








and the trend of our investigations.
Operation RESOURCE has completed its mission with the publica-
tion of a three volume report as follows:
Volume I - Contains recommendations based on an
evaluation of the detail studies and

also specific plans for both the
short and long term.

Volume II - Contains the detail engineering study
reports associated with the various
processes and systems for solid waste
disposal.

Volume III - Contains the appendices of the reports
presented in Volume II.

The Rochester Engineering Society wishes to express its gratitude
to the members of Operation RESOURCE for the many hours of research they
devoted to the Study. Their accomplishments should serve as a model to be
followed by technical organizations throughout the Country.

Copies of all reports are available from the Society. Persons
interested only in the Operation RESOURCE Summary and Recommendations
should request Volume I. However, those persons interested in the engineering
details which supported the Summary and Recommendations of Volume I should

request only Volumes II and III, since the entire contents of Volume I are

included in Volume II.

THE ROCHESTER ENGINEERING SOCIETY
55 ST. PAUL STREET
ROCHESTER, NEW YORK 14604

January, 1972

ii




TABLE OF CONTENTS

Subject Page
Volume I
PREFARCE . i cinouniinsannmononsanssssnssinesisississ i
L RECOMMEND AT LONS . o it i b dinemmsmnyonssssss onsssssne A-1

I1. OPERATION RESOURCE SUMMARY
A. BACKGROUND ANALYSIS - PROBLEM DEFINITION.. A-3
B. OPERATION RESOURCE PHILOSOPHY -

THE PROBLEM SOLVING PROCEDURE........c.c.. A-7
C. SUMMARY OF SHORT RANGE PLAN FOR SOLID
WASTE DISPOSAL....vvvviiennennnnncenennnns A-11
D. SUMMARY OF INTERMEDIATE AND LONG RANGE
PLANS FOR SOLID WASTE DISPOSAL............ A-14
III. ACKNOWLEDGEMENTS .. cvonesenasssesonsassansnasssss A-23
Volume II

(contains Volume I)

DEVELOPMENT OF OPERATION RESOURCE SECTION B
BACKGROUND AND HISTORY OF THE SOLID
WASTE: STUDY . ¢ uoims wnwmmimmn s nimanm s am atmss s s o sn s B-1
SHORT RANGE PLAN SECTION C
I. INTRODUCTION.....ctvumuuinnerrnnnnnnnnnnennas C-1
11. RECOMMENDATIONS.. :csnsxsumnsvnsnnsenunsnssonss C-2
I11. SHREDDED WASTES: ... scsiesubsansnnunsaanswsnss C-3
IV. SHREDDING PLANTS & EQUIPMENT.........ccovnenn. C-5
e [ R e e ATl e ety ey ol c-8
V1. ESTIMATED COBTS. s cusnsninnusnons sunneuinssns c-9
VIL. SPECIAL WASTES, cuissununnansnmanss sssnmnnssoss C-12
YIIT. CONCLUSTON, .\ ipsmwrsssinss onpnnninprssadsonas C-15
PHOTOGRAPHS (COURTESY HEIL COMPANY)
UNSHREDDED 'SOLID WASTE. .« «vuswnie wunswnnsnns C-16
SHREDDED SOLID WASTE....cisvesasuussssnens C-17
IX. BIBLIOGRAPHY : cuvcuas vassss ssrsnssunnnmens sisus c-18
LONG RANGE PLAN SECTION D
1, INTRODUCTION, ..scwnmvnnsnsmnanimnbnnbssonesss D-T
II. CRITERIA FOR EVALUATING SOLID WASTE DISPOSAL
METHODS AND SYSTEMS. .cevvesvsnenssnosnneionus D-2
A. RELIPBILETY convnwnsssennonnmnubonnensns D-2
Be PLEXIBILITY.0sonvuunavansnnn pnnsnnnmuns D-3
C. ECONDMY sanisicssunsassdeonts vuasdon mans D-3
D.-ENVIRONMENTAL EFFECTS....ssossssswsssns D-3



