug/sec, OR APPROXIMATELY 7% OF THE TOTAL TCDD ﬁASS
EMISSION RATE OF 1.07 ug/sec. THEREFORE, USING 8.5 E-8
LB/TON RDF (DERIVED FROM THE 1.07 ug/sec MASS EMISSION

RATE FOR TCDD) 1IS A. CONSERVATIVE OVERSTATEMENT OF THE

EMISSION FACTOR FOR THE ISOMER 2, 3, 7, 8 TCDD.
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EXHIBIT 4-13

TRELE 3-2

PREDICTED PCDF AND PCCD EMISSICNS FROM BNYRRF
' (Assuming all PCCDs and PCOFs emitted

are in gaseous form)

Concentration
in Flue Gas Mass Emission
- gng/kma)(c) Rate (ug/sec)
v
| I, Tri-COF 307.4¢2) 51.18
e Tetra-CDF g2.2(8) 15.35
I Penta-COF 26.¢(0) 4.43
il Hexa-CDF 62.5(2) 10.58
‘4 Hepta=COF 7.7(3) 1.28
A Octa-COF 0.€¢2) 0.10
I‘ Total-CDF 498.0 82.92
il ¢ Tri-COD 12.3(3) 2.22 -
Tetra-CDO 6.5 1.07 -
Penta-CDD - .10.7(0) 1.79
Hexa-COD 16.4¢3) 2.73
Hepta-COD 7.8(3) 1.30
Octa-COD 2.6(3) 0.43
Total-CDD 57.3 9.54
2.3,7,8 Tetra-COD 0.42 0.07
NOTES:

Hm3 = Normalized cibic meters, 0°C and 1 atm pressure.-

Flue gas fiow rate = 166.5 Nm3/sec

(a) Calculated from data published by Redford et al. 1981.

(t) Calculated from data published by SFOEP, 19%2.

(c) Cerrected to flue gas conditions projected for BHYRRF; d.e. 10.5% (0,
(dry basis) and 13.63% H,0. ' ¢
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Question No. 2

Provide documentation that an electrostatic precipitator (ESP) will remove

99% of sulfuric acid mist at an exit gas temperature of 450 °F.

Response:

See paragraph 4.1.11 above.

Question No. 3

The emission factor for dioxins appears to be based on the emission factor .
for the Brooklyn Navy Yard project which will use a dry scrubber and
baghouse for control. What is the emission factor when an ESP is used as

the only control device.

Re sponse:

-See paragraph 4.1.13 above.
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SECTION 1I

BEST AVAILABLE CONTROL TECHNOLOGY
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1.

PALM BEACH COUNTY SOLID WASTE AUTHORITY
SOLID WASTE-TO-ENERGY FACILITY
REPORT ON AIR QUALITY IMPACTS ANALYSIS
RESPONSE TO FLORIDA DER SUFFICIENCY REVIEW

BEST AVATLABLE CONTROL TECHNOLOGY ISSUES

This Section II of the Supplemental Report addresses the 1issues of Best
Available Control Technology (BACT) as raised by FDER in Questions 4, 5
and 6 of their August 23, 1985 Interoffice Memorandum and also by

National Park Service's Southeast Regional Service, as presented in their

four-page Technical Review, transmitted by National Park Service August
16, 1985 letter to FDER and submitted by FDER to the Authority along with
FDER's questions.

FDER QUESTIONS ON BACT

FDER questions 4, 5 and 6 addressing the BACT issues, are replicated

herewith for reference as follows:

Question No. 4:

Wet scrubbers were not evaluated in the BACT because they produced an
"aesthetically undesirable water vapor plume.” Provide all the

appropriate evaluations of wet scrubbers for the proposed BACT.

Question No. 5:

The proposed BACT compares an ESP to a dryscrubber and baghouse. This is
not a valid comparison. Submit the necessary data comparing a baghouse

to an ESP and a dryscrubber with a baghouse to scrubber with an ESP.

Question No. 6:

A BACT economic analysis which evaluates unit cost per ton of pollutant
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3.

removed should iwmclude all the pollutants; for example, dry scrubbers
should address acid, SO2 etc. Resubpit the economic data for all of the
control systems which are to be evaluated.

EXPANDED BACT ANALYSIS

By way of responding to the FDER questions, the BACT analysis has been

expanded to encompass six air pollution control alternatives as follows:

Alternative 3-3

Electrostatic Precipitator

A four-field ESP is being specified capable of controlling effluent
particulate matter (PM) emissions to 0.025 grains/DSCF @ 12% 002.
Because of anticipated deterioration of performance as the facility ages,
the BACT analysis conservatively assumes in-service PM emissions at 0.03
grains/DSCF @ 12% CO,. '
Cost development for this alternative is given in Table 3-3 (Sheet 1 and

2).
4 partial listing of refuse - burning facilities equipped with ESPs 1is

shown on Exhibit II-1, Table 30) taken from the May 24, 1984 issue of the
CARB teport. -
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PALM BEACH COUNTY SOLID WASTE AUTHORITY
SOLID WASTE-TO-ENERGY FACILITY

“REPORT ON AIR QUALITY IMPACTS ANALYSIS”
OCTOBER 5, 1985 -

TABLE 3 - 3 (Sheet 1 of 2)

ELECTROSTATIC- PRECIPITATOR SYSTEM COSTS

700 TPD UNIT
1. EMISSION LIMIT, GRAINS/DSCF @ 12% CO2 0.03
2. REMOV_AL EFFICIENCY, PERCEi\lT 99,00
3, PARTICULATE REMOVED, TPY (NOTE 1) 5861
4. CONSTRUCTION COST ‘§2,3oo,ooo
'5. BONDING FACTOR (NOTE 2) | 1.6
6. CAPITAL COST (5 X 4) ' $3,680,000
7. CAPITAL RECOVERY FACTOR 0.12558
(20 YEARS TERM AT 11%)
8. ANNUAL CAPITAL COST (7 X 6) $462,000
9.  OPERATING AND MAINTENANCE COST
A. ELECTRICITY (2.9 MILLION KWH @ 5 CENTS) $145,000
B. WATER ' ' $0
C. LABOR (2 MEN: 1/2 MEN PER SHIFT € $30,000) $60,000
D. MAINTENANCE $46,000
@ 2% OF CONSTRUCTION COST
E. LIME, O TPY @ $150/TON $0
F. WASTE HANDLING & DISPOSAL $59,000
(5861 TPY TSP @ $10/TON)
G. REHEAT STEAM (0 MMBTUH @ $6/MMBTU) $0
TOTAL OPERATING & MAINTENANCE COST $310,000
10. TOTAL ANNUAL COST $772,000
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PALM BEACH COUNTY SOLID WASTE AUTTHORITY
SOLID WASTE-TO-ENERGY FACILITY

“"REPORT ON AIR QUALITY IMPACTS ANALYSIS"
OCTOBER 5, 1985

TABLE 3 - 3 {Sheet 2 of 2)

ELECTROSTATIC PRECIPITATOR SYSTEM COSTS (SHEET 2 OF 2)
700 TPD UNIT

11. UNIT COST:

PER TON MSW (260,000 TPY) $2.97

PER TON RDF (182,000 TPY) $4.24

PER TON PARTICULATE (5861 TPY) : ' $131.72
NOTE:

1. PARTICULATE REMOVED ANNUALLY BY ELECTROSTATIC PRECIPITATOR SYSTEM
= 21400 TPY UNCONTROLLED TSP X 0.83 AVAILABILITY X 1 UNIT/3 UNITS
X .99 EFFICIENCY = 5861 TPY
2. INCLUDES BUSINESS RISK &VEFFICACYAINSURANCE; DEBT SERVICE OPERATING

& RENEWAL & REPLACEMENT FUNDS, INTEREST DURING CONSTRUCTIOR AND
FINANCING COSTS.
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EXHIBIT II-]

Table 30
Partial Listing of Refuse-Burning Factlities Equipped with Electrostatic Precipitators

. Gas Design " Testes fncienc
Gas_Flow Bas Tecp. Velocity Ef:nstency Ius o

' Capacity Furnace »d/min % SCA fnput WS
Faciltty {T/0) Type (ACFH) . (*F) K¥A (ftlszc) wlsl:f} r omnce ater

[¥920] I:mu-

scf

Montreal, ' 3,170 280 1.6 0.23 .03 g
Canada ax300 W (12,0000 (536) 167 35  (5.5)  (0.0875)  (0.0133) (0.0395)

‘ [9re) {yn1)
Southwest Brooklyn, 3.707 288 1.38 0.24 «26 2
New York 1x 250 R {131,000) {550} e & {4.4) {0.093) [{MATY] {0.145)

Dade County, . (15870}
Florica (early 8,094 299 1.19 0.25 06
faciiity) ° 1 x 300 R (286,000} (570} 175 48 {3.9) {0.094) . (0.027)

[1971) ['975)
Chicago Northwest, 3,113 232 .88 0.33 .05-,07 .07
Iinois 4t W (110,000) (450) 182 40  (2.9)  (0.08) (0.02-0.03)°  { 0.03)

) , : 11970 11978)
_ Braintree, 906 316 .95 0.22 .25 B
Massachusetts 2:120 W (32,0000 (600) 182 19 (3.1)  (0.086) _ (0.108) (0.083)

(1972)
washington, D.C. 3,702 288 . 1.25 0.53 - 03 .
6 x 250 R {130,800) (550) 208 N7 (s4.1) (0.2) {0.0548) ]

[ma} (19723
Harrisburg, 2,830 210 1.07 0.24 .13-.15 .09-.70
Pennsylvania = 2x 360 W (100,000) (410) 200 40 (3.8}  (0.093}  {0.055-0.065) {0.035-0.082)

[1974]

1570
’ Soyth Shore, 3,549 316 1-68 0.24 . ( .13 ]
New York 1 x 250 R {136,000) (600) 147 3 (5.9) (0.093) - lO 058) L

* Quebec, ; 2,830 260 0.26 - .22
Canada 4 x 250 W {100,000} (500) L S ] L] (0.106) (0.095) L
ﬁugus. ) 3,195 198 ‘ {1980}
Massachusetts 2z &M W {112,913) {3R9} M W MR NR 025 L]
Kure, ’ Rotary 943 222 AL
Japan 2 x 165 L] (33,333) (432) J N R ] MR’ .030
Albany, ss 1,799 18 [1982)
New York : . 2x300 W (63,579) (364) R R ® R 0,027
Hamiton, $5 1,685 255 o [1979]
-Ontario, Canada 2 x 300 Wl (59,900) {492) LS NR R .16
, “Pinellas, ' 5,207 23 {1983]
§ . Florigs 2 x 000 W {184,000) (462) MR MR KR 3 025
Resource Recovery
Dace County, L33 13,756 237 [1983]
Flarida 4 x 750 Wi (486,000) (459) R R R ® 0.05
WH s Waterall : *  Concentrations corrected to 125 (0p)
R = Refractory lined vr {Year of test]
AR ® Not reported '
$5 = Spreader stoker

| -158-
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3.2

Alternative 3-4

Bag Filter with Cyclone Collector

The specific response to FDER Question 5, the Bag Filter (BF) with
Cyclone Collector (CC) system 1is now shown as Alternative 3-4. This
system is capable of cbntrolling effluent PM emissions to 0.0l
grains/DSCF @ 12% CO,. '

the bag Filter in order to arrest incandescent particles from passing

The Cyclone Collector is installed upstream of
into the Bag Filters and burning holes in the bags.

Although the Bag Filter system is theoretically more efficient, it has
limited experience in municipal waste-to-energy combustion systems, much
of which has been bad, Bag blinding and bag failures (e.g. pin holes and

tears) have been experienced at these installations.

Cost development for the Bag Filter with Cyclone Collector Alternative.is
given in Table 3-4 (Sheets ! and 2).

A partial listing of bag filter facilities on refuse-burning ﬁlants is

shown on Exhibit TI-2 (Tablé 31) taken from the May 24, 1984 issue of the
CARB report.
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PALM BEACH COUNTY SOLID WASTE AUTHORITY
SOLID WASTE-TO-ENERGY FACILITY

"REPORT. ON AIR QUALITY IMPACTS ANALYSIS™®
OCTOBER 5, 1985

TABLE 3 - 4 (Sheet 1 of 2)

BAG FILTER WITH CYCLONE COLLECTOR SYSTEM COSTS
700 TPD UNIT

1. EMISSTON LIMIT, GRAINS/DSCF @ 12% CO2

2. REMOVAL EFFICIENCY, PERCENT

3. PARTICULATE REMOVED, TPY (NOTE 1)

4. CONSTRUCTION COST

5. BONDING FACTOR (NOTE 2)

6. CAPITAL COST (5 X &)

7. CAPITAL RECOVERY FACTOR
(20 YEARS TERM AT 12%)

8. ANNUAL CAPITAL COST (7 X 6)

9. OPERATING AND MAINTENANCE COST
A. ELECTRICITY- (3.08 MILLION KWH @ 5 CENTS)
B. WATER
C. LABOR (4 MEN: 1 MAN PER SHIFT @ $30,000)

D. MAINTENANCE
@ 3% OF CONSTRUCTION COST

E. LIME, O TPY @ $150/TON

F. WASTE HANDLING $ DISPOSAL
(5915 TPY TSP @ $10/TON)

G. REHEAT STEAM (0 MMBTUH @ $6/MMBTU)

TOTAL OPERATING & MAINTENANCE COST

10. TOTAL ANNUAL COST

0.01

95.90

5915

$2,070,000

1.6
$3,312,000

0.13388

$443,000

$155,000
$0
$120,000

$62,000

$0

$59,000
$0
$396,000

$839,000
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PALM BEACHE COUNTY SOLID WASTE AUTHORITY
SOLID WASTE-TO-ENERGY FACILITY

“"REPORT ON AIR QUALITY IMAPCTS ANALYSIS"
OCTOBER 5, 1985

TABLE 3 - 4 (Sheet 2 of 2)

BAG FILTER WITH CYCLONE COLLECTOR SYSTEM COSTS
700 TPD UNIT '

11. UNIT COST:

PER TON MSW (260,000 TPY) $3.23

PER TON RDF (182,000 TPY) $4.61

PER TON PARTICULATE (5915 TPY) s141.87
NQTE:

1. PARTICULATE REMOVED ANNUALLY BY CYCLONE COLLECTOR AND BAGFILTER SYSTEM

= 21400 TPY UNCONTROLLED TSP X 0.83 AVAILABILITY X 1 UNIT/3 UNITS

X .999 EFFICIENCY = 5915 TPY

2. SAME AS TABLE 3-3
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EXHIBIT 1I1-2 -

Partial Listing of Fabric Filter Applications
to Refuse-Burning Facilities

: Afr-to-Cloth TSP Outlet
Location of Capacity  Gas Flowrate Gas Temp. Ratio Concentration 4L P
- Facility (Ref) (MT/D}+ {(m3/min) (°C) (m3/min-m3) grams/Nm3 (em, w.q.) Applicatien
(grains/dscf)
Pasadena, MSW
California (429} NA 8.5 230 1.4 0.002 10 - 15 Slip-stream
‘ (0.008) '
Sas Fe, MSW
Switzerland (430) 36 422 260 0.76 6 - 12 Full-scale -
E. Bridgewater,* (closed)
Massachusetts (431) 330 2500 260 0.6 0.04 5.8 Full-scale
(0.02)
Nashville, o :
Tennessee (432) NA 1.2 0.002 NR Slip-stream
{0.008)
1, Saugus, (433) 'Slip-stream
o Massachusetts 1360 1132 209 NR 0.020 10 - 15 on one unit
- {0.008)
Gallatin,** (Apitron)
Tennessee (434) 76 676 171 10.0 0.071 13 - 40 Full-scale
(0.029)
Framingham, (435)
Massachusetts . 453 4500 176 0.049 13 Full-scale
(0.02)
Tsushima,
Japan  (436) 136 1091 93 - 160 NR (0.01) NR Full-scale
Maimo, guaranteed Reported
Sweden (437} 456 © 3100 392 NR 0.059 ‘higher than Full-scale
. . (0.02) anticipated
Susanville, u design . design )
California (438) - 87 715 215 1.61 0.02 10 - 15 Full-scale
. : (0.01)
City of Hamm, ~ under MSW
West Germany (439) 961 4x1383.9 171 - NR construction NR Full-scale
' (1984)
NR -- Not reported * East Bridgewater facility is currently not in operation.
** Apitren unit was removed due to operation probiems. I1-9




3.3 Alternative 3-5 _
Dry Scrubber & Electrostatic Precipitator

In specific response to FDER Question 5, the Dry Scrubber and ESP
alternative was developed and costs thereof are displayed in Table 3-5

(Sheet 1 and 2).
In addition to removal of particulates, this system is intended to effect

acid gas control. A 70% collection efficiency is anticipated for 802
emissions and a 90% collection efficiency for both HCl and HF.
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PALM BEACH COUNTY SOLID WASTE AUTHORITY
SOLID WASTE-TO-ENERGY FACILITY

“REPORT ON AIR QUALITY IMPACTS ANALYSIS"
OCTOBER 5, 1985

TABLE 3 - 5 (Sheet 1 of 2)

DRY SCRUBBER AND ELECTROSTATIC PRECIPITATOR SYSTEM COSTS
700 TPD UNIT

1. EMISSION LIMIT, GRAINS/DSCF @ 12% CO2 0.03
2. REMOVAL EFFICIENCY, PERCENT . 99.00
3. PARTICULATE REMOVED, TPY (NOTE 1) 5861
4. CONSTRUCTION COST S | $5,300,000
5. BONDING FACTOR (NOTE 4) : 1.6
6. CAPITAL COST (5X4) $8,480,000
7. CAPITAL RECOVERY FACTOR | 0.13388

(20 YEARS TERM AT 12X)
8. ANNUAL CAPITAL COST (7%6) $1,135,000

9. OPERATING AND MAINTENANCE COST

A. ELECTRICITY (3.?6 MILLION KWH @ 5 CENTS) $188,000
B. WATER (80 GPM @ $0.7/1000 GAL) N $18,000
C. LABOR (8 MEN; TWO PER SHIFT @ $30,000) . $240,000
D. MAINTENANCE ' ' $106,000
£. LIME, 2200 TPY @ $150/TON $300,000
F. WASTE HANDLING & DISPOSAL $87,000

{5861 TPY TSP; +2200 TPY LIME; 863 TPY 502
& HCL; AT $10/TON) (NOTE 2)

G. REHEAT STEAM (5 MMBTUH @ $6/MMBTU) $262,000
TOTAL OPERATING & MAINTENANCE COST $1,201,000
10. TOTAL ANNUAL COST ' $2,336,000

I1-11



PALM BEACH COUNTY SOLID WASTE AUTHORITY
SOLID WASTE-TO-ENERGY FACILITY '
"REPORT ON AIR QUALITY IMPACTS ANALYSIS"
OCTOBER 5, 1985

TABLE 3 - 5 (Sheet 2 of 2)

DRY SCRUBBER AND ELECTROSTATIC PRECIPITATOR

11. UNIT COST:

PER TON MSW (260,000 TPY) $8.98
PER TON RDF (182,000 TPY) $12.84
PER TON PARTICULATE (5861 TPY) . $398.57
PER TON PARTICULATE & ACID GAS (6724 TPY) $347.41

NOTE:

1.

3-

4.

PARTICULATE REMOVED ANNUALLY BY DRY SCRUBBER AND ELECTROSTATIC
PRECIPITATOR SYSTEM

= 21400 TPY UNCONTROLLED TSP X 0.83 AVAILABILITY X 1 UNIT/3 UNITS
X .99 EFFICIENCY = 5861 TPY

DRY SCRUBBER AND ELECTROSTATIC PRECIPIfATOR SYSTEM ALSO REMOVE ACID

GAS, S02 REMOVED ANNUALLY BY DRY SCRUBBER AND ELECTROSTATIC .PRECIPITATOR
SYSTEM7= 2957 TPY UNCONTROLLED S02 X 0.83 AVAILABILITY X 1 UNIT/3 UNITS

X .7 EFFICIENCY ' = 573 TPY |

HCL REMOVED ANNUALLY BY DRY SCRUBBER AND ELECTROSTATIC PRECIFITATOR
SYSTEM = 1150 TPY UNCONTROLLED 802 X 0;83 AVAILABILITY X 1 UNIT/3 UNITS

X .9 EFFICIENCY : | = 287 TPY

.HF REMOQED ANNUALLY BY DRY SCRUBBER AND ELECTROSTATIC PRECIPITATOR SYSTEH
= 13.2 TPY UNCONTROLLED S02 X 0.83 AVAILABILITY X 1 UNIT/3 UNITS

X .9 EFFICIENCY = 3 TPY

TOTAL ACID GAS REMOVED = 863 TPY

TOTAL PARTICULATE & ACID GAS REMOVED = 6724 TPY

SAME AS NOTE 2, TABLE 3-3.
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Dry Scrubber installations, followed mainly by ESP's, bﬁt also by Bag
Filters {referred to as Fabric Filters) have been installed in Europe and
Japan, as shown 1In Exhibit TII-3. Aside from the Framingham, MA
installation of a Dry Scrubber/Fabric Filter on a non-heat recovery
incinerator (see Exhibit '11-2), there are presently no other such

intallations in the United States, although several are being planned.
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Japan .
o Zspal

Name
Yokamama City f1

Yokamama City 72
Yokamama City #3
Ohnojo

Chiba

Nanto

Savai City

Sendal City
Yokamama 4
Yokamama
Nishisonogli-gun
Yokamama

Shroukar

Ra=zakuta

Tshushima

Key: ESP - Electrostatic Precipitator

DRY SCRUBBER INSTALLATIONS

ESP

ESP

ESP

FF

FF =~ Fabrie Filter
N/A ~ Not Available

8O

81

Bl

80

80

B4

80

82

80

82

Bl

83

EXHIBIT II-3

West Germany

Name
Pineburg

Hamburg
Vienna
Hamburg
Munich
Dusseldors
Oberhausen
Dusseldorf
Dusseldrof
Hamm

Dusseldorf

Tvpe
_ESP

ESP

N/A

ESP -

ES?

ESP

133

ESP

ESP

ESP

Year
T4

77
78
79
80
80
78
N/A
8z

84
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3.4

Alternative 3-6

Dry Scrubber & Bag Filter

The Dry Scrubber & Bag Filter alternative submitted with the Authority's
original application has been revised and is included herewith. The

revised costs for this alternative are displayed in Table 3-6 (Sheets 1

and 2).
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PALM BEACH COUNTY SOLID WASTE AUTHORITY
SOLID WASTE-TO-ENERGY FACILITY _
“"REPORT ON AIR QUALITY IMPACTS ANALYSIS™
OCTOBER- 5, 1985

TABLE 3 - 6 (Sheet 1 of 2)

DRY SCRUBBER AND FILTER SYSTEM COSTS
700 TPD UNIT

1. EMISSION LIMIT, GRAINS/DSCF @ 12% CO2 0.01
2. REMOVAL EFFICIENCY, PERCENT 99.9
3. PARTICULATE REMOVED, TPY (NOTE 1) 5915
4. CONSTRUCTION COST " $5,000,000
5. BONDING FACTOR (NOTE 4) ' 1.6
6. CAPITAL COST (5 X 4) _ $8,000,000
7. CAPITAL RECOVERY FACTOR 0.14235

(20 YEARS TERM AT 13%)
8. ANNUAL CAPITAL COST (7 X 6) $1,139,000

9. OPERATING AND MAINTENANCE COST

A. ELECTRICITY (4.27 MILLION KWH @ 5 CENTS) $213,000
B. WATER (80 GPM @ $0.7/1000 GAL) | 518,000
C. LABOR (8 MEN; TWO PER SHIFT @ $30,000) $240,000
D. MAINTENANCE ' ' slzo,ood
E. LIME, 2,200 TPY @ $150/TON $300,000
F. WASTE HANDLING & DISPOSAL 88,000

(59 TPY TSP; +2000 TPY LIME; +863 TYP 502
& HCL; AT $10/TON) NOTE 2)

G. REHEAT STEAM (5 MMBTUH @ $6/MMBTU $262,000
TOTAL OPERATING & MAINTENANCE COST 51,241,000
10. TOTAL ANNUAL COST $2,380,000
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PALM BEACH COUNTY SOLID WASTE AUTHORITY
SOLID WASTE-TO-ENERGY FACILITY

"REPORT
OCTOBER

TABLE 3

ON AIR QUALITY IMPACTS ANALYSIS™
5, 1985

- 6 (Sheet 2 of 2)

DRY SCRUBBER AND BAG FILTER SYSTEM COSTS

700 TPD

UNIT

11. UNIT COST:

PER

PER

PER

PER

NOTE:

1.

3.

l‘n

TON MSW (260,000 TPY) 89.15
TON RDF (182,000 TPY) $13.08
TON PARTICULATE (5915 TPY) $402.37

TON PARTICULATE & ACID GAS (6778 TPY) $351.14

PARTICULATE REMOVED ANNUALLY BY DRY SCRUBBER AND BAGFILTER SYSTEM

= 21400 TPY UNCONTROLLED TSP X 0.83 AVAILABILITY X 1 UNIT/3 UNITS

X 999 EFFICIENCY = 5915 TPY
DRY SCRUBBER AND BAGFILTER SYSTEM ALSO REMOVE ACID GAS,

S02 REMOVED ANﬁUALLY BY DRY SCRUBEBER AND BAGFILTER SYSTEM

= 2957 TPY UNCONTROLLED 502 X 0.83 AVAILABILITY X 1 UNIT/3 UNITS

X .7 EFFICIENCY = 573 TPY
HCL REMOVED ANNUALLY BY DRY SCRUBBER AND BAGFILTER SYSTEM
= 1150 TPY UNCONTROLLED $O2 X 0.83 AVAILABILITY X 1 UNIT/3 UNITS
X .9 EFFICIENCY = 287 TPY
HF REMOVED ANNUALLY BY DRY SCRUBBER AND BAGFILTER SYSTEM
= 13.2 TPY UNCONTROLLED $02 X 0.83 AVAILABILITY X 1 UNIT/3 UNITS
% .9 EFFICIENCY = 3 TPY
TOTAL ACID GAS REMOVED = 863 TPY
TOTAL PARTICULATE & ACID GAS REMOVED = 6778 TPY

SAME AS NOTE 2, TABLE 3-3.

1I-17



3.5 Alternative 3-7

ESP & Wet Scrubber

In response to FDER Question 4, two wet scrubber alternatives were
developed. Alternative 3-7 provides a wet scrubber downstream of an ESP
and Alternative 3-8 provides a wet scrubber downstream of a ﬁag Filter,

the latter described further in paragraph 3.6 below.

Costs for the ESP/Wet Scrubber alternative are displayed in Table 3-7
(Sheets 1 and 2) Particulate matter and acid gas collection efficiencies
for the ESP/Wet Scrubber system are designed to Eorre5pond to respective
efficiencies for these emissions provided in the Dry Scrubber/ESP

alternative.

-Temperature of the stack gases for the Wet Scrubber alternatives

approximate 150°F whereas for the Dry Scrubber alternatives, the
temperature is about 250%. To compensate for the lower temperature
gases, the Wet Scrubber alternatives provide for additional reheat of

stack‘gaées relative to the reheat used in the Dry Scrubber systems.

I1-18



PALM BEACH COUNTY SOLID.WASTE AUTRORITY
SOLID WASTE-TO-ENERGY FACILITY

"REPORT ON AIR QUALITY IMPACTS ANALYSIS"
OCTOBER 5, 1985

TABLE 3 - 7 (Sheet 1 of 2)

WET SCRUBBER AND ELECTROSTATIC PRECIPITATOR SYSTEM COSTS

700 TPD UNIT

1. EMISSION LIMIT, GRAINS/DSCF @ 12% CO2
2. REMOVAL EFFICIENCY, PERCENT

3. PARTICULATE REMOVED, TPY (NOTE 1)

4. CONSTRUCTION COST

5. BONDING FACTOR (NOTE 4)

6. CAPITAL COST (5X4)

7. CAPITAL RECOVERY FACTOR
(20 YEARS TERM AT 13%)

8. ANNUAL CAPITAL COST (7X6)
9. OPERATING AND MAINTENANCE COST
A. ELECTRICITY (3.6 MILLION KWH @ 5 CENTS)

B. WATER (80 GPM @ $0.7/1000 GAL)

C. LABOR (9 MEN; 2.25 PER SHIFT @ $30,000)

D. MAINTENANCE
E. LIME, 2200 TPY @ $150/TON

. F. WASTE HANDLING & DISPOSAL

(5861 TPY TSP; +2200 TPY LIME; 863 TPY 502

& HCL; AT $10/TON) (NOTE 2)

G. REHEAT STEAM (10 MMBTUH @ $6/MMBTU)

TOTAL.OPERATING & MAINTENANCE COST

10, TOTAL ANNUAL COST

0.03
99.00

5861

© $5,220,000

10'6
$8,480,000

0.14235

$1,207,000

$180,000

$29,000

' $270,000

$104,000
$330,000

$89,000

$524,000

$1,526,000

$2,733,000
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PALM BEACH COUNTY SOLID WASTE AUTHORITY

SOLID WASTE-TO-ENERGY FACILITY
“REPORT ON AIR QUALITY IMPACTS ANALYSIS™

OCTOBER 5, 1985

TABLE 3 - 7 (Sheet 2 of 2)

DRY SCRUBBER AND ELECTROSTATIC PRECIPITATOR

11. UNIT COST:
PER TON MSW (260,000 TPY) $10.51
PER TON RDF (182,000 TPY) $§15.02
PER TON PARTICULATE (5861 TPY) : _ $466.30
PER TON PARTICULATE & ACID GAS (6724 TPY) $406.45

NCOTE:

1.

