PALM BEACH COUNTY

SOLID WASTE AUTHORITY

November 5, 1985

Ficyrida Department of
Environmental Regulation
Twin Towers O0ffice Building
2600 =lzir Stcne Road
Tallahassee, FL 32301-8241

Attn: Mr., Eamilton &. Oven, Jr., P.E.
Aidministrator
€iting Coordination Section

Re: QResponse tc Auvgust 27, 1985 Letter
Applicaticn for Power Plant Site Certification
kesource Recovery Facility
Solid Waste Authority
Palm Beach County, Florida

a

r are 45 copies of the response tc yo!
985 in which (1} ten cdeq icns/commen
Environmental Reguiation's Bureau oI
commants from the U.S. Department

k Service concerning the applicati
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Fesponses to all cf the guestions/comments concerniung the appli-
cation are 1inciuded in each respcnzse booklet for distribution.
Responses Lo the Bureau of Alr Quality Management quest;ons i
throush 2 are under Tabk Ye., 1, guesticns 4 through 6 are under
Tar Wo, 2 and guestions 7 through 0 are under Tab Nco.

respo.ase to the comments from the Xaticnal Park Service is under
Tez No. 4. References B, C ancd D accormpanying the respoiises are
unéer Tab No. %, 6 and 7 respactively.

Should vou have any turther questions please contact cur office.

TRE/pc
enclocsure

51 14 Okeechobee Blvd./ Suite 2C / West Palm Beach, Florida 33409 / Telephone (305} 471-5770
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August 27, 1585

Mr., Tim Hunt, Jr.

Executive Director

Palm Beazch County Solid
Waste Authority

' €114 Okeechobee Blvd.

Suite 2C

West Palm Beach, FL 33409

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

Dear Mr. Hunt:

Flease respond to the attached commegts from the depertment's

"Bureau of Ajr Quality Menagement concerning su..1c1ency of the

certification applicaticn. Also you may wish to review tne en-
closed letter from the Naétional Park Serv1ce

S1n;ere1y,

€11LW%L£Z§h S. C;Lw*%n

Ham11t0n S. Oven, Jr.
Administrator
Siting Coordination Section

HSGjr/sb

'Attachment

cc: MWilliam Kendrick
A11 Parties
Don White:



!i An To Other Than The Addresses
State of Fiorda 170: Loctn.: :
CEPARTIENT OF ENVIRONMENTAL REGULATION iTo: - Loctn.: !
ETo: ‘ Loctn.: :
INTEROFFICE MEMORANDUM e om- —__ bae
. s ‘Repiv Cotiona | } Pesty Rezuwea | | Infe. Qniy | 14
!Da'.e Cuwe: ____ . Daie Due: _ . i

For Routing To Districy Officey

1.

TO:

FROM:

DATE :

SUBJ:

Hamilton Oven

Clair fanc(:}é;#\

August 23, 1985

Palm Beach County Resource Recovery Facility -
Ssufficiency Review

Listed below are guestions my staff has prepared to be submitted
to the applicant., These qguestions need to be answered before
final review of the application can be completed.

submit a copy of the eppropriate sections of the references
used to devise the emission factcrs for all the pollutants
emitted by the propcsed facility.

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

~cemperature of 450 °F.

The emission factor for dioxins appears to be bzsed on the
emission factor for the Brooklyn Navy Yard project which
will use a dry scrubber and baghouse for contrel. What is
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 "eesthetically 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

‘baghouse. This is not a valid comparison., Submit the

necessary data cecmparing a baghouse to an ESP and a
dryscrubber with a baghouse to scrubber with ‘an ESP.

L BACT eccnomic analysis which evaluates unit cost per ton
of pcllutant removed should include all the pollutants; for
example, dry scrubbers should address azcids, SOy etc.
Resubmit the economic data for all of the control systems
which are to be evaluated.



Hemilton Oven
Page TwoO

7.

10.

- nugust 23, 1985

Will any hospital waste cor "red bag" waste be incinerated at
this facility. If so, please quantify the amounts,
composition, and the scurce of these rmaterials.

Verify and correct, 1f necessary, the tons per year
emissions contained in the air permit application.

Tables 5-89 A through F of appendix 10.1.5 contain results of

the highest, second high modeled concentrations for the
proposed facility. These results include values at a

distance of 730 meters from the center of the facility. The.

modeled runs, however, do not include eany receptors at this
distance., Please explain.,

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

The county needs to be informed of such and they must send a
letter to me reguesting that we perform the Technicel and
#dministrative review for EPA so trket they can issue a
federal PSD permit. ' '



United States Department of the Interior

NATIONAL PARK SERVICE
SOQUTHEAST REGIONAL OFFICE
78 Spring Streel, S W

W KLFLY REFLR TO°

Atianta, Georg:z 30333

N3615(SER-OPS)

Mr. Toz= Rogers

Bureau of Air Quality Management

Stzte of Florida

Department of Environmentzl Reguletion
Twin Towers Office Building

2600 Blair Stonme Road
Tzllzhassee, Flerida 32301-824]

Desr lr. Rogers:

Thenk you for sending us 2 copy of the Pzlm Beach County Rescurce Recovery
powver plant site certification application for a-proposed resource recovery
facility in Pzlm Beach County, Floricde, spproximetely 120 ko northedst of
Iverglades Nationzl Perk. Your early notificat this project is
appreciated.
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However, we have severzl comments regarding the air quzlity and control
technolcgy analyses contazined in the eppliceticn. These cormments are
discussed in the enclosed techniczel revievw document. We esk that you consider
these cocments while performing vour review of the zpplication, We alsc ask
that vou forward us z copy of vyour preliminary cdeterzinaticn document once
your technical review of the project is completed. Ve will review your
preliminary determination and submit any zdditionel comments regarding the
project during the 3C-day public cozment period.

1f vou have any questions regercding the enclcsed ccrmrents, plezse contact Mark
Scruggs of our Air Quality Divisicn in Denver at (303} 236-8765.

Sincerel

f

Regicnal Director

Southeast Regilon : D E R

Enclesure

RUG 22 1985

R | - BAOM



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

s
A .

and Technical Suspor: Branch

Percit Review and
iz Quali:ty Divisicn = Denver

p A

Palzs Zeach Couanty Solid Waste Authority (Palm Beach County) is proposing to
construct a resource recevery facility In an vnincorsorated secticn of Palz
Beach County. The location is eapproxizmately 120 k= northeast of EZvergzlades
National Park, a PSD class I zrea adainistered by the National Parx Service.
The purpese of the facility is to dispese of solid wzste generated 1in Pala
Beach County. The project «will be a mass-burn faclility with a -exizum contin-

uvous design rated capacity of 3,000 tons per day of solid waste ard a maxizum
electrical generating «capacity of eapproxirmately 75 megawatts. The inicizl
design is for 2,000 tons per day capacity arnd 50 megawatt generating capacity.
The eoissions froom the propesed facility are cstizmated 25 follows bzsed on
1,800 tons per day (annual average) of refuse burned: 3,942 tons per year
(.?Y) of carbon rmonoxide, 1,314 TPY of nitrogen oy¢de , ,957 TPY of sulfur
dicxicde, 1,150 TPY of chlo::ces, 65.6 T?Y of volsrile orgznic cozpounds, 214
TPY of a-*iculate catter, 0.13! TPV of scliuric aci ist, 13.2 7P2Y of
flucriaes, 0.46 T2Y of lead, 0.98 T2Y of mercury, and 0.003 7

Under the PSD regulzticns, these enission rafes are considered sfznificant for
ca:bon{:onpxide, nitrogen coxides, sulfur dié%ide, volatile corgs cozpouncs,
fluorides, mercury, bervllium, eand perticulate =zztter. The refo.e, new source
revliew is required for the eaforecenticned? pellurants. Follcwing are cur
ceczzents oo the best aveilable control technoicgy, eir quality, end zir quality
Telated values analyses with respect to =whe project's exgected imzacts.
BZST AVAILABLE CONTROL TECENCOLOGY ANALYSIS

The zajor sources of exissions at the propesed facility are the three asso-
cia:edipoilers. Therefore, our review will focus on e=iscioz controls on
these units. Also, there is 2 relatively recent publication entitled, TAir
Polluticn Control at Resource Recovery Faciflities™ that discusses resocurce
recovery facilitles In cetail. This document was published in May 1984 by the
Calffornia Air Rescurces Board, and was svzmavized In a technical paper

esented at the 77th annual czee: of the Air Pollurtion Control Associatioxn
feld in June 1984, As of 1984, all refuse-burning facilities with zzplicatices.
pending in California ate prepeosing contrel technologies thar are consistent
with, or more stringent than, the guldeline emission lizits discussed inm this
repert. We refer to this publication throughout our cczzents on the propesed
alr pollution control technology analysis.

Parriculate Matter (PM)

Paln Begch County proposes to use electrostatic precipitators (ESPs) to mininire
PM ecissions generzted by cozbustion of the solid waste in the boilers. Each
ES? will be capable of reducing the exhaust gas PM concentration to (.03 grains
per dry standard cubic foot {(gr/dscf). Palo Beach County states that an ESP
wvith an outlet grain loading of 0.03 gr/dscf {s best available control technology

(BACT) for.the proposed facility.



.

We agree that high efficiency control devices such as ESPs or baghouses represant
BACT for PM enissions from the prepesed facility. However, based on infor=zation
provided in the California Alr Resources Beard (CAR3) docuzent referencec above,
an es‘ssion limit of 0.0} gz-/dsef can be achieved with these devices. This is
the goideline exission lizit propecsed by the CARB for new refuse recovery facili-~

ties in California and should be consicdered as the BACT enission limit.

Palo Beach County Iindicates on page &, Volume IV, of their certification applica~
tion that they could obtain a guaranteed P¥ enissicn rate of less than 0.01
gr/dscf from a baghouse., Hcwever, they deter=ined a bzghouse was not zppropriate
due to filter mediz blinding and cue to the incidence of fires caused by sparks.

Baghouses have been installed at several refuse burning facilitles. Blinding
ptoblems were encountered at the Tast Bridgewater, Massachusetts, installatios,
buz the unit was rebuilt to nsintain flue gas tecperature at 500°F .chrough the
baghouse. The modificaticn apparently solved the zajor blinding problezs.

1f baghouses are installed, and if the proposed flue gas tecperature is in-

creased from 450°F te 500°F, blinding should not be a major preblez. The
spark carry over and danger of fire in the bags cculd be wminizized by instal-

ing a prizary ccllector such as a cultitube crclone zhead of the baghouse.
Regardless of whether baghouses or ISPs are lustalled ve feel an ecission

lizit of 0.01 gr/dscf represents BACT.

i'| |hl

Sulfui Dioxide (S03)

each County 1s propecsing no control éévices for liziting SC; emissions;
they are proposing the firipg. of idcw suliur refuse as EACT for the
faeility., The resuvliing 3aCT lizit™propesed is 0.7 pounds per z=illion
input (157105 Bru). -
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The emission guideline recczoended in the CARS docuzment is 30 ppz, which cor-
respepds to an SO0, enission rate of approxicately 0.08 1b/10Y Btu. To achleve
this_%:ission level, flue gas coctrols such as wet or dry scrubbing are required.
Dry scrubbing processes have been effectively emploved at pilot and full-scale
refuse burning facilities in Turope, Japan, and the United States. Wet scrubbders
Lzve also been ewmployed at full-scale refuse burning faecilities. 1In light of
this information, we recczoend that Palm Beazch County re-evaluate flue  gas
scrubbing as BACT for S0, exmissions froz the proposed facility.

Nitrogen Oxide (NC,) and Carboz Monoxide (CO) -

The proposed BACT for N0, and CO exzissions 1s boiler design and good cozbustion
practices. The resulting NOp and CO emissions liczits proposed are 0.3 and
1.0 1b/108 Bru, respectively. Eased on inforzztion presented in the CARB
report, combustion zodificatiens such as stzged cccbustioa, low excess air, and
flue gas recirculation can reduce NO, ecfssions to btetween 140 to 200 ppa or
0.28 to 0.4 lb/lO6 Btu. ince the.proposed KO, limit fzlls in this racge, we
agree that the proposed cozhustion controls and corresponding emission lizd
Tepresent NOy BACT. Regarding CO e=zissions, preper application of the zbove
cezbustion modification techniques will also zinicize CO ecissicns.



Other Pollutants

Othrer pollutznts exitted frez the proposed resource recovery faciliey recuiring
5ACT review include fluoride, beryllium, and zercury. The proposed BACT for
beryium {s the ESPs for the control of particulate zatter ezissions. Eeryl-
liuz {s emitted in the solié phase, therefore control of PM eamissions will
2lso control berylliup emissions. We sgree that the propesed ESPs represent EACT
for beryllium. '

y in the gaszous
rs. However, if
ed, the fluoride

Fluorides and mercury are ecitted in small quantities pri
phase. No additienal controls are proposed for these pollutan
the wet or dry scrubbers recczsended for S0p control were instal
emissions could be reduced by over 90 percent.

Our las: comoment in this section pertains to the large éiscrepancies o scoxe
of Pzlmn Beach County's exission esctimates compared to those cade fer the
Brovard County refuse recovery fecility in their March 1985 site certification
z2oplication. Since the Paln Beach County facility 1is rated (arnnual everzge)
at 1,800 tozs per day (initial stage) and the Browerd County facilicty is rated
at 3,300 toms per day, we would expect the ratic ol the Pzlm Beach Couniy to
BEroward County emisslons to be 1800/3300 or 0.55.

The fqlloving table illustrates that, for sgveral pollutauts, this 1s not the

case:d .
z Palm Eeach C
Exission - Exissicn Eroward Co.
Pollutan: Rate for Palec Beach County I Rate for Zreward County Ratlo
{Tons Per Year) - (Tons Per Yezr)
S0 2957 3428 0.86
NO, 1314 . 3491 0.38
Coy 3942 o 555 7.10
pre 2%4 _ 461 C.46
Lead 0.46 187 - 0.002
Fluorides ' 13.2 156 G.C8&5
Sulfuric 0.131 17.3 0.008

Acld Mist

The above inconsistencles {n exmission estizmates shculd be resclved before
granting pover plant site certifications for the propcsed facilities.

AIR QUALITY ANALYSIS

The air quality ocodeling atalysis appears to be adeguate for the study ares
that was analyzed. EHowever, there is no indication of estizates of concen-
tration values in Zverglades National Park, a class I area. A screecizg
leyel'éir quality codeling analysis should have. been perforaed. . Also, at a
=inizuz, a Level I visibility analysis should be. done and the .results given.

P

(note: Due to the lack of such a techrnical analysis, we perforzed a Level' 1
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visibtlity analysis. Based on the expected ezission and the
ond
gni

park, the analysis coniirss that.the prciect should rot si
the visibility at Everglades National Parkj.

AIR QURLITY RELATED VALUES ANALYSIS

Presently, low S07 concentrations nhave been zornitored in Everglades National
Park, and ' the proposed project vould protably contribute little to the
concentrations. Therefore, we do no: anticipate zny adverse iZpacts on air
quality related values (AQRVs) in the park fron S0;. However, because this
appears to be a high-growth arez, and mecause bicassays of lichens and eplphytes
in the park are showing elevated levels of suifur, wve would like to see a
cuoulative modeling analysis showing the pollutant concentrations expected at
Everglades National Park from the proposed source, background, aond all other
proposed sources. '

In 2ddition, high oczone levels have been zonitored 1in Everglades Kationel
Park, and we have ccomenced stucdles to cdeter=zice if there are any acdverse
izmpacts on vegeration. Ecwever, we do 'nct expect the proposed source to’
sigrnificantly contribute to ozone levels in the perk. Hewever, it is kroown
tha: for sooe species small zzmounts cf SOy can act synergistically wich the
czone to casuse more foliar injury then would De expected with the 50p or
ozone alone. We are awaiting results ¢f fymigetion stucies being conducted
for ue by EPA on slash pine using O3 and S8o which will give us inforzation
on how much 802 can be zdded to hign O3 earezs before icpeets on slash pine

[ & 8

will occur.
CONCLUSTION

Based on the information provided, we would =nol expect ecissions from the
proposed facility to adveresly icpact the air cuzlity or air quality related
valuesy of Everglades National Parx. However, we have cade severzl cozments re-
gerdiTh the proposed control techmolegy azd aif quality ezrzlyses that should
be addressed before the power plant site cer:tification 1is granted for the
propesed project. Results froz current stulies z=zy lead to the Naticnal Park
Secvice reaching different conclusiczs zbout the effects of sizilar sources on
AGRVs in the future. '




PALM BEACH COUNTY SOLID WASTE AUTHORITY

SUPPLEMENTAL REPORT

IN RESPONSE TO

STATE OF FLORIDA
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OF

AIR QUALITY IMPACTS ANALYSIS
FOR PROPOSED

PALM BEACH COUNTY SOLID WASTE AUTHORITY

SOLID WASTE-TO-ENERGY FACILITY

October 18, 1983



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 a 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 Natiomal 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 IT - responds to DER August 23, 1985

" Interoffice Memorandum Questions 4, 5 and 6 on
the issues of Best Available Control Technology
(BACT) and addresses comments by National Park
Service on this subject.

Seetion III - covers the Authority's response

_.to DER Questions 7, 8, 9 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 I development of emission factors. - These
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 1

EMISSION FACTORS




4.1.10
4.1.11

4,1.12

4.1.13

SECTION 1

EMISSION FACTORS

Table of Contents

Question No. 1 and List of References
Total Suspended Particulate (PM)
Sulfur Dioxide (302)

Carbon Monoxide (CO)

Volatile Organic Compounds (voC)
Nitrogen Oxides (NOX)

Lgad (Pb)

Beryllium (Be)

Mereury (Hg)

Chlorides (As HCL)

~Fluorides (As HF)

Sulfuriec Acide Mist

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

Dioxin

Questions No. 2 & 3




SECTION I

EMISSION FACTORS

List of Exhibits (1 of 2)

Exhibit Title Ref* Page

4-1 Table 29 - Uncontrolled Particulate Matter A I-3
at Refuse-Burning Facilities

4-2 Table 1-2 - Typical Analysis and Cowposition F I-5"
of Refuse Derived Fuel (RDF) Percent by Weight

4-3,1 Table 34 - Uncontrolled Matter Emissions of CO A 1-8
and THC at Refuse — Burning Facilities

4-3,2 Page 290 - Table 7 - Carbon Monoxide Emissions B 1-9

4-3,3 Foster Wheeler Energy Corp. E I-10

(Shs. 1&2) Letter of December 6, 1984 I-11

4-4,1 Table 34 - Uncontrolled Matter Emissions of A- I-13
€O and THC at Refuse - Burning Facilites

4-4,2 Pages 290 & 291 - Hydrocarbons B I-14

(Shs. 1&2) and Table 8 - Hydrocarbon Emissions I-15

4-4.3 Table 11 - Uncontrolled Total Hydrocarbon C I-16
Emission in LB/Ton

4-5 Table 15 - Uncontrolled NO_, Emissions at A I-18
Refuse - Burning Facilities

4-6.1 Table 42 - Estimated Total Heavy Metal Emissions A 1-20
Rates (#/10° Btu) For Refuse Fired Units

4=6.2 Table 82-09-05.2.5 Emission Factors for D I-21
TSP & HCL Based on Total Feed Material

4-6.3 Table R2-09-05.2.6 Concentrations of Trace D I-22
Elements in Uncontrolled Particulate Emissions

4=-6.4 Table 82-09-05.2.7 Concentrations of Trace D 1-23
Elements in Controlled Particulate Emissions

4-6.5 Table 82-09-05.2.8 Controlled D I-24
Emissions of Trace Elements 1-25

4-7.1 Table 42 Esgimated Total Heavy Metal Emission A 1-27

Rates (#/10 Btu)

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

I-ii



List of Exhibits (2 of 2)

Exhibit Title "Refx Page
4-7.2 Table 40 Observed Metal Emission Factors for 1-28
Facilities Burning Coal, 0il, Refuse and Coal/
Refuse Mixtures (mg/MJ) as Fired
4-7.3 Table B8B2-09-05.2.4 Comparison of Average Non- 1-29
Criteria Pollutant Metal Emissions from MSW -
Combustion
4-8.1 Table642 - Estimated Total Heavy Emission Rates I-31
(#/10° Btu) for Refuse Fired Units
4-8.2 Page 292 - Table 12 - Mercury Emissions I-32
4-9.1 Page 291 - Table 9 Hydrochloric Acid Emissions I-34
4-9.2 Table 82-09-05.2.5 Emission Factors for TSP & HCL D 1-35
4-10 - . Table 20 Uncontrolled Emissions of 502, HCL & HF . A 1437
4-11 Page 293 - Sulfuric Acid Mist B I-39
4-12 _Page 295 - Asbestos, Vinyl Chloride, H,S, B I-41
Total Reduced Sulfur
5-13 Table 3-2 Predicted PCDF and PCDD Emissions G I-45

from BNYRRF (Assuming all PCDDs and PCDFs
emitted are in gaseous form) '

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

I-iii



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.

“ATR POLLUTION CONTROL AT RESOURCES RECOVERY FACILITIES",

PRELIMINARY DRAFT,

CALIFORNIA AIR RESOURCES BOARD,

NOVEMBER 15, 1983

“EMISSTONS 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

“AN EVALUATION OF EMISSTON FACTORS FOR WASTE - TO ~ ENERGY SYSTEMS" -

EXECUTIVE SUMMARY,

| G. M. RINALDI, T. R. BLACKWOOD, D. L. BARRIS & K. M. TACKETT

MAY 29, 1979 USEPA CONTRACT NO. 68-03-2550, TASK II

“SUMMARY REPORT - ASSESSMENT OF NON-CRITERIA POLLUTANT EMISSIONS™
PREPARED FOR NORTH SANTA CLARA COUNTY SOLID WASTE AUTHORITY

BY HAYDEN-~-WEMAN/CARROLLO ENGINEERS

OCTOBER 25, 1983

FOSTER WHEELER ENERGY CORPORATION LETTER TO HAYDEN-WEGMAN, INC.
DECEMBER 6, 1984

VOLUME Ev_— AIR QUALITY REPORT, APPENDIX 10.1.5 ON.PREVENTION OF

STGNIFICANT DETERICRATION, 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% C02. 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, 12% 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) = 99Z
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 Faciiities

Particulate Matter Emissions
Concentrgtions i ! El:'lssion Rates I
ams/Nme, dryt |1 gl
Type of Facility grains/dscf) 114 (1b/10 Btu)
Low |, High |, Low , High
t I ]
Mass Burning Refractory Wall Y.26 | 3,96 198 | 955
(0.55) | (1.73) 1 (0.46) | (2.22)
: ] It |
Mass Burning wWaterwall 1.80 4.70 4 547 (3150
{0.83) {2.05} ) (t.27) t (7.32)
H Il i
RDF-F{red Spreader Stoker 2.47 | 8,06 | 1290 | 3180
, (1.08) | (3.52) 11 (3.0) 1 (7.4)
{ [ |
Rotary Xiln : . 2.66 | 3.3 | 1080 450
, 1.16) | {1.54) 1 (2.51) 1 (3.37)
I [ |

+Concentrations corrected to 12% CO and are baéed on the front half of EPA
Method 5 Sampling Train

+tRates based on HHV of refuse "as~fired"”

Source: Appendix B

Concentration data listed in Table 29 are corrected to 12 percent

C0., for comparative purposes. The concentration data indicate that

2
uncontrolled particulate matter concentrations are higﬁest at RDF-fired
spreader stoker units and Towest at the refractony wall mass-burning units
and rotary.kilns. In addition, the concentration data show that wide
variations exist within each class of facifity.

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 raies 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

I1-3



4.1.2 SULFUR DIOXIDE (S802)

THE S02 EMISSION FACTOR IS BASED UPON RDF FUEL SULFUR CONTENT WHICH IS
ASSUMED TO BE COMPLETELY CONVERTED TO S$02.

