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at Michigan State University, cas o....
sing, Mich.

Bioplastics macle of cornstarch poly-
ester blends are already being commer-
cialized. Narayan believes soy proteins
offer functional and property enhance-
ment that is even more beneﬁcnl than
starch.

“Sov proteins are not as easy to work
with,” says Narayan. “If they are sub-
jected to high temperatures, they break
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ican Petroleum Industry, the  be bought and sold———""—o
National Oil Recyclers Association. the =\ \
Steel Recychnwlnsmute and several state (T'BE RECYCLER SETS UP SHOP
organizations or national chaptersto host IN BAY AREA o

workshops and produce brochures on
used motor oil and oil filter recycling.

B ITRA ADDS BOUNCE TO ITS

Bay Area Tire Recj’cling LLC will soon
be oper:ting at the site of the Davis
Street Transfer Station in San Leandl« ..
Calif. The ransfer station is operated b
asubsidiary of Waste Management Inc..

10

WEBSITE

down and degracle. [But] we are modli-
fving the soy protein so that instead of
degrading, it will melt and flow.”

Ouk Brook, Ill.

The new tire recycling system can
process up to 3,000 pounds of whole
tires or tire chips per hour. The system
can creace pieces as small as %" in size
and scpwates out the steel contained

The International Tire and Rubber Asso-
ciation (ITRA), Louisville, Ky.. has up-
graded its website (www.itta.com) to of-
fer more information and features. The
new lavout allows visitors to make

IR PENNSYLVANIA LOOKS “Retreaders Mart” transactions andtreg- Lo Gnole pass. A further
TO BOOST OIL ister on-line for upcoming ITRA events. . glepass..
RECYCLING Inaddition to the new registra- | SteP in the process can reduce the rub-

ber to #40 mesh rubber powder. Bayv
Area Tire Recycling hopes to find mar-
kets for the recycled rubber as modified
asphalt, playground safety surface ma-
terial, and in running tracks and other

sport plaving surfaces. -

tion capabilities, the site features
articles from The Tire Retreading/

Pennsylvania’s Department of En- ~—
Repair Journal and Commercial Tire
Service Update; an industry events

vironmental Protection is attempt- O ll
jcalendar; and access to the

ing to work with several industry
associations to increase awareness

= “Retreaders Mart,” where casings
=== andretread/repairequipmentcan

of oil recvcling methods. The Penn-
sylvania EPA plans to work with
s; ON SITE
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M RECYCLING JARGON
“HONORED”

Reeveing and waste handling was the
topic of a letter that has received a
dubious honor as an example of un-
clear jugon. According to a Reuters
item, the English Language Commis-
ston—a British organization that advo-
cates the use of clear, understandable
English—presentedits Golden Rhubarh
Trophy to the Edinburgh, Scotland
City Council for aletter on waste han-
dling.

Among the phrasing that led to the
honor: *[Councilis] fullv committed to
waste minimization and the recveling
of wastc and has . . . approved, in
principle, a revised strategy encom-
passing the introduction of materia
recovery facilities postrefuse collec-
tion and pre-tinal disposal.”

Martin Cutts of the English Lan-
guage Commission says the writing

.11111()\[ clefies translation™ and is, on
the whole, "atog ot puzzing and pomp-
ous English.”

M SMILING FACES FITTED
WITH GOLD BRACES -

[f you believe the time is right to buy
gold because the price is down, the
orthodontic industry can suggest an
unorthodox storage place.
According to the Orthodontic
Manufacturers Association, Milwau-
kee. gold-plated dental braces are in-
creasing in popularity with patients at
a 20 percent annual clip. For most
patients, cost is not even a primary
consideration, since the cost of mate-
rials makes up just 5 percent of the
total cost of having braces made, cus-
tom-fitted and installed. According to
an item in the Wall Street Journal, 15
percent of practicing orthodontists
have installed gold braces and they
see the switch to gold as a growing

trend.

106 Fesruaay 1998

For teachers and students who've already been “
through the local art museun and fire station, two
Connecticut solid waste organizations have a suggestion. The
Southwest Connecticut chzonal Recycling Operating Commit-
tee (SWEROC), Stratford. and the Connecticut Resources Recov-

ery Authority (CRRA), Hartford, have opened the Children's Garbage Museum
of Southwest Connecticut.

The museum, located inStratford, includes 15 hands-on exhibits, anamphithe-
ater presentation, and a glass-enclosed skywalk that extends over the tipping tloor
of the 40,000 square foot regional recycling plant. 30-minute field trip tours have
been designed for children grades K through 8, according to museum director
Valerie Knight-DiGangi.
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M DANGEROUS SCRAP PURSUIT M VEGGIE VAN IS

WELL-0ILED MACHINE
Thieves with a scrap metal profit motive are
making Chicago a dangerous place for pe-
destrians and motorists. According to a UPI
report, a rash of manhole cover thefis took
place in late 1997, with more than 60 of the
iron discs disuppearing from one neighbor-
hood in just two weeks. Citywide. as many as
4.000 manhole covers are stolen in Chicago
each vear. according to the city’s Streets and
Sanitation Department.

While thieves probably make about $2
per disc for the 150-pound sewer lids, it costs
the city 545 for each replacement manhole
cover. The dangerous openings created must
also be quickly “barricaded by Sewer Depart-
ment personnel. Scrap processors who know-

ingly purchase stolen manhole covers face
fines and the loss of operating permits.
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oil.

m ORCHIDS SPROUT FROM TIRE MIX

Two Colorado companies have come up with a technological twist on the rustic used
tire-as-flower planter motif. Fantasy Orchids, Louisville, Colo., and JaiTire Industries,
Denver, have announced the development of a potting medium for orchids derived
from recvcled tire chips.

