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TO} MEMBERS OF THE CAFERIDGE CITY COUNCIL

ABUUT'L RECOMMENDATIONS FOR SOLID—WASTE MANRGEMENT IN CAMBRIDGE
|

g o
Pleass allow me to| correct the erroneous report of my recommendatlons
appearlng in the Boston Globe uf February 17 in case I was 1nartlculate e

A"A ,,‘ . o |

My bellef is that Eambrldge has the Follow1hg optlons.'“
stated not necessatlly'ln the order of preference.
!

l. Rely on the planned ODEHLHQ of the compactor plant' eing bullt
by Reclamation Systems Inc. in the B & M yards. . “Should ‘the
plant not succeed in starting commercial operation, take steps
legally to acquire the facility and to operate it through a
bid=selected cummer01al group as a compaction plant as planned
or as-a reclamation + pulverization plant.

. Rellance on this plant wjthout a contract on quantltles and rates
means depending on market forces to keep costs within bounds. At
the last dlscussxon in the City Manager's office to which I was

. ‘invited RSI seid that the projected rate was now $9 to $10 per

- tomg, compared witi'&S to $6 a year ago.s If the opening of the
plant led to the closing of the Saugus dump -the rates might
1ncraase to whatever the market would bear, whlch mlght be $15

o or more. . .
2. Join with neighburing"communities and the DPW in searching for

. asite for a sanltary landfill which wills ' '

ETRIE - P result in negllglble ecologlcal or’ esthetlc damage
s Ba have a. capac1ty of 3 to 5 years as a mlnimum.

.. Any agreement wlth the community in ‘which the sxte 'is located should-

a. guarantee ample financial. recompense far the odium and
unpleasantness of having a major trash-treatment and
vfllllﬁg operation within its'borders, and

P . b. ’guarantﬂe strlct control over operatlons to ensure that
T S " the. standards of cleanliness, dust, noise, insect and

o S —f‘{anxmal in astatlon, and truck trafflc are far higher than
Bhs ’ S those usually tclerated, and'

'17¢;"offer to finish the site with loam cover, landscaplng
- and plant1ng ta an agreed-upon plan.

“z-Q; Such a axte could be used in conJunctlon with local 'transfar statlona'
L ‘ mxthxn local communxtles ‘and’ could also be -a powerful bargalnlng facter =~
o-in negotlatlons wlth RSI, which reportedly has no slta of lts own yet.
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-+ .permit our present. dump to be us ed‘for]onger

b e

~ welcomed by local residents. I belisve that
- the open space. which the future dump site offers more than it
., needs more industry or population. - Pulverization would allow

Attachmenta: -

E |

virtually nothing is yet known about the ecological and other effects
of dumping large quantities of baled municipal refuse on the ocean
bottom. In the chan01ng legal climate it is jpossible that large
damages could be assessed against Cambridge iff serious effects

were experienced by shoreline communities, for instance).

Investigate the possibility of installing a reclamation and pulverization
plant either on the present dump or at the incinerator, which should be
shut down as soon as practicable (its tosts must be as high as its

air pollution, and 3here are better alternatives). I'm attaching

a recent paper by Bill'Johnspn;qF Sanitary Refuse Collectors in

Montreal, currently the_snIy?plant of this type in North America.

(The MetroWaste plant in Houston is similar bt produces compost

in addition and can't sell it). If, as seems| likely, we are faced

‘with a per-ton dispgsal cost of from §9 to $15 or more when the
‘dump is finally closed - the upper figure is [the last quotation

received by the Lity for a new incinerator - the economics of a
refuse reclamation plus pulverization plant are far more favorable
here than in Montreal, where SRC makes a profit, or in Houston,
where MetrolWlaste makes a small loss (for obvious reasons). (I

am currently writing a paper on the subject and would be happy to
send it for your reference if 1t is of 1nterest)

In any event the pulverlzatlon of reFuse, which adds about
$3.00 per ton to the processing cost, permlts much less costly
transportation, whether by pipe for distances| of up to a mile
or by truck or rail for longer distances. Pulverization also
produces a truly sanitary landfill which 2s not subject to fires,

- -insect or rat infestation, and which breaks down rapidly to give
a ‘stable and non-gassy: site. flost new landfills in turope, or
. at least in Brltaln, now require puluerlzatlon. Its use in

Cambrldga would be a great asset ‘in obtalnxng‘the agreement of
It could also
han seems possible
tment, would be
Lambrldge needs

at present, and, WIth suitable perimeter trea

a hllly, landscaped area at low cost and low nu1sance.to be formed.

”'Cantract as soon -as, possxble with oae or more}prlvate paper collectors

to collect as much nemspaper and cardboard as| they cam persuade"

:cltlzens to put outs The contract should be on a bid basis whereby

the contractors' trucks are weighed by the c1ty and they are paid

a suitable sum for each ton collected. Ihe mean cost to the city

to collect and diSpdsa of all domestic trash is about $35, and will
rise, Paper and ca#dboard is both the major portion by weight and
the greatest nuisan?e, whether on the dump or in the incinerator.
Ihe contract should jabsolutely require that a reputable public-
relatlons firm be part of the bid to undertgke the vital advertising

“and promotion which jwill be requ1red on a continuing basis if
res;dents are to be mnt1v13ted to separate ne spapers.

WM
’Refuse—reductlon plant montreal-ﬁuabac'--lw. J. Johnaon, Englneering Qgiﬁgzgrl
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of solid waste IS a problem

ecause ‘of tha vastness of 'the North Amencan ‘
'contment, waste P 'oducts have generally been dis- -

. “This condition i§'even more prevalent in Ganada,

he abundance 6f natufal lakes, seemingly -
R nhbpulated and e areas of open’ ‘land have led -
K he-engmeer into? thinking that he has'a*completely
ted natural'disposal system. “Observations
aken in recent’ years, fogether with a look at the
cufe "oroblem whrch is ‘now facing the U.S.A. can
uickly dispel this type of tﬁmklng e
nEurope, the mumcipal engmeer generally per-
all the removal and the disposal of solid
wasté' himself, and consequenﬂy has-been aware of
otal prob!em involved for some time. The .
ublic cleansmg dxvnsions oi the Iarger municipali-
os are’ ‘hlghly trained gmups of engmeers and

locations in urban areas. Almost all the major =
cmes in North America have exhausted suitable

Iandflll sites wﬂhm economlcal truckmg dlstance.

5

- Incineration. ’

_In the major cities of North America, incineration of
"garbage is the most widely used means of disposal.

Existing mcmerators burn from 20 tons to 1,000
tons of garbage per day:with varying dégrees of

_ efficiency. The most efficient incinerators are, in

general, the larger ones, obtaining a total reduction

- of 90% by weight; but generally speaking, normal - ¢

reSuIts are #5%-80% reduction. The resulting residue
||s organically inert: glass, ash dust, trimmed cans,
etc., can generally be used for a low grade fill.

$ome of these materials can sometimes be sal-
vaged and used as by-products. Another feature of
incineration is the manufacture of steam which can,

be used or sold for heating or industrial purposes

- if they exist in the area. Strategic location close to
population centres can minimize trucking costs.

Incineration is probably the most positive form

. of disposal used today. Its disadvantages are those
- “of cost, both of construction and operation. Capital

cost can vary from $4,000.00 to $8,000.00 per ton

. -of installed capacity. Operations cost, excluding :
depreclatlon vary from $4.00 to $8.00 per ton of :

refuse destroyed. Large new incinerators are pro-
jected to provide 95%: reduction at a cost of opera-
tion of $2.00 to $3.00 per ton, but these are likely -
to be*limited to the super cities. N
"+ To find any other form of garbage dlsposal thh
_proven history, it is necessary to journey to Europe

- where compost is being made from garbage. .
“'Should there be a market for this compost, it can

prove to be ‘an economical means _of -disposal.
However, with European garbage it appears that -

. only about 25% of the refuse can be made into

acceptable compost
“A primary step in the product:on of compost is
the grinding of pulvenzing of the garbage. by -
rasps hoggers or hammer mills. "An interesting fea-
ture of the'grinding is the transformation of the

garbage from a variety of waste materials into a

relatively homogenous mass bearmg little resem-

blance to the original material. Not only:is the.

garbage reduced in volume by up to 70% but it is
converted into a humus-like substance which is

relaﬂvely odorless; unattractive to flies and vermin, S
'. relahvely incombustible and further compressnble

. under load. This discovery opened a new concept

. of treatment by gnndlng wnth or without the pro-

duction of compost.