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 § TO $02,
s + 02 --> 802

MOL. WT. 32 64

THEREFORE,

4.4 LB S/TON = 8.8 LB S0O2/TON
= 9.0 LB S02/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

TYPICAL ANALYSIS AND COHPOSITICH OF REFUSE LERIVED f'UEL (RDF)
PERCENT B WEIGHT

COXPOMENT ::;:gv;r.:: KOISTURE JKORGANIC CARBOM HYDROGEN OXYGEN WITROGEW CHLORINE SULFUR  TOTAL WMV BTUALE
CORRUGATEL B0ARD 9.0 148 017 272 0,38 2.62 0.1 0,01 © 6.07 7,39 4al.
REWSPAPER 99.0 5.0 037 8.7 L1 7.0 003 0.03 0,04 23,03 1488,
NAGAZINES 99.0 0.8 0,62  1.55 0.22 1,54 0,00 0.01  0.01 472 260,
QTHER PAPER 99.0 578 2,39 &S LAY 790 0,08 0.6 0.05 26,12 a4,
PLASTICS 98.0 1,02 0.0 S92 082 0.84 0.0 0,31 0.03  10.03 1215,
RUBSERs LEATHER 99.0 020 0.4 122 05 033 004 014 003 2% 2,
i $9.0 0.4 0,03 0,50 0.8 0.42 0,00  0.00  0.00 . 1.6 - B4,
TEXTILES 98.0 0041 0,10 192 6,26 140 006 0,00 0.01 4B M0,
" YARD WASTE 85.0 0.50 0.3 0,30 004 022 001 0,00  0.00 139 5L,
FOOD MASIE £0.0 0,69 029 LOA 045 04 007 002 0.0 301 19,
KIZED COMBUSTIRLES 0.0 390 077 221 031 .75 0.5 0.04 0.0 8.8 38,
FRAOUS 1o 0.01 0,53 0.1 0,00  0.01  0.00 0,00  0.00 0.5 1.
ALUKTHUM 35.0 0.00  0.88 0,01 0,00  ©0.01  0.00  0.00 0.00 0.5 2.
OTHER NOK-FERROVS 10,0 0,00  0.04 0,00 000  0.00  0.00 000  0.00 0,05 0.
BLASS 5.0 0,08 578 003 0.00 0.2  0.00 0,00 0.00  5.52 5.
TOTALS 20,00 13.66 4TS A% 2540 054 073 0.22 100,00 6171
FZAT VELUE A PROTUCED (20,01 H2D)  « 4171, ASH AS FRODUCED (20.02 K20) = 13,72

KIAT VALUE OF DRY SOLIDS = 7714, DENSTTY = 2.5 10 3.5 FOUKDS/CUEIC FOOT
KEAT VALUE OF CONRUSTIBLES . 9302, 3913 e NINUS 2* X MINGS 2° X MINUS 2°

4=
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4.1.3 CARBON MONOXIDE (C0)

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

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

SPREADER STOKER,

UNCONTROLLED CO 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
2.3 LB/1.0E6 BTU X 6164 BTU/LB X 2000 LB/TON

5.43 LB/TON
28.35 LB/TON

n

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 14&2)

UNCONTROLLED CO EMISSTON IN PPM = 500 —=-—--m-=-======(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-mmmm——m—rmmm e mmm 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 -=----——=scr—sm———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 IS
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%Z TO ACCOMMODATE VARIATIONS IN FUEL
ﬁOISTURE AND HEATING VALUE. ACCORDINGLY A MEDIUM VALUE OF 12 LB/TON RDF IS
SELECTED AS THE EMISSION FACTOR FOR CO.

1-7




FXHIBIT 4-3.1

’ Table 34

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

Concentrations Emissions Rates

oo {ppmv, dry)+ ‘ grams/GJ
Type of Facility : | _ (167106 Btu)
co THC** co THC
Low } High Low ! High Low | High Low ! High
| i }
Mass Burning : : : ':
Refractory Wall 87, 99 84 , 169 26 27 14 17.0
| | (.06) I( .06) | (.03) l (.04)
Mass burning Waterwall | 105 | 2186 | 7.3 | 60 | | 65 | 860 [ 1.3 | 1.7
| | (.15) l(2 o) [ (. 003)I (.004)
| .
ROF -F ired : ! ' :
Spreader Stoker 196 | 1160 8 | 2450 190 ! 1000 8.6 470
L , (.44) | (2.3) | (.02) | (1.09)
Rotary Kiln 48 | 3500 | NA | NA 14 11100 [ NA | WA
. | (.03) | (2.6) |
| | | ]

+ Concentrations corrected to 12% €0z
* Rates based on HHV of fuel "as-fired"
*% THC reported as methane

NA Kot Available

S,urce: Appendix B : o ' 1-8



EXHIBIT 4-3.2

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
Ib/1on (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 Jow, the control 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-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 ammeonium 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
10 establish LAER or BACT and thereafore should
not be used to establish BACT or LAER.

CARBON MONOXIDE
EMISSIONS

Carbon monoxide is 2 preduct of incomplete
combustion and for municipal incineration depends

larpely on the overfire air ratio. the design of the
overfire air jets. and the combustion temperature.
Values of CO reporied 1n the literature are shown
in Table 7. Considering these data, we have chosen
a somewhat conservative 150 ppm as a reasonable
estimate for a modern incinerator design using the
combustion control measures now commonly used
1o control boiler tube wastage. This is equivalent
1o an emission rate of 1.9 1b/ton (0.95 kg/Mg) of
refuse burned. -

TABLE 7 CARBON MONOXIDE EMISSIONS
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CONTROLS

The CO emissions from modern incineralors are
usually limited to a few hundred ppm by combus-
tion control measutes designed to achieve good
combustion and minimize boiler tube wastage. The
maintenance of a2 minimum temperature and ade-
quate turbulence (usually 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 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 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 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 1b/ton (0.06 kg/Mg) which

I-9
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Subject:

Dear Lou:

Hayden-Wegman, Inc.” * = . A L
330 West 42nd Street L
New York, New York 10036 ;o -

Atzention:

December 6, 1884

oy L e .
A0 S N

4. & ="

Mr. Lou1s A Terracc1ano

Hayden-wegman for * -

Palm 8each County, F]or1da o

FviL Ref 282-253

MCR .

| Fuel Qty. (pph) 2'3,;§f ;;é,i y %2 187.5
. Fuel HHV (Btu/]b ) BN - 164
Excess Air (%) R B T ii; 80
‘Gas Exit enp (deg F) - ":':450
Y 212,500
N2, (pom) 250
S0, {ppm) 150
Particulate {1b./10 6 Btu) 0.1
€0 (ppm) 500
&2 (ppm) 70
hotes:

- -

- lag2215
S 6164 7 o6, 154”;'
B0 -a;;“ao“

EXHIBIT 4-3.3

FOSTER WHEELER ENERGY CORPORATION

18 MEADOWLAND PARKWAY « BECAUCUS, N. J. 07084 - PHONE 2018845880 « (NYC) 212-384-8301

"Please accept my apologies for the de1ay in gett1ng the 1nformat1on you .
requested to you. .

we have reca1cu1ated the data contaxned herein on the basis of two bo11ers
each capable of hand11ng 750 tons of RDF,

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

s f';soz |

'-’- 30, 597.5

430 a0

156,250 100,000

Note 1
Note 2
Note 3
Note 4
Note 4

1. As load decreases, NOy will decrease slightly. However, no data
available to determine by how much. A :

I-10
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Rage 2
Mr. Louis A. Terracciano

necemher 6, 1984

Noses (continued): | : ';4 . Ce

EXHIBIT 4-3.3 (Sh, 2 of 2).
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2.

~

3. Part1cu1ate after preci

I hope that th1s new data meets yo
p1ease do not hesitate to caTl me and,

in answering these requests TPy S CrlLldr _
i Tl e _n.,,_“: by ;;?,:: L

‘

S0, Tevel w111 remain fairly constant as 1oad decreases | ej;_:z; L

p1tation w111 decrease sTightTy as load
decreases but very sl1ghtly ' f-;;:;zég__t:‘_;__ o _‘_A‘Ll‘ o .r<;;“

'Q - -
e -

C0 and HC em1ssions will 1ncrease slight1y as 10ad decreases. .
However, MO data ava11ab1e to de*erm1ne by how much.

-~ - P T

ur needs ¥ Shou1d you have any quest1ons,*r,_; a
.1 assure you, we, w111 be more prompt s

S1ncere1y. E

FDSTER HHEELER ENERGY CORPDRATION

T e ptschort T
- Assistant Regional Manager '

. ;  Northeast Reg1on -

'3 Schonhans -- - i RSP RRINY SN P
.C. Robinson - FWL ' T o
M. Trammell, Jdr. = Miami office
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belod 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/10E6 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/TOKN
= 0.12

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

REFERENCE LITERATURE INDICATED A WIDE RANGE OF VOC EMISSIONS. THIS WIDE
RANGE IS 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 COMBUSTICON 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 LE/TON WAS
SELECTED FROM MID-RANGE DATA TO PROVIDE SUFFICIENT CONSERVATISM AND AVOID

UNDERSTATING POSSIBLE FACILITY EMISSIONS.




Table 34 :

EXHIBIT 4-4.1

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
X | 4 1
| | | i
Mass Burning | | | i
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) |(2 o) | (. 003)I (.004)
ROF-Fired : ! ! :
Spreader Stoker 196 | 1160 8 , 2450 190 ! 1000 8.6 470
\ : (.44) | (2.3) | (.02) | (1.09)
Rotary Kiln 48 | 3500 | NA | NA 14 100 | Na ] N
| | (.03), (2.6) |
| | i |

+ Concentrations corrected to 12% CO;

* Rates based on HHV of fuel “as-fired"

** THC reported as methane

NA Not Available

SLurce:

Appendix B

24/09



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 feel that the Rinaldi [1]- value of 1.6

1b/ton (0.8 kg/Mg) of refuse bumed, 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 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 contro) 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 ammonjum 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
EM!SSIONS

Carbon monoxide is 3 product of incomplete
combustion and for municipal incineration depends

largely 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 a reasonable
estimate for a modemn 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 Ibjton (095 kg/Mg) of
refuse burned.

TABLE 7 CARBON MONOXIDE EMISSIONS
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CONTROLS

Thé\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 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 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 2nd CO emissions than modern waterwall in-
cinerators. Considering these data, we have chosen
an emission rate of 0.12 1b/ton (0.06 kg/Mg) which

I~-14



EXHIBIT &4-4.2 (Sh. 2 of 2)

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

type of incinerator.

TABLE 8 HYDROCARBON 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 2 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
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
teported in the literature are found in Table 9.
Considering these data. we feel that 200 ppm or
3 41bfton (1.7 kg/Mg) 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.

TABLE 9 HYDROCHLORIC ACID EMISSIONS
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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 for acid 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, eleven
were dry scrubbers.

FLUORIDES

EMISSIONS

Traces of hydrogen fluoride from the combus-
tion of fluorinated plastics or similar materials
appeat 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
fiuoride emissions be estimated and reported. The
emissions of fluorides from municipal incinerators
teported in the literature are shown in Table 10.



EXHIBIT 4-3.3

. TH2LZ 1l1. EMISSION FACTCES FCR OTHEZR CRITERIA
BCLLUTANTS FROM CGRLL CCMEZUSTION?

En.cs5:i0n ractor

. Averaoce harnce
Priivta=s G/ l=/tan c/xC l=/wecn
Sulfsr oxides {as S0:) 32 64 ls - 52 25 - 104
sitrczen cxicdes las NC;) 2.1 4.2 1.7 - 2.° 2.4 - £.¢
Hydrzoaroons {zs CHL) 0.002 0.005 0.002 - @.00% 0.003 - 0.01

&
Cata are

1o

¢r coel cIrmDustion in a wunit sulted to cczfilirin: of refuose-
ossil fuels.
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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 TO 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.
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Table 15

Uncontrolled NOx Emissions st Refuse-Burning Facilities*

NOx Emissions

EXHIBIT 4.5
—-_--———'_-—-—-

emission Kates

Concentrations grams/GJ
{ppmv, dry)+ (157106 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 78 427 - 8.6 270
Spreader Stoker (.02) {.63)
Rotary Kiln in 196 56 8g
. {.13) (.23)
" % Data obtained from Appendix B
+ Concentrations corrected to 12% C0p
++ Rates based on HHV of refuse “as-fired"
I-18
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FROM REFERENCE "A", TABLE 42, (EXHIBIT 4-6.1)
ESP CONTROLLED PB EMISSION IN LB/1.0E6 BTU
= 1.9]1E-5 TCG 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, i
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 IﬁITIAL SUﬁMITTAL) HAS BEEN
ACHIEVﬁD, IN VIEW OF THE REFERENCE "E" DATA, IT IS PRUDENT TQ 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 Emission 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 (Ni)
Selenium {Se)
Tin (Sn)
vanadium {V)
Zinc (In)

5.32x10-8 ~ 7.78x70-6
2.75x10-9 - 1.13x10-7
7.13x30-11 - 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-%
9.39x10-11 - 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-]
1.10x10-7 - 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-%

1.91x10-5 - 1.8 x 10~3
4.69x10-7. - 7.4x10-5
3.4x10-5 - 2.16x10%
3.46x10-8 - 1.39x10-¢
1.88x10-8 - 1,33x10-5
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

EXHIBIT 4-6.2

engineers’

October 25, 1983

RESOURCE RECOVERY FACILITY DESIGN

NORTH SANTA CLARA COUNTY SOLID WASTE MANAGEMENT AUTHORITY

TABLE 82-09-05.2.5

Emission Factors for TSP & HC1 Based on Total Feed Material

UNCONTROLLED* CONTROLLED**
Category 1 I1 Il Coal 1 II III Ccal
TSP . _ 7 . .
_1b7t0n L 25 20 134, 128 0.125 0.100 0.670 | 0.640
HC1

Category Definitions

I - Mass—fired MSW Combustion w/o Heat Recovery
I1 - Mass~fired MSW Combustion with Heat Recovery
I11 - RDF Combustion with Heat Recovery
TSP Total Suspended Particulates
HC1 Hydrochloric Acid

Emissions given in lb éf emission per ton of total feed:
' MSW for Categories I & II
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
y Table 6 for TSP Uncontrolled Emissions)
Table 13 for BCl Uncontrolled Emissions)
29 May 1979
USEPA Contract No. 68-03-2550, Task 1I

*% Apsume Controlled Emissions as follows:
99,5 Efficiency for TSP
90.0% " " HCl

NA - No data aveilable

S 1-21
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HAYDEN -WEGMAN/ CAROLLO
engineers

RESOURCE RECOVERY FACILITY DESIGN

October'25,

EXHIBIT 4-6.5

1983

NORTH SANTA CLARA COUNTY SOLID WASTE MANAGEMENT AUTHORITY

Concentractions of Trace Elements in Uncontrolled Particulste Emissions

UNCONTROLLED CONCENTRATIONS ppm
Element Category 1 Category II Category 111 Coal
Antimony - 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 "a 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 ~a 970 - 1,090 700 - 2,410 2,350 - 2,800
Lead ~a 11,600 = 17,500 | 1,220 - 2,930 340 - 380
Manganese ~a 420 “a 1,400 10 -~ 20 20 - 40
Nickel “a - 3 - 20 6 - 20
Selenium ~a <90 10 "a 40 10 “a 50
Silver “a 110 - 200 - -
Tin ~a 2,600 ~ 5,000 50 -~ 150 20 - 30
Zinc - >10,000 860 - 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 Il
Category Definitions: See Table 82-09-05.2.5
ppm = parts per million
1-22




EXHIBIT 4-6.4

HAYDEN-WEGMAN/CAROLLO
' engineers

October 25, 1983

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

TABLE 82-09-05.2.7
Concentrations of Trace Elements in Controlled Particulate Emissions

i CONTROLLED CONCENTRATIONS ppo
: Element Category 1 Catégory 11 Category 111 | Coal
! Antimony 610 - 12,600 460 - 1,000 2 - 180 10 - 150 I
“| ~ Arsenic 80 - 510 50 ~ 100 140 - 740 | 20 -, 680 :
| Bariun 40 - 1,700 | 270 - 540 - -2 -
|  Bromine 320 - 6,700 350 - 1,200 - | - |
. i Cadmium 520 - 2,300 670 - 1,150 i 0.2 ~a 10 2 ~a 8
Chlorine 99,000 - 330,000 »10,000 - | - i
| Chromium 70 - 1,800 130 - 260 ! 60 - 100 | 30 - 40 -
-1 Cobolt 2 - 30 5 - 50\ 4 - 40 | 3- 30
|  Copper 970 - 6,800 620 - BOO 50 - 280 . 30 - 40
| 1Iren 1,700 - 18,000 j 2,000 - 2,130 (6,940 - 17,300 113,200 - 18,200
i 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
’ ' Selenfum | 10 - 120 <30 1 20-_, 430  30-_ 40
Silver ; 40 - 2,000 50 - 110 - : -
Tin - 8,500 ~ 15,100 1400 - 5000 « 260 - 870 30 - 270
Zine - 47,000 - 240,000 >10,000 4,360 - 17,200 910 - 3340
I _
f, aData Not Available
f Reference: See Table 82-0_9-05.2.6
Category Definitions: See Table 82-09-05.2.5
’ 1-25
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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

16/1000 ton

Element Category 11 Category 1III
Antimony 0.046-0.10 0.0013-0.121
Arsenic 0.005-0.01 0{094—0.693
Barium 0.027-0.054 “a
Bromine 0.035-0.120 -
Cadmium 0.067-0.115 0.0001—0.0063
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 0.014-0.049 0.074-0,161
Nickel o= 0.013-0.127
Selenium <0.003 0.01370.28§
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
§2-09-05.2.5 and 82-09-05.2.7

I-24



_ o EXHIBIT 4-6.5
HAYDEN—WEGMANIQAROLLO '

engineers 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

.
4
“
4
A
4
‘l
4
‘I
4

CONTROLLED EMISSIONS 1b/1000 ton

Element Category 11 Category 111

‘l Antimony 0.046-0.10 0.0013-0.121
4 Arsenic 0.005-0.01 0.094—0.&92 '

Barium 0.027-0.054 it

‘I Bromine 0.035-0.120 -

4 Cadmium 0.067-0,115 0.0001-0.0063

Chlorine >1 -

‘l Chromium 0.013-0.026 0.040-0.067

Cobolt 0.0005-0.005 0.0027-0.027

4 Copper 0.062-0.080 0.034-0.188

. Iron 0.200-0.213 4,650-11.59]

Lead 1.810-3,420 2,995-12.328

Manganese 0.01&-0.042 ‘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

- 2inc >1 2.921-11.524

'_
/
!
J

#
' |
f
f
f
F

Controlled Emissions in 1b/1000 tons is product of data shown in Tables
B2-09-05.2.5 and 82-09-05.2.7
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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,
4.81£-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)

Ll

9.51E-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 BTG X 6164 BTU/LB X 2000 LB/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)

It

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.

I-26
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Table 42

EXHIBIT 4-7,1

Estimated Total Heavy Meta) Emission 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 (Ni)
Selenium (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°3 - 2.3x10-%
9.39x10-11 - 1.67x10-7

7.44x10-11 - 1.40x104

8.68x10-8 - 1.43x10~5
7.18x10-10 - 1,55x10-7
8.14x10-6 - 1.63x10-5

 6.45x10-8 - 4.19x10-4

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 - 1.16x10-4

1.91x10-% - 1.8 x 10-3
4.69x10-7 - 7.4x10-5
3.4x10-% - 2.16x10-%
3.46x10-8 - 1.39x10-¢
1.88x10-8 - 1.32x10-3
1.61x10-6 - s.43£1o-4
1.08x10-7 - 6.97>106
6.98x10-5 - 4.40x10-3

Source: Appendix C -
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Table 40

‘

Observed Metal Emission Factors for Facilities Burning Coal, 0il, Refuse
and Coal/Refuse Mixtures

. ’ (ug/MJ) as Fired

EXHIBIT 4-7.2

01-Fired Coal-Fired Cﬁa\—Fired Coal/Refuse-Fired Refuse-Fired
(Tang) + (ss) * :
Metal 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 ] 1761 463
Be <0.2 {<0.3 [<0.3 7.9 | 40 19 7.3 15 11 <0.85| 26 2.0 .08 3 |
é; cd SRV TP -1 8.5 | 1900 | 430 2.5 22 | 12 | 3.5 |no 27 10 1-tomn | ges
? Cr 2 55 29 | 210 1100 540 29 /¢00 | 930 18 4100 1200 1.5 leon {499
Cu F4 180 91 250 4100 1 1400 28 220 | 130 4] < 1600 | 170 85 IH6E | B7D
Hg 0.6 2 1.3 0.09-| 35 22 --- - <3.2 - 5.5 « 28 i6 1Y jan | y57
Hn *1 10 5.5 150 740 400 17 770 330 32 < 490 { 240 H 1350 | 1901
Mo 2 12 36 : 360 4300 2360 .- --- --- SCLEN T --- 27 8987 | 1043
Nt 200 150 230 120 730 450 28 230 110 18 58 32 2.7 764 | 786
b 20 65 43 190 17,000 [ s100 21 7600 | 1900 8o 20,000 | 4900 S600 [ 16,000 0531
Sb == - 20 1.2 1600 320 --- --- <37 <q4.5]| <77 25 18 2060 | 936
Se 0.1 16 8.2 15 1400 130 14 37 26 30 a9 50 a 2un 95
Sn --- --- --- .- --- 120 --- - - < 0.82 I.4 < 140 | 81 1.4 ey J 2218,
v 20 880 | 450 240 1100 | €10 <37 | 7190 | 400 <25 {ero | 270 3.0 151 | e
In 3 200 100 490 [J%.0nN3 | 8400 I 3,000 |3300 440 118,000 |4900 4500 |9N .1'60 13,9

Source: Appendix C, Tables C1b-C6b

+ Tangential

* Spreader Stoker : :

8¢-1
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EXHIBIT 4-7.3

HAYDEN-WEGMAN/CAROLLO
onglneers ' October 25, 198)

RESOURCE. RFCOVERT PACILITY PPATON
NORTH SANTA CLARA OOUNTY SOLID WASTE MAMAGEMENT AUTHORITY

TAPLE B2-09-05.2.4
Comparison of Aversge Non—Criteria tol lutant Metal Eminsiona* from MSW Combuation

“C" Mashington D.C. SWRC 1" "D" Niconls "L® Braintree “C" Alexandrla
Crouvp | Elemeuit  Symbol Cycl. Col./E5P 0.9 1b/ron Tray Scrub'r ESP 2.7 it/tenm Vet Raffle 5.6 1b/ton

a4Fly Anh | Suspended 8 Ib/ton Inlet Outlet | ke Flynsn Suspended
1 Arnenle An 59 10 (0.28) 200 120 .57 (0.15) AQ 210
1 Barfim Ba 3,200 990  (0.89) : 220 T 340 (0.92) 2,800 890
1 Cadulvm cd 183 1,900 (1.71) I, 500 1,100 480 (1.29) 42 §, 100
1 Chroaium Cr 180 a10 (0.78) 105 270 200 (0.54) 1,130 490
1 Lend Pb MR 78,000 (70,20) 69,000 NR R “ 40,000 97,000
1 Hercury Hg it NR NR NR 0.3 (8x10_)) NH NR
1 Selenfum Se 12 39 (0.01) ) 49 < 2% 38 {ix10 ) 3.4 23
1 Silver . Ag . 220 1,000 (0.90) ' 110 165 19  (0.21) 85 390
1 Antloony  Sb $80 2,400 . (2.16) 1,600 2,200 | 1,600 (4.37) 270 2,400
I Berylifum Re HR NR ’ HR < 0.15 £ 0.16 (4niD )
It Cabole Cn 27 5 .(0.0045) 2 8 17 (0.05) 12
1 Coppet Cu 950 1,500 (1.35) 1,700 1,800 | 1,600 (4.3D) 980 2,000
LR Hanganene Mn 2,100 Al0o 0.37) 270 110 3y (0.89) 4,300 1,500
1 Molybdenum Mo mool o NR 43 37 (0.10) M HR
11 Mickel Hi NR 170 (0.15) 19 NR NR 740 200
11 Thalltim Tl NR NR NR 1.8 1.6 (0,004) NR MR
11 Yanadtum v MR NR NR 39 24 (0.06) 135 2
1 Zinc In 240,000 140,000  (126) 1o,000 | > 10,000 [> 10,000 (O 27) 10,800 | 120,000

Group I  wetale nre clansified Non—Criterie Follutants by USEPA & CDONS
Croup 11 meteln are clesaifted NonCriteris Pollutanta by COOHS only
UIISFPA = thited States Environmental Protection Agency

Chis = Californis Department of Health Services

HR = HNot Reprnrted

. Hetal emiaainng sre given in ppa concentration of metal in Cotal particulate ealssions
N rra = parta per mlllion unlesn nated
N { } = b of wetal emitted/ 1000 ton MSY
o L Callected Tly Ash

€, DT B T¢°  deoote relerences to literature. (3me paga v),



4.1.8 MERCURY (HG)

FROM REFERENCE "A", TABLE 42, PAGE 206, (EXHIBIT 4-8.1)
ESP CONTROLLED HG EMISSION IN LB/1.0E6 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 EMISSION FACTOR AND IS

REPRESENTATIVE OF THE MEDIAN VALUES OF THE DATA BASES USED.
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EXHIBIT 4-8.1

Table 42

For Retuse-Fired Units

Estimated Totzl Heavy Metal Emission Rates (#7106 £ey)

Eachouse

£l

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

Chromium (Cr)

Copper (Cu)
Lead (Pb)

Panganese (Mn)

Mercury (Hg}
Mclybdenum (Mo)
Nickel (Ni)
Selenium (Se)
Tin (Sn)
Vanadium (V)
Zinc (Zn)

.32x10-8 - 7.78x10-6
.75x10-9 - 1.13x10-7
13x30-17 < 1,43x10-9
.5x10-8 - 3.73x10-6"

.49x10-9 - 1.21x10-7
,32x10-8 - 1.10x10-6

,74x10-7 - 1.75x10-5
.26x10-% - 1.01x10-6
4x10-5 - 2.16x10-4
.52x1079 - 2.3x10°5
.39x10-11 - 1.67x10°7
44x10-11 - 1.40x1074
.68x1078 ~ 1.43x10-5
18x10-10 - 1.85x10-7
.14x10-6 - 1.63x10-5

1.£8x10-5 - 3.5x10-1
1.10x10-7 - ©.11x10-6
4.81x10-9 - 6.42x10-8
1.8x10-6 - 1.67x10-4

3.8x10-7 - 2.17x10-5
2.54x10-6 - 1.16x1¢-%

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-¢
1.88x10-8 - 1.32x70-5

6.45x10-8 - 4.19x10-4

1.61x10-6 - 6.48x10-4
1.08x10~7 - 6.87>10-6

6.98x10~5 - 4.40x10-3

Seurce: Appendix € -
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TABLE 10 FLUORIDE EMISSIONS

Litikerator L ] L3N
re-msvsan ne 1%
faprien LR ] L3
Beaintfer EN ] .
Bubtion 5 A
durien 7 4
Bunsaigerr? L] 1
arerady .

e, Dev. 1.4

*Correciod to 123 :6;_»

" Based on these data 6.5 ppm or 0.06 Ibfton (0.03
kg/Mg) has heen chosen as a conservative estimate
of fluoride emissions. '

CONTROLS

Fluoride emissian 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-
bey. Very litde fluoride removal data are available:
but it appears that the fluoride may be removed a
little ore 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 elecirostatic precipitators for particulate
control are shown in Table 11. We have chosen
34200 pg/g (0.034 1b/lb) of particulates 07 0.012
Ih/1on (0.006 kg/Mg) of refuse burned as a reason-
able estimate of the lead emissions.

