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Landfills: Regulations, Design/Operation, History of Landfills/Garbage
Emissions and Inspection

LA Times Article: The world's trash crisis, and why many Americans are
oblivious By ANN M. SIMMONS APR 22, 2016

Who generates the most waste?
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1 report that compiled data from earlier years

Angelica Quinter

latimes fg-global-trash-20160422-20160421-snap-htmistory.html

History of Landfills

It is not clear as to when burying refuse became an idea.
Landfills have existed for over 5,000 years.
Archaeological evidence of landfills dates back to 3000
BC in Crete, where waste was deposited in pits that
were subsequently covered up with earth when full. A
municipal landfill operated on the outskirts of Athens at
least 2,500 years ago; residents were required to
transport waste to the site, which was outside of the
city gates, sparing the walled city from the stench of the
open-air system.

Literature dating back to 1929 includes an article on
garbage disposal by "sanitary fill” which was referring to
burying the waste. This was a big improvement over
open dumps which persisted into the 20th Century.
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History of Landfills (cont.)

* From colonial times, residents of American cities
tossed trash and garbage onto their streets. As cities
grew, so did the volumes of garbage. Modern solid
waste management started in 1895, when New York
City Street Cleaning Commissioner Colonel George E.
Waring Jr. arranged to send the city’s wastes to dumps
and incinerators, or to be deposited in waterways. The
New York Board of Health quickly noticed that this
new policy lowered the city’s death rate from disease,
one indication of the problems caused by waste. Most
cities at that time still had no organized system of
disposal, continuing to pile rubbish in open pits that
could catch on fire or be set on fire intentionally.

Dumping Waste At Sea In New York
Harbor, a Common Practice In 1880s.

A Garbage Timeline Website

* INFOGRAPHIC: A History of Waste Disposal in
the United States (sharpsinc.com)
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Landfilling and Garbage Dumping in 1908

Refuse Collection in the 1920’s
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The Jungle by Upton Sinclair 1908

In the northwestern corner of the neighborhood, the city
was filling in low, swampy lands and clay pits by dumping
garbage. The garbage attracted flies, rats, and human
scavengers from the neighborhood. Sinclair writes: "Here
was a great hole, perhaps two city blocks square, and with
long files of garbage wagons creeping into it. The place
had an odor for which there are no polite words; and it
was sprinkled over with children, who raked in it from
dawn till dark. Sometimes visitors from the packing
houses would wander out to see this ‘"dump,' and they
would stand by and debate as to whether the children
were eating the food they got, or merely collecting it for
the chickens at home."

“The Jungle” by Upton Sinclair 1908

Some parts of the neighborhood were built on landfill. Sinclair
writes: "The roadway was commonly several feet lower than the
level of the houses, which were sometimes joined by high board
walks; there were no pavements--there were mountains and valleys
and rivers, gullies and ditches, and great hollows full of stinking
green water. In these pools the children played, and rolled about in
the mud of the streets; here and there one noticed them digging in
it, after trophies which they had stumbled on. One wondered about
this, as also about the swarms of flies which hung about the scene,
literally blackening the air, and the strange, fetid odor which
assailed one's nostrils, a ghastly odor, of all the dead things of the
universe. It impelled the visitor to questions and then the residents
would explain, quietly, that all this was ‘made’ land, and that it had
been ‘'made’ by using it as a dumping ground for the city garbage.
After a few years the unpleasant effect of this would pass away, it
was said; but meantime, in hot weather--and especially when it
rained--the flies were apt to be annoying. Was it not unhealthful?
The stranger would ask, and the residents would answer, “Perhaps;
but there is no telling."

TYPICAL RESIDENCE STREET * BACK OF THE YARDS."
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“Back of the Yards” Neighborhoods

» Late 1950s -, management of landfills was
becoming more regulated.

* 1959 - American Society for Civil Engineers
published a guide to sanitary landfilling.

» The guide specified that garbage be compacted
prior to addition to a landfill to reduce its volume
and so increase the usable lifetime of the facility,
and that each day’s addition of trash be covered
with a layer of soil to minimize odor and
attraction of pests such as rodents.

Swine And Garbage
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Garbage Fed to Animals and Disease

Trichinella spiralis, first noted to be pathogenic
for humans in 1859, remains a public health
problem in the United States.

Infection occurs when raw or inadequately
cooked meat, most commonly pork, is
ingested. Of cases reported during 1975-1981,
where an infected meat item was identified,
pork was implicated in 79.1%; wild meat, in
13.9%; and ground beef, in 7.0%. The
incriminated ground beef was believed to have
been adulterated by pork products.

http://www.cdc.gov/mmwr/preview/mmwrhtml/00000404.htm

Landfilling in the 1940’s

An example of a landfill of the late 1940s was
described in a report prepared by the Sanitary
Engineering Research Project of the University of
California in 1952. The landfill studied in 1949 was
described as follows: “Refuse was dropped and
spread out over a large area to allow scavengers easy
access. At the end of the day pigs were allowed on
the spread-out refuse for overnight feeding. The next
day the pigs were herded off and the refuse was
pushed to the edge of the fill for burning.”

1965 - the federal Solid Waste Disposal Act was
passed.

1970 - President Richard M. Nixon,creates
the EPA assumed responsibility for the
regulation of existing landfills and approval
of new facilities.

1979, open landfills were banned in the
United States by the EPA, and legally
enforceable standards for landfill
construction and operation were enacted
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Sanitary Landfill Facts US DPH
Publication 1970 Cover

Brief History of Solid Waste
Management in the US, 1950-2000

Timeline of waste management - Timelines (issarice.com)

http://environmentalchemistry.com/yogi/environmental/wastehis
tory.html

Books on this subject
Gone Tomorrow: The Hidden Life of Garbage
by Heather Rogers

American alchemy: The history of solid waste management in the
United States by H. Lanier Hickman Jr.

Rubbish: The Archaeology of Garbage
What Our Garbage Tells Us About Ourselves
by William Rathje & Cullen Murphy

Gone Tomorrow: The Hidden Life of
Garbage

GONE TOMORROW
HE ARBA
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American alchemy: The history of solid
waste management in the United States

The History of
Sl Waste
Management in

the United States

By H. Lanier Hickman Jr.

Rubbish!: The Archaeology of
Garbage by William Rathje

vy

Separation of household waste

“It is commonly the practice in American
towns to make a separation in the household
of three classes of waste....

The householder is required to have three
receptacles, for garbage, ashes and rubbish”
William F. Morse, “The Disposal of the City’s
Waste” American City 2 no. 4

April 1910, p 180
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Sanitary Landfill

* The "sanitary landfill, which the British
began, by covering the trash each day with
earth in the 1920’s, was the breakthrough that
ultimately elevated the practice of filling to
the status of primary disposal option in the
United States. However, it did not come into
substantial use until after World War Il,
stimulated in large measure by the success of
the Fresno Sanitary Landfill (FSL) and the work
of its originator, Jean Vincenz.
http://historicfresno.org/nrhp/landfill.htm

Fresno Sanitary Landfill as a National Historic Landmark

¢ On August 27, 2001, Department of Interior designated the
Fresno Sanitary Landfill as a National Historic Landmark. The
next day, Secretary Gail Norton "temporarily" rescinded the
designation, claiming that the department was not aware of
the landfill's Superfund status. For many people, the naming
of a landfill as an historic landmark seemed ludicrous. For
others, the designation offered an opportunity to pillory the
Bush administration for its increasingly unpopular
environmental policies. What got lost sight of was why the
nomination was made in the first place, and if it had any
merit as a historically significant site. The controversy also
exposed the inability of people to take the waste issue
seriously, to view it as an integral part of the process of
living, and thus to conceive it as culturally and historically
important.
The Fresno Sanitary Landfill in an American Cultural Context
by Martin V. Melosi The Public Historian Summer 2002, Vol.
24, No. 3, Pages 17-35

Ugh!
What in the world is causing the big stink in Hillside?

By Brett McNeil
Tribune staff reporter

Published April 9, 2006
Joe Tamburino struggles for words when trying to describe the
fetid, gaseous stench from a local landfill that for more than five
months has hung over Hillside and wafted across other western
suburbs.

"It's the worst odor I've ever smelled. I've smelled dead bodies--I
spent a year in Vietnam--and this is worse," says Tamburino,
Hillside's village president. "Once this gets in your home, it gets in
your clothes. You can't open your window to get rid of the odor
because it's worse outside."

It's also illegal, according to court papers. Under federal, state and
local laws, landfills are required to collect and destroy gases that
are the natural byproduct of decomposing waste in landfills.
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Thurste = stacker

States with the Most Landfill Waste | Stacker
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Municipal Solid Waste
Information, Generation, Landfill
Construction and Microbial
Action

Basic Landfill Information

» Modern landfills are engineered and managed
facilities for the disposal of solid waste. Landfills
are located, designed, operated and monitored to
ensure compliance with federal regulations.
Landfills should not be built in environmentally-
sensitive areas, and they are required to have on-
site environmental monitoring systems. These
monitoring systems check for any sign of
groundwater contamination and for landfill gas.
Today’s landfills must meet stringent design,
operation and closure requirements established
under the Resource Conservation and Recovery

Act (RCRA). 182

Types of Regulated Landfills

 Landfills are regulated under RCRA Subtitle D (solid

waste) and Subtitle C (hazardous waste) or under the

Toxic Substances Control Act (TSCA).