Epi-Grow consists of recvcled tires and uses the properties of rubber to create a
superior medium for young orchids, according to Stan Gordon of Fantasy Orchids
and Cornelia Snyder of JaiTire. “[ saw an increasing need for a new potting medium
and when [ heard of JaiTire's work with crumb rubber as a top dressing, we started
to work with recvcled tire chips.” savs Fantasv Orchid’s Gordon. "We Tried several
different chip sizes, many of which proved unworkable, but aftera vearand a half [we]
have a product which we are proud to offer to the serious orchid grower.”

Orchids grow naturally on trees, cliffs or virtually any surface while extracting
much of their sustenance from the air instead of from the soil. Commercial and hobby
growers have traditionally used bark, coconut husks or other natural products as

. potting mediums.

Recvcunc Topay

New heights in material re-use innovation
may have been reached with the “Veggie
an,” which completed a 10,000-mile trip
across the U.S. in 1997. The engine of the
vanwas customized tooperateonabiodiesel
fuel made from used restaurant cooking

Joshuaand Kaia Tickell, directors of the
Institute for Renewable Energy, Covington,
La., journeyed in the Veggie Van and have

prepared a summmary of their trip that

: includes details of how
the van operates
onitsrestaurant
fryer waste-de-
rived fuel.
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Controlled Landfill

Demonstration Project

To avoid long-term difficulties with the “entombing” of membrane-covered waste, it
is desirable to accelerate waste decomposition. Ideally, decomposition should be
completed within five to 10 years. That is the objective of the Yolo project.

By: Don Augenstein, P.E., Institute for Environmental Management, and Ramin Yazdani,
P.E., Rick Moore, P.E., and Karina Dahi, Yolo County Department of Public Works

olo County Department of
i Public Works is demonstrating
i new, unconventional landtil]
management strategy known as
“controlled™ or “enhanced™ landfilling to
manage solid waste at its Central Landtil
outside of Davis, CA. The overall objective
is to manage landfilled solid waste for rapid
completion of total gas generation and max-
imum gas capture.

Landfill decomposition, or methane
generatioe, is accelerated by improving
conditics s for biological processes. This
is accamplished through carefully con-
trolled additions of both water and
leachate. Test cells are covered with gas-
impermeable membranes to contain land-
fill gas and prevent its emission to the
atmosphere. Permeable layers of shred-
ded tires cover the waste in both cells o
seoveas o sonduit for gas-te-reseh various
ewHeciian paints. The cells are monitored
to determine performance. Gas genera-
ton, waste volume reduction, and a range
of other parameters will be monitored for
the next several years, until the methane
generation phase is near completion.

This “controlled” landfilling technolo-
8Y¥ Is expected to offer an important
advance in landfill operations, enabling’
fow-cost mitigation of methane emis-
Mo maximization of beneficial energy
s4pturesan ultimate landfill volume
reduction, and a long-term reduction in
Waste management costs.
‘lc:e‘:;:g:eogeégemation, or bacteriul
s N L CQJ. and orffcr trace
E . n almost all landtills con-

taining municipal wastes. Decomposition
to gas is normally slow. taking decades.
and inefficient under the dryv conditions
of conventional landfitls. Stow and
incomplete generation. inefficient recov-
ery, and long-term low-rate gas genera-
tion are some of the reasons that conven-
tional fandfill gas recovery rates and
yields are less than their potential.

Surface gas-impermeable membranes
are a part of the solution to the inefficient
gas recovery problem. These membranes
are coming into wide use and may be a
post-closure requirement for many land-
“fills in the future. Syathetic membranes.
in contrast to conventional clay caps.
have negligible gas permeabilities.
Membranes over gas-conducting layers
should capture 93% or more of landfill
aas generated. However. such membranes
as the sole means to maximizing gas
recovery. have sertous disadvantages.
Sarfuce membranes will maintaim waste

at initial low moisture levels of about 20
to 25%. This will. by itself, simply extend
the time for decomposition, possibly up
to a century or even more. Field results
show a substantial slowing of decomposi-
tion beneath impermeable membranes.
However. decompuosition only slows; it
never stops entirely.

Often termed “dry tomb,” the dry con-
tainment approaches present a number of
problems including economic viability
and waste containment integrity when
viewed over a longer period of time. To
avoid long-term difficulties with the
“entombing” of membrane-covered
waste, it is desirable to accelerate waste
decomposition. [deally. decomposition
should be completed within five to 10
vears rather than the several decades
experienced with conventional landfill-
ing. Such an objective uppears attainable
and is the principal objective of the Yolo
Counts project.