TABLE 19 LEAD EMISSIONS

-

EXHIBIT &4.8.2

- -
Inciveratar £ o Ferc.culsnes gt rascl darw fal.
| DTS T 8- FL) 5.4} a
Moy . pgren, Dl Tr.00¢ b 1
Tamious W, 528,200 1
hazx:iton 5.7 .
Lrraan 20,00 L]
XY 1] n ‘30
FUa, Sme. P -3

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/dsem} o1 0.0064 Ibfton (G.0032
kgp/Mg) of refusc burned was chosen as a conserva-
tive estimate of total mercury emissions.

TABLE 12 MERCURY EMISSIONS

" L) L
Inc uverwier r"rT"l"'I"Tn T :“m T Fresel Teia [ ™1 8
Wraintree 8131974 parciculare  LBW) L]
2.4210% vapor [9%-31]
Yo 1t %0 ¢
[T 11y [
s, belgium 6921073 vapar .0 31
T beetuge e 1ot 0

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 pgfg 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 Ibjton (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 from munici-
pal incinerators. Most of them are present in very
small quantities and are of little environmental .
concemn. 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 1o concentrate in the bottom ash
or fly ash. Data presented by Law [38], factored
for the difference in efficiency between a baffie
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
zine) are emitted and less than 1 percent of the
nonvolatile metals (such as bafum. ¢chromjum. and
copper) are emitted.

The data indicate that an effective paniculate
control svstemis about equally efiective in control-
ling the trace metals. It is sometimes stated that a
fabric futer’s high efficiency {or fine particulates
makes it more efflicient than other devices in col-
lecting trace metals, but there is inadequate data
to 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 PRM)
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 municipai incin-
erator uc . any type of add-on control to reduce

"hydroca on 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 AC!D
EMISSIONS

Flue gases {rom municipal incinerators normally
contain hydrochloric acid as a by-product of the
combustion of PVC, other chlorinated plastics,and
sodium chlonde 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. [t has been reported that only about
half of the chioride 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 flus zases pass through the boiler and electro-
static preaipitator. Emissions of hydrochloric acid
reporizd in the litersture are found in Table 9.
Considenna theez data, we feel th 1 200 ppmy o1
3ab ou (1.7 k2/Me) is 3 reatonable estimate of
the hydrochlonic acid ¢missions.

CHNTROLS

W crabterswers commoniv used on muanidi-

ral moiverarars in the past for purticulate control,

EXHIBIT 4-9,1

TABLE 3 HYDRGCHLORIC AC!D EMISIICNS

iseluererar W tom ty () -t
~

Toriow i} N (]
Tk ol e * L -Rad ]
O o L 1] ]
hryles e n
Susw1lle L n
S .3 2.0 m ”
L .2 [t N e »
Dareuay, L [* 9 3] n ]
Trucmenm, .9 g e e
Yar; mes LTI Ll +
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Mnpy - in 0
Srerage 1.4 1,0 ]

e, Jew, 1401 (0.3t T

= TR mta SOLET SLLBLENTEN 4 GEmreprmelatlte

Tarrectsa W 2L SNy

and more recently for gas cooiing ahead of ESPe,
and the acid control they gave was incidental.
These scrubbers were incapable of meeting current
particuiate emission standards and heat recovery
boilers have largely replaced water quenching so
scrubbers bezame 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 Califomia.

Wet scrubbers are being used for acid 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 probiems have
restricted their use on municipal incinerators.
Where acid gas control is required, dry scrubbers
are now commonly used. Of the sevente=d scrub-
bing svsterns we are aware of that were jnstalled
in Germany and Japan in 1980 and 1981, eleven
were dry scrubbers.

FLUORIDES

EMISSIONS

Traces of hvdrogen fluonde from the combus-
tion of {luorinated plastics or similar materials
appear in the flue gas from municipal incinerators.
There are no federal regulations limiting the emus-
sicns of Nuoridss frem municipal incinerators,
however thz PSD regalations require that the
fluonide emissions berestimated and reported. The
emizsions of Nuoride: from munanalineinegrarars
reported in the Bteraturs gre shown in Tubie 10,

a0
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HAYDEN-WEGMAN/CAROLLO

EXHIBIT 4-9.2

engineers
Qctsbar 25, 19E3
RESOURCE RECOVERY FACILITY DESIGN
NORTH . SANTA CLARA CCUNTY SOLID WASTE MANAGEMENT AUTHORITY
TABLE 83-~09-05.2.5
Er-ssion Factors for TSP & HCl Based on Total Feed Material
. UNCONTROLLED* CONTROLLED** |
- s —— - I
Category 1 11 I1I Coal 1 11 111 | coal
TSP | . |
lb/ton 25 20 134 128 0.125° 0.100 0.670 | 0.640
HCY ; |
ib/ton 1.4- VA 3.2 0.4 0.140 NA 0.320 [ 0.042
Lategory Defi :itions
1 - Mass-fired MSW Combustion w/o Heat Recovery
11 - Mass-fired MSW Combustion with Heat Recovery
I11 - RDF Coumbustion with Heat Recovery )
TSP Total Suspended Particulates
HC1 Hydrochloric Acid
Eomissions given in 1b of emission per ton of total feed:
MSW for Categories I & II
RDF for Catogory IIL
* 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 Reszarch Corp. Dayton, Ohio
Table 6 for TSP Uncontroiled Emissions)
Table 13 for HCl Uncontrolled Emissions)
29 May 1979
USEPA Contract No. 68-03-2550, Task II
#: Assum: Co troiled Emissions as foliows:
99.5% Efficiency for TSP
90.0% " " KC1
NA - No dzta available
I-35



4.1.10 FLOURIDES (AS HF)

N

FROM REFERENCE "A", TABLE 20, (EXHIBIT 4-10)
UNCONTROLLED HF EMIéSION 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 LE/1.0E6 BTU X 6164 BTU/LB X 2000 LB/TON
= 0.0493 LB/TON
THEREFORE,
UNCONTROLLED HF EMISSION IN LB/TON
0.04 LB/TON IS SELECTED FOR HF EMISSION FACTOR AND IS REPRESENTATIVE

OF THE MEDIAN VALUES OF THE DATA BASES USED.
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TabIe 20

Uncontrolled Emissions of S0, HC1 and IIF at Refuse-Burning Facilitfes

| Concentrations . [mission Rates
Type of (ppmv, dry )+ grams/GJ++ (1bs/106 Btu)
Facility 50, HCY WF 505 Wer HF
' Low : High | Low [ High | Low IHigh Low | High Low | High Low - | High
- L 1
i 1 . 1 . ‘
| | | | ' -
Mass-Burning 47 131 3.0 13 32 360 | 0.9 4.3
~=fractory Wall ' | | (.074) (.84) (.002) . (.01}
76 | 665 y8.6 | 430 |
| [ | I o) 1.0 I
Mass-Burning 12 | a2 | NA | NA 17 o NA NA
Waterwall | (.040)  (.720) | I
Rotary Kiln 48 | M8 | I na | na 26 69 | | NA D N
| I I ‘ I
RDF-Fired 162 I 472 ) 610 [ 654 n | 15 130 | 770 160 | 190 1.3 | 1.7
Spreader Stoker (.300) (1.790} | (.37} | (.44) | (.003) ! (.004)
I | I o |
|
NA = Not Avaflable
+ Corrected to 12% CO2
++ Rates based on HHY of fuel "as-fired" =
. H
Source: Abpendix ] H
¥ ol
|
o




4.1.11 SULFURIC ACID MIST (H2504)

IN THE DEVELOPMENT OF 862 EMISSION FACTOR, WE HAVE ASSUMED THAT ALL
SI:}LFUR CONTENT IN RDF 1§ COMPLETELY CONVERTED TO S502.
THEREFORE, THERE SHALL BE NO SULFUR LEFT TO FORM SULFURIC ACID MIST.
HOWEVER REfERENCE "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 S02,

H20 AND 02 IS PRESUMED TO BE A LIQUID AEROSOL WHICH WOULD BE

ADSORBED ON FLY ASH PARTICULATE AND COLLECTED AT AN EFFICIENCY OF

997%.
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EXHIBIT. &4-11
TLALT 1D TONCINTRATIONS OF SELECTED TRACE METALS IN MUNICIPAL INCINERATOR FLY ASH
ey 55
Mptal Rel. - Aef. it Sef. Average 1e/Ton?d "
Arse~:: 57 30 50-:20 120 8.8 x t0-% (2,22079) al
Zariuz 250 990 270-23 540 1.8 x 107 (0.9xt0-%)
acizuz 189 . ogco - £70-11€D 1100, 3.8 ¢ 10 (1.9x10-%) ~
Troz. o pLks) 870 130250 360 1.2 x 16~ {0.6x10-)
Topnen 1620 1£00 629-300 1100 1.5 1 10~ (1.9xi0-Y)
Nilcxel 170 170 5.8 x 163 2.9x:0-5)
e Y 148 i} 5.7% 1.8 z 1077 {6.3x10-9)
$Cose2 on paMTaCULALE ezlsaions of O.éﬂ lt/%en «9.17 KgMg)
SULFURIC ACID MIST PCBs. present in the feed: or they may be formed
by the reaction of traces of chlorine present in the
EMISSIONS : , feed with complex orgarucs formed in the combus-
' - tion process. Much of the published data on dioxin
Very Lttle data is available on emissions of sul- emissions are not quantitative and the quantitative
furic acid mist from munjcipal incinerators. Data ~data avatlable, as shown in Tabie 14, are very scat-
from Harrisburg {3] give 0.0014 or gr/scf (32 tered. Several reports reviewing the literature on
mgiscm) which is 1.6 percent of the SO, emission dioxins have been published {45, 46], but most of
r~te. On the basis of the 2.4 Ib/ton (12 kg/Mg) the data cited in this paper were derived from
rate previously established for SO, emissions, a original literature sources where available.
- sulfuric acid mist emissions rate of 0.04 Th/ton : In general, the variability of the data makes
(0.5 ngMg) of refuse burned can be calculated. _ averages derived from it statistically meaningless
: o except possibly for tetrachdoradibenzo-p-dioxin
CONTROLS : _ {TCDD) which has received the most attention
‘ from the investigators. It can be observed that the
Suifric acid mist will be a vapor at high temper- emissions reported for the Dutch incinerators are
atures but, especially in the presence of moisture, considerably higher than the other reported emis-
will condense as an aerosol at lower temperatures. sions (TCDD = 54 vs. 5.8 ng/g for ESP fly ash and
Most common pollution ¢ontrol systems will have 100 versus 2 ng/g for stack particulates); that the
low capture efficiencies but dry acid gas scrubbers more highly chlorinated isomers. particularly the
(espeziaily those utilizing fabric filters) should pro- hexa and hepta chloro isomers, are more plentiful
vide good control. ' than the tetrachloro isomers: that thete is several
times as much dioxin in the emitted particulate as
DIOXINS AND FURANS ) in that coflected in the ESP;and that there can pe
] anpreciabic diowns in the vapar prhase, There is no
EMISSIONS indicauon of why the reported emissians from the
Dutch and the US. incinerator are so high com-
T:zces of polychiorinated dibenzo-p<dioxins pared 1o 1:e rest. however the preponderance of
and divenzofurans have been identified in the evidence seems 10 {avor the lower numbers.
eniissions from 3 number of municipal incinerators Consicering the availal e data, we conclude that
abread and in the US. The source or mechanism the best estimate of TCDD emissions possible is
of fermatijon of these compounds has niot yet been IX 107 t05 X 1077 biton (0.3 X 107 1025 X
dureonzred. Saverzl theories have been propased to 1077 ke/Mg) o refuse burned and that total dioxin
sooecnt forthoin pressnee: they may be present in enussions are possisly a facter of 10 higher. Data
1. - rooi through the incinerator unde. presented by Cosvallaro (427 and othersindicste
siiea o thew nnay be formed from precursers such that the concentiation of the tone omier 2.3.7 8.
Cas cilonnated phonols, chloninated bencenes, or TCDD wall be abzout § percent of the towal TCDD

-n;:,
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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.
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shown in Tzhie 16. Considering the wide variation
of the availabie data, we have selected an average
vaive of 1 X 107 Ib per ton (0.5 X 107 kg'Myg)
of refuse burned or 30 ug'g of emitted paruculates.

POLYCHLORINATED BIPHENYLS (PCSs)

PCBs have been found in trace arnounts in several
municipal incinerator emissions. These materials
probably result from incomplete destruction of
traces of PCBs found in the waste feed. 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 data, § X 107° gr/dscf (0.011
mg/dscm) or 1 3 X 107 Ibjton (0.65 X 107" .kg/
Mg) is a reasonably ¢onservative value for PCB
emissions from municipal incinerators,

TAEBLE 17 PCB EMISSIONS

e S
EXHIBIT 4-12

VINYL CHLORIDE, H,S, TRS*

No reports of the detecuon cf these matenais
in tne errussions from a municipal inctnerator were
found. Since these matena:s weould be readily oxi-
dized under the zonditions prevaiing in the wncin-
erator, we conciude that there will be =ssentially
zero emissions of these materials and that BACT is
the standard combustion controls normaily used
on these units,

CONCLUSIONS

Published datwa on the emissions from municipai
incinerators have been used to derive emission
factors for 3 modem mass burning, waterwail
municipal waste incinerator equipped with an
electrostatic preapitator. These emission factors
are summarized in Tabie 18.

TABLE 18 SUMMARY OF EMISSION FACTORS

Compaum s L1 wR

Fallvcant . o igriumrl - 12/ Ten
PurtLow latas .02 am
Sulfer Meside L 3.4
firages Ouides ] 1.4
Cartam Mt ise " (B ]
Srersssriang - 2.12
Bydrecalaria bl =0 1.8
Flewridas [ 1] [N
Lens 4. harntye 8,012
Mo ey (2. vt #8088
Buryilive (3.omip-t1e 3. mre-d
Bulferla aale Wipe ey .

ToLrark ) mred | dwrnsamg 41w Lan w04
Pelyroiasr Mrwsacioe 1.y ro~d
Poiredlorisnind Siphesria 1Lt

Iac Lnaryor lhﬂ- -(Eg g} gritsel (agramoa)  Maf.
Cuirage M w0ty S50t (0.eth) "
tnds Co et (gang 11
" Sraintree Lare4** (s00ym2 %
‘. u-ugm ** 4 decachlervaisnons]
ASEESTOS

No data were found on the emissions of asbestos
from municipal incinerators, Some asbestos may
cceur in municipal waste and small quantities may
Be suspended in the flue g@as, but the particulate
contiol e guirnwent o, expected to remove most of it

and the enussions are expected to be insizuficant.

farrecien e 117 Dy

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 as an aid in
identifying BACT and LAER. A summary of these
systems is presented in Table 19. 1n general, we -
have concluded that while therma! 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
normal incinerator cperating conditions.

*Totsi recucad sultur,
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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 MADE FOR THE PROPOSED NEW
YORK CITY BROOKLYN NAVY YARD 3000 TPD MASS BURN WATERWALL
PLANT, ASSUMING THE WORST CASE 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" AS FOLLOWS:
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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 € 82% combustible.

_ 0.07 E-6 1b/ton MSW

0.07 E-6 1b = 8.5 E-8 1b
0.82 x ton MSW ton Combustible

= 8.5 E-8 1b/ton RDF
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THE ISOMER 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
EMISSIOR 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) 1S Al CONSERVATIVE OQVERSTATEMENT OF THE

EMISSION FACTOR FOR THE ISOMER 2, 3, 7, 8 TCDD.
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3-22

EXHIBIT 4-13

TARELE 3-2

PREDICTED PCDF AND PCTD EMISSICNS FROM BNYRRF
' (Assuming all PCC0Ds and PCOFs emitted

are in gaseous form)

Concentration

in Flue Gas

Mass Emission

-, (ng/Nm3)(c) Rate {ug/sec)

[

| l, Tri-COF 307.4(2) 51.18

e Tetra-CDF 92.2(8) 15.35

) Penta-CDF 26.6(®) 4.43

e Hexa-CDF 62.5(3) 10.58

‘I Hepta-CDF 7.7(3) 1.28

e Octa-CDF 0.62) 0.10

: Total-COF - 498.0 82.92
Tri-CDD 13.3(3) 2.22.
Tetra-CDD 6.5 1.07
Penta-COD 0.7 1.79
Hexa-COD 16.4¢3). 2.73
Hepta-COD 7.8 1.30
Octa-COD 2.6(2) _0.43
Total-CDD 57.3 9.54
2,3,7,8 Tetra-COD 0.42 0.07
NOTES:

Nm3 = Normalized cubic meters, 0°C and 1 atm pressure.-

Flue gas flow rate = 166.5 Nn>/sec

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

(b} Calculated from data published by SFOEP, 19:2.

(c) Corrected to flue gas conditions projected for EMYRRF; i.e. 10.5% CQ,
(dry basis) and 13.63% HZO' ' “




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.

Response:

See paragraph 4.1.13 above.
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SECTION 11

BEST AVAILABLE CONTROL TECHNOLOGY
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1.

PALM BEACH COUNTY SOLID WASTE AUTHORITY
SOLID WASTE-TG-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 1ssues 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 iIn 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 gquestions 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 a2 dryscrubber with a baghouse to scrubber with an ESP.

Question No. 6:

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

"II-1
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3.

removed should include all the pollutants; for example, dry scrubbers
should address acid, SO2 ete., Resubmit 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% C02.
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).

A partial listing of refuse - burning facilities equipped with ESPs 1is
shown on Exhibit II-}, Table 30) 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 FACTILITY

“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
2. REMQOVAL EFFICIENCY, PERCENT

3. PARTICULATE REMOVED, TPY (KOTE 1)

4, CONSTRUCTION COST

"5. BONDING FACTOR (NOTE 2)

6. CAPITAL COST (5 X 4)

7. CAPITAL RECOVERY FACTOR
(20 YEARS TERM AT 11%)

8. ANNUAL CAPITAL COST (7 X 6)
9,  OPERATING AND MAINTENANCE COST
A. ELECTRICITY (2.9 MILLION KWH @ S CENTS)

B. WATER

C. LABOR (2 MEN: 1/2 MEN PER SHIFT @ $30,000) -$60,000

D. MAINTENANCE
@ 2% OF CONSTRUCTION COST

E. LIME, O TPY @ $150/TON

F. WASTE HANDLING & DISPOSAL
(5861 TPY TSP & $10/TON)

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

TOTAL OPERATING & MAINTENANCE COST

10. TOTAL ANNUAL COST

0.03

99.00

5861
A§2,300,OOO
1.6
$3,680,000

0.12558

$462,000

$145,000
$0
$46,000

$0

$59,000
$0

$310,000

$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 & EFFICACY INSURANCE; DEBT SERVICE OPERATING

& RENEWAL & REPLACEMENT FUNDS, INTEREST DURING CONSTRUCTION AND

FINANCING COSTS.
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EXHIBIT II-1

Table 30

Partial Listing of Refuse-Burning Facilittes Equipped with Electrostatic Prectpitators

: Gas Design - Testedbsfﬁcuncy
Gas_Flow Gas Temp. Yelocity Efficiency . 9/hs, grye
: Capatity Furnace mi/min °C SCA Input /S g/, {or/sef)
Facility {T/0) Type {ACFH) . (°F) KVA  (ft/sec) (gr/scf) — Performance “Titer
[1970])ve 1871
Montreal, 3,170 2B0 1.68 0.23 .03 ' ¢ .18)“
Canaca 4x 300 ‘W {112,000}  (538) 181 35 (5.5} (0.0875) {0.0133) (0.0799}
{1970] [19n1)
Southwest Brookliym, 3,707 288 1.34 0.24 «26 .33
New York 1 x 250 [ (131,000}  (550) w9 47 (4.4) {0.093) (0.1%4) {0.146)
{1970}
South Shore, 3,849 36 1.68 0.24 ) .13
New York 1 x 250 R (136,000) (600) 147 33 {5.%) {0.093) {0.055) w
Cade County, : [1970}
Florica (early 8,094 299 1.19 0.25 06
facility) -~ 1 x 300 R {286,000} {570) 176 48 {3.9) {0.0%4) . (6.027)
[19n] (1975}
Chicago Morthwest, N3 232 .88 6.13 . -05-.07 07
1Minois 4xé W {110,000}  {450) 182 40 {2.9) (0.05} {0.02+0.03) { 0.03)
] ) {1970) [1978)
Braintree, 906 36 '+ .95 0.2¢ .25 ]
Massachysetts 2 x 120 Wi -{32,000} {600) 182 19 (3.1} {0.086) ) (0.)08) (0.083)
[1972]
wWashington, D.C. 3,702 288 . 1.25 0.53 .13 .
6 x 250 R {130,800} {550) s 77 (4.1) (0.2) (0.0548) R
{1973) [1974)
Harrisburg, 2,830 210 1.07 0.24 13-.15 .09-.70
Pennsylvania 2 x 360 o (100,000) (410) 200 40 (3.5) {0.093)  {0.065-0.065) (0.039-0.083)
. f1974]
Quebec, . 2,830 260 0.26 .22
Canada 4 x 250 W {100,000} {500) M W N {0.106} 10.095) L]
Saugus, . 3,385 198 [1980]
Massachysetts 2 1 &M W {112,913}  (389) M R MR KR 025 R
Kure, ’ Rotary 943 222 ‘ [1981]
Japan 7 » 165 Ww {33,333) (432) R W R KR’ .030
Albany, . 55 1,799 184 [1982)
New York : 2 x 300 W ] {63,579} (364) M W KR R 0.027
Hamiiton, S 1,695 255 ‘ [1879]
Ontaric, Canada 2 x 300 Wit {59,900} (492} NR MR MR NR W6
Pinellas, ‘ 5,207 238 [1983)
Florids 2 » 1000 L L] {184,000) (462) N MR KR ] .02%
Resource Recovery
Dade County, S5 13,756 237 [1983]
Flariga 4 x 750 Whi {486,000)  (459) NR MR NR L 3 0.05%
. Waterwall *  C(oncentrations corrected to 123 (Dp)

WW

R = Refractory lined **  [Year of test)
KR = Not reported

S5 = 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 is now shown as Alternative 3-4. This
system 1s capable of cbntrolling effluent PM emissions to 0.01
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 i1s 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

tear s) have been experienced at these installations.