Subtitle D focuses on state and local governments as the

primary planning, regulating and implementing entities for

the management of nonhazardous solid waste, such as

household garbage and nonhazardous industrial solid

waste. Subtitle D landfills include the following:

Municipal Solid Waste Landfills (MSWLFs) — Specifically

designed to receive household waste, as well as other

types of nonhazardous wastes.

— Bioreactor Landfills — A type of MSWLF that operates to
rapidly transform and degrade organic waste.

1B-3
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Types of Regulated Landfills

+ Industrial Waste Landfill — Designed to collect commercial and
institutional waste (i.e. industrial waste), which is often a
significant portion of solid waste, even in small cities and
suburbs.

— Construction and Demolition (C&D) Debris Landfill — A type of
industrial waste landfill designed exclusively for construction
and demolition materials, which consists of the debris
generated during the construction, renovation and demolition
of buildings, roads and bridges. C&D materials often contain
bulky, heavy materials, such as concrete, wood, metals, glass
and salvaged building components.

Coal Combustion Residual (CCR) landfills — An industrial

waste landfill used to manage and dispose of coal combustion

residuals (CCRs or coal ash). EPA established requirements
for the disposal of CCR in landfills and published them in the

Federal Register April 17, 2015. B4

Types of Regulated Landfills

+ Subtitle C establishes a federal program to manage
hazardous wastes from cradle to grave. The objective of
the Subtitle C program is to ensure that hazardous waste
is handled in a manner that protects human health and
the environment. To this end, there are Subtitle C
regulations for the generation, transportation and
treatment, storage or disposal of hazardous wastes.
Subtitle C landfills including the following:

» Hazardous Waste Landfills - Facilities used specifically
for the disposal of hazardous waste. These landfills are
not used for the disposal of solid waste.

« Polychlorinated Biphenyl (PCB) landfills - PCBs are
regulated by the Toxic Substances Control Act. While
many PCB decontamination processes do not require,g .5
EPA approval, some do require approval.

https://www.epa.gov/sites/production/files/2019- 1B-6
11/documents/2017 facts and figures fact sheet final.pdf
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Municipal Solid Waste Generation,
Recycling, and Disposal in the United
States: Facts and Figures for 2017

In 2015, Americans generated about 268
million tons of trash and recycled 67 million
tons of materials and 27 million tons were
composted, which is 34 percent. (See Figure 1
and Figure 2.) In addition, more than 34 million
tons of MSW (12.7 percent) were combusted
with energy recovery. Finally, more than 139
million tons of MSW (52.1 percent) were
landfilled (See Figure 3 and Table 1).

Figure 1. MSW Generation Rates, 1960 to 2017

%21 268 2678

[ Per capita generation (Ibs/person/day)

A Total MsW generation (million tons)

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2016 2017

= Total MSW generation - Per capita generation

A Total MSW recycled and composted (million tons)

Figure 2. MSW Recycling and Composting Rates, 1960 to 2017

I Percent of generation recycled and composted

ols 65 80 ¥ %
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2016 2017

- Total MSW recycled and composted ~ <Jll- Percent recycled and composted
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Table 1. Generation, Recycling, Composting, Combustion with Energy Recovery and Landfiling of Materials in MSW, 2017*
(in millons of tons and percent of generation of each materil)

Paper and paperboard 01 | an - ) 1835 | eso% - a70% r30%
Gss s | 30 . 148 65 | 0% . sok | e
etas
seel e | v - 22 e | am - i | san
Auminum w | om 5 05 265 | 2% - uek | e
Other nonferrous metalst 233 154 0.07 072 66.1% - 3.00% 30.90%
Total metals 25.05 833 - 292 13.80 33.3% - 11.66% 55.09%
Pasics 53 | 2% s | wm | s e | 7w
Rubber and eather su | 1w - 208 a5 | wman - Zaw | s
Textes 6w | 25 - s us | 5% - w7 | e
Wood v | 3% 28 D1 | 67 : sax | easx
Other mateils s | 1 o7 2 | 4% Bk | seam
Total materials in products 187.90 67.18 - 23.66 97.06 35.8% - 12.59% 51.66%
Other wastes
food,athert w7 257 147 083 E o |
Yard vimmings 518 . ua 2 ass o | o 5%
Wiscelaneous inorgaic weses ) - o7 35 - - o5 | soaw
Total other wastes 79.89 26.99 1037 53 - 33.8% 12.98% 53.24%
‘Total municipal solid waste 261.79 67.18 26.99 34.03 139.59 25.1% 10.1% 271% 52.13%
* Incudes wase from residenta, commrcal sndnsiutons sources Detls igh ot s o ttas du o rouncing
+ Incodes eadfom eats acd battere, Neglihle =Less than 000 tons r .05 percent
T T T s n e table means tht o ar nt vl
1B-10
Table 2. ion, Recycling, G Combustion with Energy Recovery and Landfilling of MSW,

1l96l] t0 2017 (in millions of tons)

e [ [ Lm0 Lo | o |

Generation 88.1 11 1516 | 2083 | 2435 | 253.7 | 2511 | 262.1 | 266.8 | 267.8
Recycling 5.6 80 145 290 | 530 | 592 | 653 | 676 | 685 | 672
Composting* neg. neg. neg. 42 165 | 206 | 202 | 234 | 251 | 270

Combustion with

0.0 05 28 298 | 337 | 317 | 293 | 335 | 339 | 340
energy recoveryt

Landfilling and

: 825 126 1343 | 1453 | 1403 | 1422 | 1363 | 137.6 | 139.2 | 139.6
other disposalt

*  Composting of yard trimmings, food and other MSW 1 Landfilling after recycling, composting and combustion
organic material. Does not indlude backyard composting. with energy recovery. Includes combustion without

T Includes combustion of MSW in mass burn or refuse- energy recovery.
derived fuel form, and combustion with energy recovery Details might not add to totals due to rounding.

of source separated materials in MSW (e.g., wood pallets, neg. (negligible) = less than 5,000 tons.
tire-derived fuel).

1B-11

Management of MSW in the United States, 2017
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Table 3. Generation, Recycling, Composting, Combustion with Energy Recovery and Landfilling of MSW,
1960 to 2017 (in pounds per person per day)

oo L L s |
3T 46 47 47 44 45 45 45

Generation 27
Recycling 02 0.2 0.4 06 10 11 5 12 12 11
Composting* neg. neg. | neg. 01 03 04 04 04 04 0.3

Combustion with

0.0 neg. 0.1 07 07 0.6 05 0.6 06 0.6
energy recoveryt

Landfilling and other

P 25 31 32 32 27 26 24 23 23 23
disposalt

Population (In
millions)
¥ Composting of yard trimmings, food, znd other MSW 1 Landfilling after recycling, composting, and
organic material. Does not include backyard combustion with energy recovery. Includes
composting. combustion without energy recovery.

Includes combustion of MSW in mass burn or refuse- Details might not add to totals due to rounding.
derived fuel form, and combustion with energy recovery of neg. negligible) = less than 5,000 tons.
source separated materials in MSW (e.g., wood pallets,

tire-derived fuel).

180.0 | 2040 | 227.3 | 2499 | 2814 | 2964 | 309.1 | 3209 | 3231 | 3251

=
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‘Table 4. Generation, Recycling, Composting, Combustion with Energy Recovery and Landfilling of Products in MSW, 2017
(in millions of tons and percent of generation of each product)

y . Recycingas | Composti Landfiing as
e o e Percent Percentf
eeyced posied i of Generation Generation
Recovery
Durable goods

Stee 1688 an - 219 9%9 8% B 9%

1n - - 0% 146 151% 9%

errous metalst 233 154 007 on 66.1% 0% 0%

Glass 25 Neglivle 0 3 Neglgible B1% %%

1346 085 1n 1089 63% 8% 0%

] 167 27 a0 1% 8% 0%

Wood 659 Negligble - 120 539 Negligible 182% 818%

Text 391 059 10 230 151% - %1% s88%

184 145 003 036 788% - 16% 196%

Total durable goods 5.2 1080 - 908 724 185% - 159% 2%
Nondurable goods

2535 1409 23 953 543% 9% 7%

] o2 140 580 30% 185% 2%

17 Neglgivle [X7] 035 Negigite 188% 2%

1268 198 209 851 156% - 165% 619%

348 Neglivle - 088 280 Negligible - 195% 0%

Total nondurable goods 5070 129 - 672 269 21% . B3% 6%

Table 4 (continued). Generation, Recycling, Composting, Combustion with Energy Recovery and Landilling of Products in MSW, 2017
(inmillions of tons and percent of generation o each product)

mm

containers and packaging

st 201 1 010 o naw sos um
i 19 a2 o 101 B ) s
s o 20 1 s no B s
rpernapapersoms s e 216 o n s s
s s 10 2w w0 nox v o
oo 10 0 - 16 o o - ) o
oter maeras 020 e 006 o | nesigme 0o w00
ol o od w000 0o - 736 nn sox . ™ w0
otrvastes

oos anert s 25 0 06 o s an
— 1 ua 2 o o oon )
Mgl ao o 225 e w0
I~ s 0 2037 as - e o s
oo i svae 2679 o 09 uos s s 101 um s

Detals might not add tototas due to ounding
Negligible = ess than 5,000 tons or 0.05 ercent.
Adash in the table means that data are not
avallabie

* Incluces waste from residential, commercialand nsttutiona sources.
1+ Includes lead from lead-acid batteries,
£ Incluces collction of other MSW organics for composting.
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Total MSW Generation (by Category), 2017
262 Million Tons (Before Recycling)

1B -16
Figure 5. Total MSW Recycling (by material), 2017 Figure 6. Total MSW Composting (by material), 2017
67.2 Million Tons 27.0 Million Tons
Rubber,leather & textiles Other
63% T 22%

Figure 7. Total MSW Combusted with Energy Recovery Figure 8. Total MSW Landfilled (by material), 2017
(by material), 2017 34.0 Million Tons 139.6 Million Tons.