Waste decomposition and gas genera-
tion can be promoted by moisture, tem-
perature, pH management, and nutrients.
- While many factors can be important,
moisture is paramount; elevated moisture
(by conventional landfill standards)
appears essential for accelerating biologi-
cal activity and methane generation.
Temperature is also important, even
though it receives little attention as a vari-
able. Studies suggest approximate rate
doubling for each 10°C increase, holding
over a temperature span of about 10 to
50°C or more. Other factors are also
important, however manipulation of some
parameters in a landfill may be less criti-
cal than others, while some may be easier
from a regulatory standpoint. Moisture is
highly effective in augmenting and accel-
erating methane generation, working most
favorably with membrane cover-

Expected Benefits

A number of energy, environmental,
and landfill operational benefits are
expected from enhanced landfilling.
Methane energy recovery can be acceler-
ated and yields should be maximized.
Better economies of 'scale for energy use
can be achjeved with increased quantities
of captured gas. Completing decomposi-
tion in a shorter time frame reduces long-
term risks to the environment and reduces
long-term gas and other management
costs. In addition, with methane genera-
tion more predictable, landfill gas-fueled
energy equipment may be sized to make
maximum use of the generated gas. Other
benefits include reductions in methane
and VOC emissions, off-site disposal and
landfill leachate treatment costs, and post-
closure landfill care and gas system opera-
tions and maintenance costs, as well as
landfill life extensions and leachate quali-
ty improvements (and correspondingly

parameters are also monitored. Gas-tigh:
waste containment allows precise mea-
surement of methane generation via accu-
rate positive displacement meters in con-
junction with gas analyses.

General performance objectives
include:
O Methane generation completion and
biological stabilization of waste within 10
years or less. This would be evidenced by
cessation of flow, which is expected when
cumulated gas recovery reaches about 3.3
ft3 of landfill gas per dry pound of waste.
3 Demonstration of maximum fractional
recovery (95% or more) of the methane
generated.

Liquid Recirculation System

Because of low moisture in “typical”
landfill waste, and its lack of moisture
infiltration through impermeable cover,
leachate will be limited, and in some cases
not generated at all. For example. the
Sanitation Districts of Los

age. The presumption that landfill
manipulations can reduce decom-
position times to 10 years or less
is supported by laboratory trials
and is consistent with field
results,

With elevated moisture, waste
is expected to be less permeable
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Angeles County report that. gen-
erally, no leachate is generated in
their landfills which have well-
maintained clay covers. Thus. in
general, leachate recycle cannot
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moisture addition for enhance-
ment. Supplemental liquid addi-

to gas. This can impede gas
extraction by vacuum and con-
ventional vertical wells. Other
effects may occur with wet
waste, such as the reduction of
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CROSS SECTION

tions will normally be required.
The basic enhancement strate-
gy has been to bring waste up to
field capacity by controlled addi-
tions of water and leachate. and

the high horizontal/vertical per-
meability ratio that ordinarily facilitates
conventional well extraction. However,
even with wet waste, gas will ultimately
pass through the path with least resistance
and exit the waste. If side and bottom con-
tainment are secure, gas will permeate
through to the landfill surface. With wet
waste enhancement, wells are not only
less functional, but may be unnecessary as
well. One good gas recovery alternative
can be a permeable extraction layer
beneath the surface membrane.

Thus, combining surface membrane
containment with landfill moisture and
temperature management can speed-up
and maximize gas capture. as well as dras-
tically reduce fugitive methane and VOC
emissions. However, to be useful, any
process must also be economically com-
patible with current landfill practice and
regulations. With this in mind, the only
enhancement technique purposely applied
by design in the Yolo County Project has
been addition of water and recirculation of
leachate.

16 SOUID WASTE TECHNOLOGIES Moy/lure 1793

groundwater impact reductions).

The Yolo County project operates two
test cells, each containing about 9,000
tons of waste. The cells are large enough
to duplicate both the compaction and heat
transfer of large-scale landfilling at nor-
mal waste depth. Cells are completely sur-
rounded by landfilled waste in the larger
landfill modules. Techniques to accelerate
decomposition and enhance methane are
applied to one cell (the “enhanced cell”),
with the other serving as the control (the
“control cell”). The enhanced cell has
means for carefully managed liquid addi-
tion to permeate the waste and bring the
cell to field capacity. Supplemental well
water has been used to raise the waste
moisture content to field capacity. To aid
distribution and contacting, leachate is
recycled as it is generated.

Both cells are monitored for waste
moisture and temperature at multiple
points. Volume reduction. leachate flow
and composition, static head on the base
liner, containment integrity, and other

then recirculate resulting
leachate to maintain some moisture move-
ment in the waste. Some channeling or
bypassing could occur, and the approach
has been to continue circulation until
achieving acceptably high sensor moisture
readings throughout the waste. Initially
water has been added to the enhanced cell
from a groundwater extraction system. As
leachate has become available from the
enhanced cell, it has been recirculated via
a pump capable of pumping between 11
and 12 gpm to the enhanced cell.
Although the time to bring the enhanced
cell to field saturation was initially
expected to be about six months, flow and
permeability proved sufficient for liquid
to be added in three months.

Leachate and groundwater flows in and
out of the cells are monitored with com-
mercially available flowmeters. To add
liquid to the enhanced cell, groundwater
(i.e., reservoir) generated from an extrac-
tion system is pumped into an enhanced
cell manhole. Leachate is draining into this
manhole as well. The mixture of ground-

arp:/ s www SaiidWsstalz 2



x| LANDFILL OPERATIONS

water and leachate is then pumped to the
infiltration trenches in the enhanced cell.
The groundwater flow can be shut off,
allowing for the recirculation of undiluted
leachate. Liquid can also be drained from
the enhanced cell into the landfill liquid
waste disposal system. The groundwater
added to the enhanced cell manhole is
metered, as is the liquid pumped to the
enhanced cell for infiltration while any lig-
uid drained from the manhole enters into
the leachate disposal system. The volume
in the manhole is relatively small and can
be considered as constant in the mass bal-
ance. Liquid flows from the control cell
can be easily monitored as the only inflow
to the control cell manhole is leachate and
the only outflow is drainage into the land-
fill liquid waste disposal system.