Subject Page

LONG RANGE PLAN (CONT.) SECTION D
II1. EVALUATION OF THE PRIMARY METHODS OF
DISPASAL . ¢ v nie sio s om0 0 miwiom o 0w inimmiscs e winn D-4
A. SANITARY LANDFILL....ccceveecvececess D-6
B, COMPOSTING, .o coneisinvinesssnsiavanns D-7
Cs INCINERATION. ... cccvnmonssnsnevenecne D-9
D. FIBER RECOVERY....ccccvcecsncccncncen D-10
IV. RECOMMENDATIONS FOR A SOLID WASTE DISPOSAL
DY STEM . ¢ 5 nuinon g s« o aiei 5w o Giin g 40wt o) o R D-12
A. GUIDELINES FOR DEVELOPMENT........... D-12
B. IMPLEMENTATION...sscssossnsrnssossnan D-16
BACKGROUND ANALYSIS SECTION E
1. SUMMARY .ciusnosnsssnvpsesnsommonnanssvnsssas E-T
A. CURRENT AND FUTURE WASTE .QUANTITIES.. E-1
B. POPULATION, . s uvvonnvononesssenmnasnss E-2
C. CURRENT DISPOSAL PRACTICES........... E-3
I1, INTRODUCTION.:.ccconncsosecsnmmrmnaenmsnosyns E-3
FIL POPULATION s cosscscivinssnineinsnamnmnsnwmsio E-3
IV. CURRENT WASTE GENERATION.......icveveennnnn. E-5
¥. STATUS QUO « DISPOSAL....ccnsessssranennsnsss E-12
A LANDFILLS oo vn cinevnsonsnvrsinaosvsmon E-12
B. INCINERATION..:.osssscssvesssminssnan E-13
C. EXISTING RECYCLING. ..csnasesusncessasn E-13
D. COMMERNTS., o« tannsonortiowsusnnsndonnses E-13
VI. WASTE SOURCE CHANGES....csnerenosnnscacconsn E-17
A. SEASONAL VARIATIONS.......c.cceenenenn E-17
B. DIVERSION OF WASTES...cccovsnnconcnsns E-17
YEL, TRENDS. o vosenconsnnmoen cosmarmssessnssnesvan E-20
A, GENERAL 543 i vusassnnbasvnnnwsnnescns E-20
B. CONSUMER HABITS AND PRESSURES........ E-21
C. GOVERNMENT REGULATIONS............... E-21
D. TECHNOLOGICAL CHANGES.....ccccccennis E-22
NIL1: REFERENCES ., o vnecrvnvsnermnpsnisssmspamssss E-23

LIST OF TABLES AND FIGURES
TABLE I - Population Breakdown of
Monroe CountY...cvesssssvensaves E-5

TABLE II - Current and Projected Waste

Generation-City of Rochester

(by weight)..ovveeeiinenenennnn E-7
TABLE III - Same as Table II-for Towns &

V111ageS.scsnsssnsnsannnsnsmpsns E-8
TABLE IV - Same As Table II (by volume).... E-9
TABLE V- Same as Table III(by volume).... E-10
TABLE VI - Comparison of Actual and

Predicted Waste Generation...... E-12
TABLE VII - Disposal Sites used by Towns

and. Y1 110088, o vervavinmonessuesn E-14

TABLE VIII- Seasonal Variation in Waste
Incinerated - City of Rochester. E-18
TABLE IX - Waste Weights for Monroe County