'Sanitary Refuse Couectors, a privete company pro-
v)dlng collechon and disposal for. over 30 mumcl-

: he munieipallﬂes themselves. searching for a last- .
ing and. econbmlqal n‘sean&of dlsposal. efuse




Design - o SR TR

(a) Preliminary. ‘Although the crushing of garbage

is originally a European idea, several plants have

_ been built inNorth America, mainly with dtsap
- pointing reths. The crushed garbage in all"of
these mstanqes was used to make compost; the
.economrcal feasibilities of these projects were
usually unreehstrc, with the result that: most of he
’ plants closed down after short duratlons

C tabhshed as bemg p
desrrable waete product rnto a relatrvely in and: ' rty was also scaled 1o surt th
.safe. homogeneous material. :
. It was also|acknowledged at the design stag
' ,that no disposal plant will successfylly elj
" all of the refuse; items such as washing, "
refngeratorsjhot water tanks, heavy plastrcs hrghly

mﬂammable ttems, etc., occur in dom

.- These prrmary consrderatrons together with the
- fact that because of the transformed nature of the
garbage, a Iahdfrll srte could be tound atva close

e

-Overall vrew of the
'Montreat refuse :




msrde tlled faces to provide' cleanliness, easy,

mamtenance and neat appearance. Excellent archl- :

tectural treatment by Bland, Lemoyne, Shme re- -
ulted i in a striking ‘and pleasing appearance to the
plant (Flg 1) and the archttectural -high standard
was' confirmed when the plant was placed.in the |
lmal group for the Massey Medal awards for. 1984

c) Machrnery North Amencan garbage vahes con-’
siderably . from that in Europe also it is ‘not sepa-
ated'in more easrly manageable materials by the

ouseholder (i.e. waste paperf and trash) Certamly
in-Montreal and the surroundmg districts almost
everythmg is-picked up with the usual collection.
Thus ‘handling ‘equipment had to be designed to
‘transfer. normal size boxes- contammg garbage to
items as large as double mattresses. -

Garbage itself behaves i in an unusual way when
handled because it contains ='o many numerous
items, and yet bears none of lhe characteristics of
the natural materials. It has an angle of repose of
90° and greater, and while thls may lend itself to
good apphcatlon for stacking and digging, it pre-
sents many problems when movmg any leasonably

'orth American garbage also has a very low
elght bulk denslty Expenments have shown that
e average’ weight per cubic yard of raw garbage

is 170, Ib. However, this figure can.vary, consider-
ably. arid” in'point ‘of fact will! rarely - exceed ' it.
; rgures .which mvolve tonnage can*therefore be

ry. mlsleadlng when related {o.volume.

1 The_costliest. of the: mdtwdual machmery rtems -

he plant was the overhead crane, if-was care-
lly desrgned to produce the proper feed to ‘the' -
onveyor belts with extra capacity’ for stackmg to
ke place. As it was the only’ mgle prece of -
equrpment in an otherwrsefdoulble ﬂowlrne, great

are was takento safeguard Agalnst possrble ‘major- "

breakdown _The crafie was to be underslung from
the overhead beams and contrplled by a central :

type console. This latter system gives greater .
scope to the operator. of the crane, enabling him :

lncorporated in_his consBle were remote control
the:doors tothe dumplng bulldmg :The crane ..
operator thus becamean important part of the plant
d‘not an-isolated. unit; :
The crane bisckef dumped the garbage intoa "~
double central hopper,.from which, the pan feeders

ansferred the ‘garbage {6 the two’ conveyor belts. ..

e belts then- «carried the garbage up the conveyor -
allery through the salvage room, to the crushers.

ftér crushlng, the matenal was transported viaa * -"‘".agam in volume under compression. The length’

Operations :

'tlon unloadmg, salvage and drscharge were all

connected by intercommunication systems. At
different polnts in the plant, special dust gathering
equipment was incorporated. Figure 2 shows a

" typical cross-sectlon through the plant giving some
’ machlnery detarls

In late 1964, the first loads of garbage were

* processed- through the plant with rather mrxed

results. i

Control gates designed to govern the llow of
gerbage from the hoppers to the conveyor belts
caused blockage and finally had to be removed.

The crushers were modified by our own forces
in the field, and some of the modifications proved
to be inaccurate. It did however show the vast
ditference between European and North American
waste. The.crushers rotate in an opposite direction
to the entry of the garbage, thus breaking the
garbage up and grvmg a more even rate of
crushing (Fig. 3).

Uncrushable items such as tin cans are rejected
up the reject chute and pass out through the top

- into the storage hopper, or after repeated hammer-

ing become small enough to pass between the v
hammerg,-and through the bottom grill, and are

- discharged with the crushed garbage. The applica-
- -tion works wegll in Europe and the reject hoppers’
_ are usually full of a goodly collection- of crushed

tin cans. In North American garbage however,.

" there is also a fair collection of heavy plastics

-and rags; these latter items will tend to bind to-
.. gether with tin cans and are rejected with them;" ,
- this results-in the reject hopper containing an-un-" -~
. -sorted mass of hard rags, shredded plastics and ~

battered cans. It so happened that no market
existed for the metals and the problem was solved
by removing the reject hopper and placing these

.- uncrushable items back on the crushed garbage e
~conveyor, via ‘the reject chute. - Lo s
. = The crushed material eventually werghed much

mplete controf over the dumping ‘building floor. . less than original estimates; with the result that: the

volume-of the payloads out of the plant had to
be increased: After leaving the crushers, the -
© ‘original design called for the crushed material to -

- ‘-‘be transported by a single conveyor to a reversible

conveyor ‘whi¢h fed one of the two statlonary
packers. The hopper capacity of the packers was

“only one cubic yard feeding into a 34 cubic yard .

box. The resulting payload was found to be too " _
small, even though the crushed garbage did reduce .

_of stroke ot the packer cylmder tended to slow

;'stat onary. pecker boxes, Ppresented further prob-
lems. This latter item:caused great economic.
: wn-time to the trucks -
&= flatsbrokan -haujage ‘€able,. normal electrical”

hydraulic fallures), meant that astandby would
 néed




LR

[pPitesaviinamiuivereny e

<

Crusher cross section

Figure 4 -~ 1 -0 L
‘At landfill, bulldozer =~
. hauls crushed material. -
' from trailer .. .
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Although the plam was workmg on two 10- hour
g 'l @ shlfts since January 1965, tonnage remained in the
vncmlty of 230 tons per day. The changeover to the
* larger trailers was made in February 1966 and
- resulted in an increase of over 150 tons per day, -
. “many days producmg well over 400 tons.
drced the matenal out of the -.: The graphs in Figure 5 show a typical year’s
3 As the crushed métenal is extremely " operation from Rpril 1967 to April 1968..

Sy Arrangmeht proved ‘much less . .- The graph showing production is split into three
_mublesome than ornginally al‘lticupated,‘although -+ figures: crushed material, scrap, and salvage, the
many revisions to the’ plate and sides were needed - combination,of each item giving the total pro-
befgr_e the system was deemed sahsfactory The = . duction.

: The graph showmg the down tnme glves the .
ﬂe mamtenancet the trall bod ‘and plate; " individual items of machinery with their percentage
hi et AOW ** ‘down time related to working hours per month.
yards Whlchv gave a loadmg tlsne ‘of 50 mxnutes '. : It was found that the most economical method of
bling. less trucks ‘to operate on the round trip. -~ . performing maintenance was to close the plant
‘Thie dist nce from.the reduction plant to the dls- -~ .completely twice per year for a period of one ’
posal, site is 11, mtles (221 miles round trip) and - © - week. As the plant is run in conjunction with a

' rage travel time is apprommately 70 minutes, .-~ landfill site, this could be done without any: :great

¢ 'compafeq ‘tavorably wizh the.loading time. - : . problems and maintenance crews could work with
An additional advantage was the fact that, Sh°U|d much more efficiency in a completely closed plant. -

alfunphon ﬁresent itself on:the - -~ ~As July and February are the two months when
fth wheel tractor. cbuld easuly be hired - " pick-up of garbage is at its lowest, the plant was,
) au!age mmpén - Only oRe: standby " closed for a week at that time. NormaHy, three -
ceded in the- casé Of breakdown,- ! " pickers are.employed per belt on salvage, together -
_with two men on baling operations: Salvage oper-
;. ations are kept separate from production oper-
“ations and made to operate profitably at all times.
Pricés on the salvage market tend to vary: -consider- -
“ably and it 1s "advisablé to keep'a close control
thi 'Slde of the operatlons.. :




cost per ton as

Scrap amounte to approxrmately 3% ofI total
* material passrng through the plant. Generally -
- speaking, items which would be damaging to the
e T
crushers are fremoved, although very heavxr rags
wg_am_also_mngm hey tend to
‘cause ;ammrng -Although the percentage Is Jow;:,:
it still represints approximately 50 cu yds| per day,
.a figure whic represents almost rndestructlbl
‘items. . - : w1
Itis also rnterestrng to note the almost day-
= by-day fluctuatrons in the condition- of the,garbage ¥
dependmg or weather season and pick-up condi
tions. Uk e
. Regular productron tonrtage wrth S0 many:
'varrable condrtrons is difficult to malntam, an
. sults in varyng maintenance flgures as laf as.

Economrcs- e B
Figure 6 sho /s a summary of the average'lc st
per month spent in operating the plant for the
‘period shown| on the production” graphs,, “from Apnl
‘;1967 ta Aprrl 1968 The average productron over

1 6 180
-7y 642
Salvage over hrs penod showed"
“a profit of -
‘ Total operatron cost wrth salvage
£ e »-x l ! e,
 We must stu dy what savrngs would be realized
t_rnstead of-d lmpmg their.loads in the. redluctlon
.'* plant, the packer trucks were forced to journey
- the landfill srt with their loads. As mentioned .
prevrously, distance to the landfill beyond|the pla
' cess.tatmg a round trip of approxi-

Total operatrc ns cost

=4
Cost of Operatrons usrng Landflll e
-Cost. of’ operatlon “of one “packer truck
(3 man- crew) on round tnp to landfrll srte
Dispbsal ‘of ‘ohe_§ acker truck:

475 ton¥ werght) through

-without salvag $2. 12x'4.75

-Cost’ }o proce s one packer tr _k hroug Y;
‘plant wrth salvage 1. 57 X475

A$ the WElg:lllt of the' crushed‘materlal nd thi
acked garbage’ entermg the. plant is appro m
the same, fourlpacker truck loads are.contalna

"each trarler oad" leavrng the plant
e’erushed material at’ tthel landfi

.and e;crushed materl ki

For these reasons. drsposal of ohis irs

‘much moré economical than raw garisags ';m&

otald price for one traller is $4 Q0

Therefore total cost of proce

truck through ‘feduction’ plant, lncf%

of crushed material at the landfi

~Wrthout salvage; .