The cells are extensively instrumented
and monitored. Both temperature and
moisture sensors were placed within the
waste during placement. Both gypsum
block and PVC sensors are used for data
collection. The data is collected continu-
ously using a data logger.

Refuse Temperature

Both cells experienced elevated tem-
peratures upon filling, suggesting signifi-
cant aerobic composting occurring for a
limited time after waste placement. Both
cells display the same basic pattern. A
maximum temperature was achieved after
waste placement followed by a slow
decrease to a relatively stable temperature.
Both cells were constructed with conven-
tional composite liners. The liner systems
are overlain with a geonet drainage layer

and a geotextile. To protect the liner sys-
tems, the geotextiles are covered with a |-
ft operations layer of gravel to facilitate
drainage. In both cells, Level | is the
gravel operations layer. The observation
that temperatures in Level 1 for both cells
are much lower than the other layers is
attributed to heat losses to the cooler.
underlying soil. Also, both cells are cov-
ered with a layer of shredded tires to tucil-
itate gas recovery. The shredded tire luy-
ers also act as insulators. Temperature
drops, roughly 7°C measured across the
shredded tire layers, suggest it is an effec-
tive insulation. Table 1 summarizes the
most notable changes in temperature in
the enhanced cell, and Table 2 summa-
rizes the temperature behavior of the con-
trol cell.

Moisture Sensor Readings

There are two types of moisture sen-
sors: gypsum blocks and PVC sensors,
Gypsum block moisture sensors are typi-
cal of those used in soil moisture monitor-
ing in agricultural applications. The PVC
sensors are simply 2-in. PVC pipes filled
with gravel with electrodes attached to
measure current flow though the gravel.
Typically, the reading from a gypsum
block is correlated to the moisture content
of a given type of soil through laboratory
testing. The gypsum block establishes an
equilibrium moisture content with the
media (typically soil) in which it has been
placed.

However, laboratory correlations
between gypsum block readings and solid
waste moisture contents are qualitative.
The gypsum blocks give readings that
allow changes in moisture conditions to

Table 1. Enhanced Cell Refuse Temperature

Min. Temp.

Level | Initial { Change from Max. Steady | Change after Temp. on
Temp. | Initial Temp. {Temp. | State Temp.! Addition Q) 2/1/97
O (°C/day) | (°Q) | (°C) (Date) Liquid {Date) 4]
» ) (°C/day) :
3 43 |- 005 .| 49 49 022 34 - 35
o R I T 1 (2/2/96) . (12/25/96) | (increasing)
2 |48} 004 Y SS 4S04 42
IS DRI ST P B - (5/14/96) - S (1211496) | (increasing)
T ] 14 10006 | 27 | 27. 0.03 5o - 727 . 29

Table 2 Control Cell Refuse Temperature

Change after

Level | :nitial - - ..Change Max. Temp. -
) Temp (°C) < from Initial (). | . Max.Temp. -
| Temp. (°C/day) co (°C/day) (Date) . Q)
3o 46 B0.047 51 .| --0.03(2/2/96) 43 (decreasing)
2 S 43 - 025 .. 56 +-0.03 (8/19/95) -+| -39 (decreasing)
Vo m1s e 003 26 7 0(3/30/96) : 1| *26 (constant)
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S FIATS

be observed. The minimum moisture con-
tent of a gypsum block would be that
assoctated with immersion in saturated
landfill gas that can be assumed to be pre-
sent throughout the waste mass. At mois-
ture contents above field capacity, the
gypsum blocks would attain a maximum
moisture content and do not represent
changes in moisture content as accurately
than at moisture coantents below field
capacity. The gypsum blocks are most
reliable at tracking arrival of moisture at
given points in the waste and increases in
moisture content when waste is below
field capacity.

PVC Moisture Sensor

Laboratory tests were done with the
PVC sensors to determine the relationship
between the multimeter readings and the
presence of free liquid in the PVC sensor.
It was determined that a meter reading of
less than 40 corresponded to an absence
of free liquid. A reading between 40 and
80 corresponds to the presence of free lig-
uid in the PVC pipe but less than saturated
conditions.-Readings of greater than 80
are indicative of saturated conditions; i.e.,
the PVC sensor is full of liquid. Tables 3,
4, and 5 present summaries of the mois-
ture readings in the cells.

Liquid Addition and Leachate
Generated

A pressure transducer is placed in the
lowest point of the leachate collection
trench in the enhanced cell manhole.
Additionally, a U-trap was placed at the
outlet of the leachate collection pipe to
prevent the entry of air or the escape of
landfill gas. The transducer was intended
to monitor leachate buildup in the trench
to demonstrate that conventional leachate
collection systems could prevent leachate
head tfrom developing when liquid is
added to the landfill. It was initially
expected that leachate recirculation would
occur continuously. However, some
anomalous and unexpected behavior was
seen for a time. Rather than a continuous
flow of leachate draining from the
enhanced cell, leachate built up in the cell
until reaching a depth of about 20 in., then
all stored leachate drained rapidly from
the cell. Thus, for a time, leachate recircu-
lated in periodic pulses corresponding to
breakthrough of leachate from the cell. A
small scale model was constructed in an
attempt to understand this occurrence and
to develop a solution. It is theorized that
this behavior was due to gas lock in the