3.

4.

PARTICULATE REMOVED ANNUALLY BY DRY SCRUBBER AND ELECTROSTATIC
PRECIPITATOR SYSTEM

= 21400 TPY UNCONTROLLED TSP X 0.83 AVAILABILITY X 1 UNIT/3 UNITS
X .989 EFFICIENCY - = 5861 TPY

DRY SCRUBBER AND ELECTROSTATIC PRECIPITATOR SYSTEM ALSO REMOVE ACID

GAS, S02 REMOVED ANNUALLY BY DRY SCRUBBER AND ELECTROSTATIC PRECIPITATOR
SYSTEM = 2957 TPY UNCONTROLLED 502 X 0.83 AVAILABILITY X 1 UNIT/3 UNITS

X .7 EFFICIENCY ‘ = 573 TPY
HCL REMOVED ANNUALLY BY DRY SCRUBEER AND ELECTROSTATIC PRECIPITATOR

SYSTEM = 1150 TPY UNCONTROLLED S02 X (.83 AVAILABILITY X 1 UNIT/3 UNITS

X .9 EFFICIENCY ' = 287 TPY

. HF REMOVED ANNUALLY BY DRY SCRUBBER AND ELECTROSTATIC PRECIPITATOR SYSTEM

= ]3.2 TPY UNCONTROLLED S02 X 0.83 AVAILABILITY X 1 UNIT/B UNITS
X .9 EFFICIENCY = 3 TPY

TOTAL ACID GAS REMOVED = 863 TPY

TOTAL PARTICULATE & ACID GAS REMOVED = 6724 TPY

SAME AS NOTE 2, TABLE 3-3.
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3.6 Alternativé 3-8

Bag Filter & Wet Scrubber

Table 3-8 (Sheet 1 and 2) provide the cost development for the Bag
Filter/Wet Scrubber alternative. Since the Wet Scrubber is installed
downstream of the Bag Filter, a Cyclone Collector wmust be provided
upstream of the Bag Filter, as was done for Alternative 3-4. Particulate

matter and acid gas Eollection efficiencies for the Bag Filter/Wet
Scrubber System are designed to correspond to respective efficiencies for

these emissions provided in the Dry Scrubber/Bag Filter alternative.
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PALM BEACH COUNTY SOLID WASTE AUTHORITY
SOLID WASTE-TO-ENERGY FACILITY

“REPORT ON AIR QUALITY IMPACTS ANALYSIS"
OCTOBER 5, 1985

TABLE 3 - B (Sheet 1 of 2)

WET SCRUBBER AND BAG FILTER SYSTEM COSTS
700 TPD UNIT

1. EMISSION LIMIT, GRAINS/DSCF @ 12% CO2

2. REMQVAL EFFICIENCY, PERCENT

3. PARTICULATE REMOVED, TPY (NOTE 1)

4. CONSTRUCTION COST
5. BONDING FACTOR (NOTE 4)
6. CAPITAL COST (5 X 4)

7. CAPITAL RECOVERY FACTOR
" (20 YEARS TERM AT 14%)

8. ANNUAL CAPITAL COST (7 X 6)

9. OPERATING AND MAINTENANCE COST
A. 'ELECTRICITY (4.07 MILLION XKWH @ 5 CENTS)
B. WATER (80 GPM @ $0.7/1000 GAL)
C. LABOR (9 MEN; 2.25 PER SHIFT @ $30,000)
D. MAINTENANCE (INCL. BAG REPLACEMENT)
E. LDME, 2200 TPY @ §150/TON

'F. WASTE HANDLING & DISPOSAL

0.01

99.9

5915
$4,990,000
1.6
§7,984,000

0.15099

$1,206,000

$204,000
' $29,000
$270,000
$122,000
$330,000

$90,000

(5915 TPY TSP; +2200 TPY LIME; +863 TPY 502

& HCL; AT $10/TON) (NOTE 2)

G. REHEAT STEAM (10 MMBTUH @ $6/MMBTU)

TOTAL OPERATING & MAINTENANCE COST

10. TOTAL ANNUAL COST

$524,000

$1,569,000

$2,775,000
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PAIM BEACH COUNTY SOLID .WASTE AUTHORITY
SOLID WASTE-TO-ENERGY FACILITY

"REPORT
QCTOBER

ON AIR QUALITY IMPACTS ANALYSIS" s
5, 1985

TABLE 3 - 8 (Sheet 2 of 2)

WET SCRUBBER AND BAG FILTER SYSTEM COSTS
700 TPD UNIT

11. UNIT COST:

PER

PER

PER

PER

NOTE:

1.

TON MSW (260,000 TPY) $10.67
TON RDF (182,000 TPY) §15.25
TON PARTICULATE (5915 TPY) : ' $469.15
TON PARTICULATE & ACID GAS.(6778 TPY) $409.41

PARTICULATE REMOVED ANNUALLY BY DRY SCRUBBER AND BAGFILTER SYSTEM
= 21400 TPY UNCONTROLLED TSP X 0.83 AVAILABILITY X 1 UNIT/3 UNITS
X 999 EFFICIENCY = 5915 TPY

DRY SCRUBBER AND BAGFILTER SYSTEM ALSO REMOVE ACID GAS,

S02 REMOVED ANNUALLY BY DRY SCRUBBER AND BAGFILTER SYSTEM

= 2957 TPY UNCONTROLLED S02 X 0.83 AVAILABILITY X 1 UNIT/3 UNITS
X .7 EFFICIENCY = 573 TPY

HCL REMOVED ANNUALLY BY DRY SCRUBBER AND BAGFILTER SYSTEM

= 1150 TPY UNCONTROLLED $02 X 0.83 AVATLABILITY X 1 UNIT/3 UNITS
X .9 EFFICIENCY = 287 TPY

HF REMOVED ANNUALLY BY DRY SCRUBBER AND BAGFILTER SYSTEM

= 13.2 TPY UNCONTROLLED S02 X 0.83 AVAILABILITY X 1 UNIT/3 UNITS
X .9 EFFICIENCY = 3 TPY

TOTAL ACID GAS REMOVED = 863 TPY

TOTAL PARTICULATE & ACID GAS REMOVED = 6778 TPY

SAME AS NOTE 2, TABLE 3-3.
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COMPARATIVE BACT ANALYSIS

Téble 3.9 summarizes salient cost and performance factors for the six

alternatives evaluated for the BACT analysis.

For each of the alternatives, the following information 1s displayed:

1) Alternative No.
2) Capsule System Description
3) Interest Rate
4) Construction Cost
5)  Annual Capital Cost
6) Annual O & M Coét
7) Total Annual Cost
8) Unit Costs
- a) Per Ton MSW
b) Per Ton RDF
¢) Per Ton Fly Ash
Including Acid Gas Products

In addition, an Incremental Analysis (9) 1is performed' to evaluate
incremental benefits of the more advanced and costlier systems relative
to the baseline, taken to be Alterpative 3-3, the Electrostatic

Precipitator.

A unique approach was used in the analysis in order to provide a basis
for factoring System Reliability in evaluating alternative techuologies;
This was done by assigning different interest rates to alternative
systems based on a judgement as to relative riskiness of the techqology,
considering its track record. This is akin to a Standard & Poors or
Moody rating being assigned to capital projects which; along with market

forces, determines interest rates on a bond 1issue.
For example an interest rate of 11X was used to calculate Anpual Capital

Cost: for the proven ESP technology, whereas 12% was used for Bag Filter
technology. When the risk of Bag Filter operation was compounded by the
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complexity of a Dry Scrubber addition, interest rate for the alternative
rose to 13%, With a Wet Scrubber addition to the Bag Filter, an

appropriate interest rate was judged to be 14% and so forth.

UNIT COSTS

Unit cost are useful in comparing alternatives, particularly in line item
8c, where comparison are made for cost portion of pollutant removed

including acid gas as well as particulate matter.

RANKINGS

Based on the data, ranking of alternatives are developed as follows:

Rank # Alternative System Description
1 3-3 ESP
2 3-4 BF
3 3-5 Dry Ser./ESP
4 3-6 Dry Scr./BF
5 3-7 ‘ ESP/Wet Ser.
6 3-8 BF/Wet Scr.

- INCREMENTAL ANALYSIS

Incremental analysis was performed to determine incremental cost for:

(a) Improved particulate matter (PM) collection of the BF relative to

the ESP and

{(b) Improved PM and acld gas collection of the Dry Scr/ESP alternative

relative to the PM collection of the BH alone.

() Improved PM and acid gas collection of the Dry Scr./ESP alternative
relative to the PM collection of the ESP alone.

For case (a), the BF Alternative 3-4 is seen to have the capabilities of
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8.

collecting an additional 54 TPY of PM at an incremental annual cost of

867,000 relative to Alternative 3-3. This affords a unit cost of

$1fd0.74 for each ton of additional PM and compares unfavoraﬁly to the

$131.72 per ton PM unit cost for ESP alone (Alternative 3-3).

For case (b), the Dry Scrubber/ ESP Alternative 3-5 is seen to have the
capabilities of collecting an additional 809 TPY of combined PM and acid
gas products at an annual cost of $1,497,000 relative to Alternative 3-4,
This affords a unit cost of $1,850.43 for each ton of additional PM and
acid gas collected and compares unfavorable to the $141.84 per ton PM

unit cost for the BF Alternative 3-4.

For case {c), the Dry Scrﬁbber ESP Alternative 3-5 is seen to have the
capabilities of collecting an additinal 863 TPY of combined PM and acid
gas products at an incremental annuai cost of 61,564,000 relative to.
Alternafiye 3-3. Tﬁis affords a unit cost of $1812.28 for the acid gas
collected and may be difficult to justify since the Air Quality Analysis
shows that acid gas concentrations 1in ambient air pose no danger to

public health.

BACT, CALIFORNIA VS. FLORIDA

The BACT analysis, required by PSD review, addresses energy, economic and
environmental impacts for alternative emission éontrol stfategies. BACT
is defined in the 40 CFR 52.21 as "An emission limitation based on the
maximum degree of reduction bf each pollutant emitted which the
Department, taking into account, energy environmental and econowia
impacts and other costs, production processes and available methods,

system, and techniques, for control of each pollutant”.

Although the stagnant ambient air conditions of California may give case
for CARB's definition of BACT to include scrubbers and bag filters, it
has not been demonstrated that they are needed in well-ventilated Florida
environs. A moderate approach to defining BACT for a locality should
take into account background levels, planned new facilities and

meteorological conditions. This in fact has been done in the Air Quality
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Analysis performed with the conclusion that emissions from the proposed

facility will not adversely impact ambient air quality.
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TABLE 3-9

BACT ANALYSIS OF ALTERNATIVE AIR POLLUTION CONTROL SYSTEMS

FOR 700 TPD RDF-FIRED- SPREADER STOKER BOILER

. 3-8

1. Alternative No. 3-3 3-4 3-5 3-6 -7
2. APC System Descr. ESP BF Dry Scr/ESP Dry Scr/BF ESP/Wet Scr. BF /Wet Scr.
3. Interest Rate %% 112 127 12% 13% 13% . 14%
4., Construction Cost $2,300,000 $2,070,000 $5,300,000 $5,000,000 $5,220,000 $4,990,000
5. Annual Capital Costs 462,000 443,000 1,135,000 1,139,000 1,207,000 1,206,000
6. Annual O & M 310,000 396,000 1,201,000 1,241,000 1,526,000 1,569,000
7. Total Annual Cost 772,000 839,000 2,336,000 2,380,000 2,733,000 2,775,000
8. Unit Costs:
a) Per Ton MSW $2.97/Ton $3.23/Ton $8.98/Ton $9.15/Ten $10.51/Ton $10.67/Ton
b) Per Ton RDF $4.24/Ton $4.61/Ton $12.84/Ton 513.08/Ton $15.02/Ton $15.25/Ton
c) Per Ton Fly Ash* $131.72/Ton -~ -$141.84 /Ton -$347 .41 /Ton $351.14/Ton $406.45/Ton $409.41/Ton
"9, TIncremental Analysis Rank f1 Rank #2 Rank #3 Rank #4 Rank #5 Rank #6
A. Total Annual Cost $772,000 $839,000 $2,336,000  $2,380,000 $2,733,000  $2,775,000
B. Total Annual Cost of - 772,000 839,000 2,336,000 2,380,000 2,733,000
Next Lowest {#Rank
C. = (A -B) - $67,000 $1,497,000 $44,000 $353,000 $42,000
D. Fly Ash* Collected 5,861 TPY 5,915 TPY 6,724 TPY 6,778 TPY 6,724 TPY 6,778 TPY
E. Fly Ash* Collected in - 5,861 TPY 5,915 TPY 6,724 TPY 6,778 TPY 6,724 TPY
Next Lowestf# Cost Rank
F. (D - E) - 54 TPY 809 TPY 54 TPY =54 TPY 54 TPY
G. = (A -B)* (D - E) - §1,240.74/Ton  §1,850.43/Ton  §814.81/Ton  -$6,537.04/Ton  §777 77/Ton
H. Total Annual Cost of - . - $772,000 ‘
2nd Next Lowest# Rank :
1. Fly Ash* Collected in - - 5,861 TPY
2nd Next Lowest #Rank
J. = (A - H) - - $1,564,000
K. = (D - I) - - 863 TPY
L. = (A -H)+(D-1) - - $1,812.28 Ton

* Including Acid Gas Fly Ash
** Interest Rate Proportioned

BACT
ESP
BF
Scr.

to Technology Risk

Best Avallable Control Technology

Electrostatic Precipita
Bag Filter
Serubber

tor
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PALM BEACH COUNTY SOLID WASTE AUTHORITY
SOLID WASTE - TO - ENERGY FACILITY

REPORT ON AIR QUALTTY IMPACTS ANALYSIS
RESPONSE TO FLORIDA DER SUFFICIENCY REVIEW

QUESTION NO. 7 - ON HOSPITAL WASTE:

Will any hospital waste -or "red bag" waste be incinerated at this

facility? 1If so, please quantify the amounts, composition, and the source

of these materials.
Response:
As noted in *Vol. I - Application, Chapter 3 Page 3.2, Paragraph 1:

"Pathological, bloclogical and other hazardous wastes will

not be processed at this facility.”

QUESTION NC. 8 - ON ANNUAL EMISSIONS:

Verify and correct, if necessary, the tons per year emissions contained in

the air permit application.

Response!

, The only correction required is to the Lead emissions as explained in
Section 1, page 1-19 of this Supplemental Report. Table 4-1 from *Vol. I
~ Application is included herewith as Exhibit III-1 on page I11-2 of this

Section IIT of the Supplemental Report.

*Palm Beach County, Florida Solid Waste Resource Recovery Facility
‘Application for Power Plant Site Certification dated April, 1985,
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HAYDNEN—WEGMAN ~ _
BARIKERs OSHA £ ANDERSON _
ENGINEERS — PLAMNERS EXHIBIT IIT - I

TARLE 4-1 (Revised as of October 18, 1985)

CONTROLLED EMISSION FACTORS DEVELOPHENT FOR RDF FIRED SPREADER STOKER FURNACES

{ANNUAL AVERAGE BASED ON 1800 TPD RDF FIRED)

, , : §M/SEC @ G /SEC @
- POLLUTANT LBS/TON RDF LBS/HR TONS/YEAR 1800 TFD 210¢ TFD
CARBON NONOXIDE 12.0 900, 3942, 113, 132
NITROGEN DIOXIDE 4.0 300, 1214, 37.8 14,1
SWFUR DIOXIDE 9.0 675, 2957, 85.1 99.3
CHLORIDES _ 3.5 263, 1150, 33,1 38,4
VOLATILE ORGANIC CONPOUNDS +20 15.0 £5.6 1.89 21
PARTICULATE MATTER 85 48.8 214, 6.14 7.6
SULFURIC ACID KIST 40004 ,030 1131 +0038 L0044
FLOURIDES ' /04 3.00 1.2 .38 .44
LEAD ' .014 1.05 4.6 132 " .154
MERCURY .003 \225 .98 0284 .0331
BERYLLIUN : 9.0 E-D4 6.8 £-04 3.0 E-03 8.5 €-05 9.9E-5
21317,8-TCDD ' 8.5 £-08 6.4 E-06 2.8 E-05 8.0 E-07 9.3€-7
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QUESTION NO. 9 — ON AIR QUALITY RECEPTORS :

Tables 5-9 A through F of appendix 10.1.5 contain results of the highest,
second high modeled concentrations for the proposed facility. The se
results include values at a distance of 730 meters from the center of the

facility. The modeled runs, however, do not include any receptors at this

distance. Please explain. .

Response:

It is noted in Vol. IV - Air Quality, Aphendix 10.1.5 on Prevention of
Significant Deteriorationm, pagé‘56, paragraph 5.6 of the Report on Air
Quality Impacts Analysis, (Revised March, 1985) that a series of computer
runs were made for screening purposes. The results of these runs were not
documented other than to note tﬁat (5.6.1) maximum impacts were identified.
at distances of 571, 926, 1046 and 1615 meters from the proposed source

based on atmospheric stability.

An initial series of runs of the ISCST aﬁd ISCLT models were made for 26
concentric rings distances from the source for every 6° azimuth. The
closest rings were those indicated above as distances of maximum impact
baséd on the screening model. These runs did not, however, include the
closest boundary distance of 730 meters. The results of these runs ha&e
been compiled and submitted to the FDER. At the sugge stion of the FDER, a-
second series of computations were made specifically, to develop the
impacts at 730 meters (cloééét point of the source to its boundary line).
.These data were not documented in appendices because of the massive paper
volume, but rather, the outputs were used by the computer to create the
tabular listings of Tables 5-9A through F directlz. The closest boundary
line ring of 730 meters was also used in the model runs that included
three (3) existing local sources. These data were restricted azimuth
intervals in 1° increments :£.5° downwind of the source on centerline

bearing over the proposed facility. These data were made available in the

complete Appendices.
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QUESTION NO. 10 - ON TECHNICAL & ADMINISTRATIVE REVIEW PROTOCOL:

EPA informed us very recently that The Power Plant Act is mnot totally
compatable with their rules and they are going to rescind our delegation
of sources subject to PSD PPS. The county needs to be informed of such
and they must send a letter to me requesting that we perform the Technical

and Administrative review for EPA so that they can issue a federal PSD

permit.

Response:

Palm Beach County Solid Waste Authority is pleased to have the State of
Florida Depértment of Environmental Regulation (FDER) perform the
Technical and Administrative review of our Application. ° As requested,-
Authority Executive Director, Tim Hunt, Jr. will request this review in

a letter to be addressed to the attention of Clair Fancy of the FDER.
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1.

RESPONSE TO
NATIONAL PARK SERVICE REVIEW

ATR QUALITY IMPACT

It is noted that the proposed facility is not mass burn but. controlled

burn of refuse derived fuel (RDF) in spreader stoker furnaces. Refuse

will be prescreened for salvage material including metals. The projecf
will have an ultimate design capacity for combusting 2100 TPD RDF, with
an initial installation of two (2) 700 TPD furnace/boiler systems.-

The suggested application of emission standards developed for the ...
stagnant atmospheric conditions prevalent for the State of California to

the well ventilated lower east coast of Florida may not be appropriate.

“Air pollution potential studies over a three to six year period

(Zimmerman J. Forecasting Air Pollution Potential, Meteorological Aspects
of Air Pollution, TRAINING COURSE MANUAL in AIR POLLUTiON, 411, Feb. 1969
Revised.) have shown most of Florida, including Palm Beach County to have
a zero potential for advisory days of high air poliution. Mean wmorning:
and afternoon mixing heights are estimated at 800 an& 1375 meters
respectively.for Palm Beach as compéred to 600 and 800 meters for coastal
California (Holtzman, G.C. Mixing Heights, Wind Speeds and Potential for
Urban Air Pollution Throughout the Contiguous United States, AP-101l
NTIS:PB207103, 1972). The region is not subject to recirculation but
rather, prevailing easterly winds. With respect to projected impacts
from the proposed source. on the Everglades National Park, it 1s noted
that the park is southwest of the source at a distance of 120 km at its
closeét point. The 5-year average frequency northeast wind (required for
impaction) is 4.17% with an annual average speed of 5.7 m/s. For
jmpaction to occur therefore, steady state winds and étability would have
to persist for more than 6 consecutive hours. The total percentage of
northeast winds with stability classes 5 and 6 would represent less than

53 hours/year.
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1.1

1.2

1.3

Ozone Levels

With relation to ozone levels, it has been noted in Volume I-Application,
Chapter 2, Table 2.3-13, that if all the VOC from the proposed facility

were converted to e.c. ozone, the highest second highest impact would be

3 ug/m3 or less than 1.3% of the Air Quality Standard of 235 ug/m3 and

this impact would be within the facility boundaries.

Visibility

A visibility screening analysis has been performed based on the
instructions for Level-1 Séreeniﬁg Anélysis, as available in Latimer and
Ireson, Workbook for Estimatihg Visibility Impairment, Draft, July 1980.
The absolute. values of the contrast parameters obtained were signifi—
cantly less then the critical level of 0.1 for the distance of 120 km
from the proposed facility (see Exhibit .

50 Tmpact,

2
Annual impact analyses for 802 at a distance of about 53.7 km were less
than 0.12 ug/m3 for winds from an 048 - 036° sector. This represents

approximately 10% of the concentration level considered as significant.

Pfojected lmpacts of 802 from the proposed facility on the Everglades
National Park at a distance of 120 km on a bearing line of 228° were
calculated assuming an exponential decrease in concentration with an
exponential increase in downwind distance. For combined sources, a

similar impact can be generated with the same assumption but based on

.impact concentrations at a distance of 9.796 km bearing 232° and 24.563

km bearing 249°, assuming these locations are in-line. The results of

these analyses are presented in EXHIBIT II.
The highest projected impacts from the proposed facility are only 3.6%,

12.4% and 17.8% of the EPA designated significant impact levels for
annual, HSH 24-hour and HSH 3-hour averaging periods respectively.
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EXHIBIT I

. SCREENING AHALYSIS
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EXHIBIT II
SULFUR DIOXIDE
PROJECTED IMPACT ON EVERGLADES NATIONAL PARK
(Bearing 228°, 120 km)

CONCENTRATION (ug/m3) CONTRIE.
AVERAGING SIGNIF. = MAX, PROPOSED RDF & EXISTING OF RDF
YEAR TIME IMPACT PSDl RDF2 SOURCES2 %
1970  HSH 3-HR 25 25 2.78 43.0 6.5
HSH 24-HR 5 5 0.33 7.7 4.4
ANNUAL ) 1 2 0.025 2.3 1.1
1971 HSH 3-HR 25 25 4.46 17.3 25.7
ANNUAL 1 2 0.023 1.6 1.4
1972 HSH 3-HR 25 25 2.96 8.2 36.2
HSH 24-HR 5 5 0.55 5.9 9.4
ANNUAL 1 2 0.036 . 1.8 2.0
1973 HSH 3-HR 25 ‘ 25 2.70 11.2 24,1
ANNUAL 1 2 0.023 1.8 i.3
1974  HSH 3-HR 25 25 0.89 1.6 56.9
HSH 24-HR 5 5 0.62 3.7 16.7
ANNUAL 1 2 0.028 1.8 1.5
NOTE 1 : Class I 7
NOTE 2 : Based exponential decay of concentration with downwind exponential
- increase of distance.
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2.

On the basis of these analyses, the proposed RDF source cannot be

" considered significant relative to the projected impact of sources

already in existence.

BEST AVAiLABLE CONTROL TECHNOLOGY ANALYSIS

Best Available Control Technology (BACT) analysis and the related issues
of pollutant emissions are covered in the following Sections of this

Supplemental Report:

Section T Emission Factors

Section II Best Avallable Control Technology

COMPARATIVE EMISSIONS FOR
FPALM BEACH AND BROWARD COUNTIES

Emi ssion Factors for the proposed 3300 TPD mass burn facility for Broward

- County and the 1800 TPD RDF (annual average for ultimate design) plant at

Palm Beach are derived from the Tons per Year emissions of pollutants
from the listing given in the National Park Service review of the Palm
Beach County Solid Waste Authority Power Plant Site Certification
Application. These derived Emission Factors are displayed as follows:

Emission Factors (1lb/ton)

Palm Beach Broward

NO 4 : 5.8

X
co 12 0.92
PM 0.65 0.76 .
Lead 0.0014 0.3105
Flourides 0.0400 0.2590
Sulfuric 0.0004 0.0287

Acid Mist
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The Palm Beach Emission Factors for the pollutants -listed are in
agreement with the Emission Factors given in Table 4~1 of Reference "F".
(See Section 1, page I-1 of this Supplemental Report). Wwith the
exception of the Emission Factor for Lead, they are to remain unchanged.
(See Section I, pége 1-19 for discussion of proposed revision to Lead

‘Emission Factor).

A discussion of the Emission Factors of Palm Beach relative to those of

interest to the National Park Service follows:

3.1 §92 Emission Factors

3.1.1 Palm Beach RDF System

Basis for the Palm Beach County SO2 Emission Factor of 9.0 lb/ton
is given in Section I, page I-14 of this Supplemental Report. The
9.0 1b/ton factor assumes all of the sulfur in the RDF fuel 1s

completely converted to SOZ.

3.1.2 Broward Mass Burn Systen

In general, the 502 emissions data base for mass burn waterwall
facilities indicates lower emissions relative to RDF systems.
This is attributed to more of the sulfur in the refuse fuel
remaining in the bottom ash instead of being coﬁverted to ‘502
stack emissions. Accordingly the 5.7 1b/ton Emission Factor for
the proposed Broward County mass burn facility appears reasonable
relative to the 9.0 lb/ton Emission Factor for the Palm Beach RDF

spreader stoker plant.

3.2 NO Emission Factors
S :

3.2.1 Palw Beach RDF System

_Basis for the Palm Beach County NOx Emission Factor of 4.0 1b/ton
is given in Section I, pae I-17 of this Supplemental Report.. The
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NO; Emission Factor is derived from th RDF Fired Spreader Stoker
emi ssion rates givenm in Exhibit 4-5, page I-18 taken from

Reference "A",

3.2.2 Broward Mass Burn System

In like manner, the NOx Emi ssion Factor for the Broward Mass Burn
sy stem may be derived from the mass burn waterwall emission rates,

also given in Exhibit 4-5, as follows:

UNCONTROLLED NOx EMISSION’IN LB/1.0E6 BTU = 0.07 TO 0.42

Assuming 4,500 BTU/LB for Refuse, Convert LB/1.0E6 to LB/Ton

0.63 LB/Ton
3- 78 LB/TO“

0.07 LB/1.0E6 BTU x 4,500 BTU/LB x 2,000 LB/Ton
. 0,42 LB/1.0E6 BTU x 4,500 BTU/LB x 2,000 LB/Ton

Therefore,
Uncontrolled Total NO_ Emission in LB/Ton = 0.63 to 3.78
The 5.8 LB/Ton‘ Emission Factor proposed; by Broward is a

conservative overstatement of the emission levels that may be

expected based on the data given in Exhibit 4-5 for the mass burn

waterwall system.