$4.0

10 07 + ‘drsposal (———

‘As. with mcmeratron, the. closer. locaﬁmm‘ttw tﬁe
reductron plant can be srtuated to co!!eg{m aveas

amount to hrs own mterest rates and
accordingly. it is possible- that the’ capttzi ooet
could be reduced as the plant bemg anmgéaat

is‘-_lrkely that no dally cover would be nee&d ln—
deed dn. Europe crushed materral sites are oper-

l‘onéthlrd was obtamed by using. tt:{
, one.for’ raw and one. for crushed




ccommodate for surge 'oadmg The extra cost
in this storage voluime {storage pits, over— '
anes; eic.). makes arsmauer mstanauon,
ivthe'stationary packer:ype of system usually
€s, hardly comparable with a Iarger system .
s necessary heavner quupment o
eratior ulored to meet the .

, :crushed matenal Th|s could be due to the type
.. of grate'involved, as it would appear that the

material needs activation to obtain a good rate of
burmng The future in this field, however, holds
excellent |possibillties.

- The plant was the first of its type in North

’-'_.Amenca and although many problems’ ﬁresented

themselves initially, the economical feasibility is "

. good and|the original concept correct.

" The plant presents a new form of waste dlsposal
on this contment which will give greater scope to
the mumcnpal engineer when problems involving
solid waste present themselves '




~ROBERT K. HAM
Assistant Professor of Civil Engmeenng,
SR '—;%i"_Unlversnfy of Wisconsin, -
* "Madison,. Wisconsin

HE PROBLEMS a$oc1ated with

solid - waste disposal have led to

. consideration of modifying present

-.practices. One such. concept is that

‘of large elevation landfilling or
buﬂdmg hillscof refuse. '

-Many of the modern problems of

. refuse. disposal are due to increasing

.amounts of refuse generated per

.. person plus a general population in-

crease; migration of people to urban
", areas; and decreasing availability of
landfill sites.” Although the costs of-
d.lsposal are high, they will continue

. to increase as citizens become more

.. " -concerned with the effect of disposal
‘. ~on .the environment, the wasteful-’

" ness of many disposal practices and

- the possibility of having a disposal

operauon located near them. - - -

By concentratmg refuse disposal
" into one ‘area over a fairly long
. period of time, large elevation land-
ﬁlhng makes it economically possible
. to:provide a well engineered oper-.

- duce insults to the environment and
to:transform” the ity dump from a
detriment to a potentially useful -
". attraction for the community. The :

& FIGURE 1

.-proposed method involves the con--
. struction of large hills .mﬂl.refuse—gw

a co cept which is not new, for it
has been used and is being used at

“several locatlons around the world.
The method offered herein is some-
what différent than_ those used else- -

" where, howeve?, in that special site

preparations and operating proce-
dures are proposed. It is suggesbed
that the best final use of the hill
would be-a public recreation area
where skiing, tobogganing and sled-
ding might take place during the
winter, and picnicking, hlkmg and
the viewing of flower gardens and

. the surrounding area could occur

during the rest of the year. It is

.. certainly. possible that other final.

uses' may be more appropriate m

_some localities.

Site Selection.and Preparaﬁon

Proper site preparation can greatly
diminish one of the major areas of

. concern brought about by concen-

trating such large amounts of refuse ¢

.- —the potential water pollution prob-

" cept the ¢

“lem. It is suggested that the pro-
. Vvision of "a ‘water-carrying layer of
- sand or gravel under the hill, prop--

" erly sloped to carry water from the
<ation, to-lower nuisance levels, to re-

refuse, would collect water. flewing'
.-downward from the refuse, as well

: '-"as'iivatex‘ flowing upward if the site

. should be one of ground water dis-:

. charge. These waters would inter- -
layer and flow =~

aquifer”
Iatgzglly in it to a colle_ction system

. Proflle of a refuse hlll deslgned for use ‘on an unstuble foundahon.
Sulnequenﬂ' seﬂlmg would increase ﬂ:e slope cf the dmnage system to the reserVolr.

~ Flexnble hose for{,
“pumping »out resergqlr .

for controlled dlscharge and/or
treatment.

An estimate of the ﬂow‘ tate from
ground water discharge may be ob-
tained by drilling several wells of
different depths and measuring the
- pressure acting on the water at each

depth. If the pressure above datum

increases with depth, there is a net
ground water flow upward which,
even though the surface may be dry

‘before landfilling, may result in dis-

-charge into the refuse and the build-
up of a water mound. Knowing the
“pressure gradient, standard hydro-
geological methods can be used to
- calculate the rate of ground water
discharge. An estimate of the max-
_ imum probable amount of leachate
" is next obtained to give the total
amount of water the aquifer must
carry. Knowing the permeability of
the aquifer layer, the required
thickness and the slope.of the layer
necessary to provide adequate flow
rates can be calculated readily.
" It'is suggested that a sizable margin

_for_error be allowed by providing
“excess aquifer thickness. This would

assure adequate capacity even if

part of the water carrying ability of

the aquifer were removed due to

-clogging by extraneous matter or to .

aging processes. :
The prepared site is shown sche-

. by first contouring the ground to the

slope required for aquifer drainage. s
" A trough is placed around the peri-

phery of the site and then a layer
--of ‘water-carrying .sand or gravel
 is placed over the entire area, pos-

" .. sibly | varying in- thickness from 6
" inches near the center (where the

flow capacity is less crltlcal) to 2
_ feet near the periphery.

Load bearing measurements
., should be made to indicate whether
 the site is sufficiently strong to sup-

~port the hill without settling. If
-settling is likely to oceur, it may be-
" “hseful to hiave the sand-gravel layer.
slope towards the center of the hﬂli “

. as shown-on Figure 1. Settling, in

. this. case; would. simply add. to the
slope, causing increased flow rates
“The collectitm. reservmr at.

matically as Figure 2. It is prepared -

'




through the hill itself in such a

g manner that settling of the hill will

.. cause the least chance of tube block-

age or breakage. For safety reasons,

- several such tubes should be in-
stalled - R

Eqmpmen# Reqmremeni's

“The “m&jor ‘pieces of equipment
.are the mill and the conveyor sys-
tem. At is felt that milling is par-

because, relative to nonmilled refuse,
milled material is easier to handle,
" does. not require periodic cover,
. attains higher densities, - reduces
‘huisances such as blowing paper and
his a relatively unobnoxious appear-
aﬁce and odgr. Additional comments
_ on - these points will be presented
--later.- It is suggested that a conveyor
system be used to transport milled
refuse up the hill for disposal. This
- process will-result in an apparent
 low level of activity at the site, a
“smooth all-weather operation, a rea-

.. be acceptable to. the pubhc and to
‘..~ concerned officials.-

. The mill is located next to the base
of the hill. Well built, all-weather
roads.should- be provided from the
nearest main road to the mill. The
- “+ roads are flanked by the access area,

it ‘will enhancethe area during hill

ing.entrance area for the park after
~-the hill has been’ completed. The ac-

operation. The mill and an adequate
' dumpmg area_ should both .be en=

;. appearance, This will mean that non-

" milled refuse will-not be ohserved - .
- at the site; in fact, the only clue to -
,_lthe presence of refuse will be the .
-Ltrucks ‘which . frequent  the mill. -
Tooks * much  like .
shredded paper and should not pre-
. sent an . offensive’ sight dunng con-

* Milled- - refuse

_.veyance-and disposal.
" milled refuse from' the mill to the

“ures-2:and.3: This system allows. all

“ " with’ gravel and lmed “with ‘heavy -
plastic ' sheets " t6 avoid leakage.
> Pumping “could be “done’ ‘through. -
. flexible’ - plastic tubes which run-

: e ticularly useful for hill construction

"sonable cost for a system of the -
. scale discussed herein, and it should”

which should be de51gned such that =
“construction and yet becomie a pleas- -
cess -area_ should: be" planted -with - -
” grass, shrubs -and trees to- bring

~_about a park-like atmosphere and to . e
~conceal the milling and construction -

- closed in-a” bulldmg of pleasing

The' conveyor system. carries . the

. disposal site. One possible- conﬁgura-. ;
- tion for the system is shown'in Fig- -

-portions. 6f the’hill to ‘be reached "'~
-'quu_:kl :;.andjmth _a_ minimum - gf

Mill ;
al ~

L -

T
Troug\h‘; " Gravel for)
yer

A “aquifer" |

( T
Graded base

-

a
sys

FIGURE 2. Where foundation conditions are suitable, a permanent drainage
em would collect water and allow it to flow through a gravel layer to a perlpherul

trough. Conveyors transport refuse from the mill to all areas of the disposal site.
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avoids any problems associated with

road building and trucking up steep -

inclines, reduces labor requirements

- and|-greatly reduces the apparent

level of activity during hill con-
struction. The non-rotating elevating

wconveyors should have provision for
_,elevatlon ‘adjustment as the hill

grows and, ‘depending on the final

~contour of the hill, they may cr may - -

not 'be extensib'le. ‘The rotating or

. - distribution’  conveyors should _be
- provided with a mechanism for easy

rotation from one dumpmg area to

. the fnext

e 1.,, Consfrucﬂan 9# Me H:M :
To make the disposal operation as *

unobvious as possible, the follomng .
T ,'method of cons{'rucﬁon as illustrated

O FIGURE 3. Plan view shows initial layout for construction of a hill of >r’efuse.

begun, a pile of refuse should be
. .placed around the penphery of that
_ layer, thereby screening the opera-
- tion from view until the next layer is
"begun. As soon as the outer slope
of each layer is completed it should

tion should be planted. Note that:
the earth may be placed by the con-
‘'veyor system, but that some ma-
- chinery for compaction and con-
4 touring the surface will probably be
. necessary - at. this point. Note also
*'that as people get closer to the hill,

- ..where the operation could be seen

~: “'more clearly,-more of the operation
- will be hidden from view. No fences .-

2 or-other eyesores would be neces-
~sary ‘The elevatmg conveyors. are
““located in an area called the access
- groove. The groove screens the ele-
vatmg conveyor from side views and

‘be covered with earth, and vegeta- -




)
AR

Access groove .