18 SNHND WASTFE TECHNDINGIES  Way luns 1903

Table 3. Gypsum Block Moisture Sensors for the Enhanced Cell -

Level | # of Gypsum | Initial Change per Steady State % of Gypsum B_Ic;'ék's
Block Reading | Day from Initial | Reading (Date with Max. Reading
Sensors Reading of reading) Since Liquid Addition
3 9 13 0.27 62 (3/30/96) 100%
A | 4 0 0.06 43 (7/28/96) 75%
2 9 88 -0.42 58 (3/30/96) 44%
1 3 0 0N 81 (4/4/96) 67%

Table 4. Gypsum Block Moisture Sensors for the Control Cell

Level | Number of Gypsum Initial Change per Day Steady State Reading
Block Sensors Reading from Initial Reading (Date of reading)

3 : 6 5 0.12 29 (3/30/96)

2 6 92 -0.56 34 (3/30/96)

1 3 15 0.34 93 (3/30/96)

Table 5. PVC Moisture Sensors for the Enhanced Cell

Level | #0fPVC | SteadyState | Reading After | % of PVC Sensors | # of Days to Reach
Sensors Reading Liquid Reached Max. Max. Reading
(Date of Addition Reading Since Sinceliquid
reading) ‘ Liquid Addition Addition
3 4 7 (11/22/96) 99 100% 70 -
2A 4 2(11/30/96) 49 75% 76 °
2 4 2 2 0% N/A

outflow pipe. However. this pulsed out-
flow has stopped and drainage is continu-
ous. It is considered that such pulsed out-
flow is avoidable by straightforward
design change.

In early 1997, the supplemental liquid
was shut off; only leachate continued to
be recirculated to the enhanced cell. The
supplemental liquid has remained off
since with a one-day exception when
freezing temperatures prompted the start-
up of the supplemental flow. Following
the shut down of the supplemental liquid.
the flow of generated leachate diminished
until about 3,200 gpd which is now con-
tinuously recirculated. It is believed that
this behavior has reflected some channel-
ing of the liquid upon first addition.
Absorption of the channeled liquid
occurred after its subsequent reintroduc-
tion into the waste. There is sufficient
moisture holding capacity of the waste to
limit leachate generation once moisture
addition stops.

The armount of liquid that has been
absorbed by the waste is the cumulative
volume of supplemental liquid added.
minus the volume of leachate that remains
in recirculation, unabsorbed by the waste.
Therefore, the amount of liquid that has
been absorbed by the approximately 9,000
tons of waste in the enhanced cell is"the
cumulative volume of supplemental liquid
added (336,640 gallons) minus the
leachate remaining in recirculation (3,200
gallonsy, or about 333,000 gallons. The

supplemental liquid flow was started
again in February 1997.

Cumulative Gas Production

Landfill gas volumes for each cell are
measured separately by temperature com-
pensated. positive displacement rotary gas
meters. Landfill gas production rates were
calculated from the volumetric measure-
ments. Cell filling took place between
April and October 1995, and the synthetic
surface liner was placed in November
1995. Between the time of placement and
the beginning of the metering of the gas
flow, landfill gas was generated but was
not metered. From June to September
1996, after gas flow measurement began.
the average gas flow rate for each cell was
the same at 2.2 scfm. To estimate this
unmeasured flow, the gas production for
each cell prior to flow measurement is
assumed to be no greater than the flow
rates measured from June through
September and to have began in
November 1995, This date corresponds to
the time when falling temperatures indi-
cate the aerobic phase of decomposition
ended. An estimate of the volume of land-
fill gas generated prior to installation of
the gas metering system is about 370,240
standard ft* of landtill gas per cell. The
volume of this “lost™ gas generated prior
to metering can be presented as a fraction
of total landtill gas potential. It has been
calculated that each cell has the potential
to generate about 30 miltion ft* of landfill
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s, Therefore, the estimated vol‘ume of
f;mdﬁll gas that was no} measured is about
1.2 S of the total landfill gas potential.
Beginning October 16. 1996, a vacuum
was applied to both cells. Seven days
jater. liquid addition to the enhanced cell
pewan. ldeathy. applied vacuum would
cu'r;m gas fron the cells at exactly the
came rite 40 which it was generated. Too
much vacuunt will pull air into the cells
through whatever leaks might be present.
Too little vacuum results in a pressure
puildup in the cells, billowing of the sur-
face liner. and the loss of gas through any
existing leaks. The vacuum has been man-
wally adjusted daily with an in-line valve
ot e vacuum remains between 0-
amdd 16 oo owater. [t has generally been
possibic o heep the vacuum between
these limits. From Qctober to December
1990, the gas flow rates averaged 9.2
selin tor the control cell and 8.6 scfm for
the enhanced cell. This is about a four-
fold increase in gas flow from the 2.2
sefm prior to application of the vacuum.
‘This increase occurred immediately after
application of the vacuum and was attrib-

uted to leaks in the pipeline of the gas col-
lection system. Leaks were located and
repaired. Immediately after application of
the vacuum, nitrogen concentrations of
about 10% were measured in both cells;
following repair of the pipeline leaks.
nitrogen concentrations dropped to 1.5%
in the enhanced cell and 1.6% in the con-
trol cell. These concentrations are close to
background levels.