3.3 CO Emission Factors

3.3.1 Palm Beach RDF System

Basis for the Palm Beach County CO Emission Factor of 12 1b/ton is
given in Section 1, pages I-6 and I-7 of this Supplemental Report.
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3.3.2

Broward Mass Burn System

CO Emission Factors reported in the literature are generally, but
not always, lower for mass burn systems relative to RDF. Exhibit
111, taken from a recently published paper, illustrates some of
the variations for stack tests performed at two RDF facilities
(Hamilton and Albany) and two mass burn facilities (Chicago and
Hampton). The exhibit shows that CO emissions is sensitive to 02
concentrations, indicative of excess air variations. The Hampton
11 and 111 tests indicate that a wide divergence of CO emissions
performance 1is possible on a mass burn system, shown in Exhibit
III to be sensitive,td 02 concentrations. The Albany and Hampton
111 coinciding plot of test data illustrates that equally good CO
emissions performanpe can be obtained with RDF and mass burn

systems when proper combustion and air supply conditions "are

maintained.

In order to estimate a CO Emission Factor that may be appropriéte
for the Broward mass burn waterwall facility, reference is made to
Exhibit 4-3.1 (Section I, page I-8), where the following is noted:
Uncontrolled CO Emission in LB/1.0E6 BTU = 0.15 to 2.0

Assuming 4500 BTU/LB for Refuse, convert LB/1.0E6 to LB/Ton

0.15 LB/1.0E6 BTU x 4500 BTU/LB x 2000 LB/Ton = 1.35 LB/Ton
2.0 LB/1.0E6 BTU x 4500 BTU/LB x 2000 LB/Ton = 18.00 LB/Ton

Therefore
Uncontrolled Total CO Emission in LB/Ton = 1.35 to 18.00
Whereas the 0.92 lb/ton Emission Factor (equivalent to 73 ppm) for

CO emissions proposed by Broward County appears low, nevertheless

this level of performance has been achieved under optimum

1v-8
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EXHIBIT III

CARBON MONOXIDE AND OXYGEN
IN EMISSIONS FROM FIVE STACK TESTS
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conditions of operation. See Exhibit IIT of this Section IV and

also Exhibit 4-3.2 on page 1-9 of Section I.

3.4 PM Emission Factors

3.4.1

3.4.2

Palm Beach RDF System

Basis for the Palm Beach County PM Emission Factor of 0.65 1b/ton
is given in Section I, page I-2 of this Supplemental Report. The
PM Emission Factor of 0.65 1b/ton derived from the RDF Fired
Spreadér Stoker emiésion rateé given in Exhibit 4-1, page I-3

taken from Reference "A".

Broward Mass Burn System

In similar fashion, the PM Emission Factor for the Broward Mass
Burn system may be derived from the mass burn waterwall emission

rates, also given in Exhibit 4-1 as follows:

ASSUME THE BROWARD COUNTY AIR fOLLUTION CONTROL SYSTEM WILL
COLLECT SUFFICIENT PM SO AS NOT TO EXCEED A GUARANTEED GRAIN
LOADING OF 0.03 GRAINS/DSCF'AT'lZZ'COZ. THIS EMISSION LEVEL IS
PRESUMED. TO REPRESENT BACT FOR TSF.

FROM REFERENCE “A", TABLE 29, (EXHIBIT 4-1) UNDER MASS BURNING
WATERWALL SYSTEMS,

UNCONTROLLED PM EMISSION IN GRAINS/DSCF, 12% €O, = 0.83 TO 2.05 =
1.44 (AVERAGE); % REMOVAL EFF. TO OBTAIN 0.03 GR/DSCF ASSUMING
GRAIN LOADING OF 1.75 GR/DSCF = 100 (1 - 0.03) = 98.3%

' 1.75

UNCONTROLLED PM EMISSION IN LB/1.0E6 BTU = 1.27 TO 7.32 = 4.30
(AVERAGE)

IV-10
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CONVERT LB/1.0E6 BTU TO LB/TON, 4.30 LB/1.0E6 X 4500 BTU/LB X 2000
LB/TON = 38.7 LB/TON

AFTER 98.3% REMOVAL BY ESP,

CONTROLLED PM EMISSION = 38.7 X (1 - .983)
= 0.658 LB/TON

The Broward County Emission Factor for PM calculatgd to be 0.658
1b/ton, which 1s slightly lower than the 0.76 1lb/ton value shown
on page 1IV-6 for Broward and compares favorably with the 0.65
1b/ton Emission Factor givén on page IV-6 for Palm Beach.

3.5 Lead Emission Factors

3.5.1

3!5-2

Palm Beach RDF System

‘As noted above, based on analysis presented in Section I, page
I1-19 of this Supplemental Report, it 1is proposed that the 0.0014
1b/ton Lead Emission Factor given in the Authority's, initial

submittal be increased by an order of magnitude to 0.0l4.

Broward Mass Burn System

The Broward Lead Emission Factor, shown above as being 0.3105
1b/ton, has been discovered (see news item Exhibit IV) to be
overstated and in error by a decimal point misplacement. After

correcting for the decimal point misplacement the Lead Emission

Factor would become 0.03105.

The Exhibit III news item states Broward Lead Emission Factor
should be 0.027 1b/ton, which is in reasonable agreement with the
0.03105 1b/ton value derived from the 187 Tons per year emission

data provided in the National Park Service Technical Review.

Iv-11



EXHIBIT IV

Idlate demands
new controls
for incinerator

By ANDREW FROMAN
Maraid Sugff Writer

PORT LAUDERDALE ~ State -

stvironmental officials want
Broward County to Iostall
tougher poliution controls on Iu
firet garbage-buming resource
recovery plant, & move that
could ralse the plant's opersting
¢oat $2.4 million a year.

The improvements could add
more than 40 million = about
$2 a year for every person in
Broward Count‘y - 10 the cost of
operating the §187 million plant
over (ts expecied 20-year lile.

But Torn Henderson, the direc-
for of the county's resource
fecovery program, said the
state's recommendations are
Based ip part oo |paccurale
lnformation from his office. He
bopes to convince the state that
additions] pollution eontrols
ares't aecessary.

County officials {ntend to build
two resource recovery plants st
8 total cost of §521 million. If
operating costs are higher thap
expected, garbage rates will be
Increased.

“You have (o swallow the
prite because the price of con-
tnuing to endanger the waler
Aqullnu&whh laae!ills] 18 too
high,” sald County Commission-
er Nitkl Greagman.

State officlals sald thelr recom-
mendations are based on re-

- search of plr pollution controls at
. plants ln' Caltornia. New Yor
and New Jersey. -

*The technology In resource
recovery has really come slong &

lot further a lot faster than many .

other areas. It seems peopie are
I.IWIEI finding Improvementa,”
said Clair Fapcy, deputy director
o the Plorida Department of
Eovironmental Regulstion's Bu-

reau of Alr Queilty Maoagement.

Fancy sald Broward should be
sble 10 lower hydrogen fluoride,
sulphuric acld mist and lead
emislons b{ using larger or
additiona! poliution controls.

© . Y the DER's recommendations

. Rre accepted by Gov, Bob Ora-

“ham apd the Cabinet, which
basues constructon permita for
resource tecovery Pplants, the
new equipment wobid have to be
msinlig e lae il firadt load of
garbage is burned.”

Opergting  the equipment
would ralse the cost of burning
garbage by $2 a tow or $8,600
Qay for the 3,300 tons ol guhage
to be processed every day at the
courty’s [irat plent at US. 441
and State Road B4.

" Henderson hopes to convince
the pute that the additiona!
equipment lsn't necessary. He
said the DER's recommendations
are based in part on insccurate
Information supplied by his of-
Iice In March Lesd emissions
would be 027 pounds for each
ton of refusc burned, not 27

pounds &s estimated. A decimal
point was misplaced, he sald.
Sioce lead emissions will be
only ope-tenth as bigh as ortg)-
pally estitnated, there .nlght pot
be & beed for additional poliution
controls, Henderson sald.

FROM W 4 POLM BEACH L
10.16.1906% 13139
—
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We would expect the Palm Beach Lead Emission Factpf to be about
one-half of the Broward Lead Emission Factor. This is due to the
removal of the lead contained in the RDF rejects which thereby
reduces the concentration of lead in the RDF that is to be

éombusted in the proposed Palm Beach RDF spreader stoker

furnace/boiler systems.

To illustrate the basis for the statement that lead emissions for
the RDF combustion sy stem would be about one-half that of the mass
burn system and of the order of magnitudes given above, reference
is made to paragraph 3.4 above on PM Emission Factors for Palm
Beach RDF and Broﬁard mass burn systems and also to Exhibit 4-6.4,
page I-23, Section 1 of this Supplemental Report.

From paragraph 3.4, PM Emission Factors are as follows:

Palm Beach RDF System - 0.65 lb/ton

Broward Mass Burn System - 0.76 1lb/ton

From Exhibit 4-6,4, Lead concentrations in controlled particulate
emissions for RDF (Category II1) and mass burn (Category II)
systems are given as follows:

RDF System: 4,470 - 18,400 ppm

Mass Burn System: 18,100 - 34,200 ppum

Assuming lead concentrations on PM to be at the upper ends of the
respective ranges shown for RDF and mass burn systems, the Lead

Emission Factors are then derived as follows:

Palm Beach RDF System

0.65 1b/ton x 18,400 ppm = 0.012 1b/ton.

Iv-13




Broward Mass Burn System

0.76 1b/ton x 34,200 ppm = 0.026 1lb/ton

The Lead Ewission Factors derived above are in good areement with

Lead Emission Factors now proposed.

3.6 Fluoride Emission Factors

3.6.1

3.6'2

Palm Beach RDF System

Basis for the Palm Beach Count& Fluoride (HF) Emission Factor of
0.040 is given 1in Section I, page I-36 of this Supplemental

Report.

Broward Mass Burn System

From Reference "B", page 292 (EXHIBIT V) provides the data base
for estimating the Fluoride (HF) Emi ssion Factor for thé Broward
Mass Burn System. Exhibit IV suggest é Fluoride Emission Factor
of 0.06 lb/ton whereas Broward chosé a more conservative Factor of

0.259 1b/ton.

3.7 Sulfuric Acid Mist Emission Factors

3.7‘1

3.7.2

Palm Beach RDF System

Basis for the Palm Beach County Sulfuric Acid Mist Emission Factor
of 0.0004 is given in Section I, page I-38 of this Supplemental

Report.

Broward Mass Burn System

Because Sulfuric Acid Mist emissions derive from SO2 emissions and

©OIV-14



EXHIBIT V

TABLE 10 FLUORIDE EMISSIONS
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Based on these data 6.5 ppm or 0.06 lb/ton (0.03
kg/Mg) has been chosen as a conservative esnmate
of fluoride emissions.

CONTROLS

Fiuoride emission control is normaliy not re-
quired on municipal incinerators except in conjunc-
tion with acid gas control. Some of the fluoride
appears to be associated with the particulate matter
“and therefore will be removed by the particulate
control device while some is apparently present as
a gas and would be removed in the acid gas scrub-
ber. Very little fluoride remaoval data are available
but it appears that the fluoride may be removed a
little more efficently than the hydrochloric acid.

TRACE METALS, LEAD, |
MERCURY, BERYLLIUM

EMISSIONS

Some of the lead in the municipal waste is emit-
ted with the fly ash from a municipal incinerator.
The amount of Jead emitted will depend upon the
efficiency of the particulate control system. Some
reported values of lead emissions for incinerators
using electrostatic precipitators for particulate
contro) are shown in Table 11. We have chosen
34200 pg/p (0.034 1b/1b) of panticulates or 0.012
Tb/1on (0.006 kp/Mpg) of refuse burned as a reason-
able estimate of the lead emissions.

TABLE 11 LEAD EMISSIONS

LACITaraLBr g ol Feriormlptes wrsencf FTITS Yot
Bra:ntree 0.002a .. L]
Was- . ngmon, B.C. LU o b 13
"nrosus W05 200 1
st 4.7 +
[+, YL 0,00 +
[T nhix

313, lmv.

700

Trace amounts of mercury have been found in
the emissions for municipal incinerators. Values
reported in the literature are shown in Table 12,
Based on the listed data. an emission of 2.4 X 107
gr/dsef (0.55 mg/dscm) or 0.0064 Ib/1on (0.0032
kg/Mg) of refusc burned was chosen as a conserva-
tive estimate of total mercury emissions,

TABLE 12 MERCURY EMISSIONS

uf ™ L]
Ing Lnbre bl T o rane? Tacw Ref.
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Few data giving emissions of beryllium from mu-
nicipal incinerators were found. The only reference
to beryllium emissions was for the Braintree incin-
erator [4] where less than 0.15 pg/p of emitted
particulates was reported. Using this data, based
on the particulate emissions previously cited, the
emissions of beryllium are estimated to be less
than 5.6 X 107 Ib/ton (2.8 X 107® kg/Mg) of
refuse burned.

Trace quantities of a large number of other
metals have been found in the fly ash {rom munici-
pal incinerators. Most of them are presznt in very
small quantities and are of little environmental |
concern. Concentrations of the more toxic m:ta.Is :
are presented in Table [3.

CONTROLS

The trace metals are minor and variable constit-
uents of the waste. Most of the metals except for
mercury appear to concentrate in the bottom ash
ot fly ash. Data presented by Law [38], factored
for the difference in efficiency between a baffle
chamber and and ESP (95 percent), indicate that
most of the mercury is emitted, less than 3 percent
of the volatiie metals (such as lead, cadmium and
zinc) ate emitted and less than | percent of the
nonvolatile metals (such 2s barium. chromium, and
copper) are emitted.

The data indicate that an effective particulate
control system is about equally effective in control-
ling the trace metals. It is sometimes stated that a
fabric filter's high efficiency for fine particulates
makes it more efficient than othet devices in col-
lecting trace metals, but there is inadequate data

to substanuate such superionty.
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since the Palm Beach RDF SO2 Emission Factor is 9 lb/ton relative
to the Broward Masss Burn SO2 Emi ssion Factor of 5.7 1lb/ton, as
developed in paragraph 3.1 above, we would expect a proportional
decrease in the Sulfuric Acid Mist Emission Factor for the Broward

Mass Burn system relative to that for the Palm Beach RDF system.
This would be calculated as follows:

SULFURIC ACID MIST
EMISSION FACTOR

= 5.7 LB/TON (BROWARD 50, FACTOR)

9.0 LB/TON (PALM BEACH 502 FACTOR)

X 0.0004 LB/TON (PALM BEACH H2804 FACTOR)

= 0.00025 LB/TON (BROWARD H,S0 FACTOR)

A
Our 0.00025 1b/ton estimate for the Broward Sulfuric Acid Mist
Emission Factor is approximately one-hundredth of the 0.0237
1b/ton prediction (shown in the tabulation on page IV-6) derived
from the tons per year data fq:‘Broward‘s Sulfuric Acid Mist

emissions provided in the National Park Service Technical Review.

The bolling point of sulfuric acid is 626°F. At the stack exit
gas temperature of &450°F, the sulfuric acid that is formed from
502’ H20 and 02 would be an acid liquid aerosol. The acid liquid
aerosol that is not absorbed on fly ash particulate and collected
in the electrostatic precipitator would pass into the stack. In
order to determine sulfuric acid mist emissions, the stack gases
would be isokinetically sampled. As the sampled gas/aerosol
mixture is drawn through the sampling nozzle and passes through
fhe sampling train, the gas/aerosol mixture is cooled and

additional sulfuric acid is formed from the 802, Oz‘and H20 in the
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gas stream, with the alréady—formed sulfuric acid aerosol possibly
acting as a seed. The quantity of sulfuric acid transformed from
802, 02 and H20 in the sampling train may far exceed the sulfuric
acid already formed before the sampled gas/aerosol mixture passed
into the sampling nozzle. Thus the sulfuric acid concentration,
as determined by analyzing the sulfuric acid in collection flasks
of the sampling train, may not be representative of the
concentration of sulfurie acid in the gas stream at the sampling
nozzle. . In-situ measurements of 802 and O2 at the sampling nozzle
locations may be used to correct and adjust for sulfuric acid
formation in the - sampling ;rain, but it is not clear from the test
data available if these corrections/adjustments were in fact part
of the test sampling protocol. If they were not, the reported

test results would necessarily be suspect as to its validity

The chemistry of SO2 precipitation to su;furic acid mist is a
‘complex, highly variable process whether the precipitation occurs
within the plant furnace/boiler/air pollution control system, in a
stack test sampiing train or in the atmosphere (the “acid rain”
phenomenon). Researchers in this field have sﬁown wide divergence
in findings and predictions. The second order of magnitude

disparity between Emission Factor estimates made for Palm Beach

. and Broward County may indeed be considered good agreement in view

of the present constraints on "state-of-the-art” comprehension of

the subject.
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EMISSIONS AND EMISSION CONTROL IN
MODERN MUNICIPAL INCINERATORS

WILBERT L. O'CONNELL, G. CHRIS STOTLER, and RONALD CLARK

Batntelle’s Columbus Labora{ories
Columbus, Ohio

ABSTRACT =~~~ - - -

This paper presents a compilation of data on
the mass burning of municipal wastes in waterwall
incinerators. Emissions data from the Mterature are
presented, with emphasis on typical emission rates
for modern incinerators. The typical emission rate:
presented will be useful for predicting the expected
emissions and environmental impacts of proposed
minicipal incinerators, thereby aiding in the deter-
mination of the applicability of various regulations
and the necessity for the installation of control
equipment. Control technology is briefly reviewed
with emphasis on the best control technology
avaiiable to reduce emissions which may be cited
by regulatory authorities to set the Lowest Achiev-
able Emission Rate (LAER), or the Best Available
Control Technology (BACT).

INTRODUCTION

The incineration of municipal solid waste gener-
ates a number of air pollutants including particu-
late matter, hydrogen chioride, oxides of nitrogen
and sulfur, carbon monoxide, hydrocarbons and
small to trace quantities of many other materials.
Battelle has compiled the emissions reported for a
number of municipal incinerators. These data, for
the most part, represent the emissions from incin-
erators mass-burning municipal refuse on a grate in

a2 waterwall furnace using an electrostatic precipita-

tor (ESP) for emissions control — Rinaldi's [1]

_ category 1T incinerator = although other types

1-2
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are occasionally cited. In general, there was no
attempt to screen referenced data for adequacy or
completeness. If sufficient data were available to
convert the reported data to standard forms com-
parable with other presented data, the conversion
was made: if not, the data are presented as reported
in the origigal reference. The reader can then, if he
chooses, make use of these data by applying “aver-
age™ conversion factors with full knowledge of the
probable accuracy of such a conversion. With these
data, Battelle has used its best engineering judge-
ment to make reasonably conservative estimates of
the emissions from a modern waterwall municipal
incinerator which may be used during the prelimi-
nary design and permitting activities to predict the
emissions from a proposed incinerator and to 2id in
determining the applicability of various regulations
and the necessity for installing control equipment.
Municipal incinerators are normally located
near metropolitan areas to minimize the costs of
waste transportation. Unfortunately, these areas
are frequently “nonattainment” for at least one of
the air pollutants for which the incinerator is 2
major source {normally SO, NOy, CO, and Partic-
ulates), thus forcing the incinerator operator to
consider both the Emissions Otfset Ruling, and
Prevention of Significant Deterioration (PSD) reg-
ulations when applying for an air pollution permit.
Major facilities locating within nonattainment
areas are required by the Emissions Offset Inter-
pretive Ruling (40 CFR 51 Appendix S) to meet
the Lowest Achievable Emission Rate (LAER} for
those pollutants, for which the area is nonattain-
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ment, which arc emitted in signrificant quantities.
{Refer to Table 1.) LAER is defined as the Jowest
of the most stringent limitation contained in any
statc implementation plan unless it can be shown
1o be unattainable or, the most stringent emission
limitauon achieved in practice by such category of
source.

TABLE 1 SIGNIFICANT QUANTITIES FOR PSD
_ AND EPA EMISSION OFFSET RULING

Pellvtant Quantity, Tenryr

Carvon MONOElge 0

Mitrogen Oxldes ag

Sulfur Diozide L]
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Crone a
Laad . o.6
Asweztes.. . . e . . b.e0r
Berylitum ©.ccox
- B.1-

¥inyl Chlerige

Fluorides 1
Sulfuric Aeld Mipt T
Ryoroger Sulfide w0

Tetal Reduces 3Julfur 1w

Large incinerators. emitting over 100 tons (50
Mg) per year of a regulated pollutant, and construc-
ted in an area which is an attainment area for some
pollutants, are required by the PSD regulations to
install the best available control technology
(BACT) for each pollutant that is subject toregula-
tion and which is emitted in significant quantities.
BACT is defined as an emission limitation based
on the maximum degree of reduction of each
poliutant achievable for such source through
application of available techniques taking into
account energy, environmental and economic
impacts, and other ¢osts.

LAER can be established by the transfer of
control technology from another class of source or
from pilot tests if feasible [2] . As of early 1981,
there was no record in EPA’s LAER clearinghouse
of any determination of LAER for a municipal
incinerator; however, it is not mandatory that the
clearinghouse be notified of such a determination.

To derive emission factors from the commonly
reported pollutant concentrations in the siack pas,
it is necessary 1o relate the flue gas flow rate 1o the
waste burning rate. Flue gas flow rates from mass-

burning municipal incinerators reported in the
literature are shown in Table 2. .

TABLE 2. FLUE GAS RATES

lneimerstor Rg DPC dncrm | T chas $ oy L}
kg foed Ter by fera
Narrisvurg 5.9 e (51¢0} 8.3 ]
FaLntiret Fhap [L112-H) 6.1 L]
Chicago W 6180 nec - {8170} 9.t A
Average 2650 (L1 12-}] R

An arbitrary conservetive bias of about 15 percent has
been built into all emission factor calculations by the
choice of o flue gas rate of 3,000 dicfm/tph of feed
{5.600 dscm/Mg). This rate was assumed to correspond 10
an B percent CO, concentration in the stack gas for the
purpose of correcting the emissions 1o 12 percent €O,

where required. .
o

T PARTICULATES
EMISSIONS

Particulate emissions reported in the literature
for gass-burning municipal incinerators using elec-
trostatic precipitators for particulate control are
shown in Table 3 and Table 4. The federal new
source performance standard for municipal inciner-
ators is 0.08 gr/dscf {180 mgfdscm®) corrected to
12 percent CO,; however, considering the trendsin
emissions control requirements over the past several
years and recent bids by equipment vendors, 2
controlled particulate loading of 0.020 gr/dscf (46
mg/dscm) corrected to 12 percent CO: was select-
ed as being, in out best engineering judgement, the
Jowest emission leve} that can be reliably obtained
by a state-of-the-art electrostatic precipitator over
the long term. 1t was also the lowest value that equip-
ment vendors were willing 1o guarantee for along
period of time in a recent procurement; however,
lower values could be guaranteed on a one time,
new equipment performance test basis [17,18].
On this basis, the incinerator will have a particulate
emission rate of 0.34 Ib/ton (0.17 kg/Mg).

CONTROLS

Maryland appears to have the most stfingent
emission limitation in the U.S. at 0.03 pr/dsc{ (69
mg/cdsem) corrected to 12 percent CO,, butin this

*Dry stanaasrd cubic Mmeter,

286



TABLE J UNCONTROLLED PARTICULATE EMISSIONS AND

ESP EFFICIENCIES FOR MUNICIPAL INCINERATORS

Uncontrolled Controlled [ ~14
Incinerator gr/dacr ¢ 125 €Oz {(1b/Ten) gr/dacf & 2% CO; (1b/Ton) Err Rar.
Barrisburg N 1.14-2.08 . 0.058- .83 94.9-95.7 [ 3
. 1.132-2.602 av 1,733 /10! 0.039-.083 av 0.0559 96.5 3
Karristurg 92 1,18.2,62 0.046-.083 96.0-56.6 [
- 1.1364-2.056 av 1,861 0.053-.064 av 0.069 95.3 3
Chicago NwW 0.613-1,26 av 1,06 0,027-.0634 av 0,0384 96 .0 5
{(23.4) {0.55-1.15 av 0.788) 96.6 5
(31.2) 1
Braintree 0.866-1,%26 av 0.973 0.221-.256 av 0,236 73.0 y
{(7.7-14.2 av 10.9) (2.3-3.9 av 2.7) 75.2 [
~{15.3) 1
VYarious Buropean 3.38-§.75 7
Various {30} [}
Mashville 1.196 0.024 98.0 6
1,806 0.0073 L 99.5
1.141 .02’ CrmEm ormm T 98.2

i
3
I

gr/dsef x 2289 = ag/nl
1b/Ton x 0.5 = Kg/Mg

. TABLE 4 CONTROLLED PARTICULATE EMISSIONS FROM MUNICIPAL INCINERATORS

Incinerater Control Tear grisct Mg /sce’
Baitimore A EsPe 76 .ozsb. ¢ 57
Braintres . L1080, 20 M1 217,860
Brookiyn 5w . L073b.12, pige. 10 60,18
Chicage W = T1-7% L0818 822970 038405 70,52.4,87.9 -

.ost. 11 00
Dade Co. NE . 02726, 10 623
L. Bridgawater e 75 .0zub.9 85
Hasilton zsr .6azb, 13 1560
Marrisburg . 7 .080%¢, L0510, o7B, M 1, 108, 200
Lazington . 0500 110
Monireal . 70-1 013370 879910 30.4, 103
Naanville - 1% R PR B SL LR LNV TE LA L 1.7, 0.1, 85,8
Neuchatel, Switaerland r 050 100
X.T. South Shors ES? .p55¢,10 129
Norfolk - 7% 0509, osb. 11 gagh.b 00, 100, 66
Ohrlu_unn . 0562015 12%
Cenanside - Lpugh 10 9p,10 100, 69
Ogonn - ™ .oast.¥ W00
Pnilagelpnis EC .- -7 RIS 110
Mnilacelphia N¥ . T6-79 Lou8b.9 016810 e2x710, N0, 19, 57
0886 prb, 16 30, 100
Quebac - 70 L0954, 10 220
Saugus . 16 .0ugh, 9 pasb, 11 1o, 57T, 62
Waanington, D.C. - 1 Loub, 9, pgras, 10 50, 132

14}
fe)

st ary specified
dry and 12 percent CO; specified
50 percent EA specifiea

* slectroatstic precipator

¢ fabris filter

287



.

case. it does not appear to set LAER as several
incincrators have reported lower emissions. The
lowest emission from a commercial incinerator
that has been found 10 date is 0.018 gr/dscf (4]
mg/dscm) corrected to 12 percent CO, reported
for Nashville Thermal Transfer Unit 2in 1977
[14]. This unit used a three.field electrostatic
precipitator for particulate control.

Fabnc filiers are sometimes represented by reg-
ulating agencies as the technology that will allow
incinerators to obtain particulate emissions below
001 gr/dsefl corrected to 12 percent CO,. We have
conducted an extensive search for reports of the
performance of fabric filters on municipal inciner-
ators and were able to find only the following six
pilot and two operating performance test reports.
Deficiencies in some of the data and variations in
operating procedures between tests make it diffi-
cult 10 compare the data and draw any general

..conclusions, however, all of the data obtained are .

reported to illustrate the extent of the data base.

1. Several short-term pilot tests of several'types — -

of fabric filter bags conducted at the Nashville in-
cinerator in 1977 [19] gave emissions, apparently
determined with a cascade impactor, of less than
0.001 gr/dscf (23 mg/dscm) at 12.9 percent CO;.
These short tests showed the emission levels that
can be optimally obtained from a fabric filter:
however, because of the short duration and the
conditions and procedures used they are not con-
sidered to have demonstrated that those emissions
can in fact be achieved in practice under normal
operating conditions. '

2. Unpublished results {20} from an EPA-
sponsored test of a fabric filter at the Braintree,
Massachusetts incinerator in 1979 gave emissions
averaging 0.039 gr/dscf (89 mg/dscm) corrected
10 12 percent CO, (0.010 10 0.096).

3. A onc-bag filter 1est at the Pasadena, Califor-
nia incinerator in 1960 was reported {6] to have
gven 0.0009 gr/scf (2 mg/scm). Operational prob-
lems particularly with temperature excursions
were reported.

4. Apitron {21] ran a small test of their electro-

statically aided fabric filter on the Tonawanda, New
York incinerator in 1978, producing emissions of
about 0.0004 gr/dsef (0.83 mg/dscm) corrected 1o
12 percent CO;. The results from this test were
favorable. but the operability and economics of
the sysiem over a longer period of operation need
1 be demonstrated.