NOTB om0 m s Do AR R E-19

TABLE X - So1i$ wEsEet- Seasonal Trends, £.50
W ;1 7 -

FIGURE 1 - Landfill Lochtion Map. . i iii: E-16

iv




Subject Page

\ LANDFILL METHODS SECTION F
DEFINITION OF LANDFILL:u s sosnsmonsonsnnmnovesssan 1
Do SUMMRRY . o cois oy palin i ovlas o s saris oo i s o b k3 wnoms F-1
L3 PRTROUMCERON . 3 G i 5s: mitim e dir o e i F-3
IIT. PUBLIC HEALTH ASPECTS. scusssmusnssnsmsnvasnns F-4
IV PLANNING .. coiasvianssiinsnsnmununsns s saxssns F-10
A. ECONOMICS OF SANITARY LANDFILLS........ F-10
B. PHYSICAL SITE LOCATION. .sswssnsenessnsns F-17
Gs PUBLIC RELATIONS.:scsua svansnswsonussns F-28
Vi« ENGINEERING. . iviessnns sssnunvarsnsssiassvanns F-31
A, SITE ENGINEERING. .ssscensnreansmunnswss F-31
B. EFFICIENCY OF OPERATION. .sesssunsessnes F-34
C. EQUIPMENT AND FACILITIES.:.:scssesossia F-38
VI. OPERATING A SANITARY LANDFILL..........c.e.... F-40
VII. COMPLETION AND UTILIZATION OF SANITARY
LANDFILL SITES. ssvewnnsnnsnksusnnvnunsunssnn F-43
YI11. CONCLUDING REMARKS::cs: cvsunisasnsnnussnnnsss F-45
I BREFERENUESL, vt oo mi aimis s ipmon i lh i o0 i e i m sl F-46
RECYCLING SECTION G
PREFACE 4 o 5 so vinsmibin i oo a s o wmsm dmace s 2 4ms o vith G-1
I. INTRODUCTION AND SCOPE.....cccoveveecnenoanens G-4
II. RECOMMENDATIONS OF RECYCLING SUBCOMMITTEE.... G-5
III. RECYCLING - HISTORY AND MARKETS.......eovven. G-8
As. WHYCRECYELE o« o vns suvnpmn yonnanass sswys G-8
B. MARKET ASPECTS OF A COMBINED RECYCLING
SYSTEM s eninnmensnnnssnsrnssmpnonsnnunves G-10

1. DISPOSAL OF THE ORGANIC FRACTION.. G-11
2. DISPOSAL OF THE INORGANIC

PRAGTINN s 500 .00 b s e vee e dohig i G-17
3. LEGISLATIVE RESOURCES............. G-20
IV. AN IDEAL SOLID WASTE DISPOSAL SYSTEM......... G-20
V. SYSTEMS STUDIED. .. svssswnisununns sunnnennsess G-22
VI. AN EXAMPLE OF A HERCULES SYSTEM.............. G-23
VII. SPECIAL WASTE DISPOSAL.....ccvviveeeennnnnnns G-26
VILL. SUMMBRY . o 5o 5omnnimmins ons s s e n onsssess e G-28
INCINERATION SECTION H
PREBBLE. « oo vicnn vmmmmnn vune sl s wos wn s mmnaton wee i
INTRODUCTION.. « .« ciomw 5 0is st won w16 163 wwiw 0 91w w0 i 608 H-1
SUMMARY . ;s oo osmici s mmsmisimommsnme on s sen s b oseses s s H-2
THE EVOLUTION OF REFUSE FIRED INCINERATION...... H-11
STATE OF THE ART IN INCINERATION
PART 1 EXISTING INCINERATORS . «onsss snssnmanans H-18
PART 2 DEVELOPMENTAL INCINERATORS............ H-24
THE AIR POLLUTION PROBLEM.......cvvennniniiennnnnn H-42
THE SALE OF ENERGY.suuuvevessnmsncanninnnoeesns H-48

ECONOMIT ANALYSIS. i ssnmwsusmnus annsnsssansnssenss H-59



Subject Page

INDEX OF PROCESSES AND SYSTEMS STUDIED SECTION J
I. INCINERATION, CONVENTIONAL....evvrevennennne J-1
II. INCINERATION, HIGH TEMPERATURE.....evveuuen. J-1
III. INCINERATION, PYROLYSIS. ... eviirrenennnnnenn J-2
IV. OVERALL RECYCLING SYSTEMS...:cvisssssnsaaiss J-2
V. SEPARATION, GENERAL STUDIES.....evvveevenann J-2
VI. SEPARATION WITH COMPOSTING....eeveveveennnnn J-3
VII. COMPOSTING PROCESSES..:: oissonnessnssnnviss J-4
V111, SHREDDING. o osaanssnosmensseninnnessssnanss J-5
IX. COMPACTION & BALING.....ovvevereennennnnenns J-5
X, FIBER RECLAMATION. ««scnivsnsnsonmmivsnpaansss J-5
XE: MISCELLANY. cccs 065 0isnnmoniasonmssnisssonsss J-6