Cost development for the Bag Filter with Cyclone Collector Alternative.is

given in Table 3-4 (Sheets 1 and 2).
A partial listing of bag filter facilities on refuse-burning plants is

shown on Exhibit I1-2 (Table 31) taken from the May 24, 1984 1ssue of the
CARB report.
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PALM BEACH COUNTY SOLID WASTE AUTHORITY
SOLID WASTE-TO-ENERGY FACILITY

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

TABLE 3 - & (Sheet 1 of 2)

BAG FILTER WITH CYCLONE COLLECTOR SYSTEM COSTS
700 TPD UNIT

). EMISSION 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 4)

7. CAPITAL RECOVERY FACTOR
(20 YEARS TERM AT 127%)

8. ANNUAL CAPITAL COST (7 X 6)

9. OPERATING AND MAINTENANCE COST
A. FELECTRICITY- (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

99.90

5915

$2,070,000

1.6

$3,312,000

0.13388

$443,000

§155,000
50
$120,000

$62,000

$0

$59,000
$0

$396,000

$839,000
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PALM BEACH 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
NOTE:

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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_ : : Table :I‘H-. lﬂ“.. |Liii. -l TR R e = .
_ : : EXHIBIT I1-2
Partial Listing of Fabric Filter Applieations
to Refuse-Burning Facilities

. Air-to-Cloth TSP Outlet
Location of Capacity Gas flowrate Gas Temp. Ratio Concentration AH P
~ Facility (Ref)  {MT/D)+ (m3/min) (°C) (m3/min-m3) grams/Nm3 (cm, w.g.) Application
{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 -
£. Bridgewater,* {closed)
Massachusetts (431) 330 2500 260 0.6 0.04 5 - 8 Full-scale
{0.02)
Nashville, o A
Tennessee (432) NA 1.2 0.002 NR Slip-stream
{0.008)
1, Saugus, (433) Stip-stream
o Massachusetts 1360 1132 209 NR 0.020 10 - 15 on one unit
' (0.008)
Gallatin ** (Apitron)
Tennessee (434) 76 676 171 16.0 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
Halmo, guaranteed Reported
Sweden (437) 456 " 3100 392 NR 0.059 higher than Full-scale
_ , {0.02) anticipated
Susanville, : - design design ,
California (438) - B7 715 215 1.61 0.02 10 - 15 Full-scale
. : {0.01)
City of Hamm, ~ under MSHW
West Germany (439) 961 4x1383.9 171 - NR construction NR Full-scale
) {1984)
NR -- Not reported * Fast Bridgewater facility is currently not {n‘Operation.
%% pAnitron unit was removed due to operation problems, 11-9




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 502
emlissions and a 90% collection efficiency for both HC1l and HF.

I1-10



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

2. REMOVAL EFFICIENCY, PERCENT .

3. PARTICULATE REMOVED, TPY (NOTE 1)
4. CONSTRUCTION COST

5. BONDING FACTOR (NOTE &)

6. CAPITAL COST (5X4)

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

8. ANNUAL CAPTTAL COST (7X6)
5. OPERATING AND MAINTENANCE COST
A. ELECTRICITY (3.76 MILLION KWH @ 5 CENTS)
B. WATER (80 GPM @ $0.7/1000 GAL)
é. LABOR (8 MEN; TWO PER SHIFT @ s30,000i
D. MAINTENANCE
E. LIME, 2200 TPY @ $150/TON
F. WASTE HANDLING & DISPOSAL
(5861 TPY TSP; +2200 TPY LIME; 863 TPY SO2
& HCL; AT $10/TON) (NOTE 2)

G. TREHEAT STEAM (5 MMBTUH @ $6/MMBTU)

TOTAL OPERATING & MAINTENANCE COST

10. TOTAL ANNUAL COST

0.03
99.00

5861

$5,300,000

1.6

$8,480,000

0.13388

31,135,000

$188,000

$18,000

" $240,000

$106,000

$300,000

$87,000

$262,000

$1,201,000

$2,336,000
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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 - 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. PARTICULATE REMOVED ANNUALLY BY DRY SCRUBBER AND ELECTROSTATIC
PRECIPITATOR SYSTEM

= 21400 TPY UNCONTROLLED TSP X 0.83 AVAILABILITY X 1 UNIT73 UNITS
X .99 EFFICIENCY = 5861 TPY

2. DRY SCRUBBER AND ELECTROSTATIC PRECIPITATOR SYSTEM ALSO REMOVE ACID
GAS, SO2 REMOVED ANNUALLY BY DRY SCRUBBER AND ELECTROSTATIC PRECIPITATOR
SYSTEM = 2957 TPY UNCONTROLLED SO2 X 0.83 AVAILABILITY X 1 UNIT/3 UNITS
X .7 EFFICIENCY ' = 573 TPY | '
HCL REMOVED ANNUALLY BY DRY SCRUBBER AND ELECTROSTATIC PRECIPITATOR
SYSTEM = 1150 TPY UNCONTROLLED SO2 X 0.83 AVAILABILITY X 1 UNIT/3 UNITS
X .9 EFFICIENCY : = 287 TPY
HF REMOVED ANNUALLY BY DRY SCRUBBER AND ELECTROSTATIC PRECIPITATOR SYSTEM
= 13.2 TPY UNCONTROLLED SO2 X 0.83 AVAILABILITY X 1 UNIT/3 UNITS
X .9 EFFICIENCY = 3 TPY
TOTAL ACID GAS REMOVED = 863 TPY
3. TOTAL PARTICULATE & ACID GAS REMOVED = 6724 TPY

4. SAME AS NOTE 2, TABLE 3-3.
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Dry Scrubber installations, followgd 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 II-3, Aside from the Framingham, MA
installation of a Dry Scrubber/Fabric Filter on a non-~heat recovery
incinerator (see Exhibit ‘II—2), there are presently no other such

intallations in the United States, although several are being planned.
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EXHIBIT II-3

DRY SCRUBBER INSTALLATIONS

s N I

~ Japan .. West Germaﬁx

Nace Tvve Yesr Name Tvpe Year
Yokamara City {1 FT 78 Pineburg - ESP 74
Yokam;ma City #2 ESP 8C Hamburg ESP R
Yokamama City #3 ES? 79 Vienna N/A 78
Ohnojo ' ESP 80" Hamburg ESP - 79
Chiba N/& _ 8l Munich ESP 80
_Kanto : ESP? . gl | Dusseidor{ ES? 80
Savai City ESP g0 Oberhausen FF 78
Sendai City . ESP 80 Dusseldors ESP hqo
Yokamama ' ESP 84 ~ Dusseldrof ESP N/A
Yokamana : ' ESP | 80 Harmm _FF. 84
Nishisonogi-gun ESP B2 ‘ Dusselderf ES? 84
Yokazama ESP 80
Shrouka. 7 ' ~ ESP 82
Razakuta ESP . gl
Tshushima- FF g3

Key: ESP - Electrostatic Precipitator
FF - Fabric Filrter
K/4 - Not Available
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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
2. REMOVAL 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 13%)

8. ANNUAL CAPITAL COST (7 X 6)
9. OPERATING AND MAINTENANCE COST
A ELECTRICITY (4.27 MILLION KWH @ 5 CENTS)
B. WATER (80 GPM @ $0.7/1000 GAL)
C. LABOR (8 MEN; TWO PER SHIFT @ $30,000)
D. MAINTENANCE
E. LIME, 2,200 TPY @ $150/TON
F. WASTE HANDLING & DISPOSAL
(59 TPY TSP; +2000 TPY LIME; +863 TYP S02
& HCL; AT $10/TON) NOTE 2)
G. REHEAT STEAM (5 MMBTUH @ $6/MMBTU

TOTAL OPERATING & MAINTENANCE COST

10. TOTAL ANNUAL COST

0.01

99.9

5915
$5,000,000
1.6
$8,000,000

0.14235

$1,139,000

$213,000
.518,000
$240,000
$120,ood
$300,000

88,000

$262,000

$1,241,000

$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.

4.

TdN MSW (260,000 TPY) §9.15
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 EFFICTENCY = 5915 TPY

DRY SCRUBBER AND BAGFILTER SYSTEM ALSO REMOVE ACID GAS,

S02 REMOVED ANNUALLY BY DRY SCRUBBER AND BAGFILTER SYSTEM

= 2957 TPY UNCONTROLLED 502 X 0.83 AVATLABILITY X 1 UNIT/3 UNITS
X .7 EFFICIENCY = 573 TPY

HCL REMOVED ANNUALLY BY DRY SCRUBBER AND BAGFILTER SYSTEM

= 1150 TPY UNCONTROLLED 502 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 S02 X 0.83 AVAILABILITY X 1 UNIT/3 UNITS
X .9 EFFICIENCY - 3 TPY

TOTA#‘ACID GAS REMOVED = 863 TPY

TOTAL PARTICULATE & ACID GAS REMOVED = 6778 TPY

SAME AS NOTE 2, TABLE 3-3.
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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 correspond 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 1is about 250%. To compensate for the lower temperature
gases, the Wet Scrubber alternatives provide for additional reheat of

stack gases relative to the reheat used in the Dry Scrubber systems.
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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 1 of 2)

WET 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 R ‘ | © §5,220,000
S, BONDING FACTOR (NOTE 4) : 1.6
6. CAPITAL COST (5X4) $8,480,000
7. CAPITAL RECOVERY FACTOR | 0.14235

(20 YEARS TERM AT 13%)
8. ANNUAL CAPITAL COST (7X6) $1,207,000

g. OPERATING AND MAINTENANCE COST

A. ELECTRICITY (3.6 MILLION KWH @ 5 CENTS) $§180,000
B. WATER (80 GPM @ $0.7/1000 GAL) B $29,000
C. LABOR (9 MEN; 2.25 PER SHIFT @ 336,060) o 5270;000
D. MAINTENANCE  $104,000
E. LIME, 2200 TPY @ $150/TON $330,000
, F. WASTE HANDLING & DISPOSAL $89,000

(5861 TPY TSP; +2200 TPY LIME; 863 TPY S02
& HCL; AT S$10/TON) (NOTE 2)

G. REHEAT STEAM (10 MMBTUH @ $6/MMBTU) §524,000
TOTAL OPERATING & MAINTENANCE COST $1,526,000
10. TOTAL ANNUAL COST $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

NOTE:

1.

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 - = 53861 TPY

. DRY SCRUBBER AND ELECTROSTATIC PRECIPITATOR SYSTEM ALSO- REMOVE ACID

GAS, 502 REMOVED ANNUALLY BY DRY SCRUBBER AND ELECTROSTATIC PRECIPITATOR
SYSTEM = 2957 TPY UNCONTROLLED $02 X 0.83 AVAILABILITY X 1 UNIT/3 UNITS

X .7 EFFICIENCY ‘ = 573 TPY

HCL REMOVED ANNUALLY BY DRY SCRUBBER AND ELECTROSTATIC PRECIPITATOR
SYSTEM = 1150 TPY UNCONTROLLED S02 X 0.83 AVAILABILITY X 1 UNIT/3 UNITS

X .9 EFFICTENCY ' = 287 TPY

. HF REMOVED ANNUALLY BY DRY SCRUBBER AND ELECTROSTATIC PRECIPITATOR SYSTEM

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

TOTAL ACID GAS REMQVED = 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 must 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 - 8 (Sheet 1 of 2)

WET SCRUBBER AND BAG FILTER 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 (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 KWH @ 5 CENTS)
B. WATER (80 GPM @ $0.7/1000 GAL)

C. LABOR (9 MEN; 2.25 PER SHIFT € $30,000)
D. MAINTENANCE (INCL. BAG REPLACEMENTS

E. LIME, 2200 TPY @-$150/T6N

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

"REPORT
OCTOBER

ON AIR QUALITY IMPACTS ANALYSIS” -
5, 1985

TABLE 3 - 8 (Sheet 2 of 2)

WET SCRUBBER AND BAG FILTER SYSTEM COSTS

700 TPD

UNIT

l11. UNIT COST:

PER

PER

PER

PER

NOTE:

1.

4.

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,

$02 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 SO2 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 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 is displayed:

1) Alternative No.
2} Capsule System Description
3) Interest Rate
4) Construction Cost
5) Annual Capital Cost
6) Annual O & M Cost
7 Total Annual Cost
8) Unit Costs
| a) Per Ton MSW
b) Per Ton RDF
c) 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 Alternative 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 technologiles.
This was done by -assigning different interest rates to alternative
systems based on a judgement as to relative riskiness of the technology,
considering its track record. This 1s akin to a Standard & Poﬁrs or
Moody rating being assigned to capital projects which; along with market

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

TUNIT 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 Scr./ESP
& 3-6 Dry Scr./BF
5 3-7 ‘ ESP/Wet Ser.
6 3-8 BF /Wet Scr.

.INCREMENTAL ANALYSIS

Incremental anaiysis was performed to-determine 1ncrementa1_cost for:

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

the ESP and

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

relative to the PM collection of the BH alone.

(c) 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

11-25



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

$12a0.7a for each ton of additional PM and compares unfavorably 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 §1,564,000 relative to.
Alternafive 3-3. This 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 in amblent 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 control stfategies. BACT
is defined in the 40 CFR 52.21 as "An emission limitation based on the
maximum degree of reduction 6f each pollutant emitted which the
Department, taking into account, energy environmental and economiﬁ
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 Alr 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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BACT ANALYSIS OF ALTERNATIVE AIR POLLUTION CONTROL SYSTEMS

TABLE 3-9

FOR 700 TPD RDF-FIRED- SPREADER STOKER BOILER

1. Alternative No. 3-3 3-4 3-5 3-6 3~7 , 3-8
2. APC System Descr. ESP BF Dry Scr/ESP Dry Scr/BF ESP /Wet Scr. BF /Wet Scr.
3. 1Interest Rate ** 1 127 12% 13% 13% C 147
4. Construction Cost $2,300,000 $2,070,000 55,300,000 $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/Tom $8.98/Ton $9.15/Ton $10.51/Ton $10.67/Ton
b) Per Toun RDF $4.24/Ton $4.61/Ton $12.84/Ton $513.08/Ton $15.02/Ton $15.25/Ton
¢) Per Ton Fly Ash* $131.72/Ton - - $141.84/Ton -$347.41/Ton $351.14/Ton $406.45/Ton $409.41/Ton
"9. Incremental Analysis Rank #1 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 Annrual 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 Lowest# Cost Rank
F. (D - E) - .54 TPY 809 TPY 54 TPY -54 TPY 54 TPY
G. = (A -B): (D - E) - $1,260.74/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
I. Fly Ash* Collected in - - 5,861 TPY
" 2nd Next Lowest #Rank
J. = (A - H) - - $1,564,000
K. = (D - 1) - - 863 TPY
L. =(¢A-H)Y=+(D-1) - - 51,812.28 Ton
* Including Acid Gas Fly Ash
#% Interest Rate Proportioned to Technology Risk
BACT = Best Avallable Control Technelogy
ESP = Electrostatic Precipitator
BF = Bag Filter
Scr. = Scrubber I1I-28
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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? 1f 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, blological and other hazardous wastes will

not be processed at this facility.”

QUESTION NO. 8 — ON ANNUAL EMISSIONS:

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

the air permit application.

Re sponse:

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

Section II1 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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HAYDREN—WEGMAN /
BARKER: QSHA £ ANDERSON . .
ENGINEERS — PLAMNERS XHIBIT 111 - 1

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

CONTROLLED EMISSION FACTORS DEVELOPHENT FOR ROF FIRED SPREADER STOKER FURNACES

{ANNUAL AVERAGE BASED ON 1800 TPD RDF FIRED)

. ‘ : GM/SEC @ G /SEC @
- POLLUTANT LBS/TON RDF LBS/HR TONS/YEAR 180¢ TFD 210¢ TPB
CARBON NONOXIDE _ 12,0 900, 3942, 13 122
NITROGEN DIOXIDE 4,0 300, 1314, 37.8 14,1
SULFUR DIOXIDE 9.0 675, 2957, 85.1 93.3
CHLORIDES ‘ 3.5 263, 1150, 3.1 3844
VOLATILE ORGANIC CONPOUNDS .20 15,0 £5.6 ' 1.89 2.21
PARTICULATE HATTER +63 48.8 214, 6,14 7.16
SULFURIC ACID MIST 0004 +030 131 +0038 10044
FLOURIDES B +04 3.00 13.2 38 VA4
LEAD ' 014 1.05 4.6 132 ©.154
KERCURY 1003 \225 .98 0284 ' +0331
BERYLLIUN ) 9.0 E-06 6.8 E-04 3,0 E~03 8.5 £-05 9.9€-5
2:3+7,8-7CDD ' 8.5 £-08 6.4 E-06 2.8 E-05 B.0 E-07 9.36-7
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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, Apbendix 10.1.5 on Prevention of
Significant Deterjorationm, 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 that (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 fdr every 6° azimuth. The
closest rings were those indicated above as distances of maximum impact
based on the screening model. These runs did not, however, include the
closest boundary distance of 730 meters. The results of these runs haQe
been compiled and submitted to the FDER. At the suggestion of the FDER, a-
second series of computations were made specifically, to develop the
impacts at 730 meters (closest point of the source to its boundary line).
These data were not documented in appendices because of the massive paper
voldme, but rather, the outputs were used by the computer to create the
tabular listings of Tables 5-9A4 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 i.5° downwind of the source .on centerline

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

comple;e Appendices.
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QUESTION NO. 10 - ON TECHNICAL & ADMINISTRATIVE REVIEW PROTOCOL:

EPA informed us very recently that The Power Plant Act 1s not totally
compatable with their rules and they are going to rescind dur deiegation
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.

Re sponse:

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 uitimate 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 pollution. Mean wmorning:
and afternoon mixing heights are estimated at 800 and 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 Thfoughout the Contiguous United States, AP-101
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, 1t is 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
impaction to occur therefore, steady state winds and Stability 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 lees 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 I).

592 Impact
Annual impact analyses for SO2 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 impacts of 502 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 omn
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 hiéhgst 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
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EXHIBIT II
SULFUR DIOXIDE
PROJECTED IMPACT ON EVERGLADES NATIONAL PARK
(Bearing 228°, 120 km)

CONCENTRATION (ug/m3) CONTRIB.

AVERAGING SIGNIF. = MAX. PROPOSED RDF & EXISTING OF RDF

YEAR TIME IMPACT psp! RDF > SOURCES® %

1970  HSH 3-HR 25 25 2.78 43,0 6.5
ANNUAL : 1 2 0.025 2.3 1.1

1971  HSH 3-HR 25 25 4obé 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
HSH 24-HR 5 5 0.35 4.8 7.3
ANNUAL 1 2 0.023 1.8 1.3

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

NOTE 2 : Based exponential decay of concentration with downwind exponential

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

' conéidered' significant relative to the projected impact of sources

already in exlstence.

BEST AVAILABLE CONTROL TECHNOLOGY ANALYSIS

Best Available Control Technology (BACT) analysis and the related 1issues

of pollutant emissions are covered in the following Sections of this

Supplemental Report:

Section I Emission Factors

Section II Best Avallable Control Technolagy

COMPARATIVE EMISSIONS FOR
PALM BEACH AND BROWARD COUNTIES

Emission 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 (lb/ton)

Palm Beach Broward
%
Cco 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 I, page I~1 of this Supplemental Report). With the
exception of the Emission Factor for Lead, they are to remain unchanged.
{See Section I, pége 1-19 for discussion of propoged 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 Emi ssion Factors

3.1.1 Palm Beach RDF System

Basis for the Palm Beach County S0, Emission Factor of 9.0 1lb/ton

is given in Section 1, page I-14 of this Supplemental Report. ‘The
9.0 1b/ton factor assumes all of the sulfur in the RDF fuel is

completely converted to SO2

3.1.2 Broward Mass Burn System

In general, the SO2 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 'SOZ
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
AL/ _

3.2.1 Palp Beach RDF System

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

Refgrence A",

3.2.2 Broward Mass Burn System

In like wmanner, the NOx Emission 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 BTUG/LB for Refuse, Convert LB/1.0E6 to LB/Ton

0.07 LB/1.0E6 BTU x 4,500 BTU/LB x 2,000 LB/Ton = 0.63 LB/Ton .
. 0,42 LB/1.0E6 BTU x 4,500 BTU/LB x 2,000 LB/Ton = 3.78 LB/Ton

Therefore,

Uncontrolled Total NO_ Emission in LB/Ton = 0.63 to 3.78

The 5.8 LB/Ton_ Emission Factor proposedt by Broward 1is 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 Emisslon 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 I, 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 IIT tests indicate that a wide divergence of CO emissions
performance is possible on a mass burn system, shown in Exhibit
IIT to be sensitive to O2 concentrations. The Albany and Hampton
111 coinciding plot of test data illustrates that equally good CO
emissions performanpe can be obtained with RDF and wmass 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

1.35 LB/Ton
18.00 LB/Ton

0.15 LB/1.0E6 BTU x 4500 BTU/LB x 2000 LBR/Ton
2.0 LB/1.0E6 BTU x 4500 BTU/LB x 2000 LB/Ton

Therefore
Unconfrolled Total CO Emission in LB/Ton = 1.35 to 18.00

Whereas the 0.92 1b/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
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‘EXHIBIT 1III

CARBON MONOXIDE AND OXYGEN

IN EMISSIONS FROM FIVE STACK TESTS
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""Best Available Control Technology For-Polychldrinéted

"Source:

Dibenzo-P-Dioxins And Polychlorinated Dibenzo-P-Furans
from Municipal Waste Combustion" F. Hasselriis
October, 1985
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conditions of operation. See Exhibit III 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.&.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 éOLLUTION CONTROL SYSTEM WILL
COLLECT SUFFICIENT PM SO AS NOT TO EXCEED A GUARANTEED GRAIN
LOADING OF 0.03 GRAINS/DSCF'AT'IZZ'COZ. THIS EMISSION LEVEL 1S
PRESUMED. TO REPRESENT BACT FOR TSP.

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

UNCONTROLLED PM EMISSION IN GRAINS/DSCF, 12% CO, = 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 BIU = 1.27 TO 7.32 = 4.30
(AVERAGE) '
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EXHIBIT IV

Idlate demands
new controls
for incinerator

"By ANDREW FROMAN
Barnld Siaff Wriler

FORT LAUDERDALF - State
saviroamestal officlals  want
Broward County to neall
tugher poliution contrels on He
firn garbage-burning resource
recovery piant, & movs that
could relse the plant's operating
cost $2.4 milllos a year.

The Improvements could add
more than 540 miilion — gbout
$2 a year for every person in
Broward Couu;y = {0 the cost of
operating the §187 mitlion plant
over tts expected Z0-year life.

But Torn Henderson, the direc.
tor of the county's rescurce
Tecovery Pprogram, said the
state's recommendations -are

Io part. oo {jpaccurale
{nformation from his office. He
bopes to convince the state that
sdditionsl pollution eontrols
aren't necessary.

County officlals intend to bulld
two resource recovery plants st
8 total cost of £521 milllon. If
operating costs are higher than
expected, garbage rates will de
locteansd.