Are Our Recyclables Being Recycled?

Know your recyclables

Many recyclable plastics have a numerlc designation, but not il plastics with a number are being recycied since China and other
foreign markets began imiting what they'll accept. Nos. 1 and 2 are the most desirable fo recycling, while many areas do not recycle
Nos. 517, Most do ot recycle soiled materals. Gheck with your local hauler to see what thoy wil recyole

S _ap

TNV AW AWARWAN

I Most desirable for recycling
W Often not recycled

e

AN

peTE HoPE Ve Lope Other
Polyethylen  High-density  Polyvinyl v Other plastics
terophthalate  polyethylene  chioride polyethylene  Furniture Toys Acrylics
Soft drink bottles Mk jugs Trays for sweets  Crushed bottles  Luggage Hardpacking  Polycarbonates
Mineralwater  Cleaning agents  Fruit Shoppingbags  Toys Refrigerator trays Polylactio
Juice container  Laundry soaps  Plastic packing  Resistant sacks Carbumpers  Cosmeticbags fibers
Cooking oil Bleaching agents  Bubble wrap foil  Most wrappings Costume jewelry  Nylon
Shampoo bottles  Food wrap foils CD cases Fiberglass
Washing soaps Vending cups
Recycling in the U.S. Is Broken. How Do We Fix It? (columbia.edu
1B-18

https://smea.uw.edu/about/student-blog/blog/wishful-recycling-more-harm-than-good/
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More Information

Information on the benefits of recycling, such as
elimination of greenhouse gas (GHG) emissions, comes
from EPA’'s WAste Reduction Model (WARM). WARM
calculates and totals GHG emissions of baseline and
alternative waste management practices—source
reduction, recycling, composting, combustion, and
landfilling. The model calculates emissions in metric tons
of carbon equivalent (MTCE), metric tons of carbon dioxide
equivalent (MTCO2E), and energy units (million BTUs)
across a wide range of material types commonly found in
MSW. EPA developed GHG emissions reduction factors
through a life-cycle assessment methodology. EPA’s
report, Solid Waste Management and Greenhouse Gases: A
Life-Cycle Assessment of Emissions and Sinks (EPA 530-
R-02-006), describes this methodology in detail

Solid Waste Management and Greenhouse Gases: A Life ... https://nepis.epa.gov »

Exe> ZyPURL
Exe> ZyPURL 1810

More Information

https://www.epa.gov/facts-and-
figures-about-materials-waste-and-

recycling

https://www.epa.gov/hw/criteria-
definition-solid-waste-and-solid-and-
hazardous-waste-exclusions

1B - 20

* The number of landfills in the United
States is declining, yet the amount of
waste generated is increasing.

+ Surveys of U.S. landfills have shown a
steady decline in the estimated number
of landfills taking MSW with 6,034
landfills in 1986, 3,558 landfills in 1994
3,216 in 1999 and 3091 in 2019 (EPA,
1988; Steuteville, 2000).

* There are also about 10,000 old
municipal landfills.

1B -21
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Number of Landfills in the United States, 1988—-2006

7.9
7379

8,000

7,000
6326
6,000 5812
5,38

5,000 o]

000 Pr
3197 3,001
000
310,06
000 1967 1,858 1 767 154754

1,000
data not
available
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1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Number of Landfill Projects and Data in
the United States
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N NE o L w o om N OB
en U & o om 0 Om
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®m oa oB oo =
AZ ™ ok | ) NOmI 9
om gn om eom Ms AL GA OB
o o8 om Nationwide Summary
™ w @ |
2] 50] om . 550 OPERATIONAL Projects
H
-~ Dim | (1517 MW and 321 mmscfd)
AK ~480 CANDIDATE Landfills
oBn (1,000 MW or 555 mmscfd,

vi
R o 50 MMTCO,e/yr Potential)

on

**LMOP does not have information on candidate landfills in this state.
Counts on national map are current as of March 2021.

1B-23
Project and Landfill Data by State | US EPA

Municipal Solid Waste Landfills

A municipal solid waste (MSW) landfill unit is a discrete area of land or
an excavation that receives household waste, and that is not a land
application unit, surface impoundment, injection well, or waste pile.

An MSW landfill unit may also receive other types of wastes, such as
commercial solid waste, non-hazardous sludge, and industrial solid
waste.

The municipal solid waste types potentially accepted by MSW landfills
include (most landfills accept only a few of the following categories):

- MSw,

* Household hazardous waste,

¢ Municipal sludge,

¢ Municipal waste combustion ash,
« Infectious waste,

+ Waste tires,

* Industrial non-hazardous waste,

« Conditionally exempt small quantity generator (CESQG) hazardous
waste,

« Construction and demolition waste,

« Agricultural wastes,

« Oil and gas wastes, and 1B-24
«Mining
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Municipal Solid Waste Landfills (MSWLFs)

In general, a MSWLF is a landfill that accepts
garbage, or solid waste, from households.
Wastes that are typically land filled include
bottles, cans, disposable diapers, uneaten
food, scraps of wood and metal, newspapers,
paper and plastic packaging, and old
appliances, as well as some industrial and
commercial non-hazardous wastes and
construction and demolition (C&D) wastes.

MSWLFs may also accept household
hazardous wastes and conditionally exempt
small quantity generator (CESQG) wastes
that are not regulated as hazardous wastes
under Subtitle C of the Resource
Conservation and Recovery Act (RCRA).

1B -25

JAS MONITORING PROBE

GROUND WATER
MONITORING WELL.

WORKING

FACE
STORM WATER \
CONTROL BERM b’

LEACHATE COLLECTION
SYNTHETGUNER oo 7 SUMP WITH RISER
CLAY LINER

-~ MODERN LANDFILL DESIGN|

Municipal Solid Waste Landfills
(MSWLFs)

The MSWLF regulations promulgated on
October 9, 1991 addresses location
restrictions, facility design and operation
standards, groundwater monitoring and
corrective action measures, closure and
post-closure care, and financial
responsibility requirements (56 FR 50978).
Implementation of these regulations, by
states with approved programs, will reduce
the environmental impact of existing and
future MSWLFs
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Landfill Subtitle D Regulations

RCRA Subtitle D addresses solid waste management
and was designed to assist waste management
officials in developing and encouraging
environmentally sound methods for the disposal of
"non-hazardous" solid waste (RCRA §4001).

Promulgated under the authority of Subtitle D, the
MSWLF regulations in Part 258 establish a
framework at the federal level for planning and
implementing municipal solid waste landfill
programs at the state and local levels.
This framework sets minimum standards for
protecting human health and the environment, while
allowing states to develop more flexible MSWLF
criteria.
Current regulations require leachate and LFG
emissions to be monitored for at least 30 years after
closure of a landfill site or as long as environmentalzs
| risk are present,

EXPLOSIVE GASES CONTROL

The decomposition of organic waste produces methane
gas. High concentrations of methane in MSWLF
structures or the facility area create an explosion
hazard for employees, facility users, and occupants of
nearby structures. To mitigate potential hazards, a
routine methane monitoring program, conducted at
least quarterly, must be implemented in accordance
with §258.23(b) to ensure that the following conditions
are maintained:

« In facility structures, the concentration of methane gas
must not exceed 25 percent of the lower explosive limit
for methane as defined | §258.23(d)

+ At the facility property boundary, the concentration of
methane gas must nof exceed the lower explosive limit.
While §258.23(c) outlines the procedures that the owner
and operator must follow if these methane levels are
exceeded, states with approved programs may
establish alternative response procedures 1B-29

Air Criteria Under Subtitle D

In general, air emissions from MSWLFs are regulated
under the Clean Air Act (CAA), not under RCRA (56
FR 51053; October 9, 1991). Nevertheless, §258.24
prohibits open burning of nearly all solid wastes at
MSWLFs; only the infrequent burning of agricultural
wastes, silvicultural (forestry) wastes, land-cleaning
debris, diseased trees, and debris from emergency
cleanup operations is permitted (§258.24(b)).
Additionally, landfill gas performance standards for
new landfills and guidelines for existing landfills
were promulgated under the authority of the CAA on
March 12, 1996 (61 FR 9905). EPA published on
January 16, 2003 (68 FR 2227), the National Emission
Standards for Hazardous Air Pollutants (NESHAPS)
for MSWLFs.

1B - 30
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EXPLOSIONS AND FIRES AT DUMPS
(LANDFILLS) (Internet)

* According to the U.S. Fire Administration,
there are fires at 8,300 dumps each year.

* Heat from decaying trash can ignite the
gases within a dump, resulting in fires that
can spread underground for miles.