The same leaks that allowed air intru-
sion after application of the vacuum
would also have allowed landfill gas to
escape prior to application of the vacuum,
suggesting “lost™ gas was somewhat
underestimated. However, in spite of
these uncertainties, the actual volume of
“lost™ gas is not more than a few percent
of the total methane potential of the waste.

At the end of December 1996, the gas
production in each cell started to increase.
Total gas recovery rate from the enhanced
cell increased about four-fold to 31.6
scfm, as averaged over all of calendar
1997. The control cell gas recovery also
increased to reach a flow of 15.2 scfm
over calendar 1997. The normalized pro-
ductivity of gas on total waste (as-filled,
wet) for the enhanced cell was 0.97

ft¥/Ib/year. The methane productivity of
the enhanced cell over calendar 1997, nor-
malized on dry waste, was 0.52 ft¥/Ib of
dry waste per year. and from the control.
0.25 ft¥/lb/year. It must be emphasized
that the normalized methane recovery rate
trom the enhanced cell is the greatest doc-
umented from such a large mass of waste
anywhere. approaching 10 times that noe-
mally expected from conventional land-
fills. On the basis of the encouraging
results so far, it appears that the objective
of completing decomposition to maxi-
mum methane yield in under 10 years
should be met.

Gas Composition Analysis

Gas measurements were taken from the
ports on the extraction wells and along the
extraction pipeline. Both cells were at
42% methane on July 2, 1996. The
methane concentrations then increased to
52% in the enhanced cell and 51% in the
control cell. Following the vacuum appli-
cation, the methane concentration tran-
siently dropped to a low of 41% in the
enhanced cell and 39% in the control cell
on October 31, 1996. Both cells recovered
their methane concentration by February
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7. 1996. following the repair of gas
pipeline lteaks.

Leachate samples are taken periodically
from the enhanced cell manhole, however,
volumes of leachute available that are suf-
ficient for sampling and analysis have
been very rare from the control cell.
Leachate draining trom the enhanced cell
mixes with the supplemental water in the
enhanced manhole. Because of the low
teachate flows from the control cell. sam-
ples are taken from a bucket suspended
below the leachate collection pipe outlet
to accumulate a sutficient volume of
leachate for sampling. Thus. control cell
leachate samples have been taken long
atter the liquid has been in equilibrium
with the atmosphere.

The decomposition of solid waste in
landfilis can be characterized as proceed-
ing through five phases: 1) aerobic phase.
Il) transition phase. IIl) acid phase. IV)
methane fermentation phase, and V) the
maturation phase. The objective of this
project has been to reach the methane fer-
mentation phase as quickly as possible
and to accelerate the methane fermenta-
tion phase to arrive at the maturation
phase as soon as possible. A drop in pH.

the solubilization of metals. and a dramat-
ic increase in chemical oxygen demand
{COD). are among the primary indicators
of the acid phase. During the methane fer-
mentation phase, pH values return to neu-
tral, and the metals concentrations and
COD drop. The maturation phase is char-
acterized by the cessation of gas produc-
tion and a low strength feachate.

Based on the results of leachate analy-
ses, field measured pH. and observations
of feachate characteristics. it is inferred
that the acid phase had started in the
enhanced cell by November 11. 1996,
about one month following the start-up of
liquid addition. It also appears that the
enhanced cell is entering the methane fer-
mentation phase. This is based on changes
in leachate characteristics as well as land-
fill gas production and methane concen-
tration from the enhanced cell. It should
be noted that the management of liquid
additions, particularly the discontinuation
of the supplemental water addition on
January 1, 1997 and subsequent recircula-
tion of generated leachate. may have also
played a role in the changing leachate
characteristics.

Results of leachate analyses. field mea-
sured pH. and observations of leachate
characteristics suggest that the acid phase

D

had started in the enhanced about one
month following the start-up of liquid
addition. It also appears that the enhanced
cell rapidly entered the methane fermenta-
tion phase. This is based on changes in
leachate characteristics as well as landfill
gas production and methane concentration
from the enhanced cell. It should also be
menticned that the management of liquid
additions. particularly the discontinuation
of the supplemental water and subsequent
recirculation of generated leachate, may
have played a role in the changing
leachate churacteristics.

For a list of reference, contact the
Editor at (440) 248-1125.

For mare information about this sub-
Ject, comact the authors, Ramin Yazdani,
Karina Dahl. and Rick Moore at County
of Yolo Department of Public Works and
Transportation, 600 A Street, Room 138,
Davis, CA 95616: (916) 757-5577; Don
Augenstein, Institute for Environmental
Management, 4277 Pomona Ave., Palo
Alto, CA 95306. (650) 856-2850. O
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. were typically less than

1u percent. Even comparing results in one
~tat study area where recycling was high,
yuts before automated co-collection
wed 85 percent trash and 15 percent
recyclables. Recently, residents in the
same area placed 33 percent on the trash
side of the container and 20 percent on the
recyclable side. The balance. 27 percent.

mark. The recveling rate gets an addition-

was being placed in green waste contain-
ers. As long us commingled recyclables
are diverted at 15 to 20 percent ratio. the
prozram expects to divert an additional
7.000 tons per year.