. hgs utility és-aceess to the hill during
"+ ‘and .after® construction, as will be:.
- -discussed later. Prompt planting of

~.trees and shrubs will further shxeld- -

the conveyor from view.

‘There are several matters of con-
i cem as the hill -nears completion. It
- .. is.expected that the top of the hill
. will. be . skewed and/or relatively
 “fat:"A skewd hill not only provides
"l .. @ -Inore mterestmg and imaginative
"*profile, but requires less conveyor
" adjustment during the latter phases
-of .construction. It is not necessary
to fill the access groove, for the rela-
- tively low and uniform slope would, -
. for example, make an ideal toboggan
-+ - _run in the winter and provide access
oot the summit throughout the year.
:».” . Another advantage of leaving.the
.~ access groove is that it would pro- - -
' vide' a means for relatively simple -
~,Temoval of the conveyors from the -
", - site. If, however, it is desired to fill -
. ‘in the access groove;. incorporation *
..of this fact into. the design. of the
“conveyor-system will be.necessary. - -
A potentlal problem during con- .-
truction ‘is-the™ “disposal. of  large
objects. ~Arnything - which can be
: transported by conveyor to dlsposal :
-will”offér  no problem, as it will be
-quickly covered with milled-refuse. °
Large: bulky objects which cannot.
‘be’milled or readily conveyed must -
“be, ’han_dledd ’separately . Depending

on jthe nurhber of such objects, it is
suggested that they can be trucked

“on a road in the access groove (note
tha‘t it is relatwely easy to make -

good all-weather roads with milled
refuse, as shown by experience in

- Europe and experiments in  Madi-

) and placed on the hill at such

. locations that they can be readily

covered with milled refuse. When

. the] hill is- sufficiently large that

trucking becomes difficult, such ma-
terrls can be placed in a specific

- location at the foot of the hill, next

to jthe mill,  where proper fencing

. and periodic- covering with milled
"refuse will make disposal as un-
.. obrloxious as possible. Note. that if
' large amounts of bulky refuse are
- received, rathér than have many
trucks going up and down the hill it

may be useful to provide a special

“process for grinding.such objects for
- disposal, or to provide an auxiliary
veyor. system to transport milled . -

fﬂse cover to a special disposal

v site|; fo:: these ob;ects adlacent to, the

e will the public find the process -
gxoqs_, nor will health e_nd.vsa,fety

‘ ut{this artlcle, the construction of :
- a;large elevation landfill must be.-
. done in"such a manner that at no.

samtary landfill: operatlons

U FIGURE 4. Imhal phases oﬁ conshuchon would concenhnfe on building, covering and Iundscupmg the outer a|ope

considerations be jeopardized. It is
felt that the milling process is par- -
ticularly useful to meet these criteria,

"and to provide a sound long-term,

low-cost operation. This opinion is
based on experience gained during
the Heil-Gondard, City of Madison
demonstration project, in which the
feasibility of landfill construction
with milled refuse but without daily
cover was studied. Items of special

. interest include the following:

~ & Results from the demonstration
project have suggested that daily
cover is not necessary; the milled
material provides its own cover. The
costs, noise levels, and amount of
activity associated with bringing in -

- huge quantities of cover material,
. elevating it to the active area of the .

hill, spreading it, and compactmg it

~ are thereby avoided.

" Milled refuse plles, not covered,

- have resulted in no more, and prob-

. ably less, fly or rodent problems than-
non—mllled refuse piles covered with"
1 to 2 feet of dirt. Vector problems

". appear unlikely even for a large- :

- scale operatlon : (PUBLIC - WORKS,
J uly, 1969). '

" to cover milled: refuse due to odor
', problems; odor levels have been well
“below those normally associated with

4

b It ‘has Hiot been found necessary ©




8
“mixed with- other matter tu‘»form' a’
matrix which. restrams any, bIowmg

‘ & Milled’ refuse ean be handled
easily on a continuous basis; there-

‘ 'mg in less gross activity at the site,
. -lower labor requirements, and
oL smoother all-weather operation.

':.lelled refuse compacts easxly
7' " and - umformly to densities of :1000
- Tbs. per cu. yd. ‘(based on a six foot

- D-7 tractor). or more. This means
. that less landfill volume. s required -

- ventional non-milled - operatlon
where daily" cover is. applied. ’

“ > Milled refuse is significantly. less

_ obnoxmus in appearance tha;us raw
: ,refuse

. formly than does non-milled refuse.

< .« D Milled refuse- doesnotbumas
: - neadlly as raw refuse; however, to
;. _-.,. .. assure safe operation, it is suggested
= 7. that the site be provided with ap-
- .. propriate_ ﬁre-ﬁghtmg _equipment

P

<. until ‘more experience has been ac- -

" 'quired with milled refuse. Note that
S : the milling process itself will terid to
i+ %« dissipate hot ashes or other snmlar
S ﬁre hazards

Wa#er Con#amma#mn and
-Gas Production

_ It is obvious that the accumulatron
““of large ‘amounts ‘of refuse’ Tépre-
sents .a major potential . source of
~Wwate ‘contamination.” For a_ 'large-"
‘elevation. landfill, with' elevations of
+100-300 feet or more, it is doubtful
- that any leachate will pass through
therefuseto the base in.many parts.. |

f the country. For cells constructed
“of milled refuse up to one year old,

: deep, data collected- under the HelI-

3 amounted« to 0.073" Titer.: per
quar_e foot for a. seven-month pe—

od.

i m‘gzmy 30 day ﬁenod ‘was‘about 0,028, "

" rise compacted with a Caterpillar -

- than would be necessary for a con- .. .

. concentratlons

4 B Milled refuse settles more. uni--

__not ccovered with-dirt”and six- feet:

‘gas production is known to be very
.-rdependent on’ moisture: content, th
prowsxon for .adequate - drainage of
the refuse hill should lower the rate
‘of production - -markedly;* neverthe- e
ess, studies are planned at the Uni-
Z’m ity. of . Wisconsin ‘to determine " *

T

e hter -per- square “foot. _It should, be‘

-about” by .a ldrge-elevation landfill
ay be the’extended peridd of time:

eréd:
robably = -and pIanted wrth vegetation, In addis
ﬂl@m Wl
*of a-water mound over a
'f1hme would . provide "a »
" ‘mechanism to carry contaminants to -
* ground or surface waters: In order -
. of refuse will be required to com- S
_plete "the hill.- For a municipality -

tion'to_direct leaching,. the formation

periéd of

e  fore;.conveyors can be' used, result- - to-avoid. such contamination prob-

lems, whether due to leaching or

. the formation of a water mound, pro-.

vision for drainage of the hill, such

as the aquifer layer descrlbed prev1-'

busly, may be used.

collected from milled refuse cells
during the Heil-Gondard project has
- reached more than once-a BOD -of

'14 000 mg/L, COD of 30,000 mg/L,
‘ total nitrogen of 600 mg/L; and am- -
- moma mtrogen of 400 mg/] L The pH

ranged from 5.1 to 7.8. Usmg these
and assummg a
eachate flow. rate of 0021 gallon
er square foot per 30 days the pol-
utional load from a hill Iwrth base
imensions ‘% mile by %4| mile (or
approximately 1,000 feet in radius
for a conical hill) would be approxi-
mately 100 pounds of BOD and 4.4

~ pounds of nitrogen in a flow of 870

gallons per day. It is expected that
the amounts of pollutants produced

i
" in an actual hill would be consider- .
1

and that dlsposal in a sewer, if
available, would be desirable. Work

_is underway at the University of
“"Wiscopsin, and additional work is
.- ‘being' planned, to estimate| more ac-
; urately ‘the " amounts, composxtion, i
" planting of vegetation, can provide
* the municipality with a major scenic
- and recreational attraction. It is not
difficult to-imagine that parts.of the
. 7 hill could be used for flower gardens,
..picnicking, scenic views, etc. Re-
*search is underway at the University

d ‘treatability of leachate “Note
at runoff from the surface of the

' h1]1 will .run harmlessly down the
slope and will not. enter the collec—‘ -

“'tion system

| Little is knowh about gas produc- :

tion "~ within a ‘large "landfill. - Since

e - “accurately ° whether special

' vrecautlons for" gas d1scharge should :

'Some Addmonal Beneﬁ#s

g site’ acquisition ‘mote and more
icult;* the’-main - beneﬁt ‘brought

eIatzvely small site can be used,

transfer

- to -acquire sufficient land to assure .
The water that is collected by the
. aquifer may be highly polluted. That

" new site acquisition may be the in-
~creased number of potential sites
available because smaller sites are

- tion problems.