Volume III

APPENDICES SECTION
SYMPOSIA AND INFORMATIONAL MEETINGS........ A
REPORT TO THE MONROE COUNTY LEGISLATURE.... B
EVALUATION BETHOUS . . < s cscis s smpmsmns wmmainss *
LS B L AN Y e« o s e e e s e el w1 o 5o b s oo e x teke fo oot e s D
BACKGROUND ANALYSIS. ...t teiieneeneeeaannns E
LANDFILL METHODS. ..o vttt ienineeeenaaannnnn F
RECYCIEING s aveis el e o e s o 5w s aha ks ale]s eln s ataksiio s)eiaite G
INCINERRTVION. . coccsnsonsossienussnssmminsss H

vi




THE SALE OF ENERGY




The sale of steam energy produced by a solid waste
incinerator can materially reduce the operating cost of any municipal
incinerator.

The City of Rochester is uniquely fortunate in having the
fifth largest, district steam utility (in annual sales) in the country
as a prospective steam customer. In this respect, Rochester Gas and
Electric Corporation has indicated an interest in purchasing the steam
produced by a solid waste, steam generating, incinerator assuming that
it is of the pressure and temperature the RG&E Corporation can use (per
Mr. F. E. Drake, Jr., chairman of the board, letter dated 3/16/70).
Since the cost of installing underground steam transmission and
distribution mains is high (greater than $100 per foot) the location
of any new steam generating incinerator plant is critical. It must of
necessity, be located near the Tload.

In order to arrive at the possible revenue which can be
obtained from selling steam produced by a solid waste incinerator,
the local utility was approached and asked to make a comprehensive
study of their steam requirements with the aim of providing a realistic
revenue figure for the steam produced.

Since the primary objection of any solid waste energy plant
is to incinerate refuse, steam generation cannot be arbitrarily
increased or reduced to coincide with changes in demand. This fact
meant that the RG&E study must take in not only average winter and
summer demands but also daily highs and lows in these periods. See

figures 1 and 2. Figure 1 graphically compares typical (not Rochester)
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monthly peak and average demands for a district heating system with
steam production from a typical solid waste energy producing
incinerator. Demand is high in winter months and Tow in the summer,
while winter differences in demand are typically much higher than

summers.

If steam production available from a solid waste incin-
erator is as shown in figure 1, other sources of steam are required
to get us by winter peaks, while excess steam would be available in
the summer. Typical (not Rochester) weekday and weekend demands for
the winter and summer are shown in figure 2. Demand variations are
usually significant in the winter only when the capacity of the system
is approached.

The ideal situation exists when incinerator steam can be used
as the base load for a demand that is always greater than the steam
supply. If this is the case, no condenser equipment with its attendant
problems and costs is required at the incinerator installation. This
ideal situation can exist here in Rochester if the incinerator is
located adjacent to an RG&E facility where electric power is generated.
Conversely, if it is located only where it can supply the Rochester Gas
and Electric Corporation's district steam system there would be
significant amounts of steam generated which could not be sold during
periods of Tow system demands such as summer periods and weekends.

A detailed examination of Rochester Gas and Electric Corpora-
tiors steam distribution system shows one particular point where all

steam generated from a 2,000 ton per day incinerator could be absorbed.

H-49




This is the area adjoining RG&E's Station #3 (Beebee Station) where
the old central incinerator is presently located. This major RG&E
facility not only uses high pressure steam to generate electric power
but also supplies a significant amount of low pressure district steam
to the downtown distribution network. If it is assumed that a maximum
of 3 pounds of steam can be generated for each pound of waste
incinerated, up to 500,000 pounds per hour could be produced by a
2,000 ton per day waste incinerator. In order to utilize this steam
at Beebee Station, steam must be generated at high pressure conditions -
660 psig and 7500F. If these conditions were met, RG&E could absorb
on a minimum demand day as much as 550,000 pounds per hour. This
steam absorption capability is based on the following requirements:

450,000 1bs./hr. for Beebee Station power generation
needs.