“You have to swallow the
price because the price of con-
tinulng to endanger the water
nq;;lleruSwIth laadfills] 8 too
high,” said County Commission-
or Nick! Grossman,

State offlelals said their recom-

mendations are based on re-

. search of glr pollutlon controls st
‘plants in Californla, New Yor
and New Jersey. -

“The technology fn resource

recovery has reslly come along a

pounds as estimated. A decimal
point was misplaced. he said.
Sipce Jead emissions will be
only ope-tenth as high as ortgi
pally estimaled, there inight not
be & pead for additional poliution
controls, Henderson said.

FROR ® ¥ PRLH BEACH

LN

10.16.1%89 13139

e e e i

lot further o lot (aster than many .

olher areas. It seems people are
always finding Improvement,”
sald Clalr Fapey, deputy director
o! the Florida Department of
Eovimomental Regulation's By-

resu of Alr Quality Management, -

Fancy sald Broward should be
able to Jower hydrogen fluoride,
sulpheric acid mist and laad
emisslons bf usieg larger or
rdditional pollution controls.

" . ¥ the DER's recommandations

. pre accepted by Gov. Bob Ore-

“'ham apd the Cabinet, which
Issuer conmruction permits for
resource recovery planu, the
new equipment wolld have to be
wnsambiog LTy il Neat load of
garbage is burned.

Cpersting  the  equipment
“would ralpe the cost of burning
garbage by 52 u too or $8.600 a
Gzy for the 3,300 tons of ;ubnge
10 be processed every day at the
county’s firnt plaat at US, 441
and Suate Road 84.

" Henderson hopes to convince
the state that the additional
equipment lan't necessary. He
said the DER's recommendations
are based tn part on insccurate
Information supplisd by his of-
fice In March Lesd emissions
would be 027 poundr for ench
ton of refuse burned. mot .27
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We would expect the Palm Beach Lead Emi ssion 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 1is 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 qombustién sy stem would be about one-half that of the mass
burn system and of the order of magnitudes given abbve, reference
is made to paragraph 3.4 above on PM Emission Factors for Palm
Beach RDF and Broward mass burn systems and also to Exhibit 4-6.4,

page I-23, Section I 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 1b/ton

From Exhibit 4-6.4, Lead concentrations in controlled partitulate

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 ppm

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
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Broward Mass Burn System

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

The Lead Emission Factors derived above are in good areement with

Lead Emission Factors now proposed.

3.6 PFluoride Emission Factors

3.6.1

3.6.2

Palm Beach RDF System

Basis for the Palm_Beach County Fluoride (HF) Emission Factor of
0.040 is given in 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) Emissioﬁ Factor for thé Broward
Masg Burn System. Exhibit IV suggest é Fluoride Emission Factor
of 0.06 1lb/ton whereas Broward chose 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 1is given in Section I, page I-38 of this Supplemental

Report.

Broward Mass Burn System

Because Sulfuric Acid Mist emissions derive from 802 emissions and
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EXHIBIT V

TABLE 10 FLUORIDE EMISSIONS
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Based on these data 6.5 ppm or 0.06 Ibfton (0.03
kg/™g) has been chosen as a conservative estimate
of fluoride emissions. g

CONTROLS

Fiuoride emission controi is normaily 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 appatently 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 filuoride 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 elecurostatic precipitators for particulate
control are shown in Table 11. We have chosen
34 200 pgfe (0.034 1b/ib) of particulates or 0.012
Tb/1on (0.006 kg/Mg) of refuse burned as a reason-
able estimate of the lead emissions.

TABLE 11 LEAD EMISSIONS

- .

—-_—

ncirsravor Ll Faru.ewlnnag arrescl ance Pt
Bos:ntree P.002s 5.4 [
War . ag.en, B.C. 8 007 "
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LT VI 0000 '
hie aas noix

Svy Ime. .00

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/dsem) or 0.0064 Ib/ion (0.0032
kg/Mg) of refusc burned was chosen as a conserva-
tive estimate of total mercury emissions,

TABLE 12 MERCURY EMISSIONS

of ™ Y
g LA Lor AT £ rdnct "e ST,
aistres S.apre=d pyeriesiate  1.00) .

. 1.0t vaper e
= il o ]
G rms vy )} &
Gamt, Bwiglus .0n10-9 yupar 1.0 "
T Meerage F41% 10104 : 10T}

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 ugfg of emitted
particulates was reported. Using this data, based
on the particulate emissions previously cited, the
emissions of beryllium are estimatied to be less
than 5.6 X 10°® 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 from munici-
pal incinerators. Most of them are present in very
small quantities and are of littie environmental
concern. Concentrations of the more toxic metals .
are presented in Table 13. '

CONTROLS

The trace metals are minor and vaniable constit-
vents of the waste. Most of the metals except for
mercury appear 10 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 | percent of the
nonvolatile metals (such as barum, chremium, 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
1o substantiate such supsrioniy.
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gince the Palm Beach RDF SO2 Emi ssion Factor 1is 9 lb/ton relative
to the Broward Masss Burn 802 Emission 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

FACTOR)
FACTOR)

= 5.7 LB/TON (BROWARD SO,
9.0 LB/TON (PALM BEACH SO

2

S0, FACTOR)

¥ 0.0004 LB/TON (PALM BEACH H2 4

= 0.00025 LB/TON (BROWARD H250 FACTOR)

4
Our 0.000Z5 1b/ton estimate for the Broward Sulfuric Acid Mist
Emission Factor 1is 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 for Broward's Sulfuric Acid Mi st

emissions provided in the Natioﬁal.Pérk-Serviée Technical Review.

The boiling point of sulfuriec acid is 626°F. At the stack exit
gas temperature of 450°F, the sulfuric acid that is formed from
502, H20 and O2 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
wixture is drawn through the sampling nozzle and passes through
fhe sampling train, the gas/aerosol mixture 1s cooled and

additional sulfuric acid is formed from the 802, Oz_and,HZO 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
SOZ’ 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 sulfuric acid in the gas stream at the sampling
nozzle. . In—-situ measurements of SO2 and 02 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 avallable if these corrections/adjustﬁents 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 sulfuric acid mist 1is a

‘complex, highly variable process whether the precipitation oCCur §

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 shown 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. CHRISSTOTLER, and RONALD CLARK

Barttelle'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 Kterature 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
available 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 chloride, 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-
etators mass-burning municipal refuse on a grate in

3 waterwall furnace using an electrostatic precipita-

tar (I'SP) for emissions control — Rinaldi's {1}

~ category ITincinerator — although other types

PP

are occasionally cited. In general, there was no
attemnpt 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 engincering 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 toaid 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, €O, and Partic-
ulates), thus forcing the incinerator operator 1o
consider both the Emissions Otfset Ruling, and
Prevention of Significant Detenoration (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 atea is nonattain.
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ment, which arc emitted in significant quantities.
(Refer to Table 1.) LAER 15 defined as the Jowest
of the most stringent limitation contained in any
stz1c implementation plan unless it can be shown
10 be unattainable or, the most stringent emission
limitation achieved in practice by such category of
source.

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

follutant Quantity, Tonryr

Carbon MOAOElde 0o

Wijtragen ORiBes [ 1]

Swifur Diexlew L14]
farticulates »

Oone ac

Laag ” c.6
Aabaaton.. ., . e ©.007
Beryllium 0.0008
Percary 6.1~ -

¥inyl Chleride

Fiuoricas 3
Syifuric cle Mipt T
Nycroger Sulfide 1+

Towal Raduted Sulfur 1]

Large incinerators, emitting over 100 tons (90
Mg) pes year of a regulated pollutant, and construe-
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 to regula-
tion and which is emitied in significant quantities.
BACT is defined as an emission limitation based
on the maximum degree of reduction of each
pollutant achievable for such source through
application of available techniques taking into
account energy, environmental and economic
impacts, and other costs.

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 stack gas,
it is necessary to 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

Ineinarstor kg DFC [ 1141 ] | Lok $ 0y hat
K ised 1pt Py tere
Karrisburg 5.89 7160 (81£0) §.1 3
Prsintres raap (RSSO} 6.7 L]
Chicage W [ Y81 1] e {570} 4.6 ]
Average %50 {agid) 5.5

An arbitrery conservative bias of apout 15 percent has
been built into all emission factor calculations by the
choice of a flue gas rate of 3,000 dsctm/ftoh of feed
{5,600 dscm/Mg). This rate was assumed 10 correspond to
sn 8 percent CO, concentration in the siack gas for the
purpose of correcting the emissions to 12 percenm CO,

32

where required.

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 mg/dscm®) corrected to
12 percent CO,: however, considering the trendsin
emissions control requirements over the past several
years and recent bids by equipment vendors, a
controlled particulate loading of 0.020 gr/dscf (46
mg/dscm) corrected to 12 percent CO; was select-
ed as being, in our best engineering judgement, the
lowest emission level that can be reliably obtained
by a state-of-the-art electrostatic precipitator over

the long term. It was also the lowest value that equip-

ment vendors were willing to guarantee for a long
period of time in 2 recent procurement; however,
Jower values could be guaranteed on a one time,
new equipment performance 1est 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 siringent
emission limitation in the U.S. a1 0.03 gr/dsef (69
mg/dscm) corrected 1o 12 percent CO,  but in this

*Dry stanoarg cubic Meter.
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TABLE 3 UNCONTROLLED PARTICULATE EMISSIONS AND

ESP EFFICIENCIES FOR MUNICIPAL INCINERATORS

Oncontrolled Controlled ot
Incinerator gridac? £ 12% COz (1b/Ton} gr/dace & 12% CD; (1b/Ton) Ere Ref.
HBarrisburg 41 1.14-2.08 . 0.058-.089 94.9-95.7 ]
. 1.132-2.602 av 1,733 [0l 0.029-.083 av 0.0559 96.8 3
Rarrisburg #2 1,18.2,62 0.0L6- 089 96.0-96.6 (4
- 1,134-2.056 av 1,861 0.053-.084 av 0.069 $5.3 3
Chicagoe MW 0.613-1.26 ar 3.06 0.027-.0634 av 0,036L 96.4 5
(23.4) (0.55-1.15 av 0,788} 96.6 H]
(37.2) 1
Braintree 0.866-1,126 av 0.973 0.221-,256 av 0.236 T73.0 &
(7.7-18.2 av 10.9) (2.3-3.8 av 2.7} 75.2 .
(15,3} 1
Yarious Buropean 3.38-9.75 T
Yarious (30) 8
Mashville 1.196 0.0248 98.0 &
1,206 0.0073 L . 95.5
1.am g.021’ T 98.2

!
!
'
]
i

gridact x 2289 = ng/m3d
1b/Ton x 0.5 = Eg/Mg

. TABLE 4 CONTROLLED PARTICUILATE EMISSIONS FROM MUNICIPAL INCINERATORS

Incinerator tontrol Year gr/ael Mg/acm
-~
Baltimore & ISP 76 .o25b,9 57
Braintree . L0810 ab, it 207 560
Brooxlyn SW - Aa73%0 12, (pige, 10 160,34
Chicago W . T1-7% 035,70, 02290, _p3sab.5 10.52.4,87.9
o8B 14 100
Dade Co. NE . 02712010 . 82,1
E. Bridgewater T 15 .02u%.9 55
Hamilton £sp L6828,13 860
Harrisburg . 73 08070, o510, _o7b. M 91, 08, 200
Laxington . 0500 10
Montreal . 70.71 .013370, 079910 30.4, 103
Msnville . 7% L01828,9, o175, 14 azagb,1é %17, 80,1, $5.6
Neuchatel, Switzarland [ 44 o5t 100
X.Y. South SZhors £s? .05%e,10 129
Nerfolk - 76 Losb.9, Losb.11 p2qb.6 100, 100, 66
Obarhausen . 05620415 129
Oceansida . LousP, 10 40,10 100, 49
Ogden . ™ .ousb.® 100
Philadelpnis EC .- -1 .ourb,§ 10
Pniladelphis W . TE-T9 0«89, pr6810. p2a710, 1e, 19, 87
_o.b,!S. _055,16 90, 100
Ousbet . 10 .0gse, 10 220
Saugus . 76 Lougb. ¥ pzeb. 1 1o, 57, 62
Waanington, D.C. . 13 .ok, %, _p57me.10 90, 132

tai ary specified

(b) dry sna 12 parcent C07 apacified
(e) %0 percent EA specifled

* alectroatatlc precipater

¢ fabric fllter
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casc. it does not appear to set LAER as several
inuinciators have reported lower emissions. The
Jowest emission from a commercial incinerator
that has been found 1o date is 0.018 gr/dscf (4]
mg/dscm) corrected 1o 12 percent CO, reported
for Nashville Thermal Transfer Unit 2in 1977
[14]. This unit used a three-field electrostatic
precipitator for particulate control.

Fabnic filiers are sometimes represented by reg-
ulaung agencies as the technology that will allow
incinerators to obtain particulate emissions below
0.01 gr/dscf corrected 1o 12 percent CO;. We have
conducted an extensive search for reports of the
performance of fabric filters on municipal inciner-
ators and were able 1o find only the following six
pilot and 1wo operating performance test reports.
Deficiencies in some of the data and variations in
operating procedures between tests make it diffi-
cult to compare the data and draw any general -

_..conclusions, however, all of the datz 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 (2.3 mg/dscm) at 12.9 percent CO,.
These short tests showed the emission Jevels that
can be optimally obtained from 2 fabric filter;
however, because of the short duration and the
conditions and procedures used they are not con-
sidered 10 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
1o 12 percent CO, (0.010 to 0.096).

3. A one-bag filter test at the Pasadena, Califor-
nia incinerator in 1960 was reported [6] to have
pven 0.0009 gr/scf (2 mg/scm). Operational prob-
ke ms particularly with temperature excursions

were reported.
4. Apitron [21] ran a small test of their electro-

statically aided fabric filter on the Tonawanda, New
Y ork incinerator in 1978, producing emissions of
about 0.0004 gr/dsef (0.83 mg/dscm) corrected to
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
o be demonstrated.

5. Teller Environmental Systemns has runa 150
1o73/day pilot (75 Mg/day) test of their chromato-

graphic dry scrubbing system using an electrostatic
precipitator 21 Isogo Yokahama, Japan. Particulate
emissions of 0.026 gr/dscf (59 mg/dscm) at 12 pet-
cent CO. have been reported [22] . They have also
operated a 300 tons/day (150 Mg/day) dry scrub.
bing pilot plant with a baghouse on the Framing-
ham, Massachusetts incinerator for about a year.
They have recently revealed data showing emissions
of 0.0067 gr/dscf (15 mg/dsem) [23].

Only three commercial installations of fabric
filters on municipal incinerators are known. A unit
on the East Bridgewater incinerator operated inter-
mittanty for several years, but is now shut down.
Performance data on the unit are very sparse but
an emission rate of 0.024 gr/dscf (55 mg/dscm)
corrected to 12 percent CO, has been published
[9]. Very little has been published about the units
at Neuchate), and Yverdon, Swiwzerland, except
that the emissions at Neuchate] are approximately

. 0.05 gr/dscf (110 mg/dscm) corrected 1o 12 per-

cent CO,. RESCO has had 2 pilot unit operating at
1heir 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 1o 12 percent CO; or
lower since several operating incinerators meet that
leve] (Baltimore 4, Nashville 1, Saugus). Predicting
LAER is more difficult in that only one municipal
incinerator has ever reported a lower level (Nash-
ville 2 at 0.018 gr/dscf (41 mg/dscm)). 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

at a maximum for a new precipitator and deterior-’

ates with time [10, 24] . A second simnilar precipi-
tator and furnace at Nashville were found to be
emitting 0.024 gr/dscf (55 mg/dscm) 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 beyend the initial compliance test. At
this time, there are few data to support LAER at a
lower figure. The very low emissions achieved in
the Nashville filter test were probably due to the
choice of test conditions and procedures and are
probably not achievable in commercial practice.
Insufficicnt 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 er/dscf (15 mg/dsem) claimed for the Teler
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system at Framingham could be used to set a lower
standard if sufficient data became available to venfy
the figures-angd establish that the test conditions
were appropriate.

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 30, 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, a2 concentration of 80 ppm?® can be dernived.
The sulfur dioxide concentrations reported in the
literature are shown in Table 5.

TABLE § SULFUR DIOXIDE EMISSIONS .

Lo 4
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CONTROLS

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

*npm v/v ste used thraughout The Daper.

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 Califorma. 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 for 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 instaflations identified, the only one
in the US. is the Tefler 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 HC1.

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 data of adequate quality to
meet EPA standards, has been found to verify the
performance 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
refuse burned or over $1000**/ton of acid coliected
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 NOy emissions to levels below those
occurring in most other combustion sources. The
emissions of NO, reported in the literature are
shown in Table 6. :

**Derivad from [22].
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The nitrogen oxide emissions reported are quite

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

1b/1on (0.8 kg/Mg)-of refuse burned. which is-
equivalent to about 75 ppm in the flue gas, is 2
reasonable and conservative value for a modem
waterwall incinerator.

CONTROLS

Since the NO, levels are naturally comparative-
ly low, the control 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-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 ammonjum salts to form
in the economizer.

This test does not appear to cslabhsh 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
nol 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 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 a reasonable
estimate for 2 modern incinerator design using the
combustion control measures now commonly used
to control boiler tube wastage. This is equivalent
to an emission rate of 1.9 lb/lon (0.95 kg/Mp) 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 to control flame
length, 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 incomplete combustion.
They are mostiy Jow-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 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 1b/ton (0.06 kg/Mg) which
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CONTROLS

is equivaient to approximately 16 ppm as a reason-
able value for total hydrocarbon emissions for this
type of incinerator.

TABLE 8 MYDROCARBON EMISSIONS
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To the authors' knowledge, no municipal mcm .

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 chioride found in the waste. Hydrochloric
acid emissions are not regulated by the US. EPA|
but most states require the emissions 1o 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 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
34 1b/ton (1.7 kg/Mg) is a reasonable estimate of
the hydrochloric acid emissions.

CONTROLS

Wer scrubbers were commonly used on munici-

_ pal incinerators in the past for particulate control,

TABLE 9 HYDROCHLORIC ACID EMISSIONS
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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 for acid 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 probiems have
restricted their use on municipal incinerators.
Wherte acid gas contro! 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 pas 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 fluorides from municipad incinerators
reported in the literature are shown in Table 10.
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TABLE 10 FLUQORIDE EMISSIONS
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Based on these data 6.5 ppm or 0.06 Ibjton (0.03
kg/Mg) has been chosen as a conservative estimate
of fluoride emissions.

CONTROLS

Fiuoride 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. Verv 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 lead 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 particulatesor 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 ermissions 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/dscm) or 0.0064 Ib/ton (0.0032
kg/Mg) of refusc burned was chosen as a conserva-
tive estimatc of tota! 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 berylium emissions was for the Braintree incin-
‘erator [4] where less than 0.15 ug/g 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 10°* |bjton (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 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-
vents of the waste, Most of the metals except for
mercury appear 1o concentrate in the bottom ash
or fly ash. Data presented by Law [38], factored
for the difference in efficiency between a baffie
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 that 3
fabric filter's high efficiency for fine particulaties
makes it more efficient than other devices in col-
lecting trace metals, but there is inadequate data
to substantiate such superiority.
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TABLE 13 CONCENTRATIONS OF SELECTED TRACE METALS IN MUNICIPAL INCINERATOR FLY ASH

. “r/g Eg
Metal Rel. 4 Ref. 3t Ref. 1 Average 1b/Ton® me
Arsen:c 57 310 50-100 130 Mg ox 1075 (2.2x10°5) e
Barium WO 990" 270-540 540 1.8 x 10-% (8.9x10-%)
Cadimunm 880 1900 6701150 1100, 3.8 ¢ 10-%  (1.9x10-0) —
Chromium 200 870 130-260 360 1.2 x 0¥ (0.6x10-%)
Copper 1600 1500 620-800 1100 3.8 x 10~ (1.9x10-%)
Nickel 170 170 5.8 x 10-5 (2.9x10-%)
Zine *13 [} 4 11 5.3% 1.8 ¢ 10-2 {0.9x10*2)
*Based on particulate emissions of 0.34 1b/Ton (0.17 Kg/™g)

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/scf (3.2

mg/scm) which is 1.6 percent of the 50, 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 Ibfton
{0.02 kg/Mg) of refuse burned can be calculated.

CONTROLS

Suifric 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 from 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 chivrinated phenols, chlorinated benzenes, 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

" 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 mast 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-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 collected in the ESP; and that there can be

appreciable dioxins in the vapor phase. There 1s no

indication of why the reported emissions from the
Duich and the U S. 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 X 107 10§ X 1077 Ib/ton (05 X 107" 10 2.5 X
10" 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 2,37 8-
TCDD will be about § percent of the total TCDD
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TABLE 18 CONCENTRATIONS OF CHLORINATED DIOXINS AND
FURANS EMITTED FROM MUNICIPAL INCINERATORS®®
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TABLE 15 TCDD CONTENT OF MUNICIPAL
INCINERATOR FLY ASH ng/g ing/m3)

12
1
L}

s 2x10-9
100 Ta1p-10
136 1219-7

3 {80 USA) Ax10.8

Inciparster 2,3.7. 8- Towal TCTD 3 Ratf.
M lan ! 0.2% 4.1 L] &2

MWlen 2 ©.0b% 1.1 5.9 a2

Duaie .1 2.7 5.2 LH

Betherlancs (SN ) [RRLY 5.2 LRl

tverage c.22 X .t

concentration or about 5 X 107 lb/ton (2.5 X
1077° kg/Mg) of refuse bumed as shown in Table
15.

CONTROLS

There are at this time 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

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 ermnissions. 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 AROMATIC HYDROCARBONS

Polynuclear aromatic hydrocarbons are common
products of incomplete combustion of carbon-
aceous fuels and have been found in the emissions
from many sources, inciuding municipal incinera-
tors. The various investigators did not identify the
presence of the same compounds but pyrene,
fluoranthene and benzoanthracent were major _
constituents in many cases. The published data are
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TABLE 16 POLYNUCLEAR AROMATIC
HYDROCARBON EMISSIONS

lacimerater” -~ waln (hg/ult 1 ten? 2 Bar.
Srointrus [£ 3] se haresd) .
L [ X) .yt (o.tanh "
i LI | alﬂ"' (I!lﬂ") [ ¢}
Bastingstens, Englana (n20) 0.Bsin-d (eamied) M
Yarime .0t (oo )
rerage tor10-4 {spro-by
SCaleuleted

shuwn in Table 16. Considering the wide variation
of the available data, we have selected an average
value of 1 X 107 Ib per ton (0.5 X 107 kg/Mp)

of refuse burned or 30 pg/g of emitted particulates.

POLYCHLORINATED BIPHENYLS (PCBs)

PCB:s 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.

Considering these data, 5§ X 107¢ gr/dscf (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 materials
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
zer0 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
factors for a modem mass burning, waterwall
municipal waste incinerator equipped with an
electrostatic precipitator. These emission factors
are summarized in Table 18.

S

TABLE 18 SUMMARY OF EMISSION FACTORS

Comaantrations
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Buda Ce a0t (o.0vn) 0

" Matatree 1ero—$** (0.0017) .
[ ] . -

& Areclor 1250 AB gecachlersbipheny]

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 {lue gas, but the particulate
control equipment is expected to remove most of it
and the ermussions are expected to be insignificant.

SCarreciod te 173 OOy

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 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
normal incinerator operating conditions.

*Total reduced sulfur,
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TABLE 19 STATE-OF-THE-ART CONTROL SYSTEMS
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Generzlized estimates of the macnizude cI air polluticn problems
Ause to industrial scurces can be made using cerived numerical
values known as "emission factors.” 2an emissicn factor relates
che mass of material Ffelezsed to scme measure ci source cagacity.
zar example, grams emitted per guantity of fuel burned Icr com-
»vs+ion unizs. Thus, emissions cztz cbtained frcm scurce testing,
~2=2rizl =alznces, Cr encinmeerincg estimates can be redugel Lo
mumCers with & COmmMEn basis Ior pupocses ¢l comparisorn. Such
dzz2, gatnered for existing sources, can then e used to predict
emission rates for systems either unéer <evelcpment or uncger con-
-ruction, indicating what air polluticn ccntrol technology may
pe necessarv to comply with applicazble federal and state
reculaticns. :
»ir pollutants generated by solid waste combustion include par-
tizulate maz<er anc, in iesser azmounts, hvdrocarbons, oxicdes cf
nitrocen and sul‘Lr, hvérogen chloricde, poly1uclea: arcmatic
compounds, andéd trace elements. A literatuce search was conductedl
TC cesnerate em1551cn factors from information compiled by other
investigators. Results are presented herein for emissions of
each perticular Dollutant from precetérmined combustion cate-
cories. AltnOLch no uniform svstem of classification exists, all
vnits were separated into three groups cdefined as follows for the
purceses of this study. '

« Catecory I: Mass-fired incineration in which the sole
purpose is the reduction of the velume of
municipal solidé waste.