~ tion should arise . from increased .
-public acceptance. This would be due : e"'."f

" master plan for ultimate use of the

ably less than these estimates. It is *  gested that the hill be designed and
. likely, therefore, that the leachate
- will have no. effect on a sewage

' treatment plant of reasonable size, . agency, if it is to be used for recrea-

“various degrees of difficulty and

-the summer a well designed system

.support growth .(if necessary), and
. any peculiar characteristics of milled
- 'refuse” which: mighit be used to ad- -
i vantage by plantmg dlstmctlve vege-

1

To-t'heipublic oﬁ'xcxal who is- ﬁnd-a < It-is felt ¢ that proper desxgn of a .‘

“aheight ob
‘and assunung that the rate of refuse_ :

_generation is 4.5 pounds per.person .
‘per day’ and the density of refuse in
~-the hill-is 1000- pounds per cubic
* yard (this is a conservative figure),

approximately 7.8 X 10° man-years

of 500,000 population equivalents,
this would take 15.6 years. In a day
when many. cities are hard-pressed

operation two ‘years hence, the use
of a small site for over 15 years is a

. most desirable prospect. Aside from

needing fewer sites, another aid to

acceptable and because one need not

’ be as concerned with proper drain-

age and possible water contamina-

An important benefit to the mu-
nicipality, and to future site acquisi-

to nuisance-free construction meth-
ods, such as those described previ-
ously, and a carefully 'developed

hill which takes the needs of the
community into account. It is sug- - o

constructed in collaboration with the
Parks Department or some  similar

tional purposes. By careful planning.
the hill could have ski slopes. of

toboggan runs for winter use. During

of paths, along with imaginative

of Wisconsin to determine the suita-
blhty of milled refuse for supporting -
various types of vegetation. Goals of .
this effort include the identification ::
of species- both suitable and not suit-
able for growth on refuse, methods
for improving the ability of refuse to =

tation.

Iarge elevation landfill operation can
gam public acceptance; be reasonable
in cost, enhance rather than detract - .
from: the environment, and turn one .- -
of. the most oﬁenswe ‘aspects -of - -
modern: living — the- dump —into a-
major municlpal attraction ' DDD
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" . that it is becoming cheaper to make new
- products but.more expensive to recondi-
tion “or even' clean them. The trend is

strongest in“the United ‘States ‘where,
~. every year, - people -throw - away seven
million cars, 30 mllllon tonnes -of paper

.solld“ wastes: are changmg from woed,
paper_ and.-iron . 10 Unrustable alloys

i_ bum ‘In the US domestlc waste is bemg

*gdarly per caprta 4 igure. W

mass producnan factory than to a- farm

i enés' e, llield*of“ man%'i‘ mste»mmer
- This: un

: the Valie“of the oﬁginrtt’matenar

. THE ECONOMICS of our society are such

and 48 000 mrlllon tin cans. And man's |.
lasses ‘and plastlcs which neither rot nor -

d .- “Addmg industrial ‘waste
‘results’in a figure much more than doubl- |
‘ed. ‘Agriculture likewise' ‘generates. wastes |
< on a prodigious scale. ‘Over 100° million - |°
‘heada :of ;American cattle. each Produce w4
almost 30 kg of manure daily and soil a
antrty of straw, addmg 15 kg to the

nd values are hl,gh,,vet' '

D G erson

amemty and hard cash

wastes gre.often valuable materials in the
- wrong place; so the problem of what to

one of efficient transport and haadling.
MoreOVer the "high-concentsation - of -
wastes near animal ‘factories’ typifies the
common' situation in which land manage-
ment, air: pollution- and water pollutron
- are- mterlmked Wastes dumped on or in.
" the ground may: -cause water . poliution.
.."Wastes burnt may pollute the air—unless
-+the incinerator- has .water washing.equip- -
“ment. in" which case the: pollution “may

not unduly ‘pessimistic to claim that in’.
most ‘countries there is: lrttle or no co—

- ‘sponsible for air and ‘water pollution and

“agement ‘can’ “bring Tother ‘evils. The- in-’
| sects and vermin that breed on untreated -

" be*one of the .causes, as well as-ane of

the effects; ofa nerghbourhood beoommg
‘rundownis Lt o :

ors, to a fast chaﬁgmg economic batanoe

~and- 10. 2 lack ol’"v'ktmwledge of e:nstmg
heds atment, Sueh-large sa

lizers. Thus it can be seen that solid"

-do- with them: is in iconsequence largely

merely be. transferred to the water. It |s '

* grdination - between « the.” agenc;es re="

tand management And poor waste man-

" |- waste - cause - disease;" i.and " the “un-".
.1 sightliness of ‘most- of -our- wastes-for

- example; a ‘car wrecker's yard—-may well
~and: the economic value: of manure is no

onger Jhigh_enough for it to be transport--‘f
éd: and sold as cheaply as symhetlc fertr-,

caused by:the 'ncrea&ng%osgm labouf“ ,‘_Mworked on gas turbines-and_fluid dynamics

the solud Was‘t@problem

Today people throw rubbish away to be collected and disposed
of in ways virtually untouched by modern technology. But
the picture must change for reasons of publlc health, somal

could be realrzed by the mtegrated applr-
cation of the best techmques already
-available that the cry for new ones must
be regarded at least partly as response to
-a false scent. | therefore intend to review
- some of the trends in the US scene which
cappear contrary to the public interest,
“and then to discuss some of the more
promlsmg developments in: the - solid ’
wastes plcture generally ‘

THE UNlTED STATES displays litter in
“the streets, ‘poorly Fun dumps, and ‘in-
- cinerators—where they are to be found
- at all—which usually foul the' atmosphere
.-and produce only partly burned- residue. -
--Having an abundance of space and natu- .
“rral’resources; Amencans have not on the
whole tried to" conserve their environ--
-<ment. They moreover prize that individu- -

" “alism and mdependence which rejects

: the authority of government The result of .
these attrtudesfrs that, whereas in indus- -
try rules” requiring’ great self' denial are
scrupulously ‘observed in order to attain
amazing levels of effi iciency and produc-

e trvrty “in-focal or federal government the o

: i~ economic. Jncentrves do not operate and
A summer study we. helcl at MlT in L _ .

—;"1968 showed the < drﬁ‘cultres to “stem

vid Gordon Wnlson lS an Associate Professor\ o
«\Mechamcal Engmeermg at Massachusetts
““Institute of Technology .A native. of. England, - -
.he graduated at Bnrmmgham and Nottingham,::

- and -became Vice-President “of Northern Re-




" charging chute

L insert twine or .
v wire bobbin here
— walking beam

e

== | compacted
- | refuse’

- . or plastics here
. | removable bin P v

(charging door)

wamlng Ilghts f—

insert roll of paper —

" ‘compacted refuse —_

foot switch \‘_@ :

o0

Sore S e - e - foot switch (eject bundle) . : -

" ‘DOMESTIC REFUSE has for many years containad an"increasing proportion of paper and
. paper products, so that its overall volume can be greatly reduced by compacting in a press.
- . Left, above, is suggested a simple manually op2ratad compactor which might be economically
-acceptable to larger homes; it has a hydraulic circuit energized by a foot pedal. Right isa
" more-elaborate powered compactor which automatically compresses and wraps the waste.

- the result .can be equally startlmg mefﬁ- . -ordinances (
clenqy The MIT study found that, where--  prohibit the movement of the wastes of
as .in-US , manufacturing industry the - another municipality through its own ter-
costsof almost every operation were ritory. Accordingly; - many towns un-
known. to-a fraction of a cent, few city - wittingly - pay the penalties of indegen-
managers or.engineers were even aware - dence and smaliness. One obvious penal-
that the costs of household refuse collec-
tlon he .between 317-35 per tonne and -

ER

= “the.’size increases. The, second is that
_ i+ smallness diminishes bargaining. power.
The predommant concem is usually' -A group of municipalities whose aggreg-
wrth sdnd waste treatment, the cost for

a poor!y operated dump to $17 per tonne ,‘
for.-a- small ;incinerator.. When a-town.. ..
dump_’oecomes fi Iled the only’ avarlable ~ be able to consider -alternative methods

- These :,alternatives now’ include - long

whefeasahecosts of oollecnon ‘are often
squerged As the tendency has been to

- lamation-plants; as- well -as incineration;
w%nd pyrolysns (heating in the. absence of

cept to apply to the treatment of sohd
. _‘,.wastes In: the form that they are pro—
prtatton although one has now ‘been or- ’g B duced in home farm and factory, wastes:
‘dered. ‘in these cerumstances the in--
'cmerator manufacturers have bean able to.

o in the form- of ‘waork,

-laws) which specifically

ty is that any method of treatment, parti- -
.cu!arly mcmeratlon, drops in unit costs as -

ate solid wastes total 1000 tonnes per -
day is ‘not only assured of. greater com—'j
- petition. among bidders_ for the privilege

A_.together———alumlmum ‘with : steel,
- with plastics or ' clean. paper. with. dirty
' paper—the entropy increases greatly and
of supplying treatment but is also likely: to -
~wastes back into a separated condition
-..requires. the. expenditure of work.- This
. -work may merely be that of sorting, but if
_the 'mixing _is :accompanied by - con-
- =tamination ~ar. reaction it. is. ‘very .much
.greater.
-prevent - wastes --becoming:: mixed; - and
there are continual. attempts to devise -
- methods.whereby refuse is sorted at the
_-point; of production. Householders- may

- -not-available or-viable on a small:scale. .

. distance.-hauling: and salvage and rec- -

- have -properties ‘that  give-them. avarl-'
) ‘-eabdlw~snrcﬂv a«measure of ‘the: maxr~

-

te'rnperv‘ature ano _the energy liberated

absorbed in' an engine working between

- the widest possible temperature limits.