5. Teller Environmental Systems has runa 150
tons/day pilot (75 Mg/day) test of their chromato-

. 0.05 grfdsef (110 mg/dscm) corrected to 12 per-

graphic dry scrubbing system using an clectrostatic
precipitator at Isogo Yokahama, Japan. Particulate
emissions of 0.026 gr/dscf (59 mg/dscm) at 12 per-
cent CO; have been reported [22] . They have also
operated a 300 tons/day (150 Mg/day) dry scrub-
bing pilot plant with a2 baghouse on the Framing.
ham, Massachusetts incinerator for about 4 year.
They have recently revealed data showing emussions
of 0.0067 gr/dscf (15 mg/dscm) {23].

Only three commercial installations of fabric
filters on municipal incinerators are known. A unit

on the East Bridgewater incinerator operated inter-

mittantly for several vears, but is now shut down.
Performance data on the unit are very sparse but
an emission rate of 0.024 gr/dscf (55 mg/dsem)
corrected to 12 percent CO, has been published
[9]. Very little has been published about the units
at Neuchatel, and Yverdon, Switzerland, except
that the emissions at Neuchate! are approximately

cent CO;. RESCO has had a pilot unit operating at

“their Saugus incinerator for some time but have

not yet released any data.

From these data, it appears that BACT is an
ESP which should produce emissions of 0.025 gr/
dscf (57 mg/dsem) corrected 10 12 percent CO; or
lower since several operating incinerators meet that
leve] (Baltimore 4, Nashvilie 1, Saugus). Predicting
LAER is more difficult in that only one municipal
incinerator has ever reported a lower Jevel (Nash-
ville 2 at 0.018 gr/dscf (41 mg/dsem)). That emis-
sion rate was obtained during a test on a new clean
precipitator and no further data are available to
show whether that emission rate was maintained.
Data from other sources indicate that efficiency is
2t 2 maximum for a2 new precipitator and deterior-
ates with time [10, 24] . A second similar precipi-
tator and furnace at Nashvilie were found to be
emitting 0.024 gr/dscf (55 mg/dsem) corrected to
12 percent CO; in a similar test. Many manufac-
turers of precipitators are willing to guarantee that
their units will meet 0.018 gr/dscf (41 mg/dscm)
initially but are normally not willing to extend the
guarantee beyond the initial compliance test. At
this time, there are few data to support LAER at a
lower figure. The very Jow emissions achieved in
the Nashville filter test were probably due to the
choice of test conditions and procedures and are
probabiy not achievable in commercial practice.
Insufficient data are available from the Pasadena
or Tonawanda tests to make any judgement as to
the validity and applicability of that data. The
0.007 gr/dsef {15 ing/dscm) claimed for the Teller



syster at Framingham could be used to set a lower
standard if sufficient data became available to verify
the figuresand establish that the test conditions
were appropnate.

SULFUR DIOXIDE

EMISSIONS

Sulfur dioxide emissions from refuse incinera-
tion are a function of the amount of sulfur in the
refuse. An average municipal refuse has been found
to contain approximately 0.12 percent sulfur onan
as received basis. Not all of the sulfur in the refuse
appears in the flue gas as SO; when the refuse is
incinerated. Depending upon type of incinerator
and the form of the sulfur in the waste, between
40 and 80 percent of the sulfur is retained in the -

ash (25,26, 27} . Battelle feels that a 50 percent ~ -

.- —-retention factor is reasonable for a mass-burning
incinerator. On these bases an emission rate of 2.4
Ib/ton (1.2 kg/Mg) of refuse burned can be calcu-
"lated. From the previously mentioned flue gas flow
rate, a concentration of 80 ppm* can be derived.
The sulfur dioxide concentrations reported in the

TABLE 5 SULFUR DIOXIDE EMISSIONS .
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CONTROLS

Since the sulfur dioxide typically emitted from
the mass-burning of municipal waste is considerably

‘ppm v/v sre used throughout Tha paper

l‘ _ literature are shown in Table 5.

lower then emitted from most coals, sulfur dioxide
controls have not been required on municipal in-
cinerators; however. some state and local agencies

“most notably in California. are now requiring acid

gas controls on new municipal incinerators. Acid
gas controls (HC1 & HF) have been required on
municipal incinerators in West Germany and Japan
for several years, but it is generally accepted that
the refuse in these countries contains considerably
more acid forming materials than the US. refuse.
Wet scrubbers typically using caustic {or a scrub-
bing solution have been common in Germany, but
most of the new installations both in Germany and
Japan have been dry scrubbers using lime as an ab-
sorbant. Teller Environmental Systems and DB
Gas Cleaning have supplied most of the dry scrub-
bers for municipal incinerators. Of the seventeen
dry scrubber installations identified, the only one

_in the US. is the Teller Pilot plant at the Framing-

ham incinerator. Only three of these systems have °
been in operation over two years..Since the facili- ___
ties are so new, little information is available about
their performance. Information supplied by the
manufacturers indicate control efficiencies of 48 to
88 percent-for SO; and 75 to 99 percent for HCI.
The ability of these scrubbers to reduce SO,
and HC1 efnissions from municipal incinerators
appears to have been demonstrated in practice but
no performance test datz of adequate quality to
meet EPA standards, has been found to verify the
petrformance of the systems. While the scrubber
systems may still be constructed at LAER without
verifable performance data, operating costs (includ-
ing amortization) of approximately $3.00/ton of
tefuse burned or over $1000**/ton of acid collected
will probably preclude them from being established
as BACT.

NITROGEN OXIDES

EMISSIONS

The emission of nitrogen oxides from combus-
tion sources are due to either the conversion of
nitrogen in the fuel to nitrogen oxides, or to the fix-
ation of atmospheric nitrogen at high temperatures.
Generally, the relatively low peak temperatures
occurring in mass burning municipal incinerators
limit the NO, emissions to levels below those
occurring in most other combustion sources. The
emissions of NO, reported in the literature are
shown in Table 6. :

** Darived from {22].
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TABLE 6 NITROGEN OXIDE EMISSIONS
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The nitrogen oxide emissions reported are quite

variable. We feel that the Rinaldi [1} value of 1.6

1b/ton (0.8 kg/Mg)-of refuse burned: which is-
equivalent to about 75 ppm in the flue gas,is a
reasonable and conservative value for a modem
waterwall incinerator.

CONTROLS

Since the NO, levels are naturally comparative-
ly low, the control of NO, is not practiced on
mass-burning municipal incinerators. Combustion
modification techniques applicable to fossil fuel-
fired-boilers either are generally not applicable to
the mass-burning situation or tend to cause higher

. CO emissions and unacceptable boiler corrosion.

One of the add-on control systems available for
fossil fuel-fired-boilers has been tested in Japan
[32]. The results of the test showed that the NOy
could be reduced by 60 percent by injecting NH,
under precise control into the incinerator firebox.
About 20 ppm of unreacted NH, remaining in the
gas caused precipitates of ammonium salts to form
in the economizer.

This test does not appear to cstabhsh that these
reductions have been “achieved in practice” by 2
municipal incinerator as required in the regulations
to establish LAER or BACT and thereafore should
not be used to establish BACT or LAER.

CARBON MONOXIDE
EMISSIONS

Carbon monoxide is a product of incomplete
combustion and for municipal incineration depends

largely on the overfire air ratio, the desipn of the
overfire air jets, and the combustion temperature.
Values of CO reported in the literature are shown
in Table 7. Considering these data, we have chosen
a somewhat conservative 150 ppm as 2 reasonable
estimate for 2 modern incinerator design using the
combustion contro} measures now commonly used
to control boiler tube wastage. This is equivalent
to an emission rate of 1.9 lb/ton {0.95 kg/Mg) of
refuse burned.

TABLE 7 CARBON MONOXIDE EMISSIONS
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CONTROLS

The CO emissions from modern incinerators are
usually limited to a few hundred ppm by combus-
tion control measures designed to achieve good
combustion and minimize boiler tube wastage. The
maintenance of a minimum temperature and ade-
quate turbulence (usualiv by means of overfire air
jets}in the firebox — as required to control flame
length, insure complete combustion, and reduce
the corrosion of the boiler tubes — normally pro-
vides adequaté contro] of CO and no additional
controls are required.

HYDROCARBONS
EMISSIONS

Hydrocarbons appearing in the flue gas of an in-
cinerator are products of incomplete combustion.
They are mostly low-molecular-weight hvdrocar-
bons, aldehydes, and organic acids with traces of
high molecular-weight compounds also present.
Values reported for hydrocarbon emissions {rom
municipal incinerators are shown in Table 8. Older
refractory wall incinerators frequently have higher
HC and CO ernissions than modern waterwall in-
cinerators. Considering these data, we have chosen
an emission rate of 0.12 Ib/ton (0.06 kg/Mg) which
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is equivalent to approximately 16 ppm as a reason-
able value for total hydrocarbon emissions for this

TABLE 9 HYDROCHLORIC ACID EMISSIONS
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CONTROLS
To the authors’ knowledge, no municipal incin-
erator uses any type.of add-on control to reduce

" hydrocarbon emissions and there are no published

correlations between design or operating parameters
and hydrocarbon emissions; however, it is reason-
able to expect that measures used to control CO
will control hydrocarbons even more effectively.

HYDROCHLORIC ACID
EMISSIONS

Flue gases from municipal incinerators normally
contain hydrochloric¢ acid as a by-product of the
combustion of PVC, other chlorinated plastics, and
sodium chloride found in the waste. Hydrochloric
acid emissions are not regulated by the US. EPA,
but most states require the emissions to be reported
and control regulations are under consideration in
several states. It has been reported that only about
half of the chloride in the waste is converted to
hydrochloric acid [28] and some of the evolved
HC! may be removed on the ash particles [34] as
the flue gases pass through the boiler and electio-
static precipitator. Emissions of hydrochloric acid
reported in the literature are found in Table 9.
Considering these data, we feel that 200 ppm or
3.4 Ib/ton (1.7 kg/Mg) is a reasonable estimate of
the hydrochioric acid emissions.

CONTROLS

Wer scrubbers were commonly used on munici-
_ palincincrators in the past for particulate control,

" and the acid control they gave was incidental. ™
--These scrubbers were-incapable of meeting current

and more recently for gas cooling ahead of ESPs,

particulate emission standards and heat recovery
boilers have largely replaced water quenching so
scrubbers became uncommon on municipal incin-
erators. Acid gas control has been required in West
Germany and Japan for several years and is now
being required by several local and state agencies,
most notably in California.

Wet scrubbers are being used for acid gas control
on municipal incinerators in West Germany in con-
jurction with electrostatic precipitators', and are
common on hazardous waste incinerators: however,
corrosion and waste water disposal prablems have
restricted their use on municipal incinerators.
Where acid gas control is required, dry scrubbers
are now commonly used. Of the seventeen scrub-
bing systems we are aware of that were installed
in Germany and Japan in 1980 and 1981, eleven
were dry scrubbers.

FLUORIDES
EMISSIONS

Traces of hydrogen fluoride from the combus-
tion of fluorinated plastics or similar materials
appear in the flue gas from municipal incinerators.
There are no federal regulations limiting the emus-
sions of flucrides from municipal incinerators,
however the PSD regulations require that the
fluoride emissions be estimated and reported. The
emissions of Mluorides from municipal incinerators
reported in the literature are shown in Table 10.
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TABLE 10 FLUORIDE EMISSIONS
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Based on these data 6.5 ppm or 0.06 Ib/ton (0.03
kg/Mg) has been chosen as a conservative estimate
of fluoride emissions.

CONTROLS

Fluoride emission control is normally not re-

__ quired on municipal incinerators except in conjunc-
tion with acid gas control. Some of the fluoride
appears to.be associated with the particulate matter

and therefore will be removed by the particulate

control device while some is apparently present as

a gas and would be removed in the acid gas scrub-
ber. Very little fluoride removal data are available
but it appears that the fluoride may be removed a
little more efficently than the hydrochloric acid.

TRACE METALS, LEAD,

MERCURY, BERYLLIUM

EMISSIONS

Some of the lead in the municipal waste is emit-

ted with the fly ash from a municipal incinerator.

The amount of lead emitted will depend upon the
efficiency of the particulate control system. Some

reported values of Jead emissions for incinerators

using electrostatic precipitators for particulate
control are shown in Table 11. We have chosen
34 200 ug/g (0.034 1b/1b) of particulates or 0.012
To/1on {0.006 kg/Mg) of refuse burned as a reason-

able estimate of the lead emissions.

TABLE 11 LEAD EMISSIONS
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Trace amounts of mercury have been found in . .,
the emissions for municipal incinerators. Values  — _?___'f <0
reported in the literature are shown in Table 12. loz .- o
Based on the listed data, an emission of 2.4 X 107
gr/dscf (0.55 mg/dscm) or 0.0064 Ib/ton (0.0032
kg/Mg) of refuse burned was chosen as a conserva-
tive estimate of 1otal mercury emissions.

TABLE 12 MERCURY EMISSIONS
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Few data giving emissions of beryllium from mu-
nicipal incinerators were found. The only reference
to beryllium emissions was for the Braintree incin-

‘erator {4] where Jess than 0.15 up/g of emitted - - -+ ~ = - ot

particulates was reported. Using this data, based
on the particulate emissions previously cited, the
emissions of beryllium are estimated to be less
than 5.6 X 107 Ib/ton (2.8 X 10°* kg/Mg) of
refuse burned.

Trace guantities of a large number of other
metals have been found in the fly ash from munici-
pal incinerators. Most of them are present in very
small quantities and are of little environmental
concern. Concentrations of the more toxic metals
are presented in Table 13.

CONTROLS

The trace metals are minor and variable constit-
uents of the waste. Most of the metals except for
mercury appear to concentrate in the bottom ash
or fly ash. Data presented by Law [38], factored
for the difference in efficiency between a baffle
chamber and and ESP (95 percent). indicate that
most of the mercury is emitted, less than 3 percent
of the volatile metals (such as lead, cadmium and
zinc) are emitted and less than 1 percent of the
nonvolatile metals (such as barium, chromium, and
copper) are emitted.

The data indicate that an effective particulate
control system is about equally effective in control-
ling the trace metals. It is sometimes stated thata
fabric filter's high efficiency for fine particulates
makes it more efficient than other devices in col-
lecting trace metals, but there is inadequate data
to substantiate such superiority.

-



/ .
-n e

v
7

TABLE 13 CONCENTRATIONS OF SELECTED TRACE METALS IN MUNICIPAL INCINERATOR FLY ASH

ine «13 AL} 1%

- ar/g kg
Metal " Ref. ® fef. 3t Ref. 1 Average 1b/Ton® Mg
Arsen:c 57 310 50-100 130 4.4 x 1075 (2.2x1073) -
Barium U0 990" 270-540 540 1.8 x 10-%  {0.9x10-%)
Cadimue 280 1900 £70-1150 1100, 1.6 ¢ 1078 (1.9x0m) —
Chrezium 200 870 130-260 160 1.2 x 0% (0.6x10-)
Copper 1600 1500 620-800 1100 3.8 x 107 (1.9x107%)
Nickel 170 170 5.8 x 10-° (2.9210~%)
5.3% 1.8 x 192 (0.9x10-2)

%Based on partlculate emiasiona’of 0.34 1b/Ton (0.17 XgMg)

SULFURIC ACID MIST

EMISSIONS

Very little data is available on emissions of sul-
furic acid mist from municipal incinerators. Data

" from Harrisburg {3] give 0.0014 or gr/sef (3.2

mg/scm) which is 1.6 percent of the SO, emission
rate. On the basis of the 2.4 Ib/ton (1.2 kg/Mg)
rate previously established for SO; emissions, a
sulfuric acid mist emissions rate of 0.04 Ib/ton
(0.02 kg/Mg) of refuse burned can be calculated.

CONTROLS

Sulfric acid mist will be a vapor at high temper-
atures but, especially in the presence of moisture,
will condense as an aerosol at lower temperatures.
Most common pollution control systems will have
low capture efficiencies but dry acid gas scrubbers
(especially those utilizing fabric filters) should pro-
vide good control.

DIOXINS AND FURANS

EMISSIONS

Traces of polychlorinated dibenzo-p-dioxins
and dibenzofurans have been identified in the
emissions ftom a number of municipal incinerators
abroad and in the US. The source or mechanism
of formation of these compounds has not yet been
discovered. Several theories have been proposed to
account for their presence: they may be present in
the feed and pass through the incinerator unde-
stroved; they may be formed from precursers such
as chlorinated phenols, chlorinated bensenes, or

PCBs. present in the feed; or they may be formed
by the reaction of traces of chlorine present in the
feed with complex organics formed in the combus-
tion process. Much of the published data on dioxin

émissions are not quantitative and the quantitative

data available, as shown in Table 14, are very scat-
tered. Several reports reviewing the literature on
dioxins have been published [{45,46], but most of
the data cited in this paper were derived from
original literature sources where available.

In general. the variability of the data makes
averages derived from it statistically meaningless
except possibly for tetrachlorodibenzo-pdioxin
(TCDD) which has received the most attention
from the investigators. It can be observed that the
emissions reported for the Dutch incinerators are
considerably higher than the other reported emis-
sions (TCDD = 54 vs. 5.8 ng/g for ESP fly ash and
100 versus 2 ng/g for stack particulates); that the
more highly chlorinated isomers, particularly the
hexa and hepta chloro isomers, are more plentiful
than the tetrachloro isomers: that there is several |
times as much dioxin in the emitted particulate as
in that collected in the ESP. and that thete can oe

appreciable dioxins in the vapor phase. There is no

indication of why the reported emissions from the
Dutch and the US. incinerator are so high com-
pared to the rest_however the preponderance of
evidence seems to favor the lower numbers.
Considering the available data, we conclude that
the best estimate of TCDD emissions possible is
1% 107 105 X 1077 Ib/ton (0.5 X 107 t0 2.5 X
10”7 kg/Mg) or refuse burned and that total dioxin
emissions are possibly a factor of 10 higher. Data
presented by Cavallaro [42] and others indicate
that the concentration of the toxic isomer 2,3,7 8-
TCDD will be about 5 percent of the total TCDD
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TABLE 14 CONCENTRATIONS OF CHLORINATED DIOXINS AND
FURANS EMITTED FROM MUNICIPAL INCINERATORS®®
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TCDC Sumary
ESF partic. ng’g 6:3 11
stack partic. hg/gt 2 H
stack partic. (ng/m3)¥10+1 [}
gaseous (ng/ed)?** L3

TABLE 15 TCDD CONTENT OF MUNICIPAL
INCINERATOR FLY ASH ng/g (ng/m*)

Incinerator 2,377 Totai TCHD H Baf.
Mlan 1 0.x [ 9] &0 LT

Moan 2 0.00% 1. 5.9 LF3

Daxie .18 2.7 5.2 L H

Batnerlanas (& 1 )] e, 5.2 LA}

Averags b.27 [ (N}

concentration ot about 5 X 107'° Ib/ton (2.5 X
107'° kg/Mg) of refuse burned as shown in Table
15,

CONTROLS

There are at this 1ime no proven means of re-
ducing the emission of these materials although
increases in particulate control efficiency should
reduce dioxin emissions to the extent that the

**In fly asr from ESF unless otherwise ootsd

841n vapor phame

50 2p107Y
106 1x10-10
130 1x10-7
3 (80 USA) axi0.8

dioxins are associated with the particulates. Some
tests on power plants and power boilers co-firing
refuse and coal have not shown any dioxin and
there is speculation that more rigorous combustion
conditions will reduce emissions. As yet, however,
we have found no data to es-ablish the effects of
combustion temperature, residence time, or any
other variable on the dioxin emissions.

POLYNUCLEAR AROMATICHYDROCARBONS

Polynuclear aromatic hydrocarbons are common
products of incomplete combustion of carbon-
aceous fuels and have been found in the emissions
from many sources, including municipal incinera-
tors. The various investipators did not identify the
presence of the same compounds but pyrene,
fluoranthene and benzoanthracene were major
constituents in many cases. The published data are
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TABLE 16 POLYNUCLEAR AROMATIC
HYDROCARBON EMISSIONS
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shuwn in Table 16. Considering the wide vanation
of the available data, we have selected an average
value of 1 X 107 1b per ton (0.5 X 107 kg/Mp)
of refuse burned or 30 pg/g of emitted particulates.

POLYCHLORINATED BIPHENYLS {PCBs)

PCBs have been found in trace amounts in several
municipal incinerator emissions. These materials
probably result from incomplete destruction of
traces of PCBs found in the waste feed. Since the
manufacture and distribution of F CBs is now pro-
hibited, the amounts found in the refuse, and
therefore the amount in the emissions, can be
expected to decline in the future. The reported
PCB emissions are shown in Table 17. i

Considering these data, S X 107¢ gr/dsef (0.011
mg/dsem) or 1.3 X 107 Ibjton (0.65 X 107* kg/
Mg) is a reasonably conservative value for PCB
emissions from municipal incinerators.

TABLE 17 PCB EMISSIONS

VINYL CHLORIDE, H,S, TRS*

No reports of the detection of these matenals
in the emissions from a municipal incinerator were
found. Since these materials would be readily oxi-
dized under the conditions prevailing in the incin--
erator, we conclude that there will be essentially
zero emissions of these materials and that BACT is
the standard combustion controls normally used
on these units.

CONCLUSIONS

Published data on the emissions from municipal
incinerators have been used to derive emission
factoss for a modern mass burning, waterwall
municipal waste incinerator equipped with an
electrostatic precipitator. These emission factors
are summarized in Table 18.

TABLE 18 SUMMARY OF EMISSION FACTORS

Cahsantrsilons
Pallvtant n ar (grremaf} 1/ Tem
Purtiovlates to.e2)® 0.3
ulfur Maxide ] 2.8
Hirages Oxldes " 1.4
Carbun Norsnlde 150 . 1.9
Srerecareeng “w 8.2
fygracnipris Atid e 1.4
Flucrides 65 0.0k
Laag 6. b0t 0012
ey (2,120 o.004n
Meryilive {3.0x10-ye sone-d
Sulfurie Arid Hipy (e.o023)17 .0
Tutrachiereti bense-p-d1oKing ’ o4
Peirmmlosr drmusties 1,602
(%13 o

Polyuhlorinated Oiphmaris

Ine Lrarator I/ Ten (Kg/my! grident  [ag/ésca} Rt
Dueage W Lo (o.6at07Y)  S.sxi0f 1201} "
Duss Co Mot (o011} %0

" Beatntres 1.eie=$*" (0.0071) s
L] ® . *

&9 Arecler 1294 AR decushlarshipheny]

ASBESTOS .

No data were found on the emissions of asbestos
from municipal incinerators. Some asbestos may
occur in municipal waste and small quantities may
be suspended in the flue gas, but the particulate
control equipment is expected to remove most of it
and the enmussions are expected to be insignificant.

SCarrecied ts 171 07

These factors have been used in several instances
to provide the emissions estimates for proposed
incinerators for use in permit applications and
environmental impact reports.

State-of-the-art controt systems have been
identified for each emitted pollutant as an aid in
identifying BACT and LAER. A summary of these
systems is presented in Table 19. In general, we
have concluded that while thermal nitrogen oxide
reduction systems and fabric filters show promise
as improved pollution control systems, there is
yet insufficient data in the literature to prove that
they will maintain the claimed efficiencies under
notmal incinerator operating conditions.

*Totwal reduced sulfur.
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Wnen energy and material resources ars extracted, crocessec,
converted, ané used, the related D _ol"ut:.cra1 impacts on our
e-vircnment andé even on cur health citen recuire that nhew anc
increasinzly more eificient pollu:zon control methods be used.
The Industrial Eavircnmental Ressarch Laboratery - Ciacinpatl
(ZITRL-Ci) assists in cdevelcping and demonst:atiﬁc new and im-
sroved methodologies that will meet these nee ds both efZiciently
z2né econcmically. = o
~-:.s reocrz contains a summary c¢f enmission fzctors Ior The COn-
“te-icn of reifuse for the purpese ol providing energy ISCOVEIDY
~- volume reduczion. This stuéy was ccnducted te provice an
wp-te-éate compilation of these factors fcr use in planning anc
‘assessing the benefits ané risks Irom this industry. Further
infermation on this subject may be obtained from the Fuels Tech-
nelogy Branch, Energy Systems Environmental Centrol Division.
David G. Stephan
. Directer
industrial Environmental Resszrch Labcrator;
Cincinnati
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ABSTRACT

rial Environmental Research Leboratery (IZRL) oI the
cnmental Protection Agency (EPA) has the responsibility
ng that pollution control tecnnology for staticnary
available to meet the recuirements cof the Clean RARir
e Federal Water Pollution Control Act, ancé the Resource
aticn ané Pecovery Act. The Fuels Technology Branch (FTB)
IERL-Cincinnati has been assigned the responsibility for
terizincg emissions from waste-to-energy systems. Thie
rezzred by Monsanto Research Corporatiorn, is intenced O
« +he document entitled "Compilation of Air Pcllution
Factors" as z scurce of information concerning emission
from solid waste combustion,.since the latter does not
orate the mos:t recent technical data. Results presented
will provide information to the EPA regional anc program
s that is useful for decision-makinc recarding environ-
research programs and the technclogical feasibility of
ance with existing or forthcecming reculations. -
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tate-pf-the-ar:t report, documented in & detailedé final
which contains information on the data sources used and

ation procedures, was submittel by Mcnsapto Research
ztion in partizl fulfillment of Contract No. 68-~-03-2550

the sponscrship of the U.S. Environmental Protection Acency.
oject was performed during the period Neovember 1978 to

e Mr. Harry. Freeman of the Fuels Technelogy Branch at

incinrati served as Project Officer.
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=CTION 1

INTRODUCTION

Generzlizeé estimates of the magnitude cf air peclluticn problems
‘Adue to industrial scurces can be ﬂa‘e using de-;ved numericzl
alues Known as "emission factors." &n emissicn facter relates
che mass of material rfelezsed to scme measure ©I source capacity.
Zor exzmple, grams smitted per guantity of fuel burneé Icr com-
tusticn uniszs. Thus, emissicns cztz cbtained frcm scurce tesTing,
~a2-2=iz)! =alances, Cr encineerinc estimates can be reduced 1T
ma—tavs wi=h & COmmEn bésis for purposes ¢ comperison.  Such
dzz2, gathered for existing sources, can then be used tc predict
emission rates for systems either uncder develcgment or uncer con-
s=ruction, inéicating what air pollution ccntrol technology may
' be necessary to comply w*th arpliczble federal and state

[
] N N E IS e .. SIR NN R E N W U R e W e e
. ~ ) .’/ . .

r=cu1ahlons.

sollutants generated by solid waste ccombustion include_ par-

Al

tigulate mat<er and, in lesser ancuw*s, hvérocarbens, oxicdes of
rnizrocen ané sulfur, hyérogen chlorice, po1v1uclea* arcmatic
compeunds, &and trace elements. 2 llte*atu'e search was conducted
tz generate emissicn facters from information compiled by other
inves=zicators. Results ares presented herein for emissions of
each perticular DOTlu;anb from precdetermined combustion cate-
cories. AlthOLgh no uniform svstem of classificztion exists, all
vnits were separated into three groups édefined as follows for the
curpeses of this stuady.

e Catecgoryvy I: Mass-fired incinecation in which the sole
purpose is the recduction cf the volume oI
municipal solid waste.

¢ Catecory II: Mzse-Tired incineraticn fcor beth solic

' waste volume reduction and heat energy .
recovery for the ceneration of steam ana/
oer elesciricity.

e Category III: ZIZneIgy Iecovery frcm the ccmbusticn oF
reSpse that nas been upgraced in hsating
‘value by means such as selscIlve rzmeval
¢ nerncombustitie material cor ecddizicn of
fossi) fuel, i.e., coel, cas, ©r C©il,

I~
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n +he sections that follow, available data con combusticn of

.
) ;éa- only, in boilers suitable for the co-firing of refuse and
‘£~c5i) fuel (Category III), are presented for ccmparative
purposes
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PAIRTICUIATES

Par-icu.aze emissicns from comdusticn sources consist of parti-
~les cZ mineral matter and scmetimes ccntain unburned combustible
naverial. TFor this reason, earlier investigators cf the environ-
menca2l imzact £ _.c*ne*atlon hed specula»e: that the anount ol
a-czisula=a emissicns czuld te relzted to the cemcesizion ¢f the
sei mazeriz., trat is, the cocrmbustible frzction and/or asn ccn-
e~=- cf that fraction. Da<tz cn these two fzed characteristics

or all three cate gories éz=fined in Section I, as well as coal,
re summaerized in Table 1. The reported ash contents for

ecories I and II differ only because of the specific data

sou::es used in compiling Table 1l; in general, average ash cen- -
ents for these categories woulé be exuecheﬁ te be the same .,
However, the ash content of ccal is typically g*eaber than that

''ef +he ccombustible fraction of Teiuse, hence the di fference

cetween Category III-and Categories I.and II.