¢ Category II: Mzscs-fired incineraticn for beth sclic
waste volume reduction anc heat energy .
recovery for the ceneraticn of steam and/
¢r elacuriclizcy

e Catscory IZII: CEnergy recovery IZCm +he ccmbusticn of
r=<pee =mat has been upcraded in hs2tincg
‘value by means such as selective IEmeval
cf nencombustirie material er additien of
fossil fuel, i.e., csa&l, cas, or ©ii.,

-
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he secticns that fclliow, available datz on combusticn of

In ¢

ccal only, in bpoilers suitable for the co-firing of refuse and
z~c=il fuel (Category III), are presented for ccmparative
purooses.
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SZCTION 2
EMISSICNS OF CRITEZIRIA POLLUTANTS
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Particulzcze emissicns Irem ccmbusticn scurces consist oI parti-
~les ¢ mineral matter and scmetimes ccntain unburned combustible
na-erial. For this reason, earlier investigators c¢f the environ-
menzzl impact of irc;ne*avwon hef speculated that the anount of
av=ipulzza emizsicns cculd e ralzted to the ccmscsition ¢ the
ses mazerizl, wrhat is, the CCﬁ:"S:lDLQ frzrzion end/or ash cen-
e~= cf that fracticn. Da=zz cn these two IfIzed characteristics
or all three catecories d=fined in Section I, as well as coal,
re summarized ip Table 1. The repcrted ash ccntents for
atecories I and II differ only because of the specific data
ources used in compiling Table l; in general, average ash cen--
ents for these categories would be exnecueﬂ to be the same.
However, the ash content of ccal is typicelly greater than that
cf +he combustible fraction of refuse, hence the difference
retween Category III-and Categories I and II.
TAZLZ 1. TYPICRL MBUSTIBLE FRACTIONS AND ASEH
CONTZINTS O? TZZD MATERIRL '
(Percent bv weight)
Combus+tibtle fracticn Ash cont nt of
Cateceorv of feed material combustible ffac: on
I 71.6 - 85.7 1.6 - 10.8
Iz 79.1 - Bl.6 2.5 - 7.1
III 100 12,7 - 1g.8
Coal 100 11.7 - 20.2
—me comoesiticn of municipal solid waste varies cecencing upcn
cesgrazaical locaticn ané time of vear. 1In ceneral, the ccm-
“ustinle fraction consists of food waste; garien waste; paper
~-cduc=s; piastic, rubber, anc leather; textiles; ané wooc. Ths
nenccmmustitle mzteriel incluces mezzls; class anc cerzmarcs; anc
2en, roszke, andé é&izt. All the material for Cetegory II: i1s con-
cigzr2f =g me ccmbustible beczuse prepreocessing tEchnigues such
ze snradding, air classilving, screenirng, ané magnestlic secaration
~f fervrousg metzls are usually practiced zricr to fgeding.

L




fmission Factoers

mabhles 2 thrcuch 5 provide data ©on uncontrolled particulate

emissions for the three catecgcries and coal combustion in a

Catecory III beoiler. The emissicn factors are cgiven in four
tvopes of units, as follows:

rriculate per kilogram of combustible
d (g/kg):

2} pounds of particulate per ton of cocmbustible
material fed (lb/ten); .

3) grams of particulate per kilogram c¢Z combustible
mezerial fed, all éivided by the ash content oI
the combustible fraction (g/kg/%A); and

4) pounds of particulate per ton of combustible
matzrial fed, all divided by the ash content of
tne combustible fraction (lb/ton/%A).

LE 2. =MISSION FACTCORZ FOR UNCONTROLLED

P

PARTICULATES FROM CATEGORY 1

tn

TA

Units® Averace Range -
g/kg . - 2.5 6.5 - 13
1b/ton 12 12 - 27
a/Xg/ %A 4.7 1.2 - 7.0
9.4 2.5 - 14

1b/ton/ %A

a2 L i
Based on mass of cqmbustlble feed
material.

TAELE 3. EMISSION FACTORS FOR UNCONTROLLED
PARTICULATES FrRCM CATEGORY II

Un;tsa Lveracge Rance
g/Xg 14 , 6.9 - 23
1b/ten 28 14 - 45
c/kg/ A 4.0 1.4 - 6.4
in/ton/ %A B.OD 2.7 - 13

a X - \ .
Ezses cn mass of czcmbustible

.meterial.

I N I R '
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c/xg/ A
l1b/ton/ %A

~23LE 4. EMISSION FACTORS FOR UNCONTROLLED
PARTICULATE TROM CATEGCRY III
tnizs® rverace Rance
/RS 67 43 - 83
ln/tecn 134 £% - 171

a - . =
BaseC on mass <

meterial.

TAZLT S, =IMISSICN FACTORS FCR UN
FARTICULATZS TRCM CORL

ﬂﬂ

compbustible fesed

ONTROLLEID
OMEUSTIONS

Units”

Rance

40
g0

3.3
6.6

64
128

4.2
8.4

g/xg
1b/ton

g/kg/ %A
1b/tcn/sA

80
178

6.0 .
12

& . ' ; s
Datz are for coal combusticn
boiler suited to ccfiring ol
derived and fossil fuels,

b s s
Based on mass of combustible

aterial.

in a
refuse-

feed

Cre of “he most significant findings c¢f this study is that
emissien factcrs for uncontrolled perticulates frcom Catecories I
T, z2nc 1I1I anc from ccal combustion are essentially the same
wnen ceoscrteC on_a normelizec basis, that is, mass emitted per
Tic: Of CombuS-i-le matecial fec, divicec pv the ash content cl
~ne cempustible fraciion Referring toO Tacles 2 tarough 5, the
zverace car-ticuiate emission factors for Catego ries I, II, and
T11 and ccal combustion-are 4.7, 4.0, 4.5, and 4.2 c/kg/Lh,
reszeczively., Ancther relevant conclus*on recarding pazticulats
emicsicns is that, for Catecory I, the crate tvoe (i.e., .
reciorocz=ing, rockinc, traveling) ¢i& noOt nave 2 s.cnificanz
T-fi.ence OR -ne amount O pcllutant generstsc. Iin agdZition,
SSccnTTo..E4 carticulate emissicons ITem Catecory III exhibited
~~ clea- +r=néd as a function cf boiler lcac (€0% - 100%) or
czrcen:z cf rheat input (20% -~ 50%) in the fcrm of resiuse.

wn




Table 6 presents emission factors for uncontrolled particulates

) from Categories I, II, and III and coal combustion wnich were
calculated by dividing the mass of emissions by the mass cf total
foed mazerial. This data is provided for information purpcses
since many of the emission factors directly reported in the
literature are in these units, or there may be insufficient
characzeriza-icn of the source to calculate emigsion fectors c¢n
t~e basis of Tables 2 throuch. 5 ©f this report. The numbers in
mable € for Category III and coal compustion are identical to
«ncse in Tables 4 and 5, respectively, because 2ll the feed

' ; is combustible. Table 6 cdiffers from Tables 2 throuch

chere is no apparent correlation amcng the emission

for the various categoeries.

6. EMISSION FACTORS FCOR UNCONTROLLED PARTICULATES
BASED ON TOTAL FEED MATERIAL

=3
x>
to
[-'l
™

Averace Rance

Categorv o/ke 1b/con c/xc 1»/ton

1 ' 13 25 8.6 - 18 17 - 38

—rT 100 &207 5.6 - 15 QYT ih—

_III 67 134 43 - B5 BS -~ 171
Coal 64 128 40 - S0 £E0 - 179

Particulate Centreol Technolcgy

Emiscion control eguipment now used on incinerators has been
desicned primarily to remove particulates.bécause that is the
only criteria pollutant currently reculated by federal ané state
s~andards. Available technigues for particulate control include
mechanical collection (using dry cyclones), wet scrubbing, andé
elect-rostatic precipitation. Collection efificiencies Ior each
cf these technicues as &appliecd to municipal incineration are
given in Table 7. :

TZ3LE 7. COLLECTION EFFICIENCIES OF CONTROL SYSTEIMS FOR
PARTICULATE EMISSIONS FROM MUNICIPAL INCINERATION

Control sSvsiem £fZiciency, percent

Mechanical collection {cyclcnes) 30 - 8O
Wet scrubbing
wez-ed baffles , 10 - 60
Se-1ling chamber 2nd water spray 30 - B0
Verturi scrubber g0 - 29+

Tiectrostatic precipitation 90 - 99+




~wp collzczion efficlency of dry cvclenes is 2 function of stack
\¢&s Slow Tate and pa***cle concentration, size, and density, a
‘comolate Giscucsion of which can be found in Air Pcllution,
~w:i-4 Tiisicn, Volume IV: ZIZngineering Conzrol ¢cf 2ir Pocllusicn.
Tre gsnerzllzation can be mazde: Onlwv under ide=l poerating
corfé-wizng czn a &rv cvclcne attain a Terciculaze control efii-
=~ z-cw - 30 Dercent when actolled to &n Inginerztcr.
Tha firse twe wet-scrubbing ccontrol systems listed. in Table 7 are
~% the lcw-energy tvDe, hence the low ccllection efficiencies.
A we-=ed paffls system ccrnsists of one cr mcre vertical plates
which are Ilushed by water spray. A settling chamber is simply
2 large reirzctory-lined chamber wherein gravitztional settling
of ccarse parziculates occurs as the incinerateor exhaust gas
velocity is reduced. Spraying the walls ané bcttom of the cham-
mer with warar inhibits re-entrainment of collected particulates.
The high cressure Crops, reguired for venturi scrubbing may make
isz gcperzzing C€OSTS nencompetitive relative =¢ thnecse Icr elasctizo-
s=z2ti¢ precicitaticn. ' '
 Tlsctrostacic precipitation is one ci the most effective camon-
s=ra+ted technigues for control cf particulate emissicons from
ncineraticn. However, relative to other applicaticns of elec-
:os:atic-precioitation, removal efficiencies are limited hecause
eZuse lnCLne*a*xon vields large veolumes ci gas containing par-
icles of widely variable size and resistivity characterisjics.
noat least cne case, mechanical difficulties with 00eratﬂon ol
~ incineratcr and its related suULDOIT SYSTENS resulted i
a=no-mally nigh particulate loadings which consecuently ceaused
an ele:t:ostatic precipitateor to function at an effiiciency well
nelow its expected cdesign value.

CcTETR CRITERIA POLLUTANTS

Dzta are available in the open literature Iér the other critarisz
scllutants emitted from incl ineration: sulfur oxides, nitrogen
cxides, ané hydrocarbons. Emission facteors fzr these ccmround
classes, cdezermined in the cuzlet gases Irom any particulate
cont-ol cevice, are repcrted in Tables 8 through 11 using koth
mecric and Ergl*sn units. These emissicn factors are based on
tme amount of pollutant released divided by the totz2l feed mate-
rial, not only the combustible fracticon. Fertinent ocservations
amouz each pecllutant are discussed in the feollowing sections.
The incineration industry has not, to date, int ntionelly
zzzempted to control any of the three caseous pcllutants.
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TRELTD B. EM&SSION FACTORS FOR OTHER CRITERIA
POLLUTANTS FROM CATEGORY. I

rmission facter

Averaoce Ranoe
Ppllutant a/re .o/ten c /e 1L/ ~or
celfur oxides (as 503} 0.33 0.66 0.02 - 0.92 ©0.05 - 1.B
Nitrogen oxides (as NOz) U.36 0.72 0.28 - 0.44 0.56 =~ 0.82:
Hyzrocarbens l(as CH.) 0.17 0.34 0.004 - 0:B0 0.008 - 1.6
ARLE 9, EMISSION FACTCORS FOR OTEER CRITERIZ
POLLUTANTS FTROM CATEGORY II
Emiss-on facteor
- - Average Ranae
Pollutant c/xc  lo/ton a./k¢c lp/sen
Sulfur oxides (as™®Qs) 1.0 0.11 - 3.2
ot .

Nitrogen cxides {as pQa} 0.8 106 0.46 - 1.2 -
Hycérocarbons (asé;./; 0.06 r@ 0.013 - 0.12 0{027

TARLE 10. EMISSION FACTORS FOR OTHER CRITERIA
POLLUTANTS FROM CATEGORY III

Emassion factor

. rverace ‘ rRance
Pocllutant a/kc lb/tcn ~a/kc lb/ton
Sulfur oxides (as $03) 20 40 5.9 - 45 12 - 8¢
Nizrocen oxides (as NOz) 1.5 2.¢ 0.8 - 2.6 1.7 - 5.1
Evirocarzons (25 CH.) 0.203 0.005 ©0.001 - 0.0CS 0.002 - 0.01
TABELE 11. EMISSION FACTORS FOR QTHER CRITERIA
BOLLUTANTS FROM CCAL COMBUSTION®
Emicsion 1AaZIOr
Average rEDCe
Peliv=ant ca/ ke le/ton c/RE l=/t¢cn
Sulfur oxides .las S50;) a2 64 1s - 52 s - 10¢
Lizrosen cxides {as NGz} 2.1 4.2 1.7 - 2.% 3.3 - £.€
Hydtoccaroone (as CEJ) 0.003 0.00S ©0.002 - ©0.00% 0.903 - 0.3
&~.22 are fgr-ocoal combucszion in a unit suited te ccofiirin: of ref:sé-

cerives ani fossil fuels,
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Sulfur Cxides

cxicde emissions from Catecories I and I are substantially

Sclfcrs
lower than =hcse frem Catecery IIZI cr coal coTDusticon. ASs shcwn
im Tahie 12, the sulfur conternt ci sclid waste (Categery II) Iis
—..cn less than thet of ccel cr even ccal mixed with uz to 50 per-
czn= reiuge =v nea= ccntent (Categery IIXI). The cata cf Tabie 12
cr tnhne sulfur centent of the varicus feed materials does in fact
‘correiave well with ~he emissien factors shown in Tables & thrtugh
1.,

TazTE 12. TYSICAL SULFUR CCNTENTS OF COMBUSTISLE

FRACTION CF FZZID MATERIAL

Sulfur content,

Catecorv percent bSv weich%t (as &)
- . 7 2
Iz 0.8 - 0.3: i
TIT ) T 1.41 - 4.8B4

3.06 - 6.66

Coal

“Data not available.

{ierccen Oxides

-

missicns of nitrogen oxides {NOx) frem combustion sources are
e to nitrcgen in the fuel or reactions between ztmospheric
1itrocen anc oxXygen av high temperaztures. Generzlly, the nitre-
en . content of refuse is low. Thereifore, édifferences in NO.
o

;i

u

missions between Categeries I and II 2s ccmmaved to Category

or coa; combustion are the result of differences in furnace
rating temperature. Nitrogan oxice emigsions Ircm Category

r IT ares lower tecause the larce amount Of excess air, as

n as 200 percent, needed to in--oduce the solid waste into
+he furnace reduces the ccmbusiion zone temperature by diluticn.
Normzlization of NOx emissions for percent excess air was beyond
the dcope of this project.

HOHm-n 3

Evdrocaroons .

When any ccmbustible solid, such as coczl or refuse, is heated
i~ the atsence of cxvgen, combusitible cases are evolved. TIorT

. unburned material on top of a grate~tvpe fuel Dbecd will
2d pv ccmbusticn cases passing through frem below, and
e nvérocarbons will be released In the czse o0f inciner-
2 lesser mass ¢f nydrocarzens 1 mitzed than any cther




»

Jutant, as can be seen by inspection of Tables 2

criteria pol

¢hrcuch 5 ané B through 1l. The larger amount of hvdreccarkcens
erisvel from mass-fireé incineration relative to ce-firing or
coal cempustion may be due to the generatien of formalcdehyce from
-me combustion of more cellulese fiber present as wooC CRips CF
paper procucts.

10
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SECTION 3

EMISSIONS OF NONCRITERIA POLLUTANTS

EYDROGEN CELQORIDE

Fiuve cases from sclid waste combustion contain hydérogen chloride,
a by-preduct of the combustion of polyvinyl chloride and other
chlorinated plastics founé in the feed. Eydrogen chloride emis-
sion factors fcr the three categories discussed herein, as well

as for ccal combustion, are presented in Table 13. Such emissions
frem the.combustion. of mass-Iirec or ce-firec refuse are creater

‘than those for cocal alone. However, no generalizations can be

made abou®f the macnitude of the deviation because several factors e
exist which may influence hydrogen chloride emissions. For

‘instance,” iydrogen chloride may be absorbed by the alkaline con--- - -

stituents of ash in the combustion chamber. Alternatively, par-
ticulate control technicues which involve water sprays may be as
much as 80 to 95 percent effective on the scluble chloridae gas.
The fly ash removed by electrostatic precipitation may éebsorb
scme hyérogen chloride.

TABLE 13. HYDROGEN CHLORIDE EMISSION FACTORS

Emission factor

: Averace S " Ranage

Catecorv c/kg le/ten c/kc lb/ton
I 0.7 1.4 0.14 - 1.6 0.28 - 3.2
11 poy =4 =y oy —C
II1 1.6 3.2 0.9 =~ 2.3 1.7 - 4.7
Coal 0.2 0.4 0.0 - 0.5 0.2 - 1.0

r'."Da‘.:a not .available,

TRACEZ TLZIMENTS

Certain chemical compounds of the. following trace elements are
pctentially toxic to humans if deposited in the lungs: eéantimony,
zarsenic, caémium, chromium, leac, nickel, selenium, ancé tin. It
is pessible for these toxic substances to be relezsed from the
incineration process. Tables 14 through 17 ccmprise a summary

11




i.e., controlled emissions.

TAaBLZ 14 CoNCENTRATIONS OF TRACEZ ELEMENTS IN PARTICULATEI
I\ EMISSICONS rROM CATEIGORY 1 '
Czrncentraticn,®
I Zlement ve/g or 10-% 15/15
Antimeny 620 - 12,600
ACsenic BO =~ S10
l Barium 40 - 1,700
8rcmine 32 - 6,70C
' Cadmium g0 - 2,300
I Chlor:ne 8¢,000 - 230,000
Chromium 70 - 1,800
"Czbals 2 = o
Copper . 970 - 6,E00
I I-on 1,700 - 18,000
Leagd 50,000 - 155,000
Mancanese 170 = 8,700
= Nickel i - 440
l Selenium 10 - 120
Siiver 40 - 2,00¢GC
- » Tin 8,300 - 13,100
o Zinc 47,000 - 240,000 5
I ) 4f‘
%rcaza are for trace eilement con- . {\
R -+ T-L.-7 . . tent of -particulates downstream ... \¢ T _ . _.
I'- 0of any polluticn contrel device: g
\

1 / _.
: TASLE 15. CONCENTRATIONS OF TRACEZ CLEMENTS IN PARTICULATEI
I TMISSICNS FROM CATEGORY II .
Concentrasich, )

I vc/a or 10-¢{1b/1b F**I L
Element Unccrtrolled N fentrolled e
Antimeony 260 - 620 460 - 1,000

I Arsenic 50 - 70 50 - 100
Barium 270 - 540 270 - 540

, Bromine 420 - 2,400 350 - 1,200

l Cadmium 380 - 820 §70 -~ 1,150
Chlorine , >10,000 >10,000
Cu-omium S0 - S0 130 - 260
Cobalx 10 - ‘100 5 - 50

I Copper 420 - 550 620 - 8OO
Izon 870 - 1,080 . 2.00C -~ 2,130
Lead 11,600 - 17,500 £18,100 - 34,200

l vancanese 420 -, 1,400 e + 1
Nickel - -
Selenium <20 <30
Silver : 116 - 200 50 - 110

I Tin 2,600 - 3,000 1,400 - 2,C00
Zinc >10,000 >10,000

1’ : .
Cata nct available,.

I 39 \
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I\ TARELE 16. CONCENTRATIONS OF TRACE ELEMENTS IN PARTICULATE
: TMIESICNS FRCM CATEGORY 111

Concentrasicon,
ve/ec or 10-% 1b/1b
Elemens< Urncontrelled Controllec

Antimcny 0.4 - 10 2 - 180
Arsenic 20 - 80 140 - 740

- F - a

Ba:;gm "2 Ta

Srcmine - -
Czcmium 0.3 ~a 1.4 0.2 ~a 10

Chlierine - -
Chromium 5 - 20 60 - ioo
Cobals 0.6 - 2.0 4 - 40
Cocper 10 - 50 50 - 280
Iron 700 - 2,430 6,940 - 17,300
Lead . 1,220 - - 2,930 - 4,470 - 18,400C.
Mancanese 10, - 20 110 - 240
T 'Kickel- T 3 - 2 20 - 190
Celenium 10 ~a 40 20 - 430

Silver . - ) .8
Tin 50 - 150 280 - 870

- Zinc - e - BBO - 3,770 - 4,360 - 17,200 -

é ,
Data not available.

PR

v

17. CONCENTRATIONS OF TRACE ELIZIMINTS Ik
PARTICULATE EMISSIONS FROM COAL COMBUSTION

Concentration,
ve/o .or 10-¢ 1b/1b

Tlement UnicentrolleZ i Contrclled
Antimony -7 - 20 10 - 150
rsenic 20 - 120 20 - 680
; a a
Barlgm ~a “a
Eromine - -
Cadmium 0.6 ~a 1.0 2 . B
' Chlorine - -
Chrcmium 6 - g8 30 - 40
Cozzlt 0.4 - 1.5 3 - 30
Copoer 6 - 7 30 - 45
Iron 2,350 - 2,800 13,200 ~ 18,200
Lead 340 - 380 1,050 - 1,790
Mancanese 20 - 40 100 - 140
Nickel 3 - 20 o - 40
Selenium 10 ~a 50 30 " 40
€ilver - - ‘
Tin 20 - a0 30 - 270
Z:inc 180 - 560 @10 - 3,340

.
——

2. i .
Dewa not zvailable.

13
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available information on the trace element content cf pertic-
ces emitted from incineration, including cacta taken beiore
frter o ll::lcn ccntrol devices for Caieccries II egné III and
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in tne controlled particulate emissions Zrcm Ca ry II

than the corresponding values for Category I. Categery

rators extract more heat energy from the exHaust stream

cory I incinerators. This added neat recovery may be

+o cool the stack cases to the point that volatile

n condense andé therefore be meore efficiently removed

-1
riculete control devices.
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. The cda=a for Cabeao*v Il 2lso cdemon

ticn of volatile elements into fine icles, those most likely
+o escape anv attempted cortrcl. Elements previously shown to
occur primarily in the £fine-particle regime, that is, less than
+wo micrometers in diameter, are not collected by the control
cevice: some of these element$ are antimony, cadmium, &né leac.
Since the larce particles are reﬁcve,, the ra<ic of the weicht of
thesa elements to the totzl mass is increzsecd. Thls increase 1in
concentration has poten t*a‘ly neg wive implicztions for human
health effects because fine particulates can more easily reach
the lower respiratory tract.

e the selective frac<iona-
:

&
c

fLac ionation discussed above for Categery II is also

Zlement
evicden= in the data for Catsgory 11I ané for coal ccmbustion. In
the lz-tzer two cases, the effect can also be readily seen {or
th-ee mcre volatile elements: arsenic, selenium, ané zinc.
Another point ©f interest is e comparison of the trace elemant
ccncents of unconzrolled carticulazze emissicng fo- the thres
czzeccriss ané for coal combustion. The compceition ¢ gperticu-
lz=es from Czoagory III, for which the fuel 1s & mixture of solid
was=s ancé coal, ané from coal combusticn &re &pproximetely one

13
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h the oossxble exceptions of lead anc zinc, which appear
cer ex-ent for Category III. This difference mus: be

, beczuse the cas-phase emissions cf these two elements,
ch are volat ile, are not available.