- Solid wastes may also sometimes be
used again. Some have a market value
for reprocessing back into their- original
form (in the case of glass and metals), or -
to;a slightly changed form (clean news- -
‘'paper and cardboard) -or ‘a completely
.new one (wood):: o

_As soon as the’ sohd wastes are mnxed
-glass

the availability decreases. To.bring mixed

Obviously. it is desirable . to

‘be. asked to use separate containers for -
i clean newspapers ‘steel cans, bottles,
garbage {kitchen refuse) and whatever is
~left. As such procedures are susceptible
10 human fallibility, and also increase the
cost: of callettion, they tend “to. be. of
alue only in large" establishments. The
alternatwe IS t _d the sottmg after mis--

ing has. taken plaoe and.- later. |- shall

desenbe) experiments on, ‘processes inten-
ded to overcome the penalties of miking:




‘LARGE SCALE compaction of solid wastes calls for a correspondmgly large and elaborate

plant. This example, the MIL-PAC unveiled at a ‘garbage-in’ held at the Plaza Hotellln New

=1 Yorik by the makers, SFM Corporation, first pulverizes waste material and then compacts it

L .. to avolume down to onefiftseath of the.original. The resulting briquette (right) is ‘an odourless
T et P'Oi?k- -‘;whic'h’ een be used for landﬁlling. orgamc fertrlrzer or for salvageable materials ’

'A thermodynamlc vrewpomt also helps been coyered and fitted wrth doo s and,
(o def' ne a pollutant as ““any matter not - +-as our domestic refuse contains a rising
at equrllbrrum with its environment”. This _ proportron of paper-and paper prti)ducts
definition encompasses alt forms of pollu-- ~ with load._compa'ctron devices. Automatic
tion; material, -thermal - and acousttc - ‘dustless’ loading. particularly by, the Zoll-
Preservmg the avarlablllty ‘of refuse m er ‘system, has:become wrdesprlead in
) 'her to produce poWer or to re- -

- re-use,’ ‘_aytomatlcally, the use:of dust-producing solid fuels is
“overall - ‘polfirtion.” of the' o drmrnlshlng the need for it. The high
F rmore, the amount ..cost. .of collection is due mainly |to the
i ’ drrect large jabour force required. In England: it
rs not uncommon for a crew of seven, to

tage .of Cleanliness, paper. sacks - do not

'of the bin is elrmmated the loader’s job
can be greatlv speeded up Paper sacks

" Europe, although' the rapid reduction in

to_have to bring-his bins to the roadsrde
and return them afterwards, so that some -
of these rt‘.osts are. not borne . by the.

“ Use of- ‘paper sacks “which- started in
_Sc’a‘ndinavia, has been’ one step ]in this - -
: drrectron Apart from the obvious advan- pulvenze the refuse to'a degree which

- gives consrderable advantages in inciner-
have to be returned; and, as the - lwerght- )

of those on the market are ﬂrmsy and
easily torn, and those made of polyvrnyl

' chlorrde can corrode i incinerators.

"It is partly the favourable response to
paper sacks that has initiated research on

_both the compactlon of refuse and on
‘vehicles which are qurcker loading with-
.. .out being excessively. noisy.. Most com- .
“paction trucks operate either wrth arecip- - -
-;'rocatmg plston compactor..or a rotary - .

arrangement resemblrng a meat mincer.

A flurry of excitement ‘was caused in the -
‘US last year by demonstratron of a tradi-
' tional European rotary screw truck be-
~cause of its faster loading, quietness and
'abrlrty to ‘chew up refrigerators, stoves
. and oil drums.” Normally a specnal collec- -
_“ tion must be made for large items, which
;therefore incur ‘a. drsproportronate ex-
" pensé” that is’ ‘ofteén passed on to the
5 householder These rotary packers also

ator operation and landfi illing. The vehicle

~ has been found'so quiet that it can collect

- paper . sacks at nlght without residents
.have often enabled the crew to be re-

complarmng, so that three-shift operation
becomes possrble In ‘addition to the ob- -

vrous addm‘onal“utrlnzatlon of - ‘capital

average a

hrgher speEdjdurmg the night hours when.



: k-3 d dense: bundles to take.out for .
-collection; with nothing to be brougfit’
-.baqlo -And it -is easy to devise zsimpls

nde counter umt ‘yielding one or two

i :means whereby ‘the compacted blocks-.

prieumatic system is bemg used in new

blocks. of. Brmsl'r flats. A French hydraullc o

system i$ working in Paris. Such systems

nomic for whole cities unless existing
facrlmes can be used. There have been
many proposals to - have solid wastés

_ ground'up_and injected .into the sewers.

-Uorltamer to a- specral vehrcle.. lf all“
houseswrn a commumty had compactors

ation inci L
“Since’ much: of - the”cost of- refuse*col—
o lectlon is absorbed in wages it is natural

that attention has been given to the

+ development of multi-purpose vehicles, "
the driver of which might perform several ,
- ‘tasks, One such proposal is for a cne-man
'_."vehrcle to collect refuse and sweep the
road at the samé time. The only problem
seems to be- that existing vacuum units
are bulky and inefficient, but. lmproved
.aerodynamrcs should reduce nojse and’
erosion. Two methods of . air. cleanmg are
illustrated on these pages. In one a travel- .

% fadijal mflow turbme dlrectly coupled to
cen \qugal fanﬁ ,The mtensa vortex

X

: ith' energy recovery.. .
A perenmal problem in street cleamng

Altematlvely, the. ground—up refuse could

be packaged—typlcally in plastic skins
"—-adjusted .t6-*neutral” buoyancy and
- then passed into the sewers. The ‘sewage
-treatment . facilities could then -be .com-
'-'bmed with means for’ extracting and’
_treating’ solid ‘wastes. One drawback to -
‘the idea"is that most existing sewers,

although farsightedly *constructed . over-
size, have now after decades and some-

times centunes become overloaded.___ B

.

A

A further step in automatic: collectlo is
the ‘use. oftube systemsr A Scandmawan :

are_ attractive for’ large new burldmgs .
'"and perhaps new towns but are not eco-

[3

: TR‘AN,SPoerlNG‘ rérﬁ“s; to some distant

area is always very attractive to the re-

fuse producers Unfortunately, although it

is consrdered better .to.. give than to

‘receive, such a proposal is not normally

welcomed by residents near the receiving

" end of other people’s wastes. But the

proposal has obvious merit. = -
Srnee the law of conservation of mat—

_ter still generally holds; and since we-are

an urban civilization engaged in building
and producmg, there must be an increas-
ing volume of holes in the ground from
which all-this matter has been removed.

"Quarries, ‘deep and surface mines and

other excavations have always been na-
tural candidates for the disposal of our
wastes. Almost the only new component
in the proposals for long distance ship-
ment of wastes is that the technology

lrng screen with automatic blow dawnis | ..
i tended to remove leaves and lmer be- |
fore any.can enter the fan. The second is

thus acts as ‘an efﬁcrent vortex separator o RS

is-parked cars. If _the citizenry were. law; o

"~ ‘optical or TV viewer .

elevating system =

YV or

; KS for plckmg upisolrd wastes from the roadsldo could for urben use bo '_ o
designed 0. work. over or.under parked cars. This proposel by-the.author suggesiga vohicle - - -
having &guido ennrfor collacting papor secks of refusebnd pos:;lblv vacuum amoping algo. . -

1t would h sed ' i “e
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mn«eeua‘lv*well%“apﬂreﬁ‘ﬁn’e rpriaem
. of refuse back Tc‘ fill up a hole in the
ground with’ wastes in a well controlled
»_; manner can be a beneficial action on all

_Sides. Indeed, property values. in San
“'Francisco have been known to rise when
it has become known that an. area of

“waste land nearby is to be used for

‘landfill. The reputatlon of the public
“works department is ‘apparently high
enough for residents to be confident that

& the waste land will be turned into a park
or golf course with the minimum of pollu-

_tion and dlsturbance dunng the ﬁlhng
operatlon :

-Proposals for long drstance refuse
shlpment generally follow the same pat-
tern. Transfer stations would be sited at

appropnate points, determmed by opera-

_- tional research studles in the community
tﬁo _____ be served "The wastes would be
brought to these by standard collection
"'hlcles Large - hydraulrc presses would
“fake the trash’in the delivered condition

(some proposals call for shredding,

“but this adds considerably to the ex-

:

'9@6—‘?20%9 /m’ “Typlca'lly the” banes,

‘would then be banded, wrapped in poly-

ayay. Proposals of this kind are under
study in several places in the US. The
plans of the Reading Railroad and Eas-

tern Land Reclamation Inc to dispose of

Philadelphia’s wastes in abandoned coal

- mines have been held up because of

supposed concern for the effects of water
pollution deep underground. The contract
to ship San Francisco’s rubbish into the
Nevada Desert has gone through several
on-again, off-again cycles and its future

" continues indefinite. But one contract

that seems-about to be signed is between
the city of Milwaukee and the Milwaukge

_railroad. Many hope this operation will

meet with success sufficient to encou-

. rage the many communities at present
" wondering whether to take the plunge.

INCINERATION has for many years been
a standard treatment in many parts of

. Europe, but in the US the greater availa-

«

- e pavement (sidewalk)

et e

. dnve shaft

" "turbine

]
B

fotating coarse screen filter -

- med!nrmmamnmaaaﬁewimgem
- areas. fmsequenﬁy there is3 ~marked.._
_ difference between the’ desrgn “and per-.
‘thene sheets and loaded on to railway
_flat cars for shipment up to 800 km
 satisfactorily,

.- increased.
“from .12 to over 60 cubic ‘metres per
. day.. Much of this is due to the enormous "
“growth in the use: of
;"i;hos'pital care; from sheets to hyperdermics
. {one- chemical firm has the courage to .
. point out in their sales literature that

*"“there is at present no good way to dlspose

v ~.;of such disposables). '

formance of European and US. inciner- -
ators; few of the - latter are operating
.even ‘though ordinances
regardmg air pollutlon are ‘much’ less
stringent than in Europe. -

Although rubbish has been -described
by at least one enthusiast as “the
sweetest fuel this side of natural gas” it is-
in fact so highly heterogeneous that in-
cinerator design rests on rule of thumb
rather than on analytical techniques; and
the problems of control—for example, to

“provide low excess air when desired—are

severe. The heterogeneity has a marked
effect in determining the residence time.
A sheet of polythene may enter the fur-
nace with a bundle of telephone books
and a balk of timber. The first burns out
in a few milliseconds; the others may
take two hours. To burn out the books
the burning mass must be stirred or
tumbled every few minutes, but too
much agitation results.in excessive carry-
over of particles. And to increase the
burning rate by restricting the air supply

" and thus raising the mean combustion
_ temperature can cause serious attack on

_normal fire-brick when "cértain materials
. are present in the refuse.