75,000 1bs./hr. for the high pressure steam transmission
main to downtown Rochester.

25,000 1bs./hr. for the Tow pressure steam distribution

system in the vicinity of Beebee Station. (Reduced from
660 psig)

However, if steam could only be supplied at low pressure condi-
tions, (200 pounds per square inch, 500°F), RG&E could only guarantee to
absorb 140,000 pounds per hour at this location based on a minimum day
system demand. (25,000 #/hr. for the L.P. distribution system and
115,000 for a L.P. turbine).

The production of steam at 660 psig and 750°F requires approxi-
mately 250° of superheat. One major incinerator manufacturer states

that the required superheater can be installed integral with the
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incinerator boiler and fired with the primary fuel--solid waste.

Another major manufacturer recommends that a separate super-

heater be installed which would be fired with an auxiliary fuel such as

#6 0il. This plan would result in an additional operating cost of approxi-

mately 14¢/1000 1bs. of steam generated. (For a fully operational 2000

ton/day incinerator, an auxiliary fired superheater would consume approxi-

mately 4,342,000 gallons of fuel oil per year.) The incinerator
manufacturer recommending this plan believes that the decreased down-

time and maintenance costs on the superheater will offset the increased

operating cost due to the auxiliary fuel. However, it would appear

advantageous, if possible, to try and eliminate a separate oil fired

superheater since the price of fuel o0il is expected to rise sharply in

the next decade.

Two other factors favor the Beebee Station location. The

RG&E Corporation would be able to supply all of the feed water required

for a nominal treatment charge. This is important because some of the

steam generated would be fed to the low pressure district steam network

which distributes steam for cooking and baking purposes to downtown

Rochester customers. This necessitates a high degree of steam purity.

Another factor is any necessary standby steam capability can always

be provided by Beebee Station. This would eliminate any need for a

standby boiler at the solid waste incinerator plant.

In regard to the value of this steam, RG&E concluded (based on

the net cost of producing this steam with coal) that the corporation

could pay approximately 50¢* per thousand pounds for steam supplied to

Beebee Station at the State condition of 660 psig and 7500F.

(*Exact
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figure must be negotiated with RG&E.) At the present time, RG&E has

installed boiler capacity which is adequate for the steam Toad growth
in the foreseeable future. For this reason, the value of steam from

the incinerator plant is limited to the fuel component cost.

If, in the future, the load growth should increase to a point
beyond present plant capability, an adjustment could be negotiated to
account for savings in fixed costs, labor, or other applicable costs.

Referring to Figure 3, if a 50¢ sales value is accorded the
steam sold and a 4,000 BTU/# refuse heating value is used (as obtained
in actual operating results at the new Chicago plant), a $2.50 figure
for steam revenue per ton of refuse incinerated is arrived at. (For
steam at 660 psig and 750°F. This figure should be adjusted to $2.20.)

To determine the estimated annual revenue (E.A.R.) which could
be derived from the sale of steam, a conservative energy ratio of 2.2
1bs. of steam generated (at 660 psig and 7500F.) from 1 1b. of waste
should be used. If it is assumed that 15% of any steam generated will
be used for such in-house purposes as feed water pumps, feed water heaters

and blowers, a total of 2,730,000 M 1bs./yr. of steam would be available

for sale from a 2,000 ton per day incinerator once it has reached full

operational status. At $.50 per M 1bs. this would amount to a total E.A.R.

of $1,365,000 which could be derived from sale of steam to the Rochester
Gas and Electric Corporation.
If steam is produced at 660 psig and 500°F. (saturated condition)
and superheated with fuel o0il to 750°F., the quantity of steam available
for sale would be increased to 3,102,000 M 1bs. This would yield $1,551,000

revenue @ $.50 per 1,000 1bs. of steam. On the assumption that No. 6 oil
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Addendum:

costs 10¢ per gallon and 4,342,000 gallons are required annually for

superheating purposes, the financial effect will be a reduction in the

net steam revenue to $1,116,000 annually.