* FLORIDA Orlando
1998 . The Walt Disney World construction
landfill, where asbestos is buried, catches
fire. Two nearby golf courses are closed
because officials fear the smoke might be
contaminated.

1B -31

EXPLOSIONS AND FIRES AT DUMPS
(LANDFILLS) (Internet)

* ILLINOIS Naperville (Chicago suburb)

2004 . Fires from spontaneous combustion burn in
the dump beneath the Greene Valley Forest
Preserve. A grass fire that erupted on the surface
had been extinguished, but the underground fires
continue for months.

INDIANA Wabash

1987 - People are forced to evacuate their homes
and businesses when a fire erupts at a nearby
toxic waste dump.

1B -32

ATSDR LFG Web Site

http://www.atsdr.cdc.gov/HAC/landfill/lhtml/appe.html#1
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Description of Landfill Operations

» There are three major designs for municipal landfills.
These are the area, trench, and ramp methods.

» These methods utilize a three step process, which
includes spreading the waste, compacting the waste,
and covering the waste with soil.

* The trench and ramp methods are not commonly
used, and are not the preferred methods when liners
and leachate collection systems are utilized or
required by law.

1B -34

Description of Landfill Operations

* The ramp method is typically employed on sloping
land, where waste is spread and compacted similar
to the area method, however, the cover material
obtained is generally from the front of the working
face of the filling operation.

» The trench method entails excavating trenches
designed to receive a day's worth of waste. The soil
from the excavation is often used for cover material
and wind breaks.

+ The area fill method involves placing waste on the
ground surface or landfill liner, spreading it in layers,
and compacting with heavy equipment.

Excavated Cell/Trench Landfill

« Generally, solid waste is placed in “cells” or trenches
excavated in the soil and the excavated soil is used as
daily and final cover, as shown in the following figure.

« Excavated square cells are usually up to 1000 feet in
width and length.

* Trenches vary from~200 to 1000 feet in length, 10 to
30 feet in depth and 15 to 50 feet in width.

* In order to prevent subsurface gas migration and
leachate leakage into the water table, the trenches are
usually lined or have soils with low-permeability clay,
or both. 1B-36
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Excavated Cell/Trench Landfill

Final Cover (sloped)

Earth Embankment

Solid Waste Celis

1B -37

Mound Type Landfills

* Mound type landfills, as shown in the
following figure are seen in areas of high
groundwater or where terrain makes
excavation difficult.

» Therefore, cover material must be imported
from nearby areas or borrow-pits.

» Due to the large surface area, the potential for
air intrusion is increased, and this in turn may
increase surface emissions to the
atmosphere. 18-38

Mound Type Landfills

Final Cover (sloped)

Solid Waste Cells Earth Embankment
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Canyon and Ravine Landfills

The way refuse is dispersed in canyon and ravine
landfills (see following figure) depends on site
geometry, hydrology, geology, and access.
Cover material can be excavated from the canyon
wall or bottom prior to filling.

Intermediate (daily) cover often has to be derived
from adjacent areas or borrow pits.

This type of landfill typically has a greater depth of
refuse than most other and fill types, which may
result in increased settlement, causing fissures at
the natural refuse interface and a higher potential for
air intrusion and surface emissions.

1B - 40

Canyon and Ravine Landfills

__—Top of tonait

Finol Cover (Soped)

Dephintt

Sice View
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Pit and Quarry Landfill

Pits and quarries are depressions that result
from the removal of native material. Often,
gravel quarries are located in alluvial
deposits that consist of loose, permeable
gravels.

Due to a low-surface-area-to mass ratio, the
potential of surface emissions may be lower
than other landfill types, but the potential of
subsurface lateral migration can be greater.
Deep depressions filled with refuse often
result in a greater potential for settlement,
especially at the refuse/natural material

interface. 18-42
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Ameron Quarry as potential
O‘ahu's Hawaii new landfill

Schematic of a Typical Mumcpal Soid Waste Landtl
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Source: P. ('Leary and P, Wakh, University of Wisconsin-Madion Sokid and Hazardous Waste Education Center, reprnted from

Waste Age 1991.1992

Dautle Liners and Leachae Collection System
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Cover (Opticnal) r Top Liner (FML)
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Solid Wasts

"2 Dreinage g Bottom

Leachate Collection T o RO
and Removal System /o'v Matgrial "oy i f ! Composite Liner
i Upper Gomponent|
Lecchate Detscton, Compectad Lon-Permeabilty Soi A
Colection, and , "

Remavel System (LDCRS) fow"i: a%mp;:n
Native Sofl Foundation s

" Leacnate Collection
System Sum
Wit Giifdee

Source: EMCON, 1968 : : Point)
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Typical Gas Monitoring Probe PVC caps with
petcocks

Protective casing
with lock

e i
Bentonite soil seal
Bentonite seal

1 inch PVC pipe

172 inch PVC pipe

1 inch perforated
PVC pipe

Gravel backfill

Bentonite seal

Sand and gravel
Probe screen
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Source: Warzyn Inc.

WELL HEAD (FLUSH UTILITY VAULT)

TYPICAL MULTI-LEVEL
GAS MONITORING

PROBE

WELL BORE SEAL
12 FT OF HYDRATED
BENTONITE)

13 DEPTH*

BACKFILL MATERIAL
(378" PEA GRAVEL)

SLOT PERFORATIONS
(3" MACHINE SLOT
OR .25 INCH HOLE)

“ i
FULL DEPTH* 'L m&f
e fofod!

BOTTOM OF LANDFILL

=— CASING DIAMETER (0.5"-2" TVP.)
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Example of a Multi-Depth Cluster Well.

Groundwater monitoring well
system: Wells placed at an
appropriate location and depth for
taking water samples that are
representative of groundwater
quality.

1B - 48
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& in (152mm)
Cia.

- ) Well Identification Labeled Inside
acance for Sameiar

and Outside the Cap
———— Vented Cap
Top of Riser 3 1

(1.0m) Above Grade - Protective Casing

2 1t (506mm) x 47 {101mm) Thic)
te Pad

- (6. at 67 Above Ground |
Neat Concre! 14" (6.3mm) Weep Hale at 6~ Abol

TEEEET |

3 LS fr. (1.0 10-1.5m) Protective Casing
Anchored Below Frost Line

3 15 #1(1.0-1.5m) Surface Seal of
Neat Cement Extended to ot Least 1
H balow Froat Line

Minimum 2° (Somem) ID Aiser with \
Flusn Threaded Connections

morsdidin ‘
SR AR EE s i Hond

O AR S T —

Ganirzenc an e e S PR e

Well Screen Length Varies

Prlug — Sediment Sump (As Appropriate)
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Example of a Monitoring Well Design-Single Cased Well

Landfill Construction Plan: Intermediate Phase

Source; P, O'Leary and P, Walsh, Universiy of Wisconsin-Wadizon Solid and Hazig:lpég
Waste Education Center, reprintsd from Wste Age Comespondence Course 19601852

Tohd Waste Dlacerment and Compaction

- g

Step 1
Unioad Sclld Waste

Stop 2
Spread ints Thin Layers

Step 3

Compact Sond Waste S

WWOrkiNg face e

Doty cover [y
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Completed Landfill Cells
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The McCommas Bluff Landfill,
Operated by the City of Dallas

New Bioreactor Area

1B - 54
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Bioreactor Landfill Information

A bioreactor landfill operates to rapidly
transform and degrade organic waste. The
increase in waste degradation and
stabilization is accomplished through the
addition of liquid and air to enhance microbial
processes.

This bioreactor concept differs from the
traditional “dry tomb” municipal landfill
approach.

A bioreactor landfill is not just a single design
and will correspond to the operational process
invoked. There are three different general

types of bioreactor landfill configurations:"™"

55

Landfill Chemistry and
Microbiology

Morton A. Barlaz
Department of Civil Engineering
North Carolina State University

https://archive.epa.gov/epawaste/nonhaz/municipal/web/pdf/barlaz.pdf
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Refuse Composition

Other

Wood

Paper
37.4%

Yard Waste
12.0%

Food Waste
11.2%

Metals
55% Plastics 7.8%
10.7%
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Refuse Composition

Other
21.7%

Cellulose
Lignin 51.2%

15.2%

Hemicellulose
11.9%
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Anaerobic’ Decomposition of Organic Waste

REFUSE

1
1
|
|
|

Organic Inorganic

Fats - (Fatty Acids) Metals
Carbohydrates - (Sugars) Salts
Proteins - (Amine Acids) Metal Oxides
Lignin = (NHBJ Silicates

] [ Acid Heth:ne N

e | Camplex Forming . Organic Formin ane &
| Organics | Bacteria | Acids Bacteria | Carbon Dioxide
(RS

(First Stage) (Second Stage)
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Microbiological
Processes

|. Polymer Hydrolysis — soluble sugars, amino acids
cellulose

[ hemicellulose j
proteins

For example,
(CeH1gOs)q + H20 —  CgH1206+ (CeH10Os)n1

1B - 60
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Refuse Decomposition

Cellulose:

(CgH10s), + nH,0 - 3nCO, + 3nCH,
Hemicellulose:

(CsHgOy4 )y + NHO — 25nCO,+ 2.5n CH,

1B - 61

Example Chemical Pathway
CeH1,06 (Sugar)

* 1) Carbohydrates

Fermentation G

* CgH 206 2 CO, + 2C,H;0H (ety Ahol)

¢ 2C,HsOH + H,0 CH5;COOH (acetate) + H,

. Decarboxylation

* CH;COOH ——— CH, (Methane) + CO, (carbon Dioxide)

1B - 62

Microbiological Processes

* Methane Production

« 1. CH,COO" + H,0 — CH, + HCO,

« 2.4H, +HCO, +H* — CH, + 3H,0

1B - 63
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What can Affect the Biology of the
Process

* Leachate neutralization

+ Liquid addition

» Temperature of of the landfill
* |nitial aeration

1B - 64

Summary of the Biological Process

» Decomposition of the deposited waste
occurs in a series of phases

» Gas production and leachate quality are
linked

+ Landfills are complex biological
ecosystems

1B - 65

Additional Reading

1. Barlaz, M. A. and R. K. Ham,
1993,"Leachate and Gas
Generation," in Geotechnical Practice
for Waste Disposal, D. E. Daniel, ed.,
Chapman and Hall, London, p. 113 - 36.