0
t

-

(42

vewise, thne apparently greater emissions from Catecery II
lative to Category III must a2lsc be evaluzted mere cleselv.

r example, ccnsider the czse for leac. The concentrations in
contrelleé particulates for Categories II and III are 11,600 to
500 wg/g and 1,220 to 2,930 pg/g, resoecblvelv- thece values
ffer tv 2 factor of four to fourteen, depending upon which

wes are compared. ‘Freom Tables 3 and 4, the unceontrollec par-
ula=e emission facters for Categories II ané III are 6.9 tc

23 g/kg and 43 to 85 g/kg, respectively: these values differ by
a factor of two to twelve, but in the opposite direction from
those described above for trace element concentraztien. Therefore,
when ccmpared on the basis of micrograms emitted per kilocram of

30 M -

R 1 U RSN |
n i“' [ h -
(W

 meterial murneé, trace elements emissions £rom the mass-fired

Tncinececion Gf sclié waste with heat recovery are not Signifié"v/ -

\«a’

cantly &dififerent then those from the combustion ©f refuse
co-fireéd with coal.

POLYNUCLEAR ARCMATIC HYDROCARBONS AND POLYCHLORINRTED BIPHENYLS

Pclynuclear aronatlc hydrocarbons are formed by the incomplete
comtustion of solié waste or other fuel material. Gases leavlng
an incinerator may contain polynuclear hydrocarbons both in the
vapor phnzse ané acsorbed on particulates. Emission factors for
these ccmpounds in stack gases downstream of any particulate
control device are given in Tables 18 and 19 on the basis cf mass
emitted per mass of total material fed.

For Category I, meore polvnuclear hycrocarbons are emitted from
emzll~csized furnaces because of poor combustion conditions rela-
=ive to thecse in larger units. However recardless of incinera-
tor size, éiffering emission levels may be founa curlﬂc startup,
rma2l operaticn, and shutdown., Wet scrubblng devices for par-

ncr
t+iculzte control at Category I incinerators have proven hlchly
effec=ive in reducing polynuclear hydrocarbon emissions; in one
case, beﬂzo (2)pyrene emissions were recuced by more than 85
cercent. - e

- . ,——”’—_/—__\

r’", - o
Dzta on polynuclear hvdérocarbon emissions from Catecory I is
ex=-emzly limited. Rt cne site, six compounds were cbserved in
tne cas phase: acenaphthylene, anthracene, fluoranthene,
flucrene, pnenanthrene, ané pyrene. Fly ash collected by elec-
—rogteazics ;:99191 a*ion centazined acenaphthylene, anthracerne,
csenznzhrene, and pyvrene; however, all levels mezsuvreé in toth
czzrle sets were below the rance cof reliable cuentitative
grmalivesis. . _.

.__..-._—-—'-—"__"—‘—‘—-—.____-__ .-
_,_.__—-__._-————'—"—""__'_'—-—_ —— .
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EMTISSION FACTORS FOR POLYNUCLEAR AROMATIC

HYDROCARRCNS TROM CATEGORY 1

T - - - -' ‘ - - - -

Tmissicn factor
Ccmoound (s! cE /XS 10-6 1o/wen
Zegmzc l2janthracene : ;
ané chCvsene 3.1 6.2
Senc-ol(2)filuoranthene,
menz2(j)flucrantnene, 3 3
zné =zenzc (k)flucranthene 1.4 2.8
Bercz (shliperylene 1.4 - 1.8 2.8 = 3.6
Benzo{a)pyrene anc
benzo{e)pvrene 0.08 - 1.5 0.16 - 2.9
Cocronzsns 0.17 - 1.4 0.34 - 2.8
Tizcrinzihene ) ) 2.5 & 7.3 - ~E8.0--- 13
. . -2 -2
Indenc{l,2,3-cd)pyrene 0.77 1.5
-
0.77 1.58

8-, «
Oniyv one value reported.

TASLE 19.

EMISSION FACTORS FOR POLYNUCLEAR AROMATIC
HYDROCARBONS FRCOM CATEGORY III

Tmission factor

Comzound (s) ug/ kKo 10-¢ lb/ton

Eenzo(a)pyrene,

penzo (e)pyrene,

ané perylene 0.78 1.5 v
1,2-3zsnzcofluorene

ané 2,2-bernzcflucrene 0.57 1.1
Tlucranthene 1.2 2.5
rluerzsne £.38 0.7¢6 V

0.38 .76




——

5

f—

Data on DO‘vnuclear a*omatlc hycrocarbon emissions from Category

iII are shcwn in Table 1° In a2cditien, benzcl(e)syrene,
—“enzof{eipyrerne, and perylene have teen detected in par *ic*lates,
but the azmounts were not repcrtec. Data on pclynuclear nydro-
carbon emissions from the ccmbustion of coal cnly in a Catecery
III beiler were not ava: a“le
rzlvchlcrinatec blpnenyls cculd not be detected in particulates
Zrom either Category Il-cr-1III or in vaper samcles froemCategory
III. '

“
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CCMPARISCH WITHE AP-42 rACTORS

*

~—e U. §. Eavircnment2l Protection Agency's "Ccm:i¢a:i*n ci Air
Pclluzant Emission rac ors,"-or publicatiecn No. AP-42, has long
Leen used as scurce material for cata on emissions Ircm fuel
comcusticn, incineration, evapcraticn lesses, ané miscellaneous
' ec=her sources. Tables 20 andéd 21 compare the emission factors,
I in metzric 2né English units,—*esueﬂ“;vely, f€or unccntozolled
criteriz seoiluzznts Ircom municipal, indusszizl, ané commercial
©  incinerztors zs Cfeccried iw .n2-42, .and. for Catecorles I, 1I, and
l =TT and coal ccmbustion as dezarmined in this study. 0 Aumeri-
cal values in Tables 20 ané 21 were calculated using toteal feed
material as the basis.

l For particulates, sulfur oxides, and nitrogen oxides, values
given in AP-42 and thecse reported herein for Categories I anc 1I,
the mos< directly comparable ccmbustlon processes, oveflap. The
emission factors feor hvdérocarbens given in AP-42 ace si cnificant-
1y higher than thcse found durinc the current investigation. This
may be so because tna mosc recen~ cata source cited in the AP-42
review cf refuse incineration was published in June 1971, whereas
+his reporz is basecd on in: formation released as recently as
December 1978. DLrlng +hat time, chances may have occurred in
refuse compesition, incineraceor operation, or capexilities of
sampling and analy515 technlcues used to determine emissions,
thus resulting in the difference menticned above.

/
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TABLE 20. COMPARISON OF EMISSION FACTORS TFOR UNQONTHOLLED CRITUERIA POLLUTANTS
FROM INC;NERATION AS REPORTED IN AP-42 AND THIS STUDY (metric units)

3

- Emission faclor, g/kg
Category particulates Sulfur oxides MNitrogen oxides llydrocarbons

"Municipal, industriala
& commercial incin-

eration (AP-42) 3.5 - 15 1.25 1 - 1.5 0.75 = 7.5

1 , 8.0 - 68 0.02 - 0.92 _ 0.28 - 0.44 0.004 - 0.B0

11 5.6 - 15  0.11 - 3.2 n.46 - 1.2 0.013 - 0.12

T11 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

TARLE 21. COMPARISON OF EMISSION FACTORS FOR UNCONTROLLED CRITERIA POLLUTANTS
FROM INCINERATION AS REPORTED IN AP-42 AND TUIS STUDY (English units)

Emission fncggr,?lb/ton

Category Particulates Sulfur oxides Nitrogen oxides llydrocarbons
".v ’ ' - V .
Pﬂ Municipal, industrial, el

& commercial incin- . j Lo, e

eration (AP-42) (1) 7 - 30 2.5 , 2 -3 1.5 - 15 «'%

1 17 - 36 0.05 - 1.8 0.56 - 0.88 0.008 - 1.6

e S 11 - 30 0.21 - 6.4 0.92 - 2.3 0.027 - 0.24

111 85 - 171 12 - 89 1.7 - 5.1 0.002 - 0.01
Coal combustion 80 - 179 35 - 104 1.4 - 5.9 0.003 - 0.01
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In the following secticns, literature examined during this

investigatzion of emissions from waste-to-energy systems is listed.

mmaege ecurces which had particular relevance te the evaluation of

Cawsgery I, Cazegery II, and Categery III and ccal combusticn are

cized s=rzarzzaly. All other reference material gatherec during

this eifere is also listed.
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|
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I
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NORTH SANTA CLARA COUNTY
SOLID WASTE MANAGEMENT AUTHORITY

Summary Report
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 surveyed in this report are as

LI
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follows:

o~ g Trace Hetals - P L e, - n e dTm o s e manr = 4 mm s e ———— - ~ -

Hydrogen Chloride & Fluoride
Sulfuric Acid Mist.

Hydrogen Sulfide

Asbestos

Aldehydes

Carboxylic Acids

Vinyl Chloride Monomers
Polynuclear Aromatic Hydrocarbons.
Polychlorinated Biphenyls
Dioxins

Furans

Pesticides and Herbicides

Each of the categories are covered under identiinng pﬁragraph headings.

Trace Metals

a)

b)

Overview

Metallic substances are present in both the combustible and non-
combustible frzctions municipal solid waste (MSW). When
incinerated in mass of RDF combustion systems, the metals report to
the f£ly 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 82-09-05.2.2 respectively. Predictions are
given for: o

-1-
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c)

(1) Uncontrolled Flyash

"(2) Bottom Ash

(3) Total Ash
(4) Atmospheric Fly Ash, assuming air pollution controls operate at
99.5% 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 omly
CDOHS has classified to be non-criteria pollutants. Emissions are
stated in the following units:

* 1b of metal emitted (dry)
1000 tons MSW @ 25% 820

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.

e - - P L o e R T R T e I

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 quallty
may be contaminated by leachate from disposed ash having high
concentrations of toxic metals in the ash.

Alr 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 nasppharyngeal and tracheobronchial regions and are
eventually removed to the pharynx by cilial sction 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, mercury 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 gn/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 facllities
within nonattainment areas are furthermore required by the Emission
Offset Interpretive Ruling (40 CFR 5] Appendix S) to meet the Lowest

mre e na v wme -AChievable. Emission, Rate ((LAER). for .those pollutants_for which the = _ =

area i nonattainment and are emitted in significant quantities.

_ Significant quantities are defined for lead, mercury and beryllium

as follows:

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 a waste-to—energy (WTE) facility to determine
whether the ash products of combustion are hazardous. If they
ate, the facility operator must notify EPA that the facility is
a generator of hazardous waste, and the waste must be
manifested (tracked) and managed and ultimately disposed in an
approved hazardous waste landfill.

A waste is considered hazardous if it is ignitable, corrossive,
reactive or toxic, or if it 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 important 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-hourss-- Tf-
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 WIE plants to be nonhazardous:

(1) .small modular combustor unit incineratof, rated 75 TFD
burning residential waste only,

(2) large 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 contained greater concentrations of cadmium and lead 1n
the EP 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-
doues, 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

-



waste management and disposal. A State may supplant EPA
authority 1if it establishes and enforces a hazardous waste plan
that is at least equivalent to the minimum federal standards.

ii. State Requirements

For the past three years, the California Waste Management Board
(CWMB) has .assumed the lead role in resolving the uncertainties
associated with the classification, handling and disposing of
ash generated from the combustion of MSW at proposed waste-to-
energy (WIE) facilities. CWMB's goals are to generate data to
formulate the least costly, yet environmentally sound,
management practices of handling and disposing of ash so as not
to adversely impact ground and surface waters. CWMB has worked
with two State of California regulatory agencies to resoclve the
ash disposal issues:

(1) Department of Health Services (DOHS), which determines the
hazardous/nonhazardous status of waste materials.  In
determining a8 hazardous/nonhazardous classification, the
DOHS evaluates the concentrations in wastes of heavy
metals and organic¢” compounds known to have deleterious” -
‘health effects,

s
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(2) 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
also 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 "HB” & "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 WTE plants will produce almost two million tons of ash
annually that must be landfilled. If the ash is classified
hazardous, CWMB predicts that six SB-1855 projects (Humboldt,
Central Contrs 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,
apounting 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 agencies to
formulate definitive standards for classifying the ash, and the
economic incentives to classify the ash as nonhazardous, in

. 1982, the DOHS issued a policy letter allowing for case -= by -
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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), Sen Joaquin County (a private blomass-fired
cogeneration project), Eurekz, San Diego County, San Francisco,
Long Beach and Modesto have received ash declassifications from
DOHS but have experienced uncertain disposal requirements 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

“fest (WET) data which may serve as interim guidance -on-toxic.-- -+o woew-.
‘Ppegg}gdaglogggﬁigmggb_(Beference 1). The WET data is displayed '
" fn-Table 82-09-05.2.3-and-is-intended to be .used in lieu "of the - -7

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 CWMB. If 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 sllowed, 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 MSW Combustion RDF Combustion

Lead 1000 900 - 1100
Mercury : 20 9.7 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

oo 0 "D" for the MSW-incinerator at-Nicosia, East-Chicago,.-IN;j-and--.

A literature revue of non-criteria metals 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

e e gt -pXcerpted -from the -reference .sources: . ICL.for MSW.e . L o L.

incinerators at Washington D.C. SWRC #1 and at Alexandria, VA;
"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-criteris 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. stmospheric 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 Nicosiz 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 1lb/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
" controlled emission of 0.2 lblton MSW.

-7=
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The 0.2 1b/ton MSW emission level would be a 4.5-fold improve-
ment over the Washington D.C. SWRC #1 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 & HC1
Based on Total Feed Material

This table i1s based on data taken from Reference “J” report
prepared by Monsanto Research Corporation under Contract to the
Industrial Environmental Research Laboratory (I1ERL) of the U.S.

_Environmental Protection Agency (EPA) intended to supplement

and update EPA's “Compilation of Air Pollution Emission
Factors"” .as .a .source .of information concerning emission rates

“trom solid waste combusfion. The reference “report “fs purported’

to be state-of-the~art which would provide information to EPA~
regional and program offices that is useful for decision-making

A regarding environmental programs and the technological

feasibility of compliance with existing or forthcoming
;egulations.

The table provides uncontrclled 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 I11
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
CARB 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 1s 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 Iin lower particulate emissions. Low excess air will
however increase CO and HC emissioms, 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
emissions 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
111 RDF combustion is believed to be on the high side for
converting trace metal concentrations, expressed in ppm, to
actual metal emissions. The CARB estimate of 38 1b/ton MSW
would be more appropriate for our purposes. The Reference g
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

~the.fabric. filter’ bag houses, or it would fall:out.in_the- 7 .- _

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 lb/ton MSW (the CARB projection)
rather than the 134 1b/ton MSW value givén 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 11
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
enission data on MSW combustion without heat recovery
(designated Category I) and also on coal combustion. The
Category I 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 I 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 tuch of the Category II test date 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 I furnace operations generally
require higher levels of excess air than does Category Il for

"cooling the Category I refractory-lined furnaces to prevent

-9
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overheating. This additional air for ceoling 1is not normally

the furnace i5 cooled by direct radiation to the waterwalls.
Thus the Category I test data reported may in fact be more
representative for Category II normal operations than the
Category II1 test data itself.

required in Category 1l waterwall furnace operations since here

In subsequent discussion, we will provide a cross—check between
predictions for NSCC emissions based in part on Category 1
combustion with emissions reported by others for Category II as
well as Category III combustion.

Hydrogen chloride emissfon factors that are given in Table

82-09-05.2.5 sre discussed below in paragraph 3 covering
Hydrogen Chloride & Fluoride.

Table 82-09-05.2.6

Concentration of Trace Elements in

Uncontrolled Particulate Emissions

MSW Combustion (Category II) Systems

-Comparison of trace metal uncontrolled concentrations’ for MSW’

combustion (Category II) 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:

Antiwony - 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 1s 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 asgain about
twice the highest of the range (270-540) given in Table
82-09-05.2.6. Here however, the disparity cannot be
explained by Cal Recovery Systems data, since they found
average concentrations for barium in NSCC MSW combustibles
to be lower than reported by others. See Table
82-09-05.2.9. This supports the hypothesis that barium in
NSCC MSW noncombustibles may contribute to the higher
barium concentrations that are predicted.

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 60 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 ere 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
B2-09-05.2.6. Thies 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 II11) Systems

Comparison of trace metal uncontrolled concentrations for RDF
combustion (Category 1I1) 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 agreement 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,

cadmiuw, chromium, cobolt, copper, manganese & nickel, that the™

_..Category III1 data given in Table 82-09-05.2.6 for these metals

is suspect of being in gross error. S L

Prediction of zinc concentration at 5,179 ppm in uncontrolled
emissions in Table 82-09-05.2.2 is greater than the range
(860-3,770) of Category III 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
zine in the noncombustibles fraction that i1s 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 I1I) Systems

Comparison of trace metal controlled concentrations for MSW
combustion (Category I1I) systems displayed in Table
82-09-05.2.7, taken from reference "J", with the controlled
concentrations predicted for NSCC given in Table 82-09-05.2.1
follows the pattern for the uncontroclled concentration
comparison of specific metals discussed asbove in paragraph 1ii,
with the exception of copper.

o Copper - Whereas copper uncontrolled concentrations

predicted for NSCC showed good agreement with the range of
data presented in Table B2-09-05.2.6 for uncontrolled
concentrations of copper, the controlled concentrations of
copper at 440 ppm predicted for NSCC fall below the range

-11=
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of values (620-800) for controlled copper concentrations
given in Table 82-09-05.2.7. An explanation for the
observation may be the poor collection efficlency 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 111) Systems

Comparison of trace metal controlled concentrations for RDF
combustion (Category III) 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 gquestionable accuracy of
some of the data reported from reference "J". In general
however, the agreement between the NSCC predictions are better
for controlled 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 displayed 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 (Category 11) 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 1I1) systems and column (4) of Table 82-09-05.2.2 for
RDF combustion (Category III) systems.

The following 4s a discussion of both sets of data for the
trace metal emissions being compared:
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Antimony - emissions predicted for NSCC for both MSW
(Category II) and RDF (Category 11I) combustion systems at
about 0.24 1b/1000 ton MSW are about twice the maximum
emissions shown in Table 82-09-05.2,.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 0.01 1b/1000 ton MSW is on the
high side- of that shown in Table B2-09-05.2.8. Our
prediction is therefore believed to be both conservative
and realistic. We would expect RDF combustion (Category
111) 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. 0.2]1 1k/1000 ton emission predicted for NSCC__.

for MSW combustion (Category 11) systems given in Table -
82-09-05.2.1 is somewhat higher than shown in Table
82-09-05.2.8 (e.g. 0.2] 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
I111) systems to check against our 0.18 1b/1000 ton
prediction for barium controlled emissions given in Table
82-09-05.2.2, Column (4). '

Cadmium — The 0.02 1b/1000 ton controlled emission
predicted for NSCC for NSCC for MSW combustion (Category

I1) systems given in Table 82-09-05.2.1 ig 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 fn 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 11I) 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 does not justify a lower prediction
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than the 0.013 1b/1000 ton controlled emission rate given
for cadmium in an RDF combustion (Category 1I1) system.

Chromium - The 0.08 1b/1000 ton controlled emission
predicted for NSCC for MSW combustion (Category I1) -
systems given in Table 82-09-05.2.1 is above the range
(0.013~0.026) shown in Table B2-09-05.2.8. Although Cal
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 chromjum in RDF combustion (Category III) system.
Since we estimate that the noncombustible fraction of MSW
can contribute as much chromium emissions as the MSW
combustible -fraction, our predic¢tion for chromium
controlled emissions in a RDF combustion (Category III)
system i1s 0.04 1b/1000 ton. C 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 II) 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 1I 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
111) system. Based on our assumptions, we predict
controlled emissions for cobolt in a RDF combustion
(Category I11I) 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 I1II) 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 I1II1) systems given in Table

-14-



5

§2-09-05.2.2 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 emiasions‘for MSW and for
RDF combustion systems corroborate each other and are
deewmed 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 11 systems in
Table 82-09-05.2.8. Our 0.50/1b/1000 ton prediction for
lead controlled emission in RDF combustion (Category III)
systems is considerably below the range (2.995 - 12,323)
given for Category II1 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.

"_Hanganese"r 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 II) 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/i000 tons. This
is only slightly above the range (0.074 - 0.161) given in
Table B82-09-05.2.8 for the Category III systems and
reinforces confidence in the 0.33 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 82-09-05.2.8 has no data relative to nickel

controlled emissions for MSW combustion (Category I1)
systems and therefore we must forego s check on our 0.09

1b/1000 ton prediction given in Table 82-09-05.2.1.

Table B2-09-05.2.8 does however provide a range (0.013 -
0.127) of controlled emissions for nickel in a RDF
combustion (Category I1I1) system which checks well with
our 0.04 1b/1000 tons prediction of controlled emission
for nickel in a RDF Combustion (Category III) System. It
further reinforces confidence in our 0.09 1b/1000 ton
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prediction, given in Table 82-09-05.2.1 for cobolt
controlled emissions in MSW combustion (Category II)
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 I1I11) 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

a MSW combustion {(Category II) system is 0.02 1b/1000 toms
compared to the range (0,005 - 0.01}) of values found by
others displayed in Table 82-09-05.2.8. 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)

- "gystems™to “compare-with our prediction of 0,015 1b/1000. -~ -—rricm—om
tons for the controlled emission of silver in RDF
combustion (Category III) 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 I1) system. Both of our Category II
and 111 predictions for silver are reasonable and data
found by others (displayed in Table 82-0%-05.2.8) is not
sufficiently convincing to warrant any change therefrom.

° 2inc = 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.

Table 82-09-05.2.9

Metals in MSW Combustibles

Table 82~09-05,2.9 i a 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 a survey of mercury emission data available from Braintree,
MA.: Hamilton, Ontario Canada; Gent, Belgium and WTE 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 average 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

- 1's ‘based on tests at the Braintree, MA plant, where-it 1s-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 82-09-05,2.2). .

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. ¢ 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
jecpardize California water quality standards being met by failure
to comply with sllowable 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 collected ash is to add the
RDF rejects to the ash before disposing the mixture in the landfill.

3. Hvdrogen Chloride and Fluoride

a)

Hydrogen Chloride (HC1)

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. Thig
may be compared with the 0.84% concentration previocusly estimated by
Hayden-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 is performed on a uniform
moisture and ash-free basis.

Table 83-09-05.2.5 includes data on uncontrolled and controlled HCl
emissions from MSW combustion without heat recovery (Category I)
systems and also for RDF combustion with heat recovery {Category
111} 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 II) systems is not given, but it may be assumed
to agree with the Category 1 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 1I
combustion sytems,..but not as accurate for the Category 11l Systems
where all of the chloride in the RDF is likely to be converted to
HCl. The uncontrolled HC]l emission data for Category 111 systems
(3.2 1b/ton MSW) compared to that for Category I (1.4 lb/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 1lb/ton equivalent to 200 ppw. This
agrees reasonably well with the 3.4 1lb/ton + 3.2 lb/ton estimate
given in reference "L", although the variation off the average
indicates higher levels than the 3.4 1lb/ton average is possible and
is probable for NSCC in view of Cal Recovery Systems data given in
reference "B”.

Coritrolled emissions of HCl is taken to be one-tenth of the

“uncontrolled emission, assuming the proposed quench tower/baghouse

air pollution control equipment can achieve & HCl removal
efficiency of 90%,

Hydrogen Fluoride (HF)-

Data on HF emiscsions are given in reference "K”, "L" and "M".

Very much like chlorine, the combustion process would chemicallf
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 lb/ton
MSW. This is less than the 3.4 1lb/ton MSW uncontrolled emission
estimate for HCl by a factor of about 40.

Weighted average of Cal Recovery Systems data on fluorine in N5CC
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MSW combustibles as reported in reference "B”, indicates & fluorine
concentration of 0.007% on a moisture and ash free basis, this is
less than the 1.25% concentration found for chlorine inm NSCC MSW
combustibles by a factor of about 180. )

Assuming the high end of the estimated range for HF uncontrolled HF
emissions, at 0.1 lb/ton MSW and assuming MSW combustion rate at
1000 tons per day, 365 days per year, the HF uncontrolled emissions
is calculated to be 18.25 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 III RDF combustion system is
"then as follows: -~ < .