Plastics, particularly polyvunyl chlondes
are increasing in proportion -and causing
corrosion, clogging and even explosions.

- This situation seems likely to get worse.

In_the past five years a. Syracuse, NY,
hospital—presumably typical of many—
its . output :of . solid.. wastes

““disposables” in

‘These problems are not: yet resolved :

“although ‘claims have been made that
- corrosion - and thermal  cracking can be
SR prevented by proper control “of the air -

flow. The problems are partncularly severe.

- in- incinerators ‘where heat _recovery is
" attempted by the use of “water wall”
- furnaces or other heat exchange methods -~

for raising steam. This casts further doubt

_on. the already. uncertain proposition that
- it “is -worth - while: recovering thermal

energy from refuse. But energy recovery

| seems t6 win on many counts. Obviously -
¢ itreduces-thermal pollution of the atmo-
';»,_."Sphere Secondly, the energy. produced
~might eliminate: the-need for some other .
.. .80UTCe :
: mal -and matenal pollutron Thlrdlv, by: ;

energy, further reducing’ ther-




trostaue precnprtator rs fitted thrs savrng
_— carr be consrderable

IN THE FACE of all these advantages the

mabllny of many steam-rarsmg incinerat-
.0Fs to prove themselves is surprising. The
- reasons lie in the corrosion problems, in
fallures due to fatigue resulting from the
vanabrlrty of furnace temperature and in
- the difficulties in finding uses for a steam
‘ auppiy which normally has inadéquate
pressure temperature or flow to' make a
f‘turblne and generator, with its special
" personnel and control systems, worth
while. Electricité de France does use an
Jincinerator in Paris for power praduction,
but its economics are uncertain. An in-
stallauon on Long Island NY, has been
esngned to produce some power but to
ake much of the steam to run a multiple
ffect -sea-water desalination plant. As
he fresh water produced can be stored,
5 this use could accept a more variable
team supply than ‘power generation
lone, biit the ‘plant has been plagued by
tube failures since its commissioning.
* Several proposals are now berng made
pu!vense refuse before feedlng ittoan
ficinerator. This should result in a more
mform residence time and ﬂame tempe-
l:ature But the added expense and noise

"'t,e'from refus'e hopper . .

feeder a‘nd_ air valve -

'vomsx MILL of thrs general for

Vall: Thy: chwddcdwesfe ‘would' emm‘
rticula f: [

' Z-ﬂexible nozzle

if air blastintoa high-velocity vorte:mhamber

. " f e - o
tmn mrght weu Outweugh the clanmed;.;'
advantages and | know of rio incinerator -

actually being operated in this way. Other

~ proposals have been made for pulverized

refuse to be burned in a fluidized bed

or other form of suspended combustron o

and various experiments are in hand.

A radical development is to employ
temperatures above the fusion point of
most refuse materials. One “slagging in-
cinerator” has been in use in Germany for
two years, although few details on its

‘behaviour have been divulged. The

American Design and Development Cor-
poration ' of Whitman, Massachusetts,
‘has built a prototype vertical shaft fur-
nace fuelled penodlcally by coke burnt at
some 1650°C. to‘produce a molten ‘'slag
(it bears an obvious resemblance to a
blast furnace). The black slag, when run
into a water quench tank, turns into a

" sand which seems suitable for road build-

ing. The report of a test subsidized by the

~ US Public Health Service has just been

issued. It indicates that the high viscosity
of the slag, and local severe attack on
the refractories, are immediate technical
problems which must be overcome. The
cost of coke fuel and limestone flux is
also very high (over $4 per tonne of
refuse) in the small prototype tested.
Another approach to increasing the

availability of the energy from ‘wastes is :

cutters

=~ observation and lighting ports ™

liquid fuels ranging from gases fo tars
plus a charcoal residue. On the face of it
such pyrolysis is another process which
would seem to yield very large gains.
Some of the liquid fuels could be used to
heat the retorts and so make the opera-
tion self-supporting. One unit, the Lantz
converter, is produced by Pan American
Resources Inc on the US West Coast.
These -operate on a continuous Dbasis;
preliminary reports indicate successful
operation on lumber but | have no kncw’
ledge of their ability to handle mixed

-. refuse. At present it is the' practice on the

East Coast to load barges with waste
lumber, tow them out to sea and set fire
to them. Almost any change would be an
<improvement on such a barbaric practice.

RECLAMATION is always an attractive
concept. Although man’s use of tools
broke nature’s cycle of decay and rebirth
he has for centuries tried to re-use as
many of his materials as possible. But his
recent accession to vast resources of
power has led to the incongruo.s
situation where, for instance; it is often
cheaper to make glass from sand than to
clean an existing bottle and use it again.
The relative increase in - labour costs
bears the major responsibility.

Many European incinerators and com-
post plants have traditionally incorporat-
ed salvage as part of their operation. For
instance, the . refuse s sometimes
distributed on moving ‘belts from which
saleable materials are removed by men
stationed by hoppers Such an arrange-
ment has been installed in the Houston,

- Texas, plant of Metropolitan Waste Con-
- version Corporation. This is a remarkable
* development in a country” where' wags
-fates are the highest in the world. The-

plant approaches, but has not attained,

. economic: viability partly. because of its
‘size—it handles about 350 tonnes per .

‘day ‘and receives a steady income from
the sale of waste -paper and . ferrous

- . materials (which are.easy to recover with
- revolving magnets). Although this parti-
© . oular unit is generally regarded as a com-

post. plant; compost is escentrally a by-

" product from the recovery of paper and
--. steel. Plans are in hand and experiments

are bemg undertaken to remove paper

'~ - automatically, whereupon the income of
. the” plant should increase greatly; the

- Tunning cost should decrease and the

t_a.ngéh'zi:z’al* take:

Anipht ha mdmshredrefuseandsapermeme resulﬁ imo w
*classnﬁed grgdes according 1o size end density. The waste praducts would be fed by a power-
equigped wim skgarpcuttorgs projactirig from its
e apmomiate ‘ouﬂat port tor all-particles

’ - "quality_ of the ¢ompost, which normally -
6ff':por’t's>~' <. has only a..small. food waste content,
- . should “increase. At present. 100,000
tonnes of waste paper are being re-used :
" edch week in the US and, should greater

-'quantrties be: salvaged there seems’ no

dan - ';he jselling ‘pnce'f,of paper

nard, metal”or. gl .

fRCIENCE 10LIANAT ¢

busﬂon and thus produce gaseeus and -
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Sensors.

SORTING of solid wastes mnght be aecomphshed automa,tlcaily
by a system of the general form illustrated here. The refuse is
" transported through a duct by a high velocity air stream (conceivably,
a liquid flow) and automatically assessed for size, density or type of
material by a built-in system surrounding the duct. This would then -

°\°q 50 . vb'qo'°0\° : ‘o teto Ty

ﬁ\’&\i\“\

o

\T\

e

to hoppers for different components

flip flop valve

—=30

~ aliqui i i i inlet flow' ' H\\'
provide signals controlling fluid logic flip-flop gates to divert each » 1}

type of waste particle to its own appropriate channel. Such a system
would make economic sense only if worked hard for 24 hours a day.

- covered from wastes will fall drastically
because of the inability of the market to

-. absorb them. Metropolitan Waste Con-

"version Corporation has demonstrated a
~ bulk use for compost called “hydromulch-
ing”. This involves spraying an aqueous
‘slurry’ of compost and grass seed, or
“other ground cover, to impart soil holding
qualities to denuded areas. '
“Although the Houston plant differs lit-
e in essentials from many European

“ ~ plants, | believe it points the way hope-

fuIIy to the future. It was set up by

. private enterpnse to serve a“city, and the

- need for large corporations to see profits

i the ‘urban field is considerable. It is the
“first : major reclamation plant installed in-
—t’hé US.for'many years and has stimulat- *

ed proposals for more advanced methods -

ofrefuse separation. - . . .
“One such method, on whsch work is

5 just starting at MIT, is illustrated onpage .
74 -Refuse is fed to a “high velocity .

-vortex chamber with walls bearing cut-

- ‘because . existing pulverizers have -to be

stopped frequently to replace worn cut-
* ters and so suffer from very high: mamte—‘.
- nance costs The vortex’ has the further

advanmge that pamc|es will ‘not pass out

“of the central outlet until they have been g
- _reduced in size suffi iciently for their aero- -
dynamic drag to overcome the oentnfugalv
-4, fofceand-give' them the: requlre' inward ., -

acceleratuon. O

.ters’ which can.be advanced inwards as .
. they wear. If this “size reducer” works as®
",,,planned it will be a-considerable advance -

ré be possible in a vortex.
Hopefullv Athe outlet duct will carrv noth—

control jet

material of each particle be identified, so
that it may be switched down an approp-
riate branch into a storage hopper? One
suggestion is for a laser beam to vaporize
a small quantity of the material for almost
instantaneous spectographic analysis. A

_single test may not suffice to identify
* each particle, but three properties de-

termined by three different methods
would give virtually positive identification
of all particles composed of a su?ﬁciently
high proportion of a single component or
mixture for reclamation to be worthwhile.