2. Barlaz, M. A., 1996, “The Microbiology
of Municipal Solid Waste Landfills,” in
Solid Waste Microbiology, A. C.

Palmisano and Barlaz, Morton A.
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Leachate Management

» Refuse contains decomposable matter, as well as
the nutrients and organisms that promote
decomposition. The limiting factor controlling the
amount of decomposition taking place in
municipal solid waste is usually the availability of
moisture.

* The decomposition of solid wastes in an MSW
landfill is a complex process. It may be
characterized according to the physical, chemical ,
and biological processes that interact
simultaneously to bring about the overall
decomposition. Phases previously described.

* The by-products of all these mechanisms are
chemically laden leachate and landfill gas. -

Leachate Management

* Leachate is a liquid that has passed through or
emerged from the waste in a landfill.

« It contains soluble, suspended, or miscible materials
removed from such waste.
It is imperative, therefore, when designing leachate
collection and treatment facilities to consider the
concentrations and variability of leachate with regard
to its many constituents.

+ Leachate generation rates depend on the amount of
liquid originally contained in the waste (primary
leachate) and the quantity of precipitation that enters
the landfill through the cover or falls directly on the

waste (secondary leachate). 18-68
Changes in Leachate Composition in Different Stages of a Landfill
Paramaters with differences between acatic and Parameters for which no differences betwean
methanagenic phase phases could be chserved
Acetic phase Average Average  Range
pH a1 ClimgA 2100 100-5000
ECD, {mail 13000 MNa imad 1280 £0-4000
oD gl 22000 K imad) 1100 10-2500
BCD,C00 0.58 Alkalinky [mg CaC0,/} &700 200-11500
LTl 500 INH, [mg N 70 303000
Ca (mall 1200 Orgh {mg N =
Ma (g 470 Tetal N {ma MU
Fa [maAl 780 TN, (ma N
M marl 25 O, {ma i 5
Zn jmgA) 5 Total P fma PA} & 0130
AN ug T 2000 220-2600
Methancgenic phase As fugl) 160 S-1800
Cd jua [
pH a o (ugl
I el 55

gggx (ma/l ;E_gj Ni fug ) 0 20-2050

ma/) g Ph ugl] EERT=
sorloon o6, Crivaly W w-16m
22‘,#?{{" 8 Cu B 4140
My gl 180 Ha i) L
Fz fmadl 15 “adsorbable arganic hakgen
Mn [maf) 0.7
Zn fmgy 08 1B - 69
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Factors Affecting Leachate Generation

« Climate: Climate at the site significantly
influences the leachate generation rate. All other
factors being equal, a site located in an area of
high precipitation can be expected to generate
more leachate.

+ Topography: Topography affects the site’s runoff
pattern and the amount of water entering and
leaving the site. Landfills should be designed to
limit leachate generation from areas peripheral to
the site by diverting surface-water “run-on” away
from the site and by constructing the landfill
cover area to promote runoff and reduce
infiltration. All areas of a landfill should maintain
at least a two percent grade over the waste at all,
times to prevent ponding of surface water.

Factors Affecting Leachate Generation

Landfill cover: Landfill cover at the site affects the amount
of water percolating into the landfill to form leachate. As
the permeability of the soil used for final cover increases,
leachate production rates increase.

Consequently, to reduce the amount of leachate, modern
design requires the use of low-permeability clays or
geosynthetic membranes in final cover configurations.

» Vegetation: Vegetation plays an integral part in leachate

control. It limits infiltration by intercepting precipitation
directly (thereby improving evaporation from the surface)
and by taking up soil moisture and transpiring it back to
the atmosphere. A site with a poor vegetative cover may
experience erosion that cuts gullies through the cover soil
and allows precipitation to flow directly into the land filled
waste.

1B-71

Factors Affecting Leachate
Generation

* Type of waste: The type of waste and
the form that it is in (bulk, shredded,
etc.) affect both the composition and
quantity of leachate. Wetter wastes,
for example,will generate more
leachate.
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Predicting Leachate Production Rates

Good landfill design requires predicting
the amount of leachate that will be
produced. The amount of leachate
generated will affect operating costs if
leachate collection and treatment are
provided. The amount of leachate
formed also affects the potential for
liner leakage (to be calculated later)
and hence to the potential for
groundwater contamination. It also
affects the cost of post-closure care
after the landfill is closed.

1B-73

Predicting Leachate Production Rates

Predicting leachate formation requires water-
balance calculations.

+ Estimating the amount of water from rain or
melting snow that will percolate through the
landfill cover. Over time, the volume of percolating
water will nearly equal the volume of leachate
produced.

» There may be a lag between the time percolating
water enters the fill material and the time leachate
emanates continuously from the base of the fill.

» During this lag period, the solid wastes increase
in moisture content until their field capacity is
reached (field capacity is defined as the moisture
content of the waste above which moisture will
flow under the influence of gravity). 18-74

Predicting Leachate Production Rates

The USEPA, in cooperation with the Army
Corps of Engineers Waterways Experiment
Laboratory, has prepared a computer
program that calculates the water balance.
The Hydrologic Evaluation of Landfill
Performance (HELP) Model version 3.0 has
weather records in data files and offers
options for predicting leachate generation
under many combinations of cover
conditions.
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Hydrologic Evaluation of
Landfill Performance (HELP)

* HELP program is a quasi two-dimensional
hydrologic model that simulates water
movement through the landfill.

* The model may be used to estimate water
balances under different design scenarios

https://www.epa.gov/land-
research/hydrologic-evaluation-landfill-
performance-help-model 18-77

Hydrologic Evaluation of
Landfill Performance:

HELP 4.0 User Manual

1B -78
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Hydrologic Evaluation of Landfill
Performance (HELP)

* The HELP model estimates the
following for landfills and bioreactors:

* Quantity of leachate permeating
through the waste fill

* Quantity of leachate removed by the
leachate collection system

+ Quantity of leachate potentially leaking
through the bottom liner system

* Depth of hydrostatic head on the
primary liner

1B -79

HELP

The amount of precipitation and leachate
that travels through the waste mass
can be approximated by the use of
Darcy’s Law, where

Q = kiA
Q = flow rate (L3/T) into landfill
K = permeability of media (L/T)
i = hydraulic gradient (unitless)
A = cross-sectional area (L2)

1B - 80

HELP

» The permeability of soil and fill materials is a
measure of continuous voids. However, a
reasonable approximation of the coefficient
of permeability must be made, since
heterogeneous materials, including cover
materials, will yield different permeabilities.

+ Differences in waste densities will also yield
different permeabilities by as much as 2
orders of magnitude.

* The HELP Model employs a default waste
permeability of 1x10-3 cm/sec, which is
comparable to other hydraulic conductivities
cited in literature. 18-81
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HELP

» The HELP Model uses three types of input
data to estimate hydrologic conditions in
landfills:

+ climatological data (evapotranspiration,
precipitation data, temperature, and solar
radiation data), soil data (soil/material
interfaces and properties for hydraulic
conductivity, wilting point, field capacity, and
porosity), and design data (landfill liner
system cross-sections including vertical
percolation layer, lateral drainage layer, soil
layer and geomembrane liner).

1B - 82

HELP

* The HELP program estimates the amount of
moisture that enters the bioreactor as
precipitation (rain, snowmelt, etc.), which is then
modeled as infiltration through the waste material.

+ Water losses through evaporation and biological
activity can be accounted for in the program.

* The total amounts of liquid added as recirculation
and that fraction collected in the leachate
collection system are then estimated by the
model.

* To complete the water balance, additional
quantities of moisture can be calculated that
would be required to maintain the waste fill at the
desired field capacity. 18-83

Schematic Profile View of a Typical
Hazardous Waste Landfill
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HELP Websites

« Hydrologic Evaluation of Landfill
Performance (HELP) Model | US EPA

¢ 2007 VisualHELP pg10.cdr
(waterloohydrogeologic.com)
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National
Emission
Standards for

Air

On January 16, 2003 USEPA
promulgated standards for
national emission hazardous
air pollutants (NESHAP) for
municipal solid waste (MSW)
landfills.