TAELT-I. TV°1CAu COMBUSTIBLE FRACTIONS AND ASE
CONTENTS OF FZEID MATERIEL
(Percent by weight)

Combustible fracticn Ash cont nt cI
Categerv cf feed material comoustible f:ac:iOn

.

-
-~
!

OHH K
O HH
o

‘-—l

a

o
(K
NN

Twe compesiticn of municipal solicd waste varies capencing upon
cecc-aphical locaticn and time of year. 1In ceneral, the ccm-
Zus-inle fraction consists of food waste; carden waste: paper
-roducts; piastic, rubber, andé leazther: textiles; ané woold. The
nenccmrustinle material includes metals; class anc Cerznmics; anc
asn, rocke, and &éirt. 2All the meterial for Cezecory IIL is con-
cidz-s4 To me combustible because greprocessing Technigues such
st sh-edding, air classiiying, screening, and macnetlg secarcétion
e fer-ous me<als are usually practiced prics to fzeding.

[V )




Tmission Factors

‘¢

g

mables 2 tnrcuch 5 provide data on uncontrolled particulate
emissions for the three categories and coal combustion in a
Cazecory III boiler. The emissicn factcrs are civen in four
tvpes of units, as follows:

1) ms of particulate per kilogram of combustible

grar
material fed (g/kg):;

2} pounds of particulate per ton of combustible
macerial fed (1lb/ten); :

3} grams of partwculate per kileocram cZ combustible
ma-erial fed, all éivided bv the ash content of

the compbustible fraction (g/kg/%A) ancé

¢) pounés of particulate. cer ton of combustible
metzrial fed, all divideé by the ash content ol
the combustible fraction (lb/ton/%3).

TASLE 2. =IMISSION FACTCORS FOR UNCONTROLLED

— -

PARTICULATES FROM CATEGORY I

Unitsa Averace Range -
g/kg . 9.5 6.5 - 13
1b/ton 19 13 - 27
g/kxg/%a 4.7 1.2 - 7.0
G.4 2.5 - 14

lb/ton/%Aa

a Cy
Based on mass cf combustible feed
material.

TAELE 3. EMISSION FACTORS FOR UNCONTROLLED

o

PARTICULATES FROM CATEGORY II

Units® hAverace Rance
g/k¢ X4 £.9 - 23
1n/ten 29 14 - 45
c/ka/A 4.0 1.4 - 6.4

8.0 2.7 - 13

ih/ton/ %A

a . - . ,
Tzsed on mass of combustible
.material.

—
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TAILE 4. EMISSION FACTORS FOR UNCONTROLLED °

PARTICULATE TROM CATEGORY III
vnies® ryerace Ranae
c/kg 67 43 - 83
ln/con 134 g3 - 171
gs/kg/%A 4.5 2.3 - 5.9
l1b/ton/%a g.0 4.7 - 12

a . . s . . R
RBased on mass c¢f combustible feed

material.

~

TAZLT S, EZMISSICN TACTORSE FCR UNCONTROLLID
FARTICULATES T=CM COAL COMEBUSTIONE
Units”™ Average Rance
S/xg €4 40 - 90
lb/ton 128 80 - 179
g/kg/ %A 4.2 3.3 - 6.0 -
Ib/ten/ga B.4 6.6 - 12
SDzta are for coal combusticn in a
btoiler suited to ccfiring oi reifuse-
derived and fossil fuels.
bBased on mass of combustible feed
material. -
Cne of the most sicnificant findings of this study is that
emission factors for uncontrclled particulates Ircom Catecories I
I3, enc 111 ané from coal compustion are essentially thne sanme
wnen rescrted On 2 normalized basis, that s, mass T emiitec Der
z2ss Of compustitle material fec, diviced DbV the ash ccntent ci
ZHe conoDust-ibla frac-aon. Reierring to Tapbles 2 through 5, tns
zverage pec-ticuiate emission factors for Categories I, II, anc
TII and ccazl combustion-are 4.7, 4.0, 4.3, ané 4.2 g/kg/%A,
:es:e*:ive‘v. Anotner relevant conclusion recardinc particulats
emicssicns is that, for Catecorv I, the crate tvee (i.e.,
rarisroczzing, rocking, travelind) c¢ic not have 2 sicniilicant
Tnfiicence on -—ne amount O pcllutant cenerztsC. In adZition,
Cmccnwroried cacticUlate emissions Izem Category Il exnibiced
no giszr trznd as a funciion of boiler lcad (60% - 100%) or
carzenz of reat input (20% - 50%) in the form of rsluse.

N




Table & presents emission factors for uncontrolled particulates
¢rom Categories I, II, ané III anéd coal combusticn which were
calculated by dividing the mass of emissions by the mass cf total
feed mzzerial. This data is provided feor information purpcses
since many of the emission factors directly reportec in the
1iterature are in these units, or there may be insufficient
cmarac-erizazicn ©f the source %o calculate emissicn factors con
the basis of Tables 2 through 5 of this report. The numbers in
mable 6 for Catecory III and coal combustion are identical to
Tables 4 and 5, respectively, because all the feed

thcse in

-zterial is combustible. Table 6 differs from Tables 2 throuch
§ in tha: there iS no apparent correlation ameng the emission
Zar-crs f0r the various categories.

TABLE 6. EMISSION FACTORS FOR UNCONTROLLED PARTICULATES
BASED OW TOTAL FEED MATERIAL

Averace Rance
Czteqory a/ka lb/ten c /kc le/ton
1 ) 13 25 8.6 ~ 18 17 - 36
’ - £ TAES ; _ = '
N 7 1T 10 C}&O/ 5.6 1s &ax fho-cfiiier T2 nintg
_III 67 134 43 - 85 8% ~ 171
Ceocal 64 128 40 - 80 B0 ~ 179

H

Pzrticulete Control Technologv

rmiscion control eguipment now used on incinerators has been

designed primarily to remove particulates.bécause that is the
only criteria pollutant currently reculated by feder
s~andarés. Available technigues for particulate control include
mechanical collection ({using éry cyclones), wet scrubbing, and
electrostatic precipitation. Collection efficiencies Zor each
of these technigues as &pplied to municipal incineration are

civen in Table 7.

TZ5LE 7. COLLECTION EFFICIENCIES OF CONTROL SYSTEIME FOR
PARTICULATE EMISSIONS FROM MUNICIPARL INCINERATION

Concrol svsiem £iZiciency, percent

Mechanical collection (cyclones) 30 - EO
Wet scrubbing

wezted baffles . 10 - 60

Se-+iing chamber 2nd water spray 30 - 69

Verturi scrubber 90 - 20+
Tiectrostatic precipitation 90 - 29+

&

gl andé state



g The collsction efficliency of dry cvclones is a function of stack
lwgas flow rate and pa**-cle concentration, size, and density, a
‘complete discussion of which can be found in Air Pcllution,
m-.c3 EZivicn, Volume IV: ZIngineering Centrol ¢£ 2ir Pecllusicn.
l ore genezzlizazion can pe mafe: QOnlv unces ife2l ooperating
cmré-wicms czn a &rwv cvclene attain a TZr-i1cuii-e Concrcl esfi-
I ——2rcw C:- 80 cercant when actolied to &an incineratcr.
The £irst twe wet-scIulbing ccnzrol systems listeZ in Table 7 are
cf +he lcw-energy type, hence the low collecticn efficiencies.
l A we==wed paffls system ccnsists of cne or mcre vertical plates
which arz flushed by water spray. A set=linc chamber is simcly
2 iarze reirzctory-lined chamber whnerein gravitational settling
l : ccarse partziculates occurs as the incineracor exhaust cas
velocity is reduced. Spraying the walls anc bcttom of the chan-
. mer wich water inhibits re-entrainment of ccllected particulates.
'I mhe high cressure crops, T guired for venturil scrulbbing may make
iTs Co2rzting COSTSE “cnc:hpetitive relative € +hcse Zcr elsciro-
stzzic precizitation ' '

_—
wn

recipitaetion is cone ci tne mOst effective demon-

. ZlescTrostatic D
szrated technigues for contrcl of pa-ticulate emissions from
l.,incine:ation. However, relative to other applicaticns of elec-
rrostTatic DfeCLDltat*on, removal efficiencies are limited hecause
raeiuse 11c1ne*a*1on vields large volumes o cgas containing par
.ticles of widely variable size and resistivity characterisjics.
‘1~ a~ least one case, mechanical Gifficulties with coerct1On o3
an anihe:atc: and 1ts relatesd sucport systems resulted in

a*“o_ua 1y high particulete loadings which consecuently ca *sed

a— b b

~ electzeostatic DrECLDlta“o* +o function at &n eF'1c1encv wel

-

below 1its cxpec_ed decign value.
CTEEZR CRITERIA POLLUTANTS

=e other criteriz

Data are ava Llab‘e in the cpen li:erat*:e for ¢

pcllutants emitted from incineration sulfur oxides, nitrggen
cxides, and hydroca—bons. Emission factcrs fcr these ccmpound
clzsses, cetermined in the outlet gases Irom any par <iculate
cont-ol device, are repcrted in Tables 8 through 11 using koth
ze=ric ané English units. These emissicn factors are based on
+he amount of pollutant released divided by the tota2l fzed mate-
~ial, not onlv the combustible fraction. Dertldert ocservztions.
aocout eacnh pollutant are discussed in the following sections.
The incinera+ion industry has not, to date, intentiocnally
z-=-emgted to control anpy of the three caseous pcllutants.

—~—
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1z B. EMISSION FACTORS FOR OTHER CRITERIA
POLLUTANTS FROM CATEGORY. I

+3
e
tu

Emission factor

Averaage Ranoe
Pollutant g/RE .D/LCD c/ ke 1b/~or
€uléur cxides (as SCa) 0.33 0.66 .02 - 0.92 ©0.05 - 1.8
N:tzcgen oxides (as NO3z) U.36 0.72 0.28 - 0.44 0.56 =~ 0.8E
Hydirocarbens {as CH.) 0.17 0.34 0.004 -~ 0:80 ©0.008 - 1.6

TARLE 9. EMISSION FACTORS FOR OTEER CRITERIRA
POLLUTANTS FROM CATEGORY II

Er-:ss.cn facccor
—eae hverace Rance
Poilutant c/xe lo/ton a,/xe

elfur oxides {as“®Qg) 1.0 @ 0.1 - 3.2 of:

-

Nizrogen oxides f{as }Ra) 0.8 (1106 0.46 = 1.2 0
¥ydrocarbons (as Lif) 0.06 @12 0.013 - 0.12 0

Ln

TLRBLE 10.  EMISSION FACTORS FOR OTHER CRITERIA
POLLUTANTS FRCM CATEGORY III

Zmissaion factor

) . rverage ) Ranage
pzllutant o/KC 1b/tCn  o/kc 1E/ten
Sulfur oxides (as S50,) 20 40 5.9 = 45 12 - B®
Nizrocen oxides (as NOa) 1.5 2.8 0.€ - 2.6 1.2 - 5.1
HyZrocarsons (25 CH.) 6.963 ©0.005 0.001 - 0.0C5 ©0.002 - 0.0

TAELE 11. EMISSION FACTORS FOR OTHER CRITERIA
FOLLUTANTS FROM CCRL COM3USTIONS

ImicsaOf, 1ACTOr
Average R&hoe
Poclivtant Gg/kg le/torn c/KE 1=/wen
Sulfur oxides .{as S0a) az 64 18 - 52 3% - 104
Lizrocen cxides {as NCj) 2.1 4.2 1.7 - 2.% 3.y - £.¢
dyirccarbons (25 CE.) 0.003 ©0.08% 0.002 - ©0.005 0.003 - 0.3:
$n.-a are ‘o7 coal compmoetish in oa unit suited to csfirin: of refuse-
cecived arns fossil fuels. :
8
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Crlfcr cxice emiscions from Cateceocries I and II arCe substantially
lower Than =acse frem Catecery III cr coel comzustion. As shown
i Tabie 12, the sulfur content cI sclid waste (Categery ZI) 2
~ch less than that ©f ccal cr even ccal mixed with up to 50 pers-
c2n< refuse tv heat ccntent (Catececry III). The data of Tablie 12
cn thne sulfuar ccntent of the varicus feed materials does in face
‘carrglaze well with +he emissicn Zactors shown in Tables £ cthrlug:
1. '
Tiz:E 12. TYPICAL SULFUR CONTENTS OF COMBUSTIZLE
TRACTION OF FEZED MATIRIAL
Suliur contenc,

Categorv percent bv weicht (as §)

- “ 2

Iz 0.18 - 0.31%

IiTr ) T 1.41 - 4.84

Coal 3.06 - 6.66

“pata not available.
Ni<rccen Oxides -
Enissicns of nitrogen oxides (NOx) £from combustion scurces are
due to nitrogen in the fuel or reactions between atmospheric
nitrocen and oxygen at high temperztures. Generally, the nitre-
cen .content of refuse is low. Therefore, differences in NOx
emissions between Categories I and II as ccmpared to Category
TII or cozl combustion are the result of differences in furnace
cperating temperature. Nitrogsn oxicde emigssions from Category
I or II are lower tecause the large amount OI eXxcess air, as

mucnh as 200 percent, needed to introduce the solid waste into
the furnace reduces the combustion zone temperature by diluticn.
Normzlization of NOx emissions for percen:t excess air was beyond

the scope of this preoject.

Evérocarbons .

when anv combustible solié, such a2s cozl or refuse, is heated

im +=he zbsence of cxvgen, cocmbusitible gases are evolved. Foro
example, unburned material on top of a gracte-tvoe fuel bed will
~e hezted DY ccmbusticn cases sass*nc tnrough fzom below, and
volz+«ile nvcrpcarbons will be releasad. In the case of inciner-
ecicn, 2 lecser mass cf hydrocarbens is emitzed than eny cther
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lutant, as can be seen by inspection of Tables 2
The larger amcunt of hydrccarbcns

mass-fireé incineration relative to co-firing or

ion may be due to the generation of formalcdehyce £
n of more cellulcse fiber present as wooC chips C
s.
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SECTION 3

EMISSIONS OF NONCRITERIA POLLUTANTS

EYDROGEN CHELORIDE

Fiue cases from sclié waste combustion contain hydrogen chloride,
a by-product of the combustion of polyvinyl chloride and other
chlorinated plastics founé in the feed. Bvdrogen chloride emis-
csion factors fcr the three cetegories discussecd herein, as well

as for ccal combustion, are presented in Table 13. Such emissions
frcm the. combuszion. of mass-firec or co-fired refuse a2re creater
‘than those for coal zlcne. However, no generalizations can be
made about the macnitude of the deviation becazuse several factors:
exist which may influence hyérogen chloride emissions. For
‘instanté,” hiydrogen chloride may be absorbed by the alkaline con- -
s+ituents of ash in the combustion chamber. &Alternatively, par-
ticulate control technigues which involve water sprays may be as
much as 80 to 95 percent effective on the soluble chloride gas.
The fly ash removed by electrostatic precipitation may &bsorb
scme hyérocen chloride.

n_\/‘

TABLE 13. HYDROGEN CHLORIDE EMISSICN FACTORS

Emission factor

‘ Averace - " Range ‘
Catecory g/kc lc/ton a/kc lb/ton
1 0.7 1.4 0.14 - 1.6 0.28 - 3.2
II — =y p—-v -
111 1.6 3.2 0.9 - 2.3 1.7. - 4.7
cocal 0.2 0.4 0.09 - 0.5 0.2 -1.0

aData not .available,

"
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i
; toxic to humans if derosited in the lungs: e&ntimony,
miwm, chromium, lead, nickel, selenium, and tin. It
r these tcxic substances to be relezsed {rom the
rocess. Tables 14 through 17 comprise 2 summary
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—a3LZ 1l4. CoNCENTRATIONS OF TRACZ TLEMINTS IN PARTICULATE
I\ EMISSIONS FROM CATEGORY 1 :
Czncenzratacn,?®
I Tiement vae/o or 10-¢ 1ln/1=
Antimeny 620 - 12,€00
Arsenic BO - $i0
I Barium 40 - 1,700
Brocnine 320 - 6,70C
Cacdmzium 520 - 2,300 °
I Chlorine 96,000 - 230,000
Chromiwnm 70 - 1,800
"Czbal<s 2 - 30
Coppers . 970 - &,8CC
I Iron 1,700 - 18,000
Lead 0,000 « 155,000
Mancanese 170 - 5,700
= Nickel 40 - 440
I Selenium 10 - 120
Ellver ) 40 - 2,000
. ) Tin : 8,300 - 13,180
. Zinc ' "T37.000 - 240,000 o
I /.5‘
“rLaza are for trace element con- LN
‘m T .- T-l.et . . tent of -particulates downstream Ve Y L.
I'- 0f any pelluticn cocntrol device: s
i.e., controlled emissions. \
1 -
: TASLE 15. CONCENTRATIONS OF TRACE ELEMZNTS IN ?‘R*ICULA
l TMISSIONS FRCOM CATEGORY II
Concentratich, )
l ve/c or 10-%{1b/1b \"“*1.;,
Element Unccrtreolled \__gertrolleg e
: Antimony 260 - 620 460 - 1,000
I Arsenic 50 - 70 50 - 100
Barium 270 - 540 270 - 540
_ Bromine 420 - 2.,4¢G0 is0 - 1,200
' Cadmium 380 - 820 §76 - 1,150
Chlerine A >10,000 >10,000
C-omium 0 - 560 130 - 260
Cobals 10 - 100 5 - 50
l Copper 420 - 590 620 - gCo
Iiron 470 - 1,050 2,006 ~-2,13¢
Lead 11,600 - 17,500 ”B 100 34,200
I vancanese 420 -, 1,400 no*—ﬂ'o/
Nickel -
Selenium <20 <30
€ilver : 116 - 20¢C 50 - 110
l Tin 2,600 - 5,000 1,400 - 3,C00
Zinc >10,000 >12,000
K : :
Cata not available.
l 1, \
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Ij TRKRELE 16. CONCENTRATIONS CF TRACE MENTS IN PRRTICULATE

TMIESICNS FRCOM CATEGORY 111

Concenstrazich,

vre/c or 10-¢ 1n/1%

Elemen~ Urncorntrelleg Ccrneorollec
Antimcny 0.4 - 10 2 - 180
Arsenic 20 - 80 1490 - 740
Bariunm s ) -8
- . a a
Brcmine - -
Czcmnium 0.3 “a 1.4 0.2 - 10
Chlorine - e
Chromium 5 - 20 60 - 100
Cobals 0.6 - 2.0 4 - 40
Ccoroer 190 - S0 50 - 2B0
Iron 760 - 2,420 6,940 - 17,30¢C
Leagd .. 1,220 - = 2,930 4,470 - 1E,400.
Mancanese 10, =~ 20 110 - 240

‘‘‘‘ ‘Nickel" T 3 - Py -20 - 190
Selernium 10 ~a 40 20 - 430
Silver ) -2 - ¢
Tin 50 - 150 260 - 870

- Zing -- - -=----B&o - 3;770 - 4,360 - 17,200 -

B . ]
Data not available.

., .

TARLE 17. CONCENTRATIONS OF TRACE ELEZMEINTS IR
PARTICULATE EMISSIONS FROM CCAL CCHEBUSTION

Concentration,
ve/e .cr-10-¢ 1b/lb

Element Uncerntreller Contrecllied
‘Antimony 7 - 20 10 - 150
rsenic 20 - 120 2C - 680
; a a
Barium - -

. -] a
BEromine - -
Cadmium 0.6 ~a 1.0 2 - B

' Crhlorine - -
Chromium 6 - 8 30 - 40
Cotcalt 0.4 - 1.5 3 - 30
Cooper 6 - 7 e -~ 43
Iron 2,350 - 2,800 13,200 - 18,200
Lead 340 - 380 1,050 - 1,790
Mancanese 20C - 50 100 - 140
Nickel ' 6 - 20 0 - 40
Seleniur 10 - 50 30 - 40

) . a [ .
Silver - -
Tin 20 - 30 30 - 270
Zinc 180 - 560 °10 - 3,34C
)

2

Seza nce available.
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of awvailable information on the trace element content cf partic-
ulaes emi=ted from incineration, includinc cdata taken belore

and afte- pcllutzicn control devices for Cateccories IX enéd III and
£2- coel czmZusticn.

Czher inves-icz=crs have cetermined thet Cateccry 1 incinere<srs
cmerasinmg in diffsrsnt ceccrzthic recicns ci tne Un:ited Stzces
3-8 sec.-nC CiL-ferent tvoesS CI cocrmmunities hEve s:inilar trace
e.ement =mizsions. Alsc, nc s:;n;flcan: cav-zo-cay Or sezscna:l
Crnances in pacciculate compesition were cbserved at any ore site.
The majcr constituents of controlled particulate emissicons frcm
Cazecorv I incinera<ion, in agcroximate decreasing order by
concen--azz=icn, are chlerine, zinc, lead, tin, ané iren. The
dcminant presence of the f£irst three oI these elements 1s due

to the a-undance of the elements in the fuel as ‘lred - This
rhencmenon is best shown for Category II, as czn be seen from the
relativelv larce concentrations oI chler-ine, lead, and zinc in

rvations cz2n pe Crawn I-om the daza fer

Ctnaz significznt cbhservati

Cataccry II. First, the maximum concentrations oI all crace
‘elements in the controlled particulate emissions Zrcm Category II
~are’less than the COrrespo nding values for Category I. Categery

II incinerators extract more heat energy from the exHaust stream
than Category I incinerators. This addec neat recovery may be
csufficiens to cool the stack cgases to the point that volatile
elements can condense and tne*e‘o*e be more eZficiently removed
bv‘the perticulzte control devices.

Tﬁe data Ier Cahecory II 2lso demonsirate the selective fractiona-
ien of volatiie elements into fine particles, those most likely
+o escape anv attempted cor.trel. Elements prevxous‘v shown to
occur primerily in the fine-particle regime, that is, less than
swe micrometers in diameter, are not collected by the control
device: some o these elements are antimony, cadmium, é&nc leac.
Since the larce particles are removed, the ra=ie of the weicht cf
these elsments to the total mass is increzsed. Thils increase in
concentration has ponent*a‘ly necative implications for human
health effects because fine particulates can mors easily reach
+he lower respiratory tracct.

fractiona+tion discussed above for Categery II is also

Zlement
evicdent in the data for Catzgory III anc for coal cembustion. In
the lztter two czses, the effect can a2lso be resacily seen for
thw-epe more volatile elements: arsenic, selenium, zné zinc.
another point of interest is & comparison ©f the trace elemant
centencs of uvnscnzrolled particulezte emicsions oo the thres
czteccrias ené for coal ccmbustion. The compocesizion ¢ garticu-
izzes “rom Czzsgory III, for which the fuel is & mixture of solicd
was-e and cozl, andé from coal combus<cicn arg epproximectely tne

1a
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the ooss:ble exceptions of lead and zinc, which agppear
- ex=ent for Catecory 11I. This difference must be
pecause the cas-chase emissions of these two elenments,
ich are volablle, are nct available.
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tne eapparently c¢reater emissions from Catecery I'

+o Category III must a2lso be evaluzted mcre clcsel

~ple, consider the case for lead. The conc en crations in
clleé particulates for Catecories II and III are 11,600 to
us/g aﬂd 1,220 to 2,830 ug/g, IESDECLLVEIV' thece values

pv a factor of four to fourteen, depending upcn which

s zre ccmoc-ec. rcm Tables 3 and 4, the uncontrollec par-
cula g emission factOfs for Categories II ancé II1 are 6.5 tc

23 g/kg znd 43 to B5 g/kg, respectively: these values differ by

2 factor of two to twelve, but in the opposite direction from
those éescribed above for trace element concentration. Therefore,
when ccmpared on the basis of micrograms emitted per kilogram of
. material oDurned, trace elements emissions from the mass-fired

Ton Cf sclicé waste wiith heat recovery are not SiCﬁlIl-"V/'“ "~
fferent than those from the combustion of refuse

with coeal.
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POLYNUCLEZAR AROMATIC EYDROCARBONS AND POLYCHLORINATED BIPHENYLS

Pclvnuclear aromatic hydrocarbons are formed by the inccmplete
y comzustion of solid waste or other fuel material. Gases lEaving
'~/ an incinerator mey contain polynuclear hvérocerbons toth in the
vapor pnase ané acscrbed cn particulates Emissicn factors for
these comp ouncs in stack cazses downstream of any rparticulate
control device are given in Tables 18 and 19 on the basis of mass

emitted per mass of total material fed.

For Caztegory I, mcre polvnuclear hycrocarbons are emitted from
smzll-sizeé furnaces because of poor combustion conditions rela-

ive to those in larcer units. However, recardless of incinera-
tor size, ¢ifferinc emission levels may be found during startup,
ncrmal operaticn, and shutdown. Wet scrubbing devices for par-
riculate control at Category I incinerators have proven hlchly
effec=ive in reducing polvnuclear hvdérocarbon emissions; in cne
case, benzo(a)pyrene emissions were recuced by more than 25
cercent. : e

~ e

/_"/’ - - /\
Dzza ¢cn polvnuclear hvcérocarbon emissions frem Cetecory II.is
ex=-emely limited. Rt cne site, six compounds were observed in
the cas ches2: acenzphthylene, enthracene, fluoranthene,

- flucrane, pnenanhh:_ne, and pvrene. Fly ash collected by elec-
~rostazic precipitation ccntazined acenaonbhy*e &, enthracene,
gnerznthrene, anc pyrene; however, all levels mezsured in toth
cz7Tole cets were kelow the range of reliazble cuantitative
grezlvels, .d_h__——e——————-f“"““““—”'"—““h——-H——_ﬁ“",_,,s'

N
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EMISSION FACTORS FOR POLYNUCLEAR AROMATIC
HYDROCARZCNS FROM CATEGORY 1

l Zmissicn factor
Cecmzounc (s’ wa/KS 10-¢ lb/tcn
I Serzc (zjanthracene . R
ané chacvseane 3. 6.2
I Sernzo () f£iucranthene,
menzz (j)£lucrantnene, 3 a
zné 2enzc (k)flucranthene 1.4 2.8
‘I Bernzz (shi)iperylene 1.4 - 1.8 2.8 -~ 3.6
_ Benzo(a)pvrene and
‘l benzo {e}pyrene - 1.5 0.16 - 2
Coc-onens - 1.4 0.34 - 2.€
Ticcraznzhene o ) g =0 7.3 8,0 = 13
. . R -2 .2
Tncdenc(l,2,3-cd)pyrene 0.77 1.3
- . a
-Peryiene - - 0.77 1.5
Pyrene 4.6 - 6.8 8.2 - 14

—

~

R E N EN S A B e ' )
- MR N N S

TRABLE 19.

aOnly one value reported.

EMISSION FACTORS FOR POLYNUCLEAR AROMATIC
HYDROCARBONS FROM CATEGORY III

rmission factor
Comround (s) ug/K< 10-6 1b/ton

Benzofa)pyrene,

nenzo (e)pyrene,

ané perylene 0.78 1.5 v
1,2-3enzecflucrene

anéd 2,23-benzcflucrene 0.57 1.1
Tlucrznthene 1.2 2.5
Fluorzsne 0.38 0.786 /
ryrene 0.3¢ 0.76 v




§

Ll

\

—

Data on polvnuclear arcmatic hycrocarbon emissions from Category
771 are shcwn in Table 19. In acdditiorn, benzola)pyrene,
“enzol(e)ovrene, and perylene have Dbeen detectel in particulac
butT the amounts were not reccrtec. Data on pclwnuclear hylro-
ecc

ca-bon emiscions from +he combustion of ccal cnly in a Cat
III beiler were not availilable.

d - -

i

Fzlvchlerinated biphenyls could not be cetectei 1in particulatéé
Zrom either Category Il-cr-III or in vapor samples Irom Catecory
III.
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CCMPARISCN WITH AP~42 TACTCRS

The U. £. Environmental Protection Ace“cv‘s "Cemgpilation of Air
Pclluzant Imission Factors,” or Publicatiecn No. AP-42, nas long
been used as scurce material for caza on enissions Izcm fuel

comgusticn, incineration, evapecratien leosses, ané miscellaneous

cther sources. Tables 20 ané 21 compare the emission facstors,

in metric angéd EBncglish units, respec _ve’y, for unccnarclled
crite-iza zoilutznts Ircm municipal, induseriazl, z2ndé cecmmercial
_inginerziovrs s recorted in 2P-4%, -&and. for Cezecories I, II, axd
ITI and coal ccmbustion as detarmined in this study. The numeris
cal valueses 1n Tables 20 and 21 were calculated usirg total feed
material &s tne basis.