By the time automated co-collection is
implemented city wide, route collection
should be responsible for better than 40
percent diversion—well on its way to
reaching the coveted 50 percent diversion

|
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‘onge- e]ily'co—o;o"echon for 26,000
~ho seholds in:/ c’|5|'|| 1996. In’ ils ﬁrst ful[
year of city-wn o residential’ operahon ,
ending’in April 1997, the g program post-
ed a total waste dlversxon rate of 58
‘percent” About 1/3 of the tonnoge
diverted was from the recyclables’ side
of the split container; the other'2/3
comes from o sepcrote yard wasfe col—
lection program. " et
Visalia has also begun feshng sphr
'contcmers on some commercial routes.
Because of the significantly different
waste stream, Visalia is considering
using the container to collect wet and
dry streams, or some other combination,
instead of fhe fyp«ccl gorboge and recy
clcbles

bhag e m— RE0O VA ew »
station/MRF that opened 1ate last year.

Another payback is cutting losses of
recyclables. The closed split containers are
less susceptible to wind and scavengers.
The coastal community ““gets more than its
share of days with high winds,” says
Dudley Perkins, Oxnard’s supervisor of
residential collection. “We'd always lose a
small share of material on those days.”

Scavenging was worse than wind for
losing recyclables, according to Jay
Duncan. the city’s recycling specialist,
especially when market values for some
recyclables soared. “The scavengers were
getting pretty organized. Some had taped
over the license plates and logos on the
sides of vans and went down the streets
stealing full bins,” Duncan says.

Perkins adds that implementing the co-
collection system provided a chance to
renew recycling education.thus terding to
increase diversion. But. the biggest reason
for increased diversion was that the new
cart created more room—+0 additional
gallons—for recyclables over the old bins.
In the past, residents just didn't have the
room they needed, and some of the mater-
ial inevitably made it into the trash instead
of being held for the next pick up day.

For more information, contact Ruben
Mesa in Oxnard, (805) 385-8060, or Tom
Baffa in Visalia, (209) 738-3569. 213
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estimates to be used for designing a region-

al materials recovery tacility:
= Estimation of waste composition and quan-

tities fora new commercial development (s

required for a new land-use permit); and

Projection of changes in wastestrean com-

position and quantities given a significant

change in the commerctal/industrial muke-
up of an arca.”

“Qur state database contains all the compo-
nents.” claims Tseng as he displays disposal.
diversion. and generation totals tor San Diego™s
commercial. industrial. and residentiad sectors

on his laptop computer. “Forevery ty,

ness. the system will display the overall com-
position of the garbage and show the percent of
cach type of waste generated by each company
in that cutegory.

Source Reduction

Source reduction is the preferred waste man-
agement option and is at the top of the integrat-
ed waste management hierarchy. The use of
clectronic daw interchange and double-sided
copying are leading methods of source-reduc-
ing office paper. and replacement of one-time

Odor Problems

Good fortune has nothing
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elimination of odo_rs!

Ecolo® Odor Control Systems will
eliminate your odor problems
wherever and forever.

call us: 1-800-NO-SMELL
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worldw
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ounterparts is being
0L -, :s as a cost-effective
business practice. Althougn the extent of source
reduction is difficult to quantify, Tseng reports.
“Recent reviews of waste prevention audits per-
formed at businesses in various jurisdictions
indicate that..a surprising amount of source
reduction is taking place.”

There appearto be few public programs pro-
viding incentives for source reduction. howev-
er. Tseng explains this by pointing out that
administrators “'need to know how much diver-
sionwilllikely result fromagivenlevel of invest-
ment. If. as is generally the case today. there is
no way to equate waste diversion with dollars
spent. it is difficult tor them to justify continued
funding.”

Home composting programs are proliferat-
ing and appear to be popular and effective.
According to a study sponsored by the Com-
posting Council andconductedby Applied Com-
post Consulting, more than one million people
now compost at home in just the 43 communi-
ties that provided data for the study. Clearly the
potential for successful programs is enormous.
While only a tiny fraction of residents in a city
like Los Angeles backyard-compost, the study
tearn found that smaller communities across the
country reached a backyard composting rate of
50% or more from single-family residences.

One such community is Olympia, the capi-
tal of Washington. Through the combination of
home composting and grasscycling, 60% of
Olympia’s residentsinsingle-family homes par-
ticipated; eachof these 6,000 participantsdivert-
ed an estimated 500 Ib. of yardwaste from the
wastestream that year. The city has promoted
this successful program at a cost of just 31 cents
perresident. Key toits success has been anetfec-
tive publiccommunications programand the dis-
tribution of composting bins. Residents who
attend free composting workshops are able to
conveniently purchase one of six different bins,
which the city sells at its wholesale cost.

ipefudingtire rec?/
i rec)amat' . and stainless-sfeel
vff/om ercial food s?we./ More-

, the jripetus for reuse programs today—"
be/m/ Creasingl
iginal manufac -

l¢. Evergreen Glass Inc.. headquar-
tered in Stockton. CA. is beginning operation of
a high-volume, state-of-the-art facility to recy-
cle wine bottles by washing them and making
them reusable, This is expected to provide fresh.
new, revenue-enhancing alternatives tothe refuse-
removal industry. Evergreen plans to process 9
million cork-finish bottles in its first year and

more than 40 mxlhon bonles by its ﬁfth year
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ered for recycling/composting. By 1993, 8.4 million tons were recov-
ered.

O In 1980, the average American discarded 175 pounds of grocery
packaging. In 1993. the average was 132 pounds.