0.320 1b x 1 ton x 1 365,000 tons _ 0.32 tons
ton 2000 1b ~ 180 yr yr

This is 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 a measurement taken on the Rarrisburg, PA mass
burn waterwall furnace suggests it 1is 1.6% of the S0, emission rate. On
the basis of a 2.4 lb/ton rate for $0,, sulfuric acig emission rate of
0.04 1b/ton is calculated. Collection will occur at high efficlency
(99.5%) at the baghouse where it 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 1s 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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Hydrogen Sulfide, Reduced Sulfur & Reduced
Sulfur Compounds

These compounds are oxidized by the combustion process to S0, and 50
which are collected by the proposed dry scrubber air pollution control
equipment; S0, at 85X efficiency and SO3 (which is a fine droplet) at
99.5% efficiency.

Asbestos

Reference "K" states no data were found for asbestos emlssions.-
Reference "N" confirms that size 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.

10-

Aldehydes (RCHO)

Reference "L" estimates aldehydes atmospheric emissions as follows:
0.07 1b/ton MSW
This is equivalent 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 (HC1l) gas ‘in the furnace stmosphere. 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, including MSW combustion facilities. Reference "K" does not
identify all of the PAR 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 IIl) systems relative to the MSW combustion without heat
recovery (Category 1) systems. No data is given on the MSW combustion
with heat recovery (Category 1I1) systems, although it may be expected to
approximate the Category I 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 now 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

;- Dioxins- and Furans - .-~ -~ - - . - mem e eree e

Traces of polychlorinated dibenzo-para-dioxins and dibenzofurans (dioxiﬁs
and furans) have been identified in the emissions from a 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 i{dentification 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 cowbustion 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:
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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—;CDD 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 fReference "M")

Recent EPA samples and analysis of gaseous and particu-
late) stack effluents from waste incinderators in the U§A.

The'stack_galueg ranged from not detectable to 3.5 ng/m
(3.5 x 10 ~ g/m”) ' '

Battelle Report {Reference "K")

Battele. analyzed dates 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 Egst 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 estimégsd 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_gf 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 2l3,7;8-TCDD
emitted per ton of refuse burmed was 0.034 x 10 = 1b/ton.
The 2,3,7,B~TCDD isomer was estimated to be 10Z of the

.TCDD content.

Reference “L” includes emission data for other specles of
dioxins as well as for the 2,3,7,B-TCDD and TCDD as
follows:
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b)

‘Dioxin Species
2,3,7,B-TCDD
TCDD

P5CDD

HCDD

HICDD

OCDD

Overview Report (Reference "0")

Emission
3%  x 10" 1b/ton
340 x 1072 lb/ton
900 x 10”° 1b/ton
1550 x 10~ 1b/ton
1550 x 102 1b/ton
350 x 1077 1b/ton

This report states a resource recovery plant burning 1500
tons per day of MSW would emit 0.06 oz. of 2,3,7,8-IBDD
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
—g "
bt
~o"

only 2% is emitted to the atmosphere.

2,3,7,8-TCDD Emission

0.50 x 10~° 1b/ton
34,00 x 1072 Ib/ton .

6.85 x 107~ 1b/ton

Reference "0" also states that recent test data has shown that
98% of the generated dioxins that form in the combustion
process are sorbed on collected fly ash and bottom ash and that.

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

dibenzofuranes (furans) as follows):

Furan Species
TCDF
P5CDF
HCDF
H7CDF
OCDF

-2 3=

Emission

520 x 10
1080 x 10
1810 x 10~
1280 x 10~
160 x 10°

9
9
9

9
9

of chlorinated

1b/ton
1b/ton
1b/ton
1b/ton
1b/ton



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 11I-9 of Cal Recovery Systems Report
83-01 (Reference "B").

Summary data is given in Table B3-09-05.2.11.

Atomospheric emissions due to combustion of perticides and herbides in the
waste are already accounted for in the analyses 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
bottom ash.

a) MSW Combustion.

Based on 87.7% of NSCC MSW being combustible {on a dry basis), and

facility throughput of B22 TPD, wet MSW @ 25% H,0 (0.75 x 822 = 617

TPD, dry), pesticides and herbicides (p P, & H% processed along
with MSW is the product of P P, & H concentrations and the MSW
combustibles throughput, %ol%ows T T

-9

* (837 + 4733 + 496) x 10 7 x 617 TPD, x 0.877

= 6066 x 1070 x 541 TPD,

= (,00328 TPD Pl P, & H, dry basis
The 822 TPD, wet MSW @ 354 H 8 is reduced to 1BO TPD7 residue, dry .
basis (See %able g*ky, ’

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,

7

This putrescible material in the residue is calculated as a
percentage of the incoming MSW combustibles, dry basis, as follows:

0.3600 .
0.75 x 822 x 0.877

x 100 = 0.0666%

* From Table B83-09-05.2.11
** From Hayden-Wegman/Carollo Report No. 82-09-03-3
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b)

The total pesficides 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, awounting to 0.00328
TPD7 Pl P2 & H, dry basis, would be reduced to the following:

0.00328 x 0.000666 = 2.18 x 1078 TPD, P, P, & B dry basis

Maximum concentration of total pesticides and herbicides in the
residue 1is then:

2.18 x 1070 TPD, P | P, & ¥, dry basis

180 TPD7 Reszdue, dry basis

= 12.1 x 1072 = 12.1 ppb

The 6066 ppb maximum concentration of total pesticides and:
herbicides in MSW combustibles is then seen to be reduced to 12.1l
ppb maximum concentration of pesticides and herbicides in the
residue. .

-The- calculation,-given above, neglects the reacted lime products

(e.g. Ca SO,) of the flue gas desulfurization system, amounting to.
90 TPD,. gee Table 9, Report 82-09-03-3).

If the 90 TPD, is added to the 180 TPD7 residue, total residue is
270 TPbé, dry basis, and the resultant maximum concentration of
es

pestici ‘and herbicides (P1 P2 & H) in residue is then computed as
follows: ' '
-6 7
2.18 x 10 °~ TPD P & H, dry basis
270 TPD. Modified ﬁes due, dry basis

7

8.1 x 10 -9 . 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.

EDF Combustion

RDF manufactured, corresponding to 822 TPD, wet MSW @ 252 H20 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 P, & H) processed along with the MSW
becomes part of the RDF, P, P, & H in the RDF 1s the product of

P1 PZ & H concentrations &nd the RDF manufactured:

25~



9

*(837 + 4733 + 496) x 10 ° x 514 TPD,

- 6066 x 1070 x 514 TPD
= (0.00312 TPDj P1 P2 & ﬁ, dry basis

The 822 TPD, wet MSW @ 25% H,O is initially reduced to 514 TPD, RDF,
dry basis (ZA3 TPD., wet basis @ 20% H,0), which after combustion, is
further reduced to 35 TPD, residue dry basis. {(See Table 11*%*)

The residue is expected to contain:

5% combustible and
0.2% putrescible materlals
(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:

9:%%%9— x 100 = 0,0214%

The total pesticides and herbicides (P1 P, & H) are assumed to be
incinerated in the furnace at the same ef%iciency as the RDF.

Thus the total pesticides and herbicides input in the RDF, amounting
to 0.00312 TPD7 P & H, dry basis would be reduced.to '
10.00312 x 0.000214 = 0.67 x 107° TPD, P, P, & H dry basts

Maximum concentration of total pesticides and herbicides (P1 P, & H)
in the modified residue is then: :

0.67 x 10-6 TPD, P & H, dry basis
35 TPD, resigue, dry basis

= 12.1 x 1077 = 12.1 ppb

The 6066 ppb meximum concentration of total pesticides and
herbicides in MSW combustible is then reduced to 12.1 ppb maximum
concentration of pesticides and herbicides in the residue.

Nl G W D B N N s e B e
‘ : ' S
;

*

From Table 83-09-05.2.11

** From Hayden-Wegman/Cerollo Report 82-09-03-3
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The calculatioh, given mbove, neglects the reacted lime products
(e.g. Ca S0,) of the flue gas desulfurization system, amounting 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
TPDg and the resultant maximum concengration of pesticides and
i

herbicides (P P2 & H) in modified residue is then computed as
follows:

0.67 x 10°° TPD_ P P & H, dry basis

79 TPD, modifiez resigue, dry basis

« 8.5x 107° = 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
paximum concentration of pesticides and herbicides in the wodified

residue.

-27=
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RESOURCE RECOVERY FACILITY DESIGN
NORTH SANTA CLARA CDUNTY SOLID WASTE MANAGEMENT AUTHORITY

| TABLE 82-09-05.2.1
Estimated Average Non—Criteria Pollutant Metal Emissions From MSW Combustion

(1) Fly Ash . (2) Bottom il (3) Total Ash (4) Atmospheric Fly Ash

Group | Element Symbol | Uncontrolled Ash = (1) + (2) Controlled @ 99,5%
* ppm . * ppm * ppm * ppm
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 2.11 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 - | 900 1.50 7360
I Mercury Re YA | 116 - - 4,71 9.7 0.02 116
1 Selenium Se 0.33 8 0.16 0.4 0.49 1 0.002 8
I Silver Ag 4.55 112 2.28 5 6.83 14 0.02 112
11 Ant1mony Sh 48.8 1200 42.30 95 9].04 187 0.24, 1200

11 Beryllium Be 0.01 0.2° 0.40 0.9 0.41 0.8 | 4x10 0.2
i1 Cobolt Co 6.50 160 13.01 29 | 19.51 40 0.03 160
i1 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
11 Molybdenum Mo 1.95 | 48 17,56 39 19.51 | ‘40 0.01 48
It | Nickel | 17.88 440 37.39 8 '| s5.28 | 113 0.09, 440

11 Thallium Tl 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 0.01 , 52
11 Zinc Zn 352.80 8680 . 586.91 1313 939.71 1927 1.76 8680

Group 1 metals are classified Non—Criteria Pollutants by USEPA & CDOHS
Lroup 11 metals are classified Non—Criteria Pollutants by CDOHS only
USEPA = United States Environmental Protection Agency B
CNDOHS = Calfifornia Department of Health Services
* = 1b of metal emitted (dry)
1000 tona MSW @ 257 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 syﬂtem )

*a




HAYDEN-WEGMAN/CAROLLO
engineers

. ' October 25, 1983
RESOURCE RECOVERY FACILITY DESIGN
NORTH SANTA CLARA COUNTY SOLID WASTE MANAGEMENT AUTHORITY

TABLE B82-09-05.2.2
Estimated Average Non—Criteria Pollutant Metal Emissions From RDF Combustiom

(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 * ppn
1 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
I 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
11 Ant {mony . Sb 45.03 1184 38.85 405 83.89 626 0.23_¢ 1184
i1 Beryllium Be 0.01 . 0.2 0.40 4 0.41 3 4x10 0.2
11 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
11 Molybdenum Mo 1.79 47 16.26 169 18.05 135 0.01 47
11 Nickel N 8.94 235 18,53 193 . 27 .47 205 0.04 235
1§ Thallium T1 0.10 3 5.92 62 . 6.02 45 5x10 3
11 Vanadium v 1.87 .49 1.87 19 i 3.74 28 . 0,01 49
11 Zinc Zn 197.05 5179 327.76 3417 524.81 3917 1.00 5179

Group I' metals are classified Non—Criteria Pollutants by USEPA & CDOHS
Group 11 metals are classified Non—Criteria Pollutants by CDOHS only - i
USEPA = United States Environmental Protection Agency

CDOHS =. California Department of Health Services

* = 1b of metal emitted (dry)

1000 tons MSW @ 25% H '
ppm = parts per million, concentration of metal
in ash category (1), (2}, (3) or (4),
uncorrected for ash products of acid gas control system
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-RESOURCE RECOVERY FACILITY DESIGN
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 STLZC
Element Symbol Total Threshold - Soluble Threshold
Group ‘ Limit Concentration .Limit Concentration
' (ppm) ' (ppm) '
-1 Arsenic As. .. .. 500. LS
1 Barium Ba 10,000 100
I Cadwium Cd - - 100 1
1 Chromium Cr 5060 5 -
1 Lead Pb 1,000 5
1 Mercury Hg 20 0.2
1 Selenium Se 100 1.0
1 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
11 Manganese Mn No Limit Set No Limit Set
II Molybdenum| Mo 3,500 350
I1 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 COffice of
Waste-to-Energy California Waste Management Board, Oct. 6, 1983 telephone

communic

Group 1
Group I1
USEPA
CDORHS

ppun

ation for guidance only.

metals are classified Non~Criteria Pollutants by USEPA & CDOHS
metals are classified Non-Criteria Pellutants 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) TTLC ppm concentration limite are set for the Nitric Acid Digestion

(2)

(3)

Process test. I1f 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 1f composite ash samples
(e.g. combined fly ash and bottom ash) is allowed. :

L o U O A P LU, - —
S - PR B s - S CP - P PURE U S
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RESOURCY, RFOOVERY PACILITY DESICN
NORTH SANTA CLARA ODIRVIY SOLID WASTE MANAGEMENT AUTHORITY

TABLE 62-09-03.2.4 ' :
Comparison of Average MonCriteria Poliutant Metsl Fulesions® [rom MSW Cowbustion

© "C” Mashington D.C, SWRC {1 "D" Nicosis “Z° Braintree “C” Alexandria
Croup | Element Symbol Cycl. Col.JESP 0.9 1b/ton Tray Scrub'r PSP 2.7 1b/ton Vet Baffle 5.6 1b/ton
AARly Ash Buspended . B 1b/eom Inlet Outlet . #Flyash Suspended
1 Arwenic As C %9 30 (0.28) 200 129 57 (0.15) 40 110
1 Barium Ba 3,200 990  (0.89) 120 400 30 (0.92) 2,800 8%0
1 Cadu]um c4 185 1,900  (1.71) 1,500 1,100 480 (1.29) 42 1,100
1 Chromium Cr 760 870 (0.78) 105 270 200 (0.54) 1,39 490
1 Lead Pb NR 78,000 (70.20) 69,000 NR NR - 40,000 97,000
1 Hercury fig 1.4 NR NR HR 0.31 (s:m_‘) NR NR
1 Selenium Se 12 ¥ (0.0} 1) < 25 38 (Ix10 ) 3.4 b} ]
1 Silver Ag . 210 £,000  (0.90) tio . 163 19 (0.21) 85 390
) ]
1 Ant tmony sb 580 2,400  (1.16) 1,600 2,200 1,600 (4.32) 270 2,400
n Beryllium  Be MR m ] <0.15| £ 0.6 (Ax107")
n Cobolt Co 2? 3 (0.0045) 2 38 17 {0.05) 12
1 Copper Cu 950 1,500 (1.3%) 1,700 1,800 1,600 (4.32) 980 2,000
I Manganese  Mn 2,100 410 0.37) 270 110 330 (0.89) 4,300 1,500
It Molybdemm Mo MR ] NR R 37 (0.10) MR NR
1 Mickel L] ] 170 {0.1%5) 79 NR MR 740 200
B Thalliue Tl ] NR NR 1.8 1.6 (0.008) NR NR
11 Yenadium v M NR NR k1) 2% 0.06) 115 22
n Zine In 240,000 140,000.  (126) 110,000 > 10,000 |> 10,000 (> 27) 10,800 120,000

Croup I wetals sre clessifled NomCriteria Pollutents by USEPA & CDOMS

Croup 11 eetals are clussified Non-Criteris Follutunts by CDOM3 only

USEPA = tnited States Envirormentsl Protection Agency

CoMs = California Department of Health Services

(] = . Mot Reported

. Metal smiselons sre given in ppw concentration of metal in total particulate emissions
[ 2.1 = parta per sillion unless noted

( ) = 1b of wetel enitted/I000 ton MSW : 7

as Collected Fly Ash :

“C", D" & "E" denote refevences to litersture. {See page v).
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RESOURCE RECOVERY FACILITY DESIGN
NORTH SANTA CLARA COUNTY SOLID WASTE MANAGEMENT AUTHORITY

Emiesion Factors for TSP & HC1l Based on Total Feed Material

UNCONTROLLED* CONTROLLED**
Category 1 I1 111 Coal I 11 I1I Coal
TSP | _ ,
ib/ton 25 20 134 | 128 0.125 | 0.100 | 0.670 | 0.640
-BC1 S P, '
Tb/ton 1.4 B 7 ~3,2 | 0v4— 0,140 | --NA | 0,320 |0.040 | . ..

Category Definitions
I -~ Mass-fired MSW Combustion w/o Heat Recovery

I1 - Mass-fired MSW Combustion with Heat Recovery
111 - RDF Combustion with Heat Recovery

TSP Total Suspended Particulates
HC1 Hydrochloric Acid

Emissions given in 1b of emission per ton of total feed:
‘ MSW for Categories I & II '
RDF for Catogory I11I

* 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 11

*% Agsume Controlled Emissions as follows: '
99 5% Efficiency for TSP
90.0% " " HC1

NA - No deta available
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: RESOQURCE RECOVERY FACILITY DESIGN
NORTH SANTA CLARA COUNTY SOLID WASTE MANAGEMENT AUTHORITY

TABLE 82-09-05.2.6

Concentractions of Trace Elements in Uncontrolled Particulate Emissions

UNCONTROLLED

CONCENTRATIONS ppm

Element Category 1 Category 1II Category I11 Coal
Antimony -2 260 - 620 0.4 ~ 10 7- 20
Arsenic ~a 50 - 70 20 “a 80 20 "a 120
Barium - 270 - 540 '-a "a
Bromine ~a 420 - 2,400 - -
~Cadmium- st -.- 380 - - .820.. | ...0.3 ~a CJded o 0.6 faw_l,Q‘
Chlorine ~a >10,000 - i -

- Chromium “a- 50 - - 560 R - 201 6.- . '8_ L
Cobolt . 10 - 100 0.6 - 2 0 0.4 - '1?5':
Copper a 420 - 590 . 10 - 50 | 6 ~ 7
Iron ~a 970 - 1,090 700 - 2,410 {2,350 - 2,800
Lead a | 11,600 - 17,500 | 1,220 - 2,930 340 - 380
Manganese -, 420 - 1,400 10 - 200 20 - 40
Nickel ~a ; - 3 - 20 | 6 - 20
Selenium . | <90 10 -, 40 10 - 50
Silver ~a ! 110 - 200 - -

Tin - g 2,600 - 5,000 50 - 150 | 20 - 30
Zine - i >10,000 860 - 3,770 i 180 - 560

a Data Not Available

Reference:

Category Definitions:

ppn =

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,

(Tables 14, 15, 16 & 17}

29 May 1979

USEPA Contract No. 6B8-03~2550, Task Il

Ohio

See Table 82-09-05.2.5

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

TABLE 82+09-05.2.7

o _Arsenic __ 80 ~ 510 | 50 - 100 ; 140 - 740 20 -, 680
== Barium -40 - 1,700+ 77270 - 540 | — : S
Bromine 320 - 6,700 i 350 - 1,200 - -

. Cadmium 520 - 2,300 | 670 - 1,150 , 0.2 - 10 2 - 8
Chlorine 99,000 - 330,000 | >10,000 ° - : -
Chromium | 76 - 1,800 130 - 260 @ 60 - 100 . 30 - 40
Cobolt g 2 - 30 5 - 50 4 - 40 3 - 30
Copper ; 970 - 6,800 620 ~ 800 . 50 - 280 30 -. 40
Iron 1,700 - 18,000 | 2,000 - 2,130 6,940 - 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 -, 430 30 -, 40

'+ Silver ' 40 - 2,000 50 - 1o .. - 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

Concentrations of Trace Elements in Controlled Particulate Emissions

!

CONTROLLED CONCENTRATIONS ppo

g

Element

Category 1

Category II

Category III |

Coal

’f”""ﬂﬁfiﬁbny

|
|
|
‘__
|
|
i

“6107% 125600 <460 = ~1;000-

- e e <180 o A0-m e 50 -

aData Not Available
Reference: See Table 82-09-05.2.6

Category Definitions: See Table 82-09-05.2.5

R R - T D e '
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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

|
1
i
i

Element Category II1 Category 1I1
Antimony 0.046~-0.10 0.0013-0.121
Arsenic 0.005-0.01 0.094—0.49g
Barium 0.027-0.054 a
Bromine 0.035-0.120 -

- ""”C&dmium"*“"’""T'“““““L‘07067"07ﬁq5“““"“"”“f'*“”‘““““OTOOOT-O0006;“'"‘”'
Chlorine >1 -

" "Chromium’ " 07013-0.026 - . 0.040-0,067: s
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 - 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

1983

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

e D e e
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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

I Barium Ba 110 170

1 Cadmium Cd _ N & 9.

I Chromium Cr _ 19 55

1 Lead Pb 50 330

I Mercury Hg ' 2,1 1,2

R S B R R B Lo s

1 .| _Silver | Ag SR ¢ T S D S |

11 Antimony Sb 70 45

11 Beryllium Be 0.3 ND

I1 Cobolt Co <5 3

11 Copper Cu 423 , 350

II Manganese Mn 138 13C

11 Molybdenum Mo : £12.2 ND

11 Nickel Ni <lé6 22

11 Thallium T1 <4 KD

11 Vanadium v 2.9 ND

- II Zine . Zn 339. 780

ND = No Data

NSCC data based on average ppm concentrations reported in combustible
. fraction of MSW from Cal Rec'y Syst. Inc. Report No. 83-0l
“"Laboratory Analysis of the Combustible Fraction of NSCC MSW" dated
March, 1983 Table III-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 as measured at the Bureau of
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,
April, 1979.
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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

PAH Species Category 1 Category III
|- =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.

(Tables 18 and 19)
29 May, 1979

USEPA Contract No. 68-03-2550. Task 11

Category Deninitions: See Table B2-09-05.2.5
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RESOURCE RECOVERY FACILITY DESIGN
NORTH SANTA CLARA COUNTY SOLID WASTE MANAGEMENT AUTHORITY

TABLE 82-0%-05.2,11

Pesticides amd Herbicides Concentrations
in NSCC MSW Combustibles

Maximum Concentration, ppb (dry basis)

Processable Pesticides Herbicides (H)
Waste Chlorinated (Pl) Phosphate (PZ)
- - Delivered By | % (1). [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 4733 496
Notes:

(2)

(3)

Reference "B”, Table II1I-9.

Extension of Data Inputs (1) and (2) are derived by multiplication
of respective I distributions and lab data on Rear Loaders, Front Loaders
and Debris Boxes, and summing the respective products to obtain the
composite waste characteristice indicated.

(1) Z Distribution of Processable Waste amongst Rear Loaders, Front Loaders &
Debris Boxes based on Summary of Average Daily Waste Quantities given in
Taeble I of Authority 4/11/83 MEMO.

Laboratory data on Maximum Concentration of respective pesticides and
herbicides in sampled vehicled;
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2.
3.

Yasks

WL‘*-—------

Sc_pe of Work'

Leaching Characteristics of Ash in a Landf11l Environment

Pack coluwns with ash and start flow of municipsl waste leachate or dlstllled vater, a®

prescribed in plan.

Collect leachate samples twice weekly from the glass manifolds and from each column.

Analyze each leachate sample for the following:
Metsls .

-Antimony

Arsenic
Parium’
Perylliuvm
Cadnium

Chromium (total & Cr 1V)

Cobalt
Copper
Lead
Mercury
Holybdenum
Nickel
Seleniva
Silver
Thalliuom
Yanadium
Zinc

Minerals

Cations

Ammonia
Solivm
Potanssium
Calcium
Hagnesium

Anione

Bicarbonate
Carbonate
Chloride
Sulfate -

Nitrate (am N)

Yluoride
Hydroxide

‘Additional

o
Alkalinity

Total Hardness
Specific Conductance

i

A. Elemental snalysis shall be conducted by using inductive coupled plasma-stomic
emissions epectrometty (ICP) twice weekly and once every two weeks by stomic
absorption epectroscopy (AA) for metsllic elements.

¥

8. MHineral analysfes, pil, alkalinity, totnl hardness, and npeclflc conductance shsll

be recorded twice weekly.

Honitor pH snd Eh continuously at glase manifolds.

Record total volume over time of . leachste and distilled water.
All ICP analyses completed and entered into Data ilanagement Systea.
All AA snalyses completed and entered into Data M:nagement Syaten.

. Submit wmonthly reports to Project Hanager.
Draft report to Project Manager.

Final report published and submitted to Project Hanager.
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