For cartidéulat es, sulfur oxides, and nitrogen oxides, values
given in AP-42 and those repcrted herein fcr Catecories I andéd 1II,
the mest directly comparable ccmbustion processes, overlap. The
emission factors for hydrocarbens given in AP-42 z-e sicnificant-
ly higher than thcse found during the current investigation. This
may be so because thz mcst recent data source cited in the AP-42
review ¢f refuse incineration was published in June 1971, whereas
this report is based on informztion released as recently as
l December 15978, During that time, chances may have occurrec in
refuse composition, incinerator operation, or capehilities of
sampling ané analysis techniques used to determine emissions,
I thus resulting in the éifference menticned above.

lg.-
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TRULE 20. COMPPARISON OF EMISSION FACTORS FOR UNQONTROLLED CRITERIA POLLUTANTS
FROM INC!NERATION AS REPORTED IN AP-42 AND TIIIS STUDY {(metric units)

- Emission factor, g/kg
Category Farticulates Sulfur oxides Nitrogen oxides Hydrocavrbons

"Municipal, industrialps
& commercial incin-

eration (AP-42) 3.5 - 15 | 1.25 1 - 1.5 0.75 = 7.5

I ‘ 8.0 - 68 0.02 - 0.92  0.28 - 0.44 0.004 - 0.80

17 5.6 - 15 0.11 - 3.2 n.46 - 1.2 0.013 - 0.12

111 43 -85 5.9 - 45 0.8 - 2.6 0.001 - 0.005
- Coal Combustion 40 - 90 18. - 52 1:7 - 2.9 0.002 - 0.005

.
!

TABLE 21. COMPARISON OF EMISSION FACTORS FOR UNCONTROLLED CRITERIA POLLUTANTS
FROM INCINERATION AS REPORTED IN AP-42 AND TiI1S STUDY (English units)

Emission factor, 1lb/ton

L Category Particulates Sulfur oxides WNitrogen oxides llydrocarbons
"_'V ) ' . .
Pﬂ Municipal, industrial, ' el
& commercial incin- . : 1ot S,
eration (AP-42) Uwﬂ) 7 - 30 2.5 , 2 -3 1.5 - 15 %
1 | 17 - 36 0.05 - 1:8  0.56 - 0.88 0,008 - 1.6
1 .11 - 30 0.21 - 6.4 0.92 - 2.3 0.027 - 0.24
1is 85 - 171 12 - 89 1.7 - 5.1 0.002 - 0.01
- 179 35 - 0.003 - 0.01

Coal combustion g0 104§ 3.4 - 5.9
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NORTH SANTA CLARA COUNTY
SOLID WASTE MANAGEMENT AUTHORITY

Summary ﬁeport
Assessment of Non-Criteria Pollutant Emissions

Introduction

This Summary Report, in fullfillment of the Authority's Work Order No.
82-09-05, Item 2 quantifies emissions of non-criteria pollutants and
estimates constituents anticipated in both fly ash and bottom ash.

Non—-criteria pollutants are chemicals for which emission standards have
not been fully developed, but are of interest because the ingestion of
relatively small quantities may prove toxic to man and animal.

The non~criteria pollutant categories sdrveyed-in this report are as

follows: :
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° Hydrogen Chloride & Fluoride
.%.  Sulfuric Acid Mist.

° Hydrogen Sulfide

¢ Asbestos

° Aldehydes

° Carboxylic Acids

° Vinyl Chloride Monomers

© Polynuclear Aromatic Hydrocarbons
° Polychlorinated Biphenyls

° Dioxins

e Furans

-]

Pesticides and Herbicides

Each of the categorles are covered under 1dentifying paragraph headings.

Trace Metals

a)

b)

Overview

Metallic substances are present in both the combustible and non-
combustible frections municipal solid waste (MSW)., When
incinerated in mass ol RDF combustion systems, the metals report to
the fly ash and/or bottom ash, sometimes unpredictably,

Estimated Emissions
Impacting Air & Water Quality

Based on the material balance methodology presented in reference
“A", factoring the laboratory analyses data for North Santa Clara
County municipal solid waste (MSW) provided in reference "B",
predictions were made of non-criteria pollutant metal emissions from
both MSW and RDF combustion., These predictions are displayed in
Tables 82-09-05.2,]1 and B2-09~05.2.2 respectively. Predictions are
given for: o
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c)

{1) Uncontrolled Flyash

‘{(2) Bottom Ash

{3) Total Ash
(4) Atmospheric Fly Ash, assuming air pollution controls operate at
99,52 efficiency.

The metal emissions are given for eight (8) Group I elements
classified to be non-criteria pollutants by United States Environ-
mental Protection Agency {EPA) and California Department of Health
Services (CDOHS) and also for ten (10) Group II elements that only
CDOHS has classified to be non-criteria pollutants. Emissions are
stated in the following units:

* 1b of metal emitted (dry)
1000 tons MSW @ 25% H20

ppm parts per million, concentration of metal in ash category
(1), (2), (3) or (4) above, uncorrected for ash products
of acid gas control systems.
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Both sets of units will be useful 1n evaluating predicted
performance of facilities against both air and water quality
standards that may be applicable in obtaining permits and
environmetal approvals.

The emission unit * is more applicable in determining compliance
with air pollution standards whereas concentration (ppm) has greater
bearing on water guality standards. Ground or surface water quality
may be contaminated by leachate from disposed ash having high
concentrations of toxic metals in the ash.

Air Quality Standards

Over the past few years there has been increasing concern about

. toxic elements in our air. Some chemical species of heavy metals

(such as beryllium, cadmium, mercury and lead) are generally
considered to be toxic to humans when deposited in the lungs. These
substances are carried predominantly by particulates in the small
micron size range (e.g. less than 2 microns). From a toxicological
viewpoint, these particulates are of paramount concern because they
can bypass the body's respiratory filters and penetrate deeply into
the lungs where the human bloodstream can extract toxic species at a
high rate (60 - 80%) from particulate deposited in the pulmonary
region. Conversely, extraction efficiency from larger particulates,
which deposit in nasopharyngeal and tracheobronchisl regions and are
eventually removed to the pharynx by cilial action and swallowed, is
low {about 5 - 15%). Reference "F".

EPA and/or the Bay Area Air Quality Management District (BAAQMD)
have so far set maximum allowable emissions for lead, wmercury and
beryllium in new source performance standards requirements for
incineration of waste materials. These requirements are:
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EPA BAAQMD
Lead None ' 15 1b/day
Mercury 3200 gm/day 3200 gm/day
Beryllium None 10 gm/day

At 1000 TPD MSW throughput, predicted emissions for the North Santa
Clara County waste combustion facility designs are-well within the
requirements, as follows:

MSW Combustion RDF Combustion

Lead 1.5 1b/day 0.5 1b/day
Mercury 9.07 gm/day 7.26 gm/day
Beryllium 0.02 gm/day 0.02 gm/day

Federal ambient air quality standards for locating major facilities
within nonattainment areas are furthermore required by the Emission
Offset Interpretive Ruling (40 CFR 51 Appendix $) to meet the Lowest

w2 -AChievable. Emission. Rate.(LAER). for those pollutants_for which the

area is nonattainment and are emitted in significant quantities.
Significant quantities are defined for lead, mercury and beryllium
as follows: T T T

Lead 0.6 tons/yr
Mercury 0.1 tons/yr
Beryllium 0.0004 tons/yr

At 1000 TPD MSW (365,000 tons MSW per year) throughput, predicted
annual emissions for the North Santa Clara County waste combustion
facility design are within the “significant quantities” limits, as
follows:

MSW Combustion RDF Combustion -

Lead 0.27 tons/yr 0.09 tons/yr
Mercury 0.0036 tons/yr 0.0029 tons/yr
Beryllium 0.000008 tons/yr 0.000008 tons/yr

Predicted emissions for lead, mercury and beryllium are based on the
data displayed in Tables 82-09-05.2.1 and 82-09-05.2.2. Predicted
emissions for the other non-criteria metal emissions may likewise be
compared with future EPA/BAAQMD standards for these emissions, once
they are formulated.

Water Quality Standards

i. Federal Requirements

Pursuant to federal passage of the Resource Conservation and

Recovery Act of 1976 (RCRA), United States Environmental

Protection Agency (EPA) promulgated hazardous waste regulations
~(Reference “G") in May 1980. The regulations require the '
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operator of & waste-to-energy (WTE) facility to determine
whether the ash products of combustion are hazardous., If they
are, the facility operator must notify EPA that the facility is
a generator of hazardous waste, and the waste must be
manifested (tracked) end managed and ultimately disposed in an
approved hazardous waste landfill.

A wvaste 15 considered hazardous i{f it is ignitable, corrossive,
reactive or toxic, or if 1t is listed in the regulations (40
CFR 261.20). Since ash from a WIE facility is not listed as
hazardous wastes, they are only subject to regulations if they
have one of the four hazardous waste characteristics.

For the WTE facility ash, the most impertant characteristic is
toxicity and is determined by a test, developed by EPA called
the Extraction Procedure (EP). This test is designed to
identify those toxics which might be leached from landfill and
pollute ground or .surface waters.

'To determine toxicity in the EPA test, an ash sample is leached
with an acetic-acid -solution of pH5 or below-for 24 -hours. If- -—

the leachate contains heavy metals or pesticides in

* 7 concentrations. greater than one hundred times those permitted

by the National Interim Drinking Water Standards (40 CFR
261.24), then the ash is defined as hazardous and must be
managed and disposed as a hazardous waste.

Preliminary EPA EP tests have indicated most ash from WIE
facilities are not hazardous. They found bottom ash samples
taken from the following WTE plants to be nonhazardous:

(1) small modular combustor unit incineratof, rated 75 TPD
burning residential waste only,

(2) 1large mass burning incinerator with capacity of over 1000
TPD burning MSW only (no industrial waste) and

(3) RDF incinerator, 300 TPD, burning RDF derived from MSW,
commercial waste and selected industrial waste.

However the fly ash of both the large mass burning and RDF
plants conteined greater concentrations of cadmium and lead in
the EF leachate than allowed by regulations.

In some WTE plants, the fly ash is automatically conveyed and
mixed with bottom ash. If the fly ash is combined with the
bottom ash within the process unit so that the toxic
contaminants are diluted and the resulting mixture is nonhazar-
dous, the combined ash would not be subject to RCRA (Subtitle
C) regulations for manifest handling and disposal in an
approved hazardous waste landfill.

Under RCRA's hazardous waste provisions, EPA itself must
establish and enforce minimum federal standards for hazardous

—f—
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waste management and disposal. A State may supplant EPA
authority if it establishes and enforces a hazardous waste plan
that is at least equivalent to the minimum federal standards.

State Requirements

For the past three years, the California Waste Management Board
(CWMB) has assumed the lead role in resolving the uncertainties
asssociated with the classification, handling and disposing of
ash generated from the cowbustion of MSW at proposed waste-to-
energy (WTE) facilities. CWMB's goals are to generate data to
formulate the least costly, yet environmentally sound,
management practices of handling end disposing of ash so as not
to adversely impact ground and surface waters. CWMB has worked
with two State of California regulatory agencies to resolve the
ash disposal issues:

(1)

‘health effects.

Department of Health Services (DOHS), which determines the
hazardous/nonhazardous status of waste materials.  In
determining a hazardous/nonhazardous classification, the
DOHS evaluates the concentrations in wastes of heavy
metals and organit¢” compounds known to have ' deleterious

State Water Resources Control Board (SWRCB) which
regulates the disposal of all wastes to land to protect
ground and surface water. The SWRCB classifies a waste
based upon potential to degrade water quality. The
parameters for classification include not only the soluble’
forms of the metals and -organics evaluated by DOHS but
glso include soluble minerals, pH, alkalinity and several
other water quality parameters. See Exhibit A.

A teview of the current status of ash disposal requirements
(References "H" & "I") being formulated for State of California
WIE projects, indicates there are still uncertainties but that
some of the issues are nearing resolution.

CWMB has estimated that the burning of MSW in the State's
planned WIE plants will produce almost two million tons of ash
annually that must be landfilled. If the ash 1s classified
hazardous, CWMB predicts that six SB-1855 projects (Humboldt,
Central Contre Costa, San Francisco, Alameda, Los Angeles
County and San Diego) would spend $68 million (in 1982 dollars
to dispose of about 1800 tons per day of ash they will produce,
amounting to more than $]100 per ton of ash). If the ash were
classified as being nonhazardous costs would be reduced to
about $3.5 million a year (again in 1982 dollars, amounting to
less than $6 per ton of ash).

Because of the inability of the regulatory ngencies to
formulate definitive standards for classifying the ash, and the
economic incentives to classify the ash as nonhazardous, in

the DOHS issued a policy letter allowing for case - by -

-5-
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case declassifications of ash at proposed WIE facilities based
upon controlling the waste coming into the facility,

Subsequent to the DOHS decision, several proposed projects:
e.g. Fresco County Fresno-Clovis, Tri-Cities (Fremont, .Union
City and Newark), San Joaquin County (e private biomass-fired
cogeneration project), Eureka, San Diego County, San Francisco,
Long Beach and Modesto have received ash declassifications from
DOHS but have experienced uncertain disposal regquirements from
Regional Water Quality Control Boards (RWQCB's). This
uncertainty is based upon a lack of available data on the
leaching characteristics of the ash in a landfill environment.

CWMB has proposed additional research to obtain the needed data
on leaching characteristics of ash in the expectation that the

research will support their contention that the wastes (MSW and
MSW ash) are similar enough in leaching nature to manage in the

same manner as nonhazardous materials.

California Waste Extraction Test (WET)

In the meanwhile, CWMB has provided California Waste Extraction
' Test (WET) ddtd which ma¥y “serve as interim guidance -on-toxic.-- -
‘metals allowed in ash (Reference 1). The WET data is displayed
“-{n~Table B2-09-05-2.3-and is-intended "to be used in lieu "of "the -~ -;

EPA Extraction Procedure,

"The predicted concentrations for non-criteria metals in ash,

displayed in Tables 82-09-05.2.]1 and 82-09-05.2.2 may be
checked against.the Total Threshold Limit Concentration (TTLC)
given in Table 82-09-05.2.3. TTLC concentration limits are set
for the Nitric Acid Digestion Process proposed by CwWwMB. 1If ash
samples pass this test, the ash is classified nonhazardous for
toxic metals and there would be no need for the secondary test
‘to determine Soluble Threshold Limit Concentrations,

Assuming composite ash samples (e.g. combined fly ash and
bottom ash) will be allowed, a check of predicted non-criteria
metal concentration for total ash (Column 3 in Tables
82-09-05.2.1 and 82-09-05.2.2) against respective TTLC's in
Table 82-09-05.2.3 will indicate which of the metals have the
potential to cause the ash sample to be classified hazardous.
These are tabulated as follows:

Concentration (ppm)
TTLC MS5W Combustion RDF Combustion

Lead 1000 900 1100
Mercury : 20 G.7 23
Antimony 500 187 626
Copper 250 2533 . 4708

Total ash concentration for RDF combustion are generally higher
than for MSW combustion because weight of total ash is less for
RDF combustion without commensurate reduction in the respective

metal.
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Literature Revue

A literature tevue of non-¢riteria metels emissions from existing
waste combustion facilities was performed in order to obtain the
baseline data required to predict emissions for the proposed North
Santa Clara County (NSCC) combustion facilities and then to compare
measured emissions of existing waste combustion facilities with the
emissions predicted for NSCC. The emission data, culled from the
literature, is displayed in Tables 82-09-05.2.4 through
82-09-05.2.8. A discussion of these reference source tables and
their relation to the metal emission estimates of tables
82-09-05.2.1 and 82-09-05.2,2 follows.

i. Table 82-09-05.2.4
Comparison of Average Non—-Criteria
Pollutant Metal Emmissions
From-MSW Combustion

Fly ash emission data obtained on four MSW combustion plants

wromane me-. w-gre -excerpted -from the .reference .sources: - IC-_for MSW ... .. ..

incinerators at Washington D.C. SWRC #1 and st Alexandria, VA;

v - "D” for the MSW-incinerator at Nicosia, East.Chicago,.-IN;.and-....

"E" for the Braintree, MA MSW mass burn waterwall incinerator.

Reference "C" is the companion paper to reference "A" which set
forth the material balance methodology used in part in develop-
ing non-criteria metal emission & concentrations predictions
for the proposed North Santa Clara County combustion
facilities.

Reviewing the data in Table 82-09-05.2.4 for each of the
non—-criteria metals at respective plants, there appears to be
reasonably good agreement in the composition of the suspended
particles (e.g. atmospheric fly ash emissions). Some of the
differences are attributed to the pollution control divices
provided and the collection efficiencies that can be expected
at respective plants. The Nicosia incinerator has a spray ‘
chamber followed by a plate type scrubbing tower, resulting in
a total suspended particulate (TSP) emission of 8 1b/ton MSW.
The Alexandria incinerator has a water-spray baffle with
somewhat better collection efficiency, resulting in a TSP of
5.6 1b/ton MSW. Both Braintree and Washington D.C. employ
electrostatic precipitators (ESP's) resulting in improved
collection efficiencies; e.g. TSP's of 2.7 and 0.9 lb/ton MSW
for Braintree and Washington D.C. respectively.

The air pollution control train proposed for the North Santa
-Clara County project would be designed for a superior

collection efficiency of 99.5% on even small size particulate

(e.g. 2 microns and less) which characterizes many of the trace

metals. Assuming uncontrolled MSW combustion particulate

emissions approximate 40 1b/ton MSW, this would result in a TSP
" eontrolled emission of 0.2 lb/ton MSW.

-7-
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Environmental Protection Agency (EPA) intended to supplement

The 0.2 1b/ton MSW emission level would be a 4.5-fold improve-
ment over the Washington D.C. SWRC #] plant as regards
collection of total suspended particulates. The superior
collection efficiency proposed for North Santa Clara County is
to be achieved by use of fabric filter bag house air pollution
controls in lieu of electrostatic precipitators used at the

'~ Washington DC plant. The fabric filter is particularly

effective in collecting the small micron sized particles which
characterize the metal emissions. See Figure 1, "Fractional
Efficiency Curves for Conventional Air Pollution Control
Devices”.

Table 82-09-05.2.5
Emission Factors For TSP & HC]l
Based on Total Feed Material

This table is based on data taken from Reference "J" report
prepared by Monsanto Research Corporation under Contract to the
Industrial Environmental Research Laboratory (IERL) of the U.S.
and update EPA's “Compilation of Air Pollution Emission -
Factors” .as .a .source of information concerning emission rates

“from solid waste combustion, ‘The reference “report {s ‘purported -~ -='=--

to be state-of-the—art which would provide information to EPA
regional and program offices that is useful for decision-making
regarding environmental programs and the technological
feasibility of compliance with existing or forthcoming
regulations.

The table provides uncontrolled emission factors for total
suspended particulates (TSP) for mass and RDF combustion
facilities which are at odds with data developed by the

" California Air Resources Board (CARB) in & report issued on

March 17, 1980. Comparative data is as follows:

Emission Factors {1b/ton MSW)

Category 11 Category III
MSW Combustion RDF Combustion
Reference "J" 20 134
CARB Report 43 . 38

It is our judgement that the emission factors given in the CARB
report would be more representative of the combustion facility
designs proposed for North Santa Clara County and therefore the
CARE emission factors are used as the data base in estimating
non—-criteria metal emissions and concentrations.

The 20 1b/ton MSW uncontrolled emission factor suggested in
Reference “J" for Category II MSW combustion is believed to be
too low since it is an average of data obtained under non-
representative test conditions rather than normal day-to-day
operations. Facility operators will use lower than normal -

-8-
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excess air quantities when testing for particulate emissions
compliance since furnace operations at low excess air will
result in lower particulate emissions. Low excess air will
however increase CO and HC emissions, but since statutory
source emission regulations only require compliance with
particulate emissions, the emphasis in the testing procedure in
the past has been to operate the furnace so that particulate
emigsions are minimal, without concern about CO and HC
emissions. '

The 134 1b/ton MSW uncontrolled emission factor suggested in
Reference "J", displayed in Table 83-09-05.2.5, for Category
I11 RDF combustion is believed to be on the high side for
converting trace metal concentrations, expressed in ppm, to
actual meral emissions. The CARB estimate of 38 lb/ton MSW
would be more appropriate for our purposes. The Reference "J"
134 1b/ton MSW emission factor is an average of tests performed
on RDF spreader stoker furnaces that may have been undersized
in furnace volume for.the service. Accordingly, the carryover
of particulate would be excessive. Furthermore, it would be
expected, that much of the carryover is ‘large particulate that:-- -
could be collected in cyclone collectors installed upstream of

w+ " sm-nmthe. fabric. fi1ter’ bag houses, or it would fall :out. in_the .~ ..-

boiler passages or quench reactor towers upstream of the fabric
filter bag houses. In any event, it is safe to assume that the
bag houses would only see a total suspended particulate
emission in the range of 38 1b/ton MSW (the CARB projection)
rather than the 134 1lb/ton MSW value given in Reference "J".

In reference "J”, the MSW combustion system with heat recovery
is designated Category 11 and the RDF combustion system with
heat recovery is designated Category III. Both Categories II
and 111 are of interest in comparing emission data observed by
others with our predictions for the North Santa Clara County
(NSCC) waste to energy project. Reference "J" includes
emission data on MSW combustion without heat recovery
(designated Category I) and also on coal combustion. The
Category 1 and coal data is included in Table 82-09-05.2.5 and
also in Tables 82-09-05.2.6 and 82-09-05.2.7. Category 1 data
is of special interest since our predictions for NSCC emissions
were based in part on a material balance methodology presented
in reference "A" where experience in Category I combustion
facilities was used as a basis of the analyses. There is
sufficient agreement between Category I and II combustion to
warrant this approach.

We believe too that much of the Category Il test data from
reference "J" is artificially low for reasons given above (e.g.
facility operators for self-serving purposes using lower than
normal excess air quantities when testing for particulate
emissions since it will result in lower quantities of
particulates emitted). Category 1 furnace operations generally
require higher levels of excess air than does Category 1l for

"cooling the Category I refractory-lined furnaces to prevent

-G



overheating. This additional air for cooling is not normally
required in Category Il waterwall furnace operations since here
the furnace is cooled by direct radiation to the waterwalls.
Thus the Category I test data reported may in fact be more

representative for Category Il normal operations than the
Category 11 test data itself.

In subsequent discussion, we will provide a cross-check between
predictions for NSCC emissions based in part on Category 1

I ' combustion with emissions reported by others for Category II as

well as Category 111 cowbustion.

Hydrogen chloride emission factors that are given in Table
82-09-05.2.5 are discussed below in paragraph 3 covering
Hydrogen Chloride & Fluoride.

111, Table 82-09-05.2.6
Concentration of Trace Elements in
Uncontrolled Particulate Emigsions

. e .- MSW Combustion (Category I1) Systéms

.o em~ + w o wme—.-.- -Comparison of tTace metal uncontrolled concentraticns for MSW
o T combustion (Category 1I) systems displayed in Table
82-09-05,2.6, taken from reference "J" with the uncontrolled
concentrations predicted for NSCC given in Table 82~-09-05.2.1

indicates relatively good agreement, with several exceptions
noted as follows:

Antimony - Predictions for NSCC at 1200 ppm are about .
twice that given for the highest of the range (260~620)
given in Table 82-09-05-2.6 and is attributable to the

_ higher than usual concentrations found by Cal Recovery

. Systems in NSCC MSW combustibles. See Table 82-09-05.2.9.

Barium -~ Predictions for NSCC at 1040 ppm are again about
twice the highest of the range (270-540) given in Table
l B82-09-05.2.6. Here however, the disparity cannot be
explained by Cal Recovery Systems data, since they found
average concentrations for barium in NSCC MSW combustibles
l to be lower than reported by others. See Table
82-09-05.2.9. This supports the hypothesis that barium in
l , : NSCC MSW noncombustibles may contribute to the higher

barium concentrations that are predicted.

P
y Cadmium - Predictions for NSCC at 88 ppm are about 25% of
the lowest of the range (380-820) given in Table
82-09-05.2.6 and may be explained by Cal Recovery Systems
data, since they report very low levels of cadmium in NSCC
MSW combustibles.
° Cobolt - NSCC predictions for cobolt at 160 ppm are higher "

_than the range (10-100) given in Table 82-09-05.,2.6., The"
Cal Recovery Systems data on cobolt in MSW combustibles

=10~
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indicates the cobolt level to be lower than reported by
others. The higher cobolt concentrations that are
predicted are surmised to be due to the cobolt in NSCC MSW
noncombustibles.

° Lead ~ NSCC predictions for lead at 7360 ppm are somewhat
lower than the range (11,600-17,500) given in Table
82-09-05.2.6. This 1s attributable to the lower than
usual concentrations found by Cal Recovery Systems in NSCC
MSW Combustibles, shown in Table 82-~09-05.2.9.

RDF Combustion (Category II1) Svystems

Comparison of trace metal uncontrolled concentrations for RDF
combustion (Category I1I1) systems displayed in Table
82-09-05.2.6, taken from reference "J", with the uncontrolled
concentration predictions for NSCC given in Table 82-09-05.2
indicates relatively good sgreement for arsenic, lead and
selenium but very poor agreement for antimony, cadmium,
chromium, cobolt, copper, manganese, nickel and zinc. The
disagreement is so great in concentrations given for antimony,

" cadmium, chromium, cobolt, copper, manganese & nickel, that the™
...Category III data given in Table 82-09-05.2.6 for thegg metals
is suspect of being in gross error. f“

Prediction of zinc concentration at 5,179 ppm in uncontrolled
erissions in Table 82-09-05.2.2 1s greater than the range
(860-3,770) of Category I1I uncontrolled concentrations given

in Table B2-09-05.2.6 for zinc. Yet in Table 82-09-05.2.9, Cal’

Recovery Systems shows zinc concentrations in NSCC combustibles
fraction at about one-half that of the concentrations reported
by others. The greater zinc concentration is attributed to the
zinc in the noncombustibles fraction that is carried over into
the RDF when processing MSW to RDF.

Table 82-09-~05,2,7 -
Concentration of Trace Elements in

Controlled Particulate Emissions

MSW Combustion (Category II) Systems

Comparison of trace metal controlled concentrations for MSW
combustion (Category 1I) systems displayed in Table
82-09-05.2.7, taken from reference "J", with the controlled
concentrations predicted for NSCC given in Table 82-09~05,2.]
follows the pattern for the uncontrolled concentration
comparison of epecific metals discussed above in paragraph 1ii,
with the exception of copper.

g Copper - Whereas copper uncontrolled concentrations
predicted for NSCC showed good agreement with the range of
data presented in Table 82-09-05.2.6 for uncontrolled
concentrations of copper, the controlled concentrations of

copper at 440 ppm predicted for NSCC fall below the range

_11_



of values (620-B00) for controlled copper concentrations
given in Table 82-09-05.2.7., An explanation for the
observation may be the poor collection efficiency for
copper particulates relative to the total suspended
particulates in the air pollution control systems used at
the plants which provided data sources for reference "J".
In predicting NSCC controlled copper concentrations,
displayed in Table 82-09-05.2.1, we expect a uniformly
superior collection efficiency of 99.5% for all
particulates including the copper.

RDF Combustion (Category III) Systems

Comparison of trace metal controlled concentrations for RDF
combustion (Category IIl) systems displayed in Table
82-09-05.2.7, taken from reference "J”, with the controlled
concentrations predicted for NSCC given in Table 82-09-05-2.2
is compoundly difficult because of questionable accuracy of
some of the data reported from reference "J"”. 1In general
however, the agreement between the NSCC predictions are better

--for contreolled concentrations than they are for uncontrolled

concentrations. Further insights to the controlled

-concentrations differences will -brought out in discussion-of -----—---

controlled emissions of trace elements presented In the

following paragraphs:

Table 82-09-05,2.8

Controlled Emissions of Trace Elements

The controlled emission data (expressed in the unit 1b/1000
ton), displayed in Table 82-09-05.2.8, is developed from the

data given in Tables 82-09-05.2.5 and 82-09-05.2.7. To obtain

_the controlled emission for a trace metal displaved in Table

82-09-05,2.8, the controlled emission factor for total
suspended particulates (TSP) given in Table 82-09-05.2.5 is
multiplied by respective trace metal controlled concentration,
given in Table 82-09-05.2.7. An example for antimony in the

MSW combustion (Categery I1I) system is a follows:

0.100 1b (Controlled Emission Factor for TSP)
Ton

x 460 ppm (Controlled Concentration for Antimony)
= 0,100 1b x 460 = 0.046 1b

ton 1,000,000 1000 tons

The controlled trace metal emission data of Table 82-09-05.2.8
(derived from reference "J" as indicated above) is compared to
emissions predicted for NSCC. The NSCC emission data is given
in column (4) of Table 82-09-05.2.1 for MSW combustion
(Category II) systems and column (4) of Table 82~09-05.2.2 for
RDF combustion (Category III) systems.