MSW Landfills NESHAP
40 CFR Part 63, Subpart AAAA
Promulgated January 16, 2003
Federal Register Vol. 68, p.
2227
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Subpart AAAA

The intent of the standards is to protect
the public health by requiring new and
existing sources to control emissions of
HAP’s to the level reflecting the
maximum achievable control technology
(MACT)

Subpart AAAA

The final rule ensures reductions of nearly
30 HAP's emitted by MSW landfills
including, but are not limited to, vinyl
chloride, ethyl benzene, toluene, and
benzene.

Each of the HAP's emitted from
MSW landfills can cause adverse
health effects provided sufficient
exposure.

Subpart AAAA

The final rule applies to all MSW
landfills that are major sources or
are collocated with a major
source, and to some landfills that
are area sources.
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What is the Air Toxics Strategy?

Congress instructed EPA to develop a strategy for air
toxics in urban areas that includes specific actions to
address the large number of smaller, area sources, and
that contains broader risk reduction goals encompassing
all stationary sources.

The Air Toxics Strategy is EPA’s integrated framework
for addressing air toxics in those urban areas by looking
at stationary, mobile, and indoor source emissions.

Air toxics can pose special threats in urban areas because
of the large number of people and the variety of sources
of toxic air pollutants, such as cars, trucks, large
factories, gasoline stations, landfills and dry cleaners.
The Clean Air Act required EPA to identify a list of at
least 30 air toxics that pose the greatest potential health
threat in urban areas.

As a result, EPA identified a list of 33 air toxics (see
attached list) of the 188 toxic air pollutants.

List of the 33 Urban Air Toxics HAPs

acetaldehyde ctiylene oxide
acrolein formaldehyde
scrylousitrle bexachlorobenzene
arsenic conpousds Iiydrazine

benzene lead compounds

beryllivam congpounds poumnds

diene mercwry compounds

cadminm compounds methylene chilorde

carbon tetrachloride + nickel compounds

Ljorof: polychlormnated biphenyvls (PCHs)

cluominm compousds polycyclic organic matter (POM)

coke oven emissions + quneline
dicexin 1. 1. 2. 2-tetchloroethane
sihylene dibwomide = perchloroctliylene
propylene dichloride wichloroetylene
1._3-dichloropropene. vyl chloride

ethylene dichloride
Mtk

NOTE: A list of 33 wban HAPs which pose the greatest threats to public health in urban areas was

Air Toxics Strategy website

Integrated Urban Air Toxics Strategy | Urban Air

Toxics | US EPA
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Subpart AAAA (March 26, 2020)

The final rule is applicable to both major and area
sources and contains the same requirements as
the Emission Guidelines and New Source
Performance Standards(EG/NSPS).

63.1955 (a) Comply with the requirements of 40
CFR part 60 subpart WWW, subpart XXX, a
federal plan or an EPA approved and effective
state or tribal plan.

All affected sources must comply with the SSM
requirements subpart A of this part as specified in
Table 1 and all affected sources must submit
compliance reports every 6 months as specified in
§ 63.198(h).

Residual Risk and Technology
Review (RTTR)

m On March 26, 2020 the RTTR was conducted
finalized and for the Municipal Solid Waste
(MSW) Landfills source category regulated
under national emission standards for
hazardous air pollutants (NESHAP).

m The EPA is also finalized minor changes to
the MSW Landfills NSPS and Emission

Guidelines (EG) and Compliance Times for
MSW Landfills.

Residual Risk and Technology Review

m The results of the chronic baseline inhalation cancer
risk assessment indicate that, based on estimates of
current actual, allowable, and whole facility
emissions under the NESHAP, the maximum
individual risk posed by the source category is 10-
in-1 million. The total estimated cancer incidence
based on actual emission levels is 0.04
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Regulations Associated with MSW
Landfills

Residual Risk and Technology Review

= Our risk analysis indicated the risks from this source
category are low for both cancer and noncancer health
effects, and, therefore, any additional emissions
reductions would result in minimal health benefits or
reductions in risk.

m Based upon results of the risk analysis and our evaluation
of the technical feasibility and cost of the option(s) to
reduce landfill fugitive emissions, we proposed that the
current NESHAP provides an ample margin of safety to
protect the public health.

m We also proposed, based on the results of our
environmental screening assessment, that more stringent
standards are not necessary to prevent an adverse

environmental effect. 2-13

Purpose of NSPS/EG Regulation

¢ Limit LFG migration subsurface
off site

¢ Limit LFG migration into onsite
structures

e Limit LFG odors at or beyond the
landfill boundary

e Limit LFG emissions into the
atmosphere

NESHAP AAAA Control
Requirements

m Contains same requirements as NSPS/EG

m Requires gas collection and control system
(GCCS) for same landfills as NSPS/EG:

m Design capacity > 2.5 million Mg or

2.5 million m® and estimated uncontrolled
NMOC emissions > 50 (34 for XXX) Mg/yr

Requires more timely control of bioreactors
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Part 63 Subpart AAAA
National Emission Standards for Hazardous Air Pollutants:
Municipal Solid Waste Landfills

= 63.1935 Applicability
= A MSW landfill is subject to the National Emission Standards
for Hazardous Air Pollutants (NESHAPS) MSW Maximum
Achievable Control Technology (MACT) if meeting the
following criteria:
The landfill has accepted waste since 11/8/87 and meets
any one of the following criteria:
The MSW landfill is a major source* as defined in 40
CFR 63.2 of Subpart A or if it is collocated with a
major source
The MSW landfill is an area source that has a design
capacity > 2.5 million MG and 2.5 million m3 and has
estimated uncontrolled emissions > 50 MG/yr NMOC

Part 63 Subpart AAAA
National Emission Standards for Hazardous Air
Pollutants: Municipal Solid Waste Landfills

63 Subpart AAAA Requirements:

Landfill must comply with 40 CFR 60 Subpart WWW or 40 CFR 60 Subpart
Cc, whichever is applicable § 63.1955.

Landfill must keep records and reports as specified in 40 CFR 60 Subpart
WWW or Subpart Cc, whichever is applicable. Landfill must submit the
annual report described in 40 CFR 60.757(f) every 6 months (§
63.1980(a))

Recordkeeping and reporting requirements for bioreactors §63.1980(b) to (h).

*Major source means any stationary source or group of stationary sources
located within a contiguous area and under common control that emits or has
the potential to emit considering controls, in the aggregate, 10 tons per year
or more of any hazardous air pollutant or 25 tons per year or more of any
combination of hazardous air pollutants, unless the Administrator establishes
a lesser quantity, or in the case of radionuclides, different criteria from those

specified in this sentence. 2-17

EG/NSPS

Subpart Cc (Cf) — Emission Guidelines (EG)
and Compliance Times for Municipal Solid
Waste Landfills (March 12, 1996)(August 29,
2016)

§ 60.33¢ (60.33f)

a) For approval, a State plan shall include
control of MSW landfill emissions at each
MSW landfill meeting the following three
conditions:
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EG/NSPS

(1) The landfill has accepted waste at any time since
November 8, 1987, or has additional design
capacity available for future waste deposition;

(2) The landfill has a design capacity greater than
or equal to 2.5 million megagrams and 2.5 million
cubic meters. The landfill may calculate design
capacity in either megagrams or cubic meters for
comparison with the exemption values. Any

density conversions shall be documented and
submitted with the design capacity report; and

(3) The landfill has a non-methane organic
compound emission rate of 50 (34) megagrams per
year or more.

2-19

EG/NSPS

(b) For approval, a State plan shall
include the installation of a collection
and control system meeting the
conditions provided in

§ 60.752(b)(2)(ii) of this part at each

MSW landfill meeting the conditions
in paragraph (a) of this section. The

State plan shall include a process for
State review and approval of the site-
specific design plans for the gas
collection and control system(s).

2-20

EG/NSPS

(¢) For approval, a State plan shall
include provisions for the control of
collected MSW landfill emissions
through the use of control devices
meeting the requirements of paragraph
(c)(1), (2), or (3) of this section, except
as provided in § 60.24.
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EG/NSPS

§ 60.752 (60.762)Standards for air
emissions from municipal solid waste
landfills.

(a) Each owner or operator of an MSW
landfill having a design capacity less than
2.5 million megagrams by mass or 2.5
million cubic meters by volume shall
submit an initial design capacity report to
the Administrator as provided in §
60.757(a). The landfill may calculate
design capacity in either megagrams or
cubic meters for comparison with the
exemption values.

2-22

EG/NSPS

Subpart WWW-—Standards of Performance
for Municipal Solid Waste Landfill (March
12, 1996)

§ 60.750 Applicability, designation of
affected facility, and delegation of authority.

(a) The provisions of this subpart apply to
each municipal solid waste landfill that
commenced construction, reconstruction or
modification on or after May 30, 1991.
Physical or operational changes made to an
existing MSW landfill solely to comply with
Subpart Cc of this part are not considered
construction, reconstruction, or
modification for the purposes of this sectign.

,,,,,,,,
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40 CFR Part 63, Subpart AAAA

The rule applies to area source
landfills if they have a design
capacity equal to or greater than
2.5 million Mg and 2.5 million m3,
and they have estimated
uncontrolled emissions of

50 Mg/yr NMOC or more, or are
operated as a bioreactor.

The final rule adds startup, shutdown,
and malfunction (SSM) requirements,
adds operating condition deviations for
out of-bounds monitoring parameters,
requires timely control of bioreactor
landfills, and changes the reporting
frequency for compliance monitoring
report to every 6 months.