Since the sale of energy (steam) is an important factor in
reducing operating costs of an incinerator, it is imperative that the sale
of this steam be firmly contracted for before construction of the incinera-
tor is started.

If this is not done, a situation similar to what happened in
Montreal could develop.

There, the proposed customer, an existing chocolate factory,
moved out of the district before the plant was opened. This meant that
all steam generated had to be condensed by the cooling towers located on
the roof. This in turn limited the burning capacity of the incinerator

since sufficient condenser capacity was not available.

Two other potential sites (Culver Road and the Station 9 area)
were investigated and abandoned as impractical. At each of these sites

the absence of cooling water for condensing turbines rules out the possible

use of incinerator-produced steam for electric generation. For this reason
the steam use would be Timited to commercial district steam use only.

This would not be sufficient load to absorb the steam output of a 2,000 ton/
day incinerator during the summer months. A further obstacle was found in
the length of pipe which would be required to tie into the RG&E system and
transmit the steam to existing RG&E steam customers in the downtown area.

This was estﬁmated at 6,000 feet from the Culver Road site and 11,000 feet
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from the Station 9 area. The cost to RG&E was estimated at $750,000 and
$1,400,000 respectively.

There would be some potential growth in the Culver Road area
but not enough to make it a logical Tocation for locating a large steam

generating incinerator.

Two separate incinerator plants:

If it was decided that two 1,000 ton per day incinerator plants
should be built because of the traffic and haulage problems involved with
onecentral 2,000 ton per day plant, a second site where steam might be
sold would be near the northwest boundary of the City adjacent to the
outer Toop.

A large industrial complex located in this area could probably
absorb a significant amount of the steam produced by a 1,000 ton per day
waste incinerator. If a plant was located in this area, steam would have
to be produced at 300 psi and 475°F. in order for it to be used for the
process, space heating and refrigeration requirements of this industrial
complex.

Estimated annual revenue from steam sold to any industrial
complex would have to be determined after direct negotiation with the

potential customer.

Recycling Metals and Minerals from Incinerator Residue:

The U.S. Bureau of Mines has recently completed a research program

on the economics of recycling metals and minerals from incinerator residue.

(U.S. Technical Progress Report 33 - April, 1971.)

By use of conventional equipment such as magnetic separators,
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tumblers, and crushers, a recycling plant can be economically constructed
which will segregate aluminum from ferrous metal and then separate out
and crush the glass fraction of the residue. This process reduces the
amount of residue which has to be landfilled from 25% to 5% of the original
trash volume. Depending upon the market price for aluminum and glass,
the recycling plant can be a profitable scheme. The ferrous material,
often contaminated by alloys, may or may not be marketable.
Stamford, Connecticut (population - 110,000) expects to have such
a plant in operation in 1973. A modern incinerator rated at 360 tons per
day is being planned along with a recycling residue system. From the sale
of glass and aluminum, the City of Stamford expects to net $300,000 a
year, $100,000 a year more than the recycling unit's annual operating cost.
If the above scheme proves technologically and economically
feasible, the recycling plant could be adopted for use in conjunction with

the incinerator proposed for Rochester.
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FIG. 1 TYPICAL MONTHLY DISTRICT HEATING
DEMANDS AND SWEPT STEAM AVAILABLE.

"Feasibility of Refuse Fuel for
District Heating" - The Rust
Engineering Co. June 24, 1971
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1,000 LB/HR

FIG.2 TYPICAL WEEKDAY —— AND WEEKEND ==—=-
~ DISTRICT HEATING DEMANDS.

"Feasibility of Refuse Fuel for
District Heating" - The Rust
Engineering Co. June 24, 1971
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BY-PRODUCT STEAM HELPS
AMORTIZE THE COST
OF INCINERATION

Most Von Roll incinerators help reduce
their net operating cost by using the heat
of incineration to generate by-product
steam. The charts below show the value
of by-product steam and the composition
limits for self-burning refuse.

SALES VALUE OF BY-PRODUCT STEAM
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