The following is a discussion of both sets of data for the
trace metal emisglons being compared: .

-12-
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Antimony - emissions predicted for NSCC for both MSW
(Category I1) and RDF (Category I1I11) combustion systems at
about 0.24 1b/1000 ton MSW are about twice the maximum
emigsions shown in Table B2-09-05.2.8. The NSCC predic-
tions for antimony are believed to be both conservative
and realistic in view of Cal Recovery Systems' findings
that antimony concentration in NSCC MSW combustibles are
about twice that reported by others.

Arsenic - Emissions predicted for NSCC for MSW combustion
(Category 11) systems at 0.0l 1b/1000 ton MSW is on the
high side- of that shown in Table 82-09-05.2.8., Our
prediction is therefore believed to be both conservative
and realistic. We would expect RDF combustion (Category
I11) emissions would be about the same as for the MSW
combustion (Category I1) systems, as predicted in Table
82-09-05.2.2. The range of emissions (0.094-0.496) shown
for Category III arsenic emissions in Table 82-09-05.2.8
derived from reference "J" is unbelievably high and-will
be disregarded.

.Barium.= The. ,0.21 . 1b/1000. ton emission predicted for_ NSCC__.

for MSW combustion (Category I1) systems given in Table
82-09-05.2.1 is somewhat higher than shown in Table
82-09-05.2.8 (e.g. 0.21 vis-a-vis range of 0.027-0.054).
Since Table 82-09-05.2.9 indicates barium concentrations
in NSCC MSW combustibles to be 110 ppm compared to.170
reported by others, the higher 0.21 1b/1000 1b emission
predicted for barium is presumed to be due to the barium
MSW noncombustibles. See discussion in paragraph iii and
iv above for uncontrolled and controlled concentrations of
barium.

Reference "J" provides no data on RDF combustion (Category
111) systems to check against our 0.18 1b/1000 ton
prediction for barium controlled emissions given in Table
82-09-05.2.2, Column (&), '

Cadmium - The 0.02 1b/1000 ton controlled emission
predicted for NSCC for NSCC for MSW combustion (Category
I11) systems given in Table 82-09-05.2.1 is considerably
below the range 0,067-0,115 shown in Table 82-09-05.2.8.
This can be expected since Cal Recovery Systems found

cadmium concentration in NSCC MSW combustibles to be less
than one-third that reported by others.

We believe that effective removal of noncombustible from
the MSW, as is proposed in the RDF Manufacturing facility,
will further reduce cadmium emissions to a level of 0.013
1b/1000 ton for the RDF combustion (Category 111) system.
See Table 82-09-05.2.2. This is somewhat higher than the
range (0.0001-0.0067) shown in Table 82-09-05.2.8, but our
analysis of the data doegs not justify s lower prediction
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than the 0.013 1b/1000 ton controlled emission rate given
for cadmium in an RDF combustion (Category II1) system.

Chromium - The 0.08 1b/1000 ton econtrolled emission
predicted for NSCC for MSW combustion (Category II) -
systems given in Table 82-09-05.2.1 1s above the range
(0.013-0,026) shown in Table 82-09-05.2.8. Although Csal
Recovery Systems found chromium concentration in NSCC MSW
combustibles to be about one-third that reported by others
(see Table 82-09-05.2.0), we would expect noncombustibles
in the MSW to also contribute to chromium emissions. The
prediction for chromium emission at 0.08 1b/1000 ton is
not considered excessive, but rather reasonably conserva-
tive, especially in view of the 0.040-0.067 range of con-
trolled emissions for chromium shown in Table 82-09-05.2.8
for chromium in RDF combustion (Category I1I) system.
Since we estimate that the noncombustible fraction of MSW
can contribute as mich chromium emissions as the MSW
combustible -fraction, our prediction for chromium
controlled emissions in a RDF combustion (Category III)
system is 0,04 1b/1000 ton. Ce e e e e

~—-Cobolt - Assuming-the-cobolt in MSW noncombustibles

contributes about twice the emissions of MSW combustibles,
we predict controlled emissions for cobolt In a MSW
combustion (Category II1) system to be 0,03 1b/1000 tons.
This level is above the 0.0005-0.005 range shown in Table
82-09-05.2.8. Although our prediction appears high
relative to the reported range for Category II cobolt
emissions, confidence in the 0.03 1b/1000 tons prediction.
is reinforced by the range of controlled emissions given
for cobolt (0.0027-0.027) in an RDF combustion (Category
I11) system. Based on our assumptions, we predict
controlled emissions for cobolt in a RDF combustion
(Category III) system to be 0.016 1b/1000 tons. This
prediction for the RDF combustion system follows from the
0.03 1b/1000 tons prediction for controlled emission of
cobolt in a MSW combustion system. It is premised on most
of the cobolt in the MSW noncombustibles being removed in
the RDF manufacturing facility and not subjected to
combustion. The 0,016 1b/1000 ton prediction falls in the
0.0027-0.027 range, given in Table 82-09-05.2.8 for the
RDF combustion (Category I1I) system.

Copper - The 0.09 1b/1000 ton copper controlled emission

predicted for NSCC for MSW combustion (Category II)
systems given in Table 82-09-05.2.1 is only slightly above
the range (0.062-0.080) shown in Table 82-09-05.2.8. This
may be attributable to the higher than usual concentration
of copper in the NSCC MSW combustibles reported by Cal
Recovery Systems. See Table 82-09-05.2.9.

The 0.046 1b/1000 ton for controlled emission predicted
for RDF combustion (Category IlI) systems given in Table
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82-09-05.2.2 is within the range (0.034 - 0.188) shown in
Table 82-09-05.2.8, however at the low end of the range.

Predictions on copper controlled emissions-for MSW and for
RDF combustion systems corroborate each other and are
deemed reasonable.

Lead ~ Cal Recovery System reports lead concentrations in
NSCC MSW combustibles to be considerably lower than
reported by others (e.g. 50 vis-a-vis 330 ppm), as shown
in Table 82-09-05.2.9. This accounts for our 1.50 1b/1000
ton prediction for lead controlled emissions being below
the range -(1.810 - 3.420) given for Category II systems in
Table 82-09-05.2,8, Our 0.50/15/1000 ton prediction for
lead controlled emission in RDF combustion (Category II11)
systems is considerably below the range (2.995 ~ 12.323)
given for Category III in Table 82-09-05.2.8, but
nevertheless would be expected because about two—thirds of
the lead in MSW is removed with the noncombustibles in the
RDF manufacturing facility and is not subject to the

... combustion process.

".Manganese - There is .a high concentration of manganese in

the combustible fraction of NSCC MSW, as reported by Cal
Recovery Systems. At the same time, large quantities of
manganese can be expected in the MSW noncombustibles.
Although, most of the manganese would report to the bottom
ash, sufficient manganese would be emitted to approach the
controlled emission level prediction (0.33 1b/1000 tons)
for MSW combustion (Category 1I) systems, even with air
pollution controls operating at an estimated 99.5%
collection efficiency.

Manganese controlled emission for RDF combustion (Category
111) systems is predicted to be 0.17 1b/1000 tons. This
is only slightly above the range (0.074 - 0.161) given in
Table B2-09-05.2.8 for the Category III systems and
reinforces confidence in the (.33 1b/1000 tons manganese
controlled emission level predicted for MSW combustion
(Category 11) systems, despite the latter's disagreement
with the range of values (0.014 - 0.049) given in Table
82-09-05,2.8.

Nickel - Table B2-09-05.2.8 has no data relative to nickel
controlled emissions for MSW combustion (Category II)
systems and therefore we must forego a check on our 0.09
1b/1000 ton prediction given in Table 82-09-05.2.1.

fable 82-09-05.2.8 does however provide a range (0.013 -
0.127) of controlled emissions for nickel in a RDF

combustion (Category III) system which checks well with
our 0.04 1b/1000 tons prediction of controlled emission

for nickel in a RDF Combustion (Category 1II) System. It
further reinforces confidence in our 0.09 1b/1000 ton
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prediction, given in Teble B2-09-05.2.1 for cobolt
controlled emisgions in MSW combustion (Category 1I)
systems, since the 0.09 1b/1000 ton prediction was our
base for predicting the 0,04 1b/1000 tons value for
controlled emission of nickel in RDF combustion systems.

Selenium ~ Selenium controlled emissions for both MSW and
RDF combustion (Category II and 1II) systems at 0.002
1b/1000 tons show good agreement with the range of data
reported by others, as displayed in Table 82-09-05.2.8,

Silver - Our controlled emission prediction for silver in
8 MSW combustion (Category II) system is 0.02 1b/1000 tons
compared to the range (0.005 ~ 0,011) of values found by
others displayed in Table B82-09-05.2.8. Although Cal
Recovery Systems has not found excessive concentrations of
silver in MSW combustibles, the amount of silver from the
MSW noncombustibles could account for the 0.02 1b/1000
tons prediction. '

Table 82-09-05.2.8 provides no data- for-controlled. .-
emissions of silver in RDF combustion (Category III}

-~ "systems~to compare with our prediction of 0.015:1b/1000. -~ -~

tons for the controlled emission of silver in RDF )
combustion {Category JII) systems. The 0.015 1b/1000 tons
prediction follows from our earlier 0.02 1b/1000 tons
prediction for controlled emission of silver in MSW
combustion (Category II) system. Both of our Category Il
and III predictions for silver are reasonable and data
found by others (displayed in Table 82-09-05.2.8) is not
sufficiently convincing to warrant any change therefrom.

Zinc - Our predictions for controlled emissions of zinc in
both MSW & RDF combustion (Category II and III) systems,
1.76 and 1.00 1b/1000 tons respectively, are on the low
side compared to the range of values found by others
displayed in Table 82-09-05.2.8., The Cal Recovery Systems
report on low concentrations of zinc in MSW combustibles
reinforces confidence in our predictions, even if they are
somewhat lower than were found by others.

Metals in MSW Combustibles

Table 82-09-05.2.9 15 2 tabulation of metals in MSW combusti-
bles comparing the concentrations of these metals reported by
Cal Recovery Systems for NSCC waste with data found by others.
The information reported by Cal Recovery systems is useful in
developing and corroborating the metal concentration and
emission predictions for the non—criteria pollutant metals
given in Tables 82-09-05.2.1 and 82-09-05.2.2.
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Mercury as a Special Case

Because mercury is a very volatile metal (e.g. boiling point =
675°F), it might be expected that very little, if any of the metal
would remain in the bottom ash. That is practically all of the
mercury will be volatilized and carried off with the gas products of
combustion either as vapor or adhering to fly ash particulates.

Based on & survey of mercury emission data available from Braintree,
MA.; Hamilton, Ontario Canada; Gent, Belgium and WIE plants in
Germany, reference "K" concludes that a conservative estimate of
total mercury emissions from MSW is 6.4 1b/1000 tons MSW burned.

Cal Recovery Systems reports (See Table 82-00-05.2.9) mercury
concentration in NSCC MSW combustibles to be 2.1 ppm which is higher
than the 1.2 ppm aversge reported by others.

Reference "L" reports mercury gaseous emissions to be about 40 times
the mercury particulate emissions. This may account for the wide
range of data on mercury emissions reported to date in the
literature, since many of the researchers fail to distinguish

- between -vapor and solids phase emissions. Reference "L" ventures an.. ... ...

estimate of mercury particulate emissions at 0.16 1b/1000 tons which

*-{’s “based "on ‘tests "at ‘the "‘Braintree, MA plant, where-it is-known-that.

the electrostatic precipitator there has failed to come up to expec-
tations. Using a 99.5% efficient fabric filter bag house air
pollution control device, we predict mercury particulate emission of
0.02 1b/1000 tons for MSW combustion (Table 82-09-05.2.1) and 0.016
1b/1000 tons for RDF combustion (Table 82-0%-05.2.2). .

A pertinent observation in managing mercury emission from combustion
processes is to note the environmental trade-offs. As seen by
reference to discussion above (par. c on Air quality Standards and
par. d on Water Quality Standards), the assumed 99.5% collection
efficiency for air pollution controls may concentrate too much
mercury in the total ash (bottom plus fly ash) and thereby
jeopardize California water quality standards being met by failure
to comply with allowable WET ash leachate threshold levels. As can
be seen by reference to the predicted and allowable atmospheric
emissions given in par. c on Air Quality Standards, there appears to
be more tolerance for larger emissions of mercury to the atmosphere
than it being further concentrated in the collected fly ash, parti-
cularly for the RDF combustion systems. A possible means of reduc~
ing the mercury concentration level in ccllected esh is to add the
RDF rejects to the ash before disposing the mixture in the landfill.

3. Hydrogen Chloride and Fluoride

a)

Hydrogen Chloride (HCl)

Data on HCl emissions are given in reference "C", D", "J", "K", "L"
and "M".

MSW or RDF combustion would generate HCl gas due to thermal reaction
of sources of hydrogen in the waste with plastics containing
chlorine such as polyvinyl chloride and with other chlorine =~
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containing components such as common salt (sodium chloride).

Weighted average of Cal Recovery Systems data on chlorine in NSCC

MSW combustibles, as reported in reference "B”, indicates relatively
high concentration - 1.25% on a moisture and ash-free basis. This
may be compared with the 0.84% concentration previously estimated by
Rayden-Wegman/Carollo. The 0.84X value is obtained after correcting
the data displayed in Table 2 of Summary Report 82-09-03-3 to delete
moisture and ash so that comparison ies performed on a uniform
moisture and ash-free basie.

Table 83-09-05.2.5 includes data on uncontrolled and controlled HCl
emissions from MSW combustion without heat recovery (Category 1)
systems and also for RDF combustion with heat recovery (Category

1I11) systems as well as for combustion of coal. This data is based
on information from reference "J”. Data on MSW combustion with heat
recovery (Category 1I) systems is not given, but it may be assumed

to agree with the Category I systems. Reference "K" states that

only about half of the chloride in the waste is converted to HCl
This statement would probably be more accurate for Category I and 11
combustion sytems, but not as accurate for the Category III Systems
where 81l of the chloride in the RDF is likely to be converted to _
HCl. The uncontrolled HCl emission data for Category IIIl systems ..
(3.2 1b/ton MSW) compared to that for Category I (1.4 1b/ton MSW

both displayed in Table 93-09-05,2,5), would appear to corroborate
this.

Reference “K" concludes that a reasonable estimate of the hydro-
chloric acid emissions is 3.4 1b/ton equivalent to 200 ppm. This
agrees reasonably well with the 3.4 1lb/ton + 3.2 1lb/ton estimate
given in reference "L", although the variation off the average .
indicates higher levels than the 3.4 1b/ton average is possible and
is probable for NSCC in view of Cal Recovery Systems data given in
reference "B”.

Controlled emissions of HCl is taken to be one-tenth of the

“uncontrolled emission, assuming the proposed quench tower/baghouse

alr pollution control equipment can achieve a HCl removal
efficiency of 90X,

Hydrogen Fluoride (HF).

Data on HF emigeiong are given in reference "K", "L" and "M".

Very much like chlorine, the combustion process would chemically
react hydrogen in the waste with fluorine from plastics and other
sources to generate HF gas.

References "K", "L" and "M" predict uncontrolled emissions for HF to
be in the range 0.06 to 0.10 1b/ton MSW or an average of 0.08 1lb/ton
MSW. This is less than the 3.4 1b/ton MSW uncontrolled emission
estimate for HC1l by a factor of about 40.

Weighted average of Cal Recovery Systems data on fluorine in NSCC

~18-




MSW combustibles as reported in reference "B", indicates a fluorine
concentration of 0.007% on a moisture and ash free basis, this 1is
less than the 1.25% concentration found for chlerine inm NSCC MSW
combustibles by a factor of about 180. '

Assuming the high end of the estimated range for HF uncontrolled HF
emissions, at O.1 1b/ton MSW and assuming MSW combustion rate at
1000 tons per day, 365 days per year, the HF uncontrolled emissions
is calculated to be 1B8.25 tons per year. Assuming a collection
efficiency of 90%, controlled HF emissions would then be about 1.83
tons per year. This is less than the 3.0 tons per year maximum
emission level permitted, which if exceeded, would mandate a preven-
tion of significant deterioration (PSD) review.

Another analytical approach might be to assume that HF emissions
would be less than HCl emissions by a factor of 180, equvalent to
the ratio of the concentration of fluorine in MSW combustibles
relative to chlorine, as reported by Cal Recovery Systems.
Referring to Table 83-09-05.2.5, HCl controlled emissions is
estimated at 0.140 1b/ton for Category I and possibly Category 11
combustion systems, whereas HCl controlled emissions is estimated at
0.320 1b/ton for Category III RDF combustion systems. Calculated
_tons per year of HF for the Category 111 RDF combustion system is
"then as follows: - - -..

0.320 1b x 1 ton x 1 x 365,000 tons _ 0.32 tons
ton 2000 1b 180 yr yT

This 1s still less than the 3,0 tons per year maximum emission level
permitted for fluorides and therefore the PSD review should be
waived.

Sulfuric Acid Mist

Reference "K" states little data is available on emissions of sulfuric
acid mist, but based on & measurement taken on tle Harrisburg, PA mass
burn waterwall furnace suggests it is 1.6% of the S0, emission rate. Onm
the basis of a 2.4 1lb/ton rate for S0.,, sulfuric acig emission rate of
0.04 1b/ton is calculated. Collection will occur at high efficiency
(99.5%) at the baghouse where {t will be neutralized by unreacted lime
from the dry scrubber. Controlled emission rate for sulfuric acid mist
would then be 0.04 1b/ton (1-0.995) = 0.0002 1b/ton.

Assuming 1000 tons per day MSW combustion rate, 365 days per year, the
tons per year of sulfuric acid mist emitted is calculated as follows:

0.0002 1b x ] ton x 365,000 tons = 0.037 tons
ton 2000 1b yr yr

This is less than the 7.0 tons per year maximum emission level permitted

for sulfuric acid mist and therefore the PSD review should be waived.
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6.

Hydrogen Sulfide, Reduced Sulfur & Reduced

Sulfur Compounds

These compounds are oxidized by the combustion process to 50, and S0
wvhich are collected by the proposed dry scrubber egir pollution control
equipment; SO, at 85X efficiency and 503 {(which is a fine droplet) at
99,5% efficiency.

Asbestos

Reference "K" states no data were found for ssbestos emissions.
Reference "N" confirms that gize of emitted asbestos particles are
relatively large and are amenable to high efficiency collection (99.9%

" plus) in proposed dry scrubber/baghouse air pollution control equipment.

7e

10.

Aldehydes {(RCHO)

Reference "L" estimates aldehydes atmospheric emissions as follows:

0.07 1b/ton MSW

This is eguivalent to:

70 1b/1000 ton MSW

Carboxvlic Acid (RCOOH)

Reference “L" estimates carboxylic acid (RCOOH) atmospheric emissions as

follows:

0.15 1b/ton MSW
This is equivalent to:
150 1b/1000 ton MSW

Vinyl Chloride Manomers (VCM)

References "K", "L" and "M" all conclude that vinyl chloride manomers
are combustible and would be oxidized to carbon dioxide, water and
hydrogen chloride (HCl) gas in the furnace atmosphere. The HCl gas
formed in the VCM combustion process is accounted for in paragraph 3 (a)

_above., .

Polynuclear Aromatic Hydrocarbons (PAH)

Two reference sources, "K" and "J" provide emission data on polynuclear
aromatic hydrocarbons (PAH).

Reference "K” notes that PAH are common products of incomplete combustion
of carbonaceous fuels and have been found in the emissions from many
sources, Iincluding MSW combustion facilities. Reference "K” does not
identify all of the PAH compounds but states that pyrene, fluoranthene
and benzoanthracene were major constituents in many cases. Considering
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the wide variation at the available data, reference "K” has selected an
average value of 10 1b/1000 tons MSW as being representative.

Reference "J" provides more specific emission data relative to PAH and
points out the considerable reduction in PAH emissions in RDF combustion
(Category II11) systems relative to the MSW combustion without heat
recovery (Category 1) systems. No data is given on the MSW combustion
with heat recovery (Category I1I) systems, although it may be expected to
approximate the Category 1 emissions. :

Polychlorinated Biphenyls (PCB)

Reference "K" reports PCB emissions having been found in trace amounts in
several municipal waste-to-energy plants (e.g. Chicago NW, Dade County
and Braintree). These emissions result from incomplete destruction of
traces of PCB's found in the waste feed. Since the manufacture and
distribution of PCB's is mnow prohibited, the amounts found in the refuse,
and therefore the amount in the emissions, can be expected to decline in
the future. Considering the available data, reference "K” suggests a
reasonably conservative value for estimating PCB emissions to be 0.13
1b/1000 ton. - e

v Dioxins- and Furans— .-+ -~ -~ - ... - : e e e e o

Traces of polychlorinated dibenzo-para-dioxins and dibenzofurans (dioxins
and furans) have been identified in the emissions from & number of
municipal incinerators abroad and in the U.S. (Reference "K").

Concern for these pollutants evolved in the late 1970's when analytic
techniques were gfgeloped to measure these trace pollutants in the parts
per trillion (10 "°) range. (Reference "M"). The measurement is not a
simple task. It requires considerable sophistication to collect
representative stack samples, extract dioxins from particulates, and
separate dioxins from its isomers. The final identification of the
2,3,7,8-TCDD isomer {considered the most toxic of all dioxins and furans)

is by gas chromatography-mass spectrometry and requires extremely skilled
personnel, '

Several theories have been proposed to account for the presence of
dioxins and furans in the waste combustion plant emissions.

they may be present in the feed and pass through the incinerator
undestroyed,

they may be formed from precursors such as chlorinated phenols,
chlorinated benzenes or PCB's present in the feed or

they may be formed by the reaction of traces of chlorine present in
the feed with complex organics formed in the combustion process

a) Dioxins

Emission data, culled from the literature, is given as follows:

i



Nashville, TN (Reference "M")

A single particulate sample collected from the stack of
the municipal waste incinerator at Nashville, Tenn., by
Dow Chemical Co. The level of 2,3,7,8:3CDD in this sample
was reported to be 0.4 ng/g. (0.4 x 10 “g/g).

Northern Italy and Europe (Reference "M")

Sample of total TCDD obtained and analyzed in Northern
Italy and Europe. Values ranged from 0.065 to 10 ng/g in
the fly ash.

EPA Data (Reference M)

Recent EPA samples and analysis of gaseous and particu-
late) stack effluents from waste incinderators in the USA.

The'stack_galueg ranged from not detectable to 3.5 ng/m
(3.5 x 10 ° g/m”) ' '

Battelle Report {(Reference "K")

Battele. analyzed data from Dow Chemical Company as well as
the data reported from Ontario and Europe and concluded
that the average content of 2,3,7,8-TCDD in fly ash was
0.22 ng/g and that 2,3,7,8-TCDD represented 5% of the
total TCDD content of fly ash. Battelle did not include
the recent EPA data, other than to provide some dioxin
vapor phase emission data. Battelle noted that the
emissions reported for the Dutch incinerators are
considerably higher than the other reported emissions
(TCDD=54 vs 5.8 ng/g for ESP fly ash and 100 vs. 2 ng/g

"for stack particulates). Considering the available data,

Battelle concluded that the Psst estimate 25 TCDD
emissions possible is 1 x 10 ° to-500 x 10 ° 1b/ton of
refuse burned and that total dioxin emissions are possibly
a factor of 10 higher. The emission estiméggd for the
very toxic isomer 2,3,7,8-TCDD was 0.5 x 10 ~ 1b/ton of
refuse burned. This was based on a 0.22 ng/g concentra-
tion of 2,3,7,8-TCDD in the fly ash relative to a 4.4 ng/g
concentration_af total TCDD in thggfly ash (approximately
5% of 10 x 10 ~ 1b/ton = 0.5 x 10 ° 1b/ton).

Arthur D, Little Report (Reference "L™)

A.D, Little analyzed the European data on TCDD emissions
and came to the conclusion that the amount of 218,7;8-TCDD
emitted per ton of refuse burned was 0.034 x 10 = 1b/ton.
The 2,3,7,8-TCDD isomer wae estimated to be 10X of the

-TCDD content.

Reference "L" includes emission data for other species of
dioxins as well as for the 2,3,7,8-TCDD and TCDD as
follows:
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‘Dioxin Species Emission

2,3,7,8-TCDD 34 x 100 1b/ton
TCDD 340 x 1077 1b/ton
P5CDD 900 x 107° 1b/ton
HCDD 1550 x 10~° 1b/ton
H7CDD 1550 x 10™° 1b/ton
0CDD 350 x 1p'9 1b/ton

¢ Overview Report {(Reference "0")

This report states a resource recovery plant burning 1500
tons per day of MSW would emit 0.06 oz. of 2,3,7,8-19DD
dioxins per year. (This is equivalent to 6.85 x 10
1b/ton).

Comparative data on 2,3,7,8-TCDD emissions from the references
"K", "L", and "0" are then as follows: :

Reference 2,3,7,8-TCDD Emission
K" 0.50 x 10~° 1b/ton

L. 36,00 x 107 Ibfron .
ng" 6.85 x 107° 1b/ton

Reference "0" also states that recent test data has shown that
9B% of the generated dioxins that form in the couwbustion
process are sorbed on collected fly ash and bottom ash and that
only 2% is emitted to the atmosphere. This would indicate
total ash (fly ash and bottom ash) amounts to 49 times the ash
emitted to atmosphere. Reference "0" furthermore states that
the fly ash and bottom ash can be safely placed in modern
landfills since dioxins have a very low solubility in water and
will therefore have a minimal leachate problem.

Furans

Reference "L" provides emission data for species of chlorinated
dibenzofuranes (furans) as follows):

Furan Species Emission

TCDF 520 x 107° 1b/ton

PSCDF 1080 x 10™° 1b/ton

HCDF 1810 x 10”7 1b/ton

H7CDF ' 1280 x 10-9 1b/ton

OCDF 160 x 107 1b/ton
-2 3_
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13. Pesticides and Herbicides

Concentrations of pesticides and herbicides in North Santa Clara.County
MSW combustibles, as determined by sampling survey and laboratory
measurements are given in Table 1I1-9 of Cal Recovery Systems Report
83-01 (Reference "B").

Summary data is given in Table 83-09-05.2.11,

Atmospheric emissions due to combustion of perticides and herbides in the
waste are already accounted for in the anslyses made for the criteria and
non-criteria atmospheric (stack) emissions described to date. The
following analyses will account for the pesticides and herbicides that
may be incompletely burned in the furnaces and which may report to the
bottow ash.

a) MSW Combustion.

Based on 87.7% of NSCC MSW being combustible {on a dry basis), and
facility throughput of 822 TPD, wet MSW @ 25% H,0 (0.75 x 822 = 617
TPD, dry), pesticides and herchides (Pl P, & H " processed along
“‘qggﬂ.MSW is the product of P, P, & H concentrations and the MSW
combustibles Ehfoﬁghpﬁf:‘aé"}oiféés: T T T e
g

*(837 + 4733 + 496) x 1077 x 617 TPD, x 0.877

9

"= 6066 x 10 ° x 541 TPD

7

= (,00328 TPD, Pl P, & H, dry basis
The 822 TPD, wet MSW @ 55% H,0 is reduced to 180 TPD, residue, dry .
basis (See %able gx%), '

The residue is expected to contain:
5% combustible and
. 0.2% putrescible materials.
{See Outline Specification**, page 2-12).
The putresible material production rate is computed as follows:

0.002 x 180 TPD, = 0.3600 TPD,

This putrescible material in the residue is calculated as a
percentage of the incoming MSW combustibles, dry basis, as follows:

0.3600

ST TR . 0577 X 100 = 0.0666%

* From Table 83-09-05.2,11
*%* From Hayden-Wegman/Carollo Report No, 82-09-03-3
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The total pesticides and herbicides are assumed to be incinerated in
the furnace at the same efficiency as the MSW combustibles.