The final rule requires operation
of the control device(s) within
the operating parameter
boundaries as described in 40
CFR 60.758(c)(1) and to
continuously monitor control
device operating parameters
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Compliance with the operating
conditions is demonstrated when
monitoring data show that the gas
control devices are operated within
the established operating parameter
range. Compliance also occurs when
the data quality is sufficient to
constitute a valid hour of datain a
3-hour block period.

‘c’ EPA Municipal Solid Waste Landfills, Volume 1:

Summary of the Requirements for

the New Source Performance Standards
and Emission Guidelines for

Municipal Solid Waste Landfills

FINAL
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More Information

Municipal Solid Waste Landfills | Landfills | US EPA
reduce.htm

NSPS/EG Requirements

m GCCS must be designed for the
maximum expected flow over the
intended use period

m The flow used for the design must be
equal to or greater than flows estimated
by EPA Model w/ AP-42 defaults for Lo
and k. Site specific k from Method 2E
may be substituted. [§ 60.755(a)(1)]

60.752 Standards for air emissions from municipal
solid waste landfills.

(b) Each owner or operator of an MSW landfill
having a design capacity equal to or greater than
2.5 million megagrams and 2.5 million cubic
meters, shall either comply with paragraph (b)(2) of
this section or calculate an NMOC emission rate for
the landfill using the procedures specified in

§ 60.754. The NMOC emission rate shall be
recalculated annually, except as provided in

§ 60.757(b)(1)(ii) of this subpart. The owner or
operator of an MSW landfill subject to this subpart
with a design capacity greater than or equal to 2.5
million megagrams and 2.5 million cubic meters is
subject to part 70 or 71 permitting requirements33
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(2) If the calculated NMOC emission rate is equal to or
greater than 50 megagrams per year, the owner or
operator shall:

(i) Submit a collection and control system design plan
prepared by a professional engineer to the Administrator
within 1 year:

(A) The collection and control system as described in the
plan shall meet the design requirements of paragraph
(b)(2)(ii) of this section.

(B) The collection and control system design plan shall
include any alternatives to the operational standards, test
methods, procedures, compliance measures, monitoring,
recordkeeping or reporting provisions of §§ 60.753
through 60.758 proposed by the owner or operator.

2-34

(D) The Administrator shall review

the information submitted under paragraphs
(b)(2)(i) (A),(B) and (C) of this section and
either approve it, disapprove it, or request that
additional information be submitted. Because
of the many site-specific factors involved with
landfill gas system design, alternative systems
may be necessary. A wide variety of system
designs are possible, such as vertical wells,
combination horizontal and vertical collection
systems, or horizontal trenches only, leachate

collection components, and passive systems.
2-35

§ 60.754 Test methods and procedures.

(a)(1) The landfill owner or operator shall calculate
the NMOC emission rate using either the equation
provided in paragraph (a)(1)(i) of this section or
the equation provided in paragraph (a)(1)(ii) of this
section. Both equations may be used if the actual
year-to-year solid waste acceptance rate is known,
as specified in paragraph (a)(1)(i), for part of the
life of the landfill and the actual year-to-year solid
waste acceptance rate is unknown, as specified in
paragraph (a)(1)(ii), for part of the life of the
landfill.

2-36
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(continued)

m The values to be used in both equations
are 0.05 per year for k, 170 cubic meters
per megagram for Lo, and 4,000 parts
per million by volume as hexane for the
CNMOC. For landfills located in
geographical areas with a thirty year
annual average precipitation of less than
25 inches, as measured at the nearest
representative official meteorological site,
the k value to be used is 0.02 per year.

2-37

n

Munoc = 2,2 k LoM; (e7™i)(Cppoc )(36x107°)
i=1

where,
MNMOC=Total NMOC emission
rate from the landfill, megagrams t = age of landfill, years

per year CNMOC=concentration of
k=methane generation rate NMOG, parts per

constant, year -! million by volume as hexane
Lo=methane generation c=time since closure, years; for
potential, cubic meters per active landfill ¢c=O and e = kel
megagram solid waste 3.6x10° =conversion factor

Mi = mass of solid waste in the

ith section, megagrams

ti=age of the ith section, years

CNMOC=concentration of

NMOC, parts per million by 238
volume as hexane

Gas collection systems are not 100 percent
efficient in collecting landfill gas, so emissions of
CH4 and NMOC:s at a landfill with a gas
recovery system still occur. To estimate
controlled emissions of CH4, NMOCs, and other
constituents in landfill gas, the collection
efficiency of the system must first be estimated.
Reported collection efficiencies typically range
from 60 to 85 percent, with an assumed average
of 75 percent. If site-specific collection
efficiencies are available, they should be used
instead of the 75 percent average.

2-39
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Percent Percent Percent
Collection Collection Control
Controlled Efficiency Efficiency Efficiency
Ludill - p| - Effciency) | Efficlency| f Efficency
Emissions 100 100 100
2-40

Example of Landfill NMOC Collection and Control

VOC emissions from Landfill A are estimated to be
3,197 cubic meters per year.

Average collection efficiency of the landfill gas recovery
system is not known at Landfill A, so a 75-percent
collection efficiency rate is assumed. The collected
landfill gas is controlled by a flare, which has a control
efficiency for NMOC:s of 83.16 percent.

Controlled NMOC Emissions = 3,197 m® * [1 - 0.75] +
3,197 m® * [0.75] * [1 - 0.8316]

=799.25 m? + 3,197 m* * 0.1263
=799.25 m* + 403.78 m?
=1,203 m? 2-41

Part 60 Subpart Cc- Emission Guidelines and
Compliance Times for Municipal Solid Waste
Landfills (11/8/87 to 5/29/91) FR 3/12/96

Designated facilities- cach existing MSW landfill for which
construction, reconstruction, or modification was commenced
before 5/30/91

For approval, a State plan shall include control of MSW
landfill emissions at each MSW landfill meeting the following

3 conditions:

* existing landfills that have accepted waste since
11/8/87 or has additional design capacity to accept
waste

* landfill with design capacity >2.5 million megagrams
by mass or > 2.5 million cubic meters by volume

* landfill has a NMOC emission rate of >50
megagrams/yr 2-42
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Part 60 Subpart Cf- Emission Guidelines and
Compliance Times for Municipal Solid Waste
Landfills (FR 8/29/2016)

m 60.31f Designated facilities.

(a) The designated facility to which these
Emission Guidelines apply is each existing
MSW landfill for which construction,
reconstruction, or modification was commenced
on or before July 17, 2014.

Part 60 Subpart Cc (Cf)-Emission
Guidelines and Compliance Times for Municipal
Solid Waste Landfills (11/8/87 to 5/29/91)

* For approval, a State plan shall include the
requirement for existing landfills to install a collection
and control system meeting the requirements:

* An open flare designed and operated in accordance
with the parameters established in §60.18.

* A control system designed and operated to reduce
NMOC by 98% by weight.

® An enclosed combustor designed and operated to
reduce the outlet NMOC concentration to 20 ppm as

hexane by volume, on a dry basis at 3% O2 or less.
2-44

Applicability of
Part 60 Subpart Cc; Part 60 Subpart WWW;

m Part 60 Subpart Cc-Emission
Guidelines is for existing MSW landfill
for which construction, reconstruction,
or modification was commenced before
5/30/91, but incorporates all of the
requirements of Subpart WWW.

m NSPS Subpart WWW is applicability to

all landfills constructed, reconstructed,
or modified on or after 5/30/91 245
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Part 60 Subpart WWW (XXX)
Standards of Performance for Municipal
Solid Waste Landfills

 Landfills with a design capacity < 2.5 million
megagrams by mass or < 2.5 million cubic meters
by volume shall submit an initial design capacity
report to the Director.

If the design capacity equals or exceeds 2.5 million
megagrams or 2.5 million cubic meters the owner
shall calculate an annual NMOC emission rate for the
landfill.

If the calculate NMOC is calculated to < 50 (34)
megagrams/yr the owner will recalculate the NMOC
annually and submit an annual emission report. ,_ 4

Part 60 Subpart WWW (XXX)
Standards of Performance for Municipal Solid
Waste Landfills 60.757(b)(1)(ii)

* NMOC emission rate reports are submitted to the
IEPA annually, with the following exception:

e If the estimated NMOC emission rate is less than 50
(34) MG/yr in each of the next 5 consecutive years,
based on the estimated waste acceptance rate, the
owner may elect to submit the report every 5 years,
and if all the data and calculations upon which the
estimate is based is provided in the report.

If the actual waste acceptance rate is exceeded in any
year reported in the 5-year estimate, a revised 5-year
report shall be submitted beginning with year in which
the actual acceptance rate exceeded the estimated Tate.

Part 60 Subpart WWW (XXX)
Standards of Performance for Municipal
Solid Waste Landfills
The owner has the option to recalculate the NMOC emissions in 3 Tiers to
document the annual emissions to be < 50 (34) MG :
* Tier I: NMOC emissions calculations (2) use default values set in 60.754(a)(1)
® Tier 2: Determine the site-specific NMOC emission rate (at least every 5 yrs.)