The report details a noted increase in recycling efforts within the
industry.

tverybody's Talkin' Trash

Interesting spokespersons are showing up across the nation . . .
Tacoma. WA is “talkin’ trash” with their new ad campaign aimed at
convincing the city's 51,000 garbage customers to choose new
garbage and recycling cans, put their garbage out on new days, and
use different recycling methods. The campaign, featured on radio and
promotional pieces, feature The Collectors. five singing garbagemen
... Environmentally conscious celebrities from television, movies,
sports, and the music industry are teaming up to promote recycling
and other environmental issues through ECO-Quiz. a daily radio show
to be aired on nearly 2,000 radio stations across the nation. The quiz
will question listeners’ knowledge of the environment. Participants
will include Kathleen Turner, Kenny G, and Dick Vitale.

Briefly...

MASS Corp. and Capital Environmental Resources will pilot a
weighing in-motion on-board scale system that is accurate to £10 1bs.
The MASSfel digital scale system will be tested in the commercial
waste market. The pilot will take place over a 43-day period.

Leach Company and Leach Credit Corp. will work with Fleet
Capital Services to aid municipal leasing of the company’s waste
collection and Vac/All units through Leach distributors. These leasing
options will provide frequent replacement with new equipment, and a
variety of payment options requiring no down payment.

Rusmar Inc. has signed an agreement to market the EcoCare prod-
uct line throughout the U.S. Manufactured by Nature Plus, Inc.
EcoCare is a fermentation based, odor neutralizing system that is eco-
logically safe.

OSHA'’s Voluntary Protection Program has awarded Montenay
Energy Resources of Montgomery County Inc. its “STAR” rating.
This rating is awarded in response to achieving injury and illness rates
below the industry average and implementing health and safety pro-
grams that go beyond the minimum OSHA requirements. Annually.
only 337 of 5.2 million industrial sites in the U.S. receive the award.

ek upﬁre
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Secondary Uses for Cullet

According to the Glass Packaging Institute. there are several
options or secondary uses for recycled glass. known as cullet.

Secondary uses include a wide range of applications and markets. The
following. to name a few. were taken directly from the [nstitute’s web-
site. . Abrasives: finely ground container and non-container glass
may be used in sand-blasting. Abrasives have no silica. so they will
not cause silicosis. 2. Aggregate Substitute: container and non-contain-
er glass may be used in concrete, road beds. pavement, and parking
lots. They can be used as a drainage medium. as backfill, or for land-
scaping. 3. Bead Manufacturing: melt container and non-container

arra:/ /nww Seiicasteach com

A New Home ...
Solid Waste Technologies has moved from Atlanta, GA to
Cleveland, OH. Our new mailing address is: Solid Waste
Technologies, 29100 Aurora Rd., Ste. 200, Solon, OH 44139,
(440) 248-1125; fax (440) 248-0187.
A New Service ...
Solid Waste Technologies is now your online connection to the

: solid waste industry. Our
EnviroNet site offers news
and events, industry
links/online resources, trade
show information, maga-
zines/archives, special sections, educational materials, and much
more. Come visit with us online at www.environet.net today.

glass into rounded glass pellets or beads and use in reflective paint for
highways, as well as in peening and cleaning metals. 4. Decorative
Applications: cullet may be used in ceramic tiles, picture frames, cos-
me jewelry, and some household items. 5. Fiberglass: recycled glass
may be used in the manufacture of fiberglass. This industry is the sec-
ond highest volume of post-consumer glass. 6. Frictionators: recycled
glass may be used to make frictionators for lighting matches and firing
ammunition. 7. Fluxes/Other Additives: glass powders may be used as
lubricants. core additives and fluxes in metal foundry work and fabri-
cation. as well as flux/finders in the ceramics industry. For more infor-
mation. contact the Glass Packaging Institute at (202) 887-4850 or

visit their web-site at www.gpi.org. ‘
WWW.EPA.GOV Briefs

This technology update brief was pulled directly from the EPA’s
web-site. Headquarters Press Release section.

New Report on Air Toxics from Power Plants

The EPA released a technical report evaluating toxic air emissions
from electric power plants and detailing a series of steps it is taking to
protect human health and the environment from these emissions. The
report. titled “Study of Hazardous Air Pollutant Emissions from
Electric Utility Steam Generating UnitseeFinal Report to Congress.”
concludes that mercury is the air toxic of greatest public health con-
cern from utilities. One-third of all human-generated U.S. mercury
emissions stemming from coal-fired plants. Non-conclusive evidence
suggests there is a link between utility mercury emissions and the
methylmercury occasionally found in soil, water, air, and fish living in
contaminated waters.

According to EPA Administrator Carol Browner, “[alctions this
Administration already has taken will reduce emissions of mercury by
over 50 percent by 2006,” and the EPA ... will continue to take cost-
effective. common-sense actions to protect public health and the envi-
ronment from these emissions.” The report concludes there are no fea-
sible technologies currently available to effectively reduce mercury
emissions generated by coal-fired facilities. However, the EPA is tak-
ing steps that will likely further reduce mercury emissions, including:
implementing new and more stringent air standards for smog and par-
ticulate matter; evaluating new and promising control technologies:
and seeking better emissions information on individual power plants.
and developing a right-to-know type proposal to enable more informa-
tion to be made available to citizens regarding mercury emissions

The EPA is also encouraging power plants to take steps to help
reduce greenhouse gases and reduce mercury emissions. And finally.
since 1993, the EPA has taken several steps to address other important
sources of mercury emissions in its attempt to meet Browner's stated
goul of reducing emissions by over 306 by 2006. These include issu-
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New Systems Research Task
Vendor and Literature Technology Survey
for the

City & County of Honolulu

Exhibit C

Selected Flow Sheets for New Technologies
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