Thus the total pesticides and herbicides input, amounting to 0,00328
TPD, Pl P, & H, dry basis, would be reduced to the following:

0.00328 x 0.000666 = 2,18 x 10-6 TPD7 Pl P2 & H dry basis

Maximum concentration of total pesticides and herbicides in the
residue is then: .
2,18 x 10~ TPD P P & H, dry basis
180 TPD Redeue, dry basis
-9

= 12.1 x 10 ° = 12.1 ppb

The 6066 ppb maximum concentration of total pesticides and:
herbicides in MSW combustibles is then seen to be reduced to i2.l
ppb maximum concentration of pesticides and herbicides in the
residue..

The-calculation,-given above, -neglects the reacted lime products
(e.g. Ca S0,) of the flue gas desulfurization system, amounting to
90 TPD,. (See Table 9, Report 82-09-03-3).

If the 90 TPD, 1is added to the 180 TPD, residue, total residue is
270 TPD,, dry basis, and the resultant maximum concentration of
pesticiges'and-herbicides (P1 P2 & H) in residue is then computed as
follows:
-6 7
2.18 x 10" TPD P P. & H, dry basis
270 TPD, Modified &es%due, dry basis

8.1 x 107 = 8.1 ppb

The 6066 maximum concentration of total pesticides and herbicides,
in MSW combustibles is then seen to be reduced to 8.1 ppb maximum
concentration of pesticides and herbicides in the modified residue.

RDF Combustion

RDF manufactured, corresponding to B22 TPD, wet MSW @ 252 H,0 and
83.3% (dry basis) recovery rate, is as follows:

= 0.833 x 0.75 x 822 TPD
= 514 TPD7 RDF, dry basis

Pesticides and Herbicides (P1 P2 & H) processed along with the MSW
becomes part of the RDF, P. P, & B in the RDF 1s the product of

) Pl P2 & H concentrations and the RDF manufactured:



-9

® (837 + 4733 + 496) x 10 ° x 514 TPD

7

- 6066 x 10~ x 514 TPD
= (0,00312 TPD; P, P & ﬁ dry basis

The 822 TPD, wet MSW @ 252 H20 is 4nitially reduced to 514 TPD, RDF,
dry basis (843 TPD., wet basis @ 20X H,0), which after combustion, is
further reduced to 55 TPD, residue dry basis. (See Table 11%**)

The residue is expected to contain:

$% combustible and

0.2% putrescible materials
(See Outline Specification**, page 2-56)

The putrescible material is computed as follows:
0.002 x 55 TPD, = 0.1100 TPD,

The putrescible material in the residue is calculated as a
percentage of the RDF that is to be burned, dry basis as follows:

£:190 x 100 = 0.0214%

The total pesticides and herbicides (P P, & H) are assumed to be
incinerated in the furnace at the same efgiciency as the RDF.

Thus the total pesticides and herbicides input in the RDF, amounting
to O. 00312 TPD7 P & H, dry basis would be reduced. to

0. 00312 x 0.000214 = 0.67 x 10 =6 TPD7 P, P, & H dry basis

Maximum concentration of total pesticides and herbicides (P1 P, & H)

-in the modified residue is then:

0.67 x 10°° TPD, P & H, dry basis
55 TPD7 residue, dry basis

-9

= 12,1 x 10 ~ = 12.]1 ppdb

The 6066 ppb maximum concentration of total pesticides and
herbicides in MSW combustible is then reduced to 12.1 ppdb waximum
concentration of pesticides and herbicides in the residue.

*

T N A I AN N T B B B Bl
- 3

From Table 83-09-05.2.11
** From Hayden-Wegman/Carollo Report 82-09-03-3
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The caltulatioh, given sbove, neglects the reacted lime products
(e.g. Ca S0,) of the flue gas desulfurization system, awmounting to
24 TPD4, (See Table 11, Report 82-09-03-3). :

1f the 24 TPD, is added to the 55 TPD, residue, total residue is 79
TPD, and the resultant maximum concentration of pesticides and
hergicides (P1 P2 & H) in modified residue is then computed as
follows: . ~

0.67 x 10°° TPD P P, 6 B, dry basis

79 TPD, modifieg residue, dry basis

= 8.5x 1077 = 8.5 ppb

The 6066 ppb maximum concentration of total pesticides and
herbicides in MSW combustibles is then seen to be reduced to 8.5 ppd
maximum concentration of pesticides and herbicides in the modified
residue. ‘ ’ :

-27-
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HAYDEN-WEGMAN/CAROLLO o f

engineers October 25, 1983

RESOURCE RECOVERY FACILITY DESIGN

NORTH SANTA CLARA ODUNTY SOLID WASTE MANAGEMFNT AUTHORITY

TABLE, 82-09-05.2.1

Estimated Average Non—Criteria Pollutant Metal Emissions From MSW Combustion

(1) Fly Ash (2) Bottom (3) Total Ash (4) Atmospheric Fly Ash
. Group | Element Symbol | Uncontrolled Ash = (1) + (2) Controlled @ 99.5%
* ppm * ppm * ppm * ppu

I Arsenic As 2.11 52 5.37 12 7.48 . 15 0.01 52

1 Barium Ba 42,27 1040 117.06 262 159.33 327 0.21 1040

I Cadmium Cd 3.58 88 2.1 4.7 5.69 12 0.02 88

I Chromium Cr 16.26 400 37.39 83 53.65 110 . 0.08 400

I lead Pb 299.15 7360 139.82 313 438.97 - 200 1.50 7360

I Mercury Hg 4.71 116 ~ - 4,71 9.7 0.02 116

1 Selenium Se 0.33 8 0.16 0.4 0.49 1 0.00 8

I Silver Ag 4.55 112 2.28 5 6.8] 14 0.02 112
11 Antimony Sb 48.8 1200 42.30 95 91.04 187 0.24 1200

| §4 Beryllium Be 0.01 0.2 0.40 0.9° 0.41 0.8 4x10 0.2
1t Cobolt Co 6.50 160 13.01 29 19.51 40 0.03 160
11 Copper Cu 17.88 440 1217.72 2724 1235.60 2533 0.09 440
11 Manganese Mn 66 .66 1640 396.70 887 463,36 950 0.33 1640
I1 Molybdenum Mo -~ 1.95 48 17,56 39 19,51 40 0.01 48
I Nickel Nt 17.88 | 440 37.39 846 | 55.28 113 0.09 440
11 Thallium T1 0.10 © 2.4 6.40 14 | 6.50 13 49x10° 2.4
11 Vanadium v 2.11 52 2.11 4,7 ¢ 4.22 8.7 0.0l , 92
11 Zinc Zn 352.80 8680 . 586.91 1313 9%9.7[ 1927 1.76 8680
Group 1 metals are classified Non—Criteria Pollutants by USEPA & CDOHS

Group 1I metals are classified Non—Criteria Pollutants by CDOHS only

USEPA = United States Fnvironmental Protection Agency B

CIYHS = California Department of Health Services

LA = 1b of metal emitted (dry)

1000 tons MSW @ 25Z H,0 : ‘

" ppm = parts per million, concentration of metal

in ash category (1), (2), (3) or (4),

uncorrected for ash products of acld gas control system

Ly
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HAYDEN-WEGMAN/CAROLLO

engineers

. ' October 25, 1983
RESOURCE RECOVERY FACILITY DESIGN
NORTH SANTA CLARA COUNTY SOLID WASTE MANAGEMENT AUTHORITY

TABLE 82-09-05.2.2
Estimated Average Non—Criteria Pollutant Metal Emiseions From RDF Combustion

_ (1) Fly Ash (2) Bottom ' (3) Total Ash (4) Atmospheric Fly Ash
Group | Element Symbol Uncontrolled - Ash = (1) + (2) Controlled @ 99.5%
* ppm * ppm * ppm * ppa
I Arsenic As 1.95 51 4.88 51 6.83 51 0.01 51
1 Barium Ba 35.93 944 99.50 1037 135.43 1011 0.18 944
1 Cadmium Cd 2.60 68 1.46 15 4.06 30 0.013 68
1 Chromium Cr 8.94 235 20.32 212 29.26 218 0.04 235
1 Lead Pb 100.31 2637 46.99 490 147,30 1100 0.50 2637
1 Mercury Hg 3.09 81 - - ' 3.09 23 0.016 81
1 Selenium Se 0.33 9 0.16 2 0.49 4 0.002 9
1 Silver Ag 2.93 77 1.46 15 4.39 33 0.015 77
I1 = | Antimony - Sb 45.03 1184 38.85 405 83.89 626 0.23_5 1184
1§ 4 Beryllium Be 0.01 - 0.2 0.40 4 0.41 3 4x10 0.2
II Cobolt Co 3.09 81 6.02 63 9.11 68 0.016 81
11 Copper Cu 9.10 239 - 621.54 6475 630.64 4708 0.046 239
11 Manganese Mn 33.49 880 200.14 2085 233.63 1744 0.17 880
I1 _Molybdemum Mo 1.79 - 47 16.26 169 . 18.05 135 0.01 47
11 Nickel Ni B.94 235 18.53 193 . 27.47 205 0.04 235
11 Thallium T1 0.10 3 5.92 62 6.02 45 5x10 3
11 Vanadium v 1.87 49 1.87 19 ¢ 3.74 28 . 0.01 49
11 Zinc Zn 197.05 5179 327.76 3417 524.81 3917 1.00 . 5179

‘Group 1  mwetals are classified Non—Criteria Pollutants by USEPA & CDOHS
Group I1 metals are classified Non—Criteria Pollutants by CDOHS only f

USEPA = United States Environmental Protection Agency
CDOHS =. California Department of Health Services
* = 1b of metal emitted (dry)

1000 tons MSW @ 25% R
ppm = parts per million, concentration of metal
fn ash category (1}, (2), (3) or (4),
uncorrected for ash products of acid gas control system
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HAYDEN-WEGMAN/CAROLLO

_engineers

-RESOURCE RECOVERY FACILITY DESIGN

October 25, 1983

NORTH SANTA CLARA COUNTY SOLID WASTE MANAGEMENT. AUTHORITY

TABLE 82-09-05.2.3 (Sheet 1 of 2)

California Waste Extraction Test (WET)

*Proposed Threshold Concentration Limits For
Hazardous Waste Classification of Ash Containing Non~Criteria Metals

(1 (2)
TTLC STLC
Element Symbol Total Threshold - Soluble Threshold
Group ' Limit Concentration Limit Concentration
' (ppm) ' (ppm) '
oo L Arsenic As... ... 500. -3
1 Barium Ba 10,000 100
1 Cadmium Cd - 100 1
1 Chromium Cr 500 5 -
1 Lead Pb 1,000 5
I Mercury Hg 20 0.2
1 Selenium Se 100 1.0
I Silver Ag 500 5.0
11 Antimony Sb 500 100
11 Beryllium Be 75 7.5
11 Cobolt Co 8,000 80
11 Copper Cu 250 2.5
I1 Manganese Mn No Limit Set No Limit Set
11 Molybdenum| Mo 3,500 350
II Nickel Ni 2,000 20
11 Thallium Tl 700 7
11 Vanadium v 2,400 24
11 Zinc Zn 2,500 25

*Data, subject to revision, provided by Gerry Whité, Analyst of the 0Office of
Waste-to-Energy California Waste Management Board, Oct. 6, 1983 telephone

communication for guidance only.

Group 1

Group II
USEFA =
CDOHS =

ppm =

metals are classified Non-Criteria Pollutants by USEPA & CDOHS
metals are classified Non-Criteria Pollutants by CDOHS only

United States Environmental Protection Agency

California Department of Health Services
parts per million, concentration of metal in ash




Table 82-09-05.2,.3 (Sheet 2 of 2)
California Waste Extraction Test (WET)

(1) TTILC ppm concentration limits are set for the Nitric Acid Digestion

(2)

(3)

Process test. If ash samples pass this test, no need to test for STLC
limits. '

STLC testing to be performed only if TTLC ppm concentrations exceed TTLC
threshold limits given in Table. STLC testing determines if a 0.2 molar
solution of citrate buffer, having a pH of 4.5 will, in a 48-hour test,
leach Non-Criteria metals from an ash sample in an amount to exceed STLC
threshold limits.

State Water Resources Control Board will rule if composite ash samples
(e.g. combined fly ash and bottom ash) is allowed. ‘
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HAYDEN-WEGMAN/CAROLLO ;
engineers - . _ . Octaber 25, 198
RESOURCE RFCOVERY PACILITY DESIGN :
NORTH SANTA CLARA COUNTY SOLID MASTE MANAGFMENT AUTHORITY

TABLE 82-09-03,2.4 ' :
Comparison of Average NowrCriteria Follutant Metal Emissions® from MSW Combustion

© "C” Mashington D.C, SWRC f1 "D" Nicosis . “E" Braintree "C" Alexandris
Croup | Element Sywbol Cycl. Col.7¢5F 0.9 ib/ton Tray Scrub'r " eSP 2.7 1b/ton Vet Baifle 5.6 ib/ton
447ly Ash Suspended . B 1b/ton Inlet Outlet . A%flyash Suspended
1 Arsenic As 59 3o {0.28) 200 120 -5 {0.15) A0 210
1 Barive Ba 3,200 930  (0.89) 220 400 340 (0.92) 2,800 890
I Coduium cd 185 1,900 (1.71) 1,500 1,100 480 (1.29) 42 1,100
1 Chromium Cr 180 870 {0.78) 105 70 200 (0.54) 1,320 490
1 Lead Pb NR 18,000 (70,20} 69,000 NR NR " 40,000 97,000
1 Mercury Hg m R MR NR 0.1 (U:ID_‘) NR NR
1 Selenium Se 12 » (0.03) 49 <25 38 (ixl0 ) 3.4 13
1 Silver Ag . 220 1,000 {0.90} 110 165 79 (0.21) 85 390
!
1 Antimony  Sb 580 2,400 (2.16) 1,600 2,200 1,600 (4.32) 270 2,400
1] 1 Beryllium Be MR NR NR < 0.1% £ 0.16 (dx10 )
1 Cobolt Co 7 5 (0.0043) 2 3B 17 (0.05) 12
11 Copper Cu 950 1,500 (1.35) 1,700 1,800 1,600 (4.32) 960 1,000
It Manganese Hn 2,100 410 0.37) 270 70 330 (0.89) 4,300 1,500
It Molybdenum Mo NR NR NR 4) 37 (0.10) NR HR
1t Wickel L MR 170 (0.15) 79 MR L1 740 200
Bt Thalltue Tl NR R HR 1.8 1.6 (0.004) MR NR
11 Yanad ium ¥ NR KR ) HR 39 N (0,06) 133 22
It Lloc n 240,000 140,000.  (126) - 110,000 > 10,000 |> 10,000 (> 27) 10,800 120,000

Grovp 1  metels are classifted NonCriterie Pollutents by USEPA & CDOHS

Croup 11 wetuly sre clessified Won—Criteris Pollutents by CDOHS only

USEPA = United States Environmentsl Protection Agency

COOMS = Californis Department of Health Services

[ = . Mot Reported

. Metu] emisefons sre given in ppe concentration of metsl in totsl particulste emiseions
rpm = parts per willion unless noted .

( ) = 1b of wetul emitted/ID00 ton MSW . d

an Collected Fly Ash ‘

"CY, D" & " denote references to litersture, (Ses page v).
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HAYDEN-WEGMAN/CAROLLO

engineers:
October 25, 1983
RESOURCE RECOVERY FACILITY DESIGN
NORTH SANTA CLARA COUNTY SOLID WASTE MANAGEMENT AUTHORITY
TABLE B2-09-05.2.5
Emission Factors for TSP & HC) Based on Total Feed Material
UNCONTROLLED* CONTROLLED**

Category 1 11 111 Coal I 11 I1I Coal
TSP ) .
1b/ton 25 20 13&_ 128 0.125 0.100 0.670  0.640
JHC1 N S
1b/ton 1.4 . KA T 3.2 0,4 10,140 l---NA 0.320 0.040

Rt -

Category Definitions
I - Mass-fired MSW Combustion w/c Heat Recovery

Mass-fired MSW Combustion with Heat Recovery

11 -
111 - RDF Combustion with Heat Recovery
TSP Total Suspended Particulates
HCl Hydrochloric Acid
given in 1b of emission per ton of total feed:

Emissions
' MSW for Categories I & II

RDF for Catogory II1

* Reference: An Evaluation of Emission Factors For
Waste-to—Energy Systems — Executive Summary
by G.M. Rinaldi, T.R. Blackwood,

D.L. Harris & K.M. Tackett

Monsanto Research Corp. Dayton, Ohio
Table 6 for TSP Uncontrolled Emissions)
Table 13 for HCl Uncontrolled Emissions)
29 May 1979
USEPA Contract No. 68-03-2550, Task I1

** Agsume Controlled Emissions as follows: °
99.5X Efficiency for TSP
90.0% " " HC1

NA - No data available
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HAYDEN -WEGMAN/CAROLLO

October 25

RESOURCE RECOVERY FACILITY DESIGN

NORTH SANTA CLARA COUNTY SOLID WASTE MANAGEMENT AUTHORITY

TABLE 82-09-05.2.6

, 1983

Concentractions of Trace Elements in Uncontrolled Particulate Emissions

UNCONTROLLED CONCENTPRATIONS ppm
Element Category I Category 11 Category 111 Coal
Antimony -2 260 - 620 0.4 - 10 7 - 20
Arsenic -2 50 - 70 20 -, 80 20 - 120
Barium ~a 270 - 540 ~a “a
Bromine “a 420 - 2,400 - -

== Cadmium- ¢ oo en = - - 380 - - -820. [ ...0.3 ~a R Y Q,6";aw“1,0“
Chlorine ~a >10,000 - : -

7.2 Chromium ~a- 50 - .- 560 5 - -20.1 6.- 8.
Cobolt ~a 10 - 100 0.6 - 2.0 i 0.4 - I;Bf
Copper a 420 - 590 . 10 ~ 50 i 6 - 7
Iron “a 970 ~ 1,090 700 - 2,410 i2,350 - 2,800

. lead ! "a 211,600 - 17,500 1,220 - 2,930 i 340 - 380
i Manganese ~a : 420 a 1,400 10 - 20 } 20 - 40
Nickel ~a ! - 3 - 20 | 6 - 20
Selenium - i <90 10 "a 40 | 10 - 50
| silver -2 110 - 200 - -
Tin ~a : 2,600 - 5,000 50 - 150 | 20 - 30
Zinc - I >10,000 860 - 3,770 i 180 ~ 560

pp2 =

. H
. v

Reference:

Category Definitions:

2 Data Not Available

An Evaluation of Emission Factors For

Waste-to-Energy Systems - Executive Summary

by G.M. Rinaldi, T.R. Blackwood,
Harris & K.M.
Monsanto Research Corp., Dayton,

. (Tables 14,
29 May 1979

DILI

Tackett

, 16 & 17)

USEPA Contract No. 6B-03-2550,

parts per million

See Table 82-09-05.2.5

Ohio

Task 11
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RESOURCE RECOVERY FACILITY DESIGN
NORTH SANTA CLARA COUNTY SOLID WASTE MANAGEMENT AUTHORITY

Concentrations of Trace

TABLE 82-09-05.2.7

October 25, 1983

Elements in Controlled Particulate Emissions

| CONTROLLED CONCENTRATIONS ppo
fﬁ Elewent Category 1 } Category 11 Category I1I i Coal
TR ETRGHY T 6107F T 125600 460" = 15000 |- =2 = — =180 f- . d0-mrmend 500
.. Arsenic 80 - 510 , 50 - 100 | 140 ~, 740 20 -, 680
s Barium | 40 - 1,700 7270 - 540 | - e ‘ TRy
Bromine | 320 -~ 6,700 | 350 - 1,200 - - .
. Cadmium i 520 - 2,300 { 670 - 1,150, 0.2 -, 10 2 - 8
Chlorine 99,000 - 330,000 1 >10,000 ° - : -
Chromium : 70 - 1,800 , 130 - 260 60 - 100 . 30 - 40
Cobolt : 2 - . 30 5 - 50 ¢ 4 - 40 3= 30
Copper ' 870 - 6,800 620 - BOO . 50 - 280 30 - 40
Iron 1,700 - 18,000 2,000 - 2,130 16,940 - 17,300 13,200 - 18,200
Lead 50,000 - 155,000 |18,100 - 34,200 4,470 - 18,400 : 1,050 - 1,790
Manganese 170 - 5,700 140 - 490 | 110 - 240 . 100 - 140
~Nickel 40 - 440 - ; 20 - 190 - 30 - 40
§ Selenium 10 - 120 <30 . - 20 “a 430 30 ~a 40
! Silver 40 - 2,000 50 - 110 . . - L - -
: Tin 8,500 - 15,100 1400 - 5000 : 260 - . 870 30 - 270
: Zinc 47,000 - 240,000 >10,000 .4,360 - 17,200 910 - 3340

aData Not Available

Reference:

See Table 82-09-05.2.6

Category Definitions: See Table 82-09~05.2.5



HAYDEN-WEGMAN/CAROLLO

engineers

October 25,

RESOURCE RECOVERY FACILITY DESIGN
NORTH SANTA CLARA COUNTY SOLID WASTE MANAGEMENT AUTHORITY

TABLE 82-09-05.2

I8

Controlled Emissions of Trace Elements

CONTROLLED

EMISSION

[ 1b/1000 ton

|
i
1.
i

i .
S

Element Category 11 Category III
Antimony 0.046-0.10 0.0013-0.121
Arsenic 0.005-0.01 0.094-0.492
‘Barium 0.027-0.054 ~a
Bromine 0.035-0.120 -

: ""“Cﬂdmium"““"’""“"““‘“““07067-0%1&5“‘““”““““1”‘“”“““'“0?0001‘0-0063“““*m‘
Chlorine >1 -

" “Chromium  -°° T 0701304026 " 0.040-07067: z
Cobolt 0.0005-0.005 0.0027-0.027
Copper 0.062-0.080 0.034-0.188
Iron 0.200-0.213 4.650-11.591
Lead 1.810-3.420 2.995-12,328
Manganese 0.0l&f0.0&g 0.074-0.,161
Nickel - 0.013-0.127
Selenium <0.003 0.013—0.282
Silver 0.005-0.011 ‘ -

Tin 0.140-0.500 0.174-0.583
Zinc >1 2.921-11.524

1983

Controlled Emissions 1n 15/1000 tons is product of data shown in Tables
82-09-05.2.5 and 82-09-05.2.7



HAYDEN-WEGMAN/CAROLLO

engineers October 25, 1983

RESOURCE RECOVERY FACILITY DESIGN
NORTH SANTA CLARA COUNTY SOLID WASTE MANAGEMENT AUTHORITY

TABLE 82-09-05.2.9

Metals in MSW Combustibles — NSCC vs Others

(ppm)
Group Element Symbol NSCC Others
I Arsenic As 5.7 ND
1 Barium Ba 110 170
I Cadmium Cd <3 9
1 Chromium Cr 19 55 -
I Lead Pb 50 330
1 Mercury Hg 2.1 1.2
~—— =g Ten A T s i e g e B L
L LI | _silver | Ag SR < ! U S
l ' I1 Antimony Sb 70 45
I1 Beryllium Be <0.3 ND
: 11 Cobolt Co <5 3
l 11 Copper Cu 423 350
II Manganese Mn 138 130
' 11 Molybdenum Mo : €12.2 ND
l : 11 Nickel N1 <16 22
II Thallium Tl <4 ND
_ 11 Vanadium v 2.9 ND
I 11 Zinc Zn 339 780
I ND = No Data
l' NSCC data based on average ppm concentrations reported in combustible
' ' fraction of MSW from Cal Rec'y Syst. Inc. Report No. 83-01
“Laboratory Analysis of the Combustible Fraction of NSCC MSW" dated
March, 1983 Table 11I-6 (weighted averages).
' _ Others data based on average ppm concentrations of combustible fraction of
- MSW from Washington D.C., Baltimore, Howard and Montgomery
Counties, Md., Tampa, FL and Tulsa, OK 25 measured at the Bureau of
' A Mines Avondale Metallurgy Research Center in Maryland; "Sources of
Metals in Municipal Incinerator Emissions™ by Stephen L. Law and
Glen E. Gordon, Table II, Environmental Science & Technology,
l April, 1979.

g b -



HAYDEN-WEGMAN/CAROLLO
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October 25, 1983

RESOURCE RECOVERY FACILITY DESIGN
NORTH SANTA CLARA COUNTY SOLID WASTE MANAGEMENT AUTHORITY

TABLE 82-09-05.2.10

Polynuclear Aromatic Hydrocarbons (PAH)
Emissions

EMISSIONS 1b/1000 Ton
FAH Speciles Category 1 Category 1I1
-} =Benzo(a)--anthracene/chrysene -. -...~. - _...|_.. .6.2. .. | . .= ...
- Benzo(b) fluoranthene 2.8 - '
Benzo (ghi) perylene ‘ 3.2 ' -
BaP/BeP ' 1.5 1.5
Coronene ' 1.6 -
Fluoranthene 10.0 ‘ 2.5
Indino (1,2,3, cd) pyrene . 1.5 ' -
Perylene 1.5 1.5
Pyrene : 12,0 ©0.76
Fluorene, | - 0.76
1,2 - Benzofluorene and 2,3 -~ Benzofluorene - 1.1

Reference: An Evaluation of Emission Factors for Waste—to-Energy Systems -
Executive Summary. by G. M. Rinaldi, T.R. Blackwood, D. L. Harris &
K. M. Tackett, Monsanto Research Corporation, Dayton, Ohio.
{(Tebles 18 and 19)
29 May, 1979
USEPA Contract No. 68-03-2550. Task 11

Category Deninitions: See Table 82-09-05,2.5



Pesticides amd Herbicides Concentrations

HAYDEN-WEGMAN/CAROLLO
engineers’

TABLE 82-09-05.2,11

RESCURCE RECOVERY FACILITY DESIGN
NORTH SANTA CLARA COUNTY SOLID WASTE MANAGEMENT AUTHORITY

-Qctober 23,

in NSCC MSW Combustibles

1983

Processable

Waste

Maximum Concentration, ppb (dry basis)

Pesticides

Chlorinated (Pl)

Phosphate (Pz)

Herbicides (H)

Z (1)

- Delivered By Lab.(2)| Ext.(3) -| Lab.(2) | Ext.(3) .| -Lab.(2) | Ext.(3) .
Rear Loaders (33.6%) 426 143 5187 1742 545 183
Front Loaders {(44.6%)] 1271 567 4963 2213 435 194
Debris Boxes (21.8%)| 583 127 3570 778 545 119
Composite (100.0% 837 47133 496
Notes:

(2)

(3)

Reference "B", Table I11I-9,

Extension of Data Inputs (1) and (2) are derived by multiplication
of respective X distributions and lab data on Rear Loaders, Front Loaders
and Debris Boxes, and summing the respective products to obtain the
composite waste characteristics indicated.

(1) % Distribution of Processable Waste amongst Rear Loaders, Front Loaders &
Debris Boxes based on Summary of Average Daily Waste Quantities given in
Table T of Authority 4/11/83 MEMO.

Laboratory data on Maximum Concentration of respective pesticides &nd
herbicides in sampled vehicled;
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Tasks
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SL_PG of Work- ;.
Leaching Characteristics of Ash in a Landfill Environment

Pack colusns with ash and start flow of municipal waste leachate or distilled vater, a®

prescribed in plen,

Collect leachate samples twice weekly from the glars manifolds and Erom esch column.

Analyze each leachate momple for the following:
HKetals

- Antiwmony

Arsenic
Barium’
Beryllium
Cadmiun

Chromium (total & Cr 1V)

Cobalt
Copper
Lead
Hercury
Molybdenum
Nickel
Selenim
Silver
Thatliom
Vanedium
Zinc

Minerals

Cations

Ammonia
Soliuvm
Potassium
Calcium
Hagnesium

Anions

Bicarbonate
Carbonate
Chloride
Sulfate -

Nitrate (as N)

Fluoride
Hydroxldo

‘Additional

pH

Alkslinity

Total Hardness
Specific Conductance

1
H

A. Elemental lnllyalo shall be conducted by using; inductive coupled pl-unn—ltonlc
emissions spectrometry (ICP) twice weekly and once every two weeks by atomic
absorption spectroscopy (AA) for metsllic elements.

B. Mineral analysis, pll, alkalinity, tot.l hardness, and upecl!lc conductance shall

be recorded twice weekly,

Honitor pH end Zh continucusly at glase -nnlfolds

t

Record total voluwe over time of - leachate and distilled water.
All ICP analyses completed and entered into Data ilanagement System.
All AA snalyses completed and entered into Data M:anagement System.

- Submit wonthly reports to Project Manager.
Dreft report to Profect Manager.
Final report published and submitited to Project H1nager.
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