TOTAL RECOVERY of our solid wastes is
- the most exciting goal in the whole field.

If it were considered as important to a -
- major manufacturer as developing a new

shaving cream, the problems would soon

be solved. At least the passing of the .
- 1955 US Solid Wastes Act has enabled
federal support to- be given to many
-projects that were otherwise only margi-
~nally attractive to private industry. '

shown by the proposal that motor veh-
icles should bear a sales tax to finance

.the cost of disposing of abandoned cars.

It indicates a growing dissatisfaction with
the present role of the supplier in our
modern society. This trend would be
reversed if our major corporations joined
in an effort to ensure that their products
do not foul our environment. There is
reason to hope that they are in fact
planning such an effort.

-As | have mentioned, plastics, which = : -

"have contributed so much to our lives,

are causing serious problems in |nc1rera-'

“.tion. To my considerable surprise no one

in three major US petrochemical corpora-

_tions has been able to suggest methods
'.‘of re-use or even satlsfactory methods of
. -disposal of the plastlcs whuch ‘they them-

selves produce. Indeed our large plastics

-.firms seem to be finding difficulty in
- disposing of their own trimmings.
-:1- believe. we: must. revise: our: values: -

future societyshould charge producérs of

e ;. materials with’ the: responsubohty elther to -

_;develop economac ‘and acceptable me-

hods of. reclamatlon .or dlsposal or to
ials

FURTHER READING:

SOLID WASTE RESEARCH & DEVELOPMENT,
Proceedings of the Engineering Foundation
Research - Conference (Wayland Academy,
Beaver Dam, Wisconsin, July 22-26, 1968)

" COMPREHENSIVE STUDIES OF SOLID

WASTES MANAGEMENT, first Annual Report,
by C. G. Solueke and P. H. McGauhey. :

(College of " Engineering, University of Cali-

fornia, Berkeley, May 1967).

_ THE MANAGEMENT OF SOLID- WASTES
Summer Study Report edited by D. G. Wilson
" (Urban Systems Laboratory, MIT, Cambridge,

Massachusetts, September 1968)

- "PROGEEDINGS ‘of the 1964, 1966 and 1968 .
©National Incinerator 'Conferences, (American
Society of M’ecltamcal Enymeers New Yark) .




This plant, now under con-
struction in Cambridge, Mas-
sachusetts, will be the first of

. souits-kind. Designed to service

"+ __the greater Boston area, it will

: be’C kef'of compresgi

2000~ tonsyof solid waste¥

day into clean, economical,
easy to handle bales.

T+ This facility. will be fully oper-
‘ative by early 1970.° .« " « '

b

Heavy duty hydrautically
operated Lombard presses
convert refuse into bales

Bales are strapped
in steel

“

¥

Refuse coliected from ! Deposited on conveyor belts

m%rtljlg_:_PAfL : ' and fed into hopper
RiAeL

RESIDENTIAL

e Because itis less expensive
than other types of treatment

R R Sl . o e Because no separation of
e e T ; - : - collection is needed. Rubbish
: and garbage can be combined

This plant incorporates”

RAIL HAUL as the most desirable

and economical means of
transferring the bales

to their landfill site.

Their density and payload

. capacity alsomake them ideal

fortrucking or barging

e Because it reduces air pollution

e Because it reduces fire hazard

e Because the bales produced have
the payload capacity to make them
ideal for rail haul, trucking, or barging

e Because the life of landfill sites
will be extended and more useable
land will result

e Because Reclamation Systems is
DOING something about the solid waste crisis

AN ST B R A g

By early 1970
Reclamation Systems will, through
the use of heavy duty,
hydraulically operated presses,
commercially compact solid waste
into high density bales.

e

L

The bales will measure 4’ x 4" x 4
and weigh from 4000 to 6000
pounds, depending on the

type of material used.

Total compaction will be
as much as30to 1.

, .Bales are automatically~._ ~>_
. moved from loading platform

to railroad cars e
by a monorail system



Reclamation Systems, as part of
its total systems concept, will
FINANCE and CONSTRUCT
facilities for municipalities. !

THIS MEANS THAT CITIES AND TOWNS WILL NOT ;
HAVE TO MAKE LARGE INITIAL CAPITAL OUTLAYS i
WHICH DRIVE TAX RATES UP.

~ RECLAMATION SYSTEMS, INC.
|

is doing something

In addition, Reclamation Systems will coordinate
TRANSFER after compaction . ..

can do ‘ ' ahout the solid waste crisis...
.

something about

with economical, easy to handle, high density bhales

———e
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YOUR solid waste crisis |
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to its SANITARY LANDFILL SITE

PSS W

e h e vy tamome S e

call or write:

RECLAMATION SYSTEMS, INC.

50 State Street Boston, Massachusetts 02109 (617) 742-8147




g "“A‘ . DAVID GORDON - wusun ;fj;“”““ '
7 a2 winsLow Streer

T _ ‘ i CAMBRIDGE, MASSABHUBETTE oz2128

ok i e1m e7esaze-

:iFébruarY_19,11970,' .

.~ TOs © MEMBERS OF THE CAWBRIDGE CITY COUNCIL

. ABOUT:_ - FORTHCONING PROPOSAL BY THE CAMBRIOGE BICYCLE-SAFETY CommI TTEE

, The members of the Lﬂmbrldge Blcycllng Subcommlttea of the TraFFJc-J_,
-Safety Committee want to. t'you know in” advance something. about a.
s comprehen51ve proposal whmeh;we ‘arer preparlng and hope. to present to
_.'you within a month. lWe. have been alarmed eQualIy by the increase in.
”chycle-rslated acc1dants and by .the lack of concern for the lam or,
‘_tha rlghts ‘of other road‘users dlsplayed by~ many blcycllsts as’ mellg
as by motorists.. we belxeve that bicycling. can make ‘a substantial -
W_>QQneF1c1al contr1but1or te ,educ1ng ‘streéet: COngestlon, parklng problems
" and eir pallutlon in Cambritige,’ but both bicycdists and motorists B
'need educatlon about the Ia and about respect for other road users.~

gdihatLOn'mith_~

for blcycllsts and other brochures for m #ists; B

i .. . " .The designation and postlng of ‘certain quie
R ‘ S . 'Bikeways', which bicyclists would be en

~ in preference to heavily trafficked rout :

: - o 1_motorlsts would: be warned to take espec1 ‘care.. No

R L . - changes in legal status is required. . Su h Bikeways are -

L DORTE 'f_belng endorsed h great enthusxasm all;over the USA

rhe locatlon of b
‘the c1ty mher

le stands in certaln places thruughout «sf~*ﬁ
present blecle parklng can: cause a nu1sanca_?

lhe d981gnat10n of the waek of Aprll 18 25,r1970, as Lambrldge

: Blcycle eek, durlng which’ a ‘nufiber. of events organlzed pt.:l.m._
jointly with the ”ks‘&nd Recreation Uepartment will brlng Vs, R
blcycllng and bicy 'fety te publlc attention.: o o S

R 1heﬂf1nanc1al suppnrt for’mhlch we shall be asklng amounts to SB 500,
o pr1nc1pally for the Bureau of Public Hoads appreved bikeway signs.

eyt T Althnugh this is a considerable sum, it is small when compared with the
LR ~ community cost of a single fatal accident or with any of the continual
o\, . - measuresused to keep automobiles in our streets, and we hope that you
o e will feel able-to approve it. As soon as we have our draft leaflets
(o ‘ ready individual members of the commlttee will be offering to explaln,
our proposal to each nF you.

LBy o vode 1 sy e
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CITY OF CAMBRIDGE

CAMBRIDGE, MASSACHUSETTS 02139
Tel. 876-6800 °

EXECUTIVE DEPARTMENT

James L. Sullivan
City Manager

John H. Corcoran
Assistant City Manager |

February 23, 1970

To the Honorable, the City Council:

Body material that has been received from Professor David Wilson as it
relates to matters discussed by him upon the occasion of the inspection -
of the City Dump, Saturday, February 14, 1970.

Appended hereto please find -

l. Communication dated February 18, 1970, entitied _
"Recommendations for Solid Waste Management in'Cambridge"'

2, Paper entitled "Refuse Reduction Plant, Montreal, Quebec"
by W. J. Johnson. :

3. Paper entitled "Large Elevation Landfilling for Refuse
Disposal" by Robert K. Ham, Assistant Professor of Civil
Engineering, University of Wiscomsin.

4, Paper entltled'"Rethlnklng the Solid Waste Problem"
by Professor David G. Wilson of Massachusetts Instltute
of Technology.

5. A brochure entitled "Reclamation Systems, Inc." which
has been forwarded to this office by Reclamation Systems,
Inc. and which information we believe to be self-explanatory
and submitted for informational value that we think it may
have at this particular tlne. '

Another paper by Professor David G. W11son dated February 19, 1970,
unrelated to the aforementioned matter but nevertheless a concern that
Professor Wllson has as it relates to bicycle safety here in Cambridge,
is also enclosed. I am submitting all of the foregO1ng material to your
Honorable Body for your information.

Very truly yours,

s L. Sullivan
Manager
JLS/b
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CCOMMUNICATION
frem the City Marager trans-
mitting ehecroti.— A

material received from Professor David
Wilson as it relates to matters dis- A
cussed by him upon the occasion of the N

inspection of the City Dump on February
14, 1970.

February 23, 1970
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