* install at least 2 sample probes per hectare of landfill surface that has been in
waste for 2 years, up to a maximum of 50 probes;

* analyze one sample of landfill gas from each probe to determine the NMOC
concentration using Method 25 or 25C;

* composite samples from different probes to one cylinder are allowed if equal
sample volumes are taken from each probe; and

* the average site-specific NMOC concentration is used instead of the default
value in Tier 1, in one of the 2 calculations contained in 60.754(a)(1)

* Tier 3: The site-specific CH4 generation rate constant is determined using
Method 2E (rather than the default value), along with the site-specific NMOC
concentration measured in Tier 2. CH4 generation rate constant perf. oly48nce.
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Part 60 Subpart WWW (XXX)
Standards of Performance for Municipal
Solid Waste Landfills

The owner shall submit a collection and control system design plan (prepared by a
professional engineer) within 1 year of the first report in which the NMOC emission
rate exceeds 50 (34) MG/yr; except where NMOC emissions are re-calculated to be less
than this amount using Tier 2 or Tier 3.
The owner shall install a collection and control system within 30 months after the 1st
annual report in which NMOC emissions exceed 50 MG/yr.
Each well shall be installed no later than 60 days after the date on which the initial solid
waste has been in place for a period of (§60.755(b)):
® 5 years or more if active; or 2 years or more if closed or at final grade
® Collected gases shall be routed to a control device meeting one of the following
requirements:
® An open flare designed and operated in accordance with the parameters
established in §60.18.
* A control system designed and operated to reduce NMOC by 98% by weight.

* Anenclosed combustor designed and operated to reduce the outlet NMOC
concentration to 20 ppm as hexane by volume, on a dry basis at 3% O2 or
less. 2-49

Part 60 Subpart WWW (XXX)
Standards of Performance for Municipal
Solid Waste Landfills (60.753) (60.763)
Operational standards for collection and control systems

m  The gas collection system must be operated under negative pressure at
each wellhead, except under the following conditions:

— afire orincreased well temperature (maintain records and report)

— use of a geomembrane or synthetic cover
— adecommissioned well, w/ declined flows (capped not removed)

m  Operate each interior wellhead with a landfill gas temperature less than
55° C (131 F°) and with either oxygen less than 5% or nitrogen less than
20% (For XXX O2 does not have limits nor need to be reported, but
should be recorded,

m A higher operating value demonstration shall show supporting data that
the elevated parameter does not cause fires or significantly inhibit
anaerobic decomposition by killing methanogens.

m Operate the collection system so methane concentration is <500 ppm
above background at the surface of the landfill. 2-50

Part 60 Subpart WWW (XXX)
Standards of Performance for Municipal
Solid Waste Landfills

m The following procedures shall be used for compliance w/ the surface
methane operational standards:

— The owner shall monitor the surface CH, concentrations along the
entire perimeter of the collection area and along a pattern that
transverses the landfill at 30 meter intervals on a quarterly basis
using an organic vapor analyzer, flame ionization detector, or other
portable monitoring device meeting the requirements of
§ 60.755(d).

— The background concentration shall be determined by moving the
probe upwind and downwind outside the boundary of the landfill at a
distance of 30 meters from the perimeter wells.

— Surface CH, monitoring shall be performed in accordance w/ Section
4.3.1 of Method 21, except the probe inlet shall be placed 5 to 10 cm
from the ground; and monitoring shall be conducted during normal
meteorological conditions. 2-51
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Part 60 Subpart WWW (XXX)
Standards of Performance for Municipal Solid
Waste Landfills

m For the purposes of identifying the infiltration of excess air,
the wellhead shall be monitored monthly for temperature and
nitrogen or oxygen to demonstrate compliance with
§ 60.753(c).

— Actions shall be initiated to correct the exceedance within
5 days of the measured exceedance.

— If any exceedance cannot be achieved within 15 days of
the 1st measurement, the gas collection system shall be
expanded within 120 days of the initial exceedance.

— An alternative timeline for correcting the exceedance
may be submitted to the Director for approval.

2-52

Part 60 Subpart WWW (XXX)
Standards of Performance for Municipal Solid
Waste Landfills

m The gauge pressure shall be measured monthly in the gas
collection header at each individual well. If positive pressure
exists the following procedures shall be followed:

— Actions shall be initiated to correct the exceedance within
5 days, except for the 3 conditions allowed in § 60.753(b)
(fire, geomembrane, decommissioned well).

— If negative pressure cannot be achieved without excess air
infiltration within 15 days of the 1st measurement, the gas
collection system shall be expanded within 120 days of the
initial measurement of + pressure.

— An alternative timeline for correcting the exceedance
may be submitted to the Director for approval.

2-53

Part 60 Subpart WWW (XXX)
Standards of Performance for Municipal Solid
Waste Landfills

Any reading of 500 ppm CH, or more above background shall be recorded as an
exceedance. The exceedance is not a violation if the following procedures are followed:

* The location of each monitored exceedance shall be marked and the location recorded.

« Cover maintenance or adjustments to the vacuum of the adjacent wells is made to
increase the gas collection in the vicinity of the exceedance.

* The location is re-monitored w/i 10 days of detecting the exceedance and it is
corrected;
= Orif, w/i 10 days, the location is monitored with a 2nd exceedance, additional

corrective action is taken; and the location is re-monitored w/i 10 days of the 2nd
exceedance.

* Any location showing an exceedance , where the CH4 conc. is re-monitored to be < 500
ppm over background, shall be monitored w/i 1 mo. of the initial exceedance.

* Any location showing an exceedance of 500 ppm above background 3 times in a
quarterly period, shall have a new well installed w/i 120 days of the initial exceedance.

* An alternative remedy to the exceedance such as upgrading the blower, header pipes,
or control device may be submitted to the Director for approval.

2-54




Landfills: Regulations, Design/Operation, Regulations Associated with MSW
Emissions and Inspection Landfills

Part 60 Subpart WWW (XXX)
Standards of Performance for Municipal
Solid Waste Landfills
The calculation for the maximum expected gas generation

flow rate from the landfill to determine the design of the
collection and control system is provided in § 60.755(d).

m A value of no more than 15 years shall be used for the
intended use period of the gas mover equipment. The active
life of the landfill is the age of the landfill plus the estimated
number or years until closure.

The collection and control system shall be designed to control
and extract gas from all portions of the landfill sufficient to
meet all of the operational and performance standards of the
NSPS.

The owner shall monitor for the cover integrity and
implement cover repairs as necessary on a monthly basig.-55

Part 60 Subpart WWW (XXX)
Standards of Performance for Municipal
Solid Waste Landfills

Each owner demonstrating compliance through the use of an enclosed
combustor shall install, calibrate, operate, and maintain, according to
mfg's specifications, the following equipment:

A temperature monitoring device equipped with a continuous
recorder, except a temperature monitoring device is not required
for boilers or process hearers > 44 MW.

A device that records flow to or bypass of the control device using
either of the following methods:
Install, calibrate, and maintain a gas flow rate measuring
device that records the flow to the control device at least every
15 minutes; or

Secure the bypass line valve in the closed position with a car-
seal or lock-and-key, w/ a visual inspection at least 2-56
once/month

Part 60 Subpart WWW (XXX)
Standards of Performance for Municipal
Solid Waste Landfills

= Each owner demonstrating compliance w/ and open flare shall
install, calibrate, operate, and maintain, according to mfg's
specifications, the following equipment:

= aheat sensing device, such as an ultraviolet beam sensor or
thermocouple, at the pilot light or the flame itself, to indicate the
continuous presence of a flame.

= A device that records the flow to or bypass of the flare, using
either of the following methods:
= Install, calibrate, and maintain a gas flow rate measuring
device that records the flow to the flare at least every 15
minutes; or

= Secure the bypass line valve in the closed position with a car-
seal or lock-and-key, w/ a visual inspection at least  2-s7
once/month
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Part 60 Subpart WWW (XXX)
Standards of Performance for Municipal
Solid Waste Landfills

m Requirements for surface CH4 monitoring devices:

The portable analyzer shall meet the instrument
specifications in Section 3 of Method 21, except CH4
will replace VOC.

m The provisions of this subpart apply at all times, except
during periods of start-up, shutdown, or malfunction
provided the duration of start-up, shutdown, or
malfunction:

does not exceed 5 days for the collection systems and

does not exceed 1 hour for the control devices.
2-58

Part 60 Subpart WWW (XXX)
Standards of Performance for Municipal
Solid Waste Landfills
= The owner shall submit an equipment removal report 30

days prior to removal or cessation of operations of the control
equipment which shall include:

= A copy of the closure report;

= A copy of the initial performance test report demonstrating
that the collection and control equipment has been in place
for a minimum of 15-years; and

= Dated copies of 3 successive NMOC emission rate
reports, calculated no less than 90 days or more than 180
days apart, demonstrating that the landfill is producing

<50 MG NMOC/yr.

Part 60 Subpart WWW (XXX)
Standards of Performance for Municipal
Solid Waste Landfills

* Any closed landfill that has no monitored
exceedances of the 500 ppm CH4 over background
limitation in 3 consecutive quarterly monitoring
periods may skip to annual monitoring, but shall
return to quarterly if an exceedance is detected.

* The owner shall submit a closure report within 30
days of waste acceptance cessation. No additional
wastes may be accepted following the report
without filing a notice of modification.
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Part 60 Subpart WWW (XXX)
Standards of Performance for Municipal Solid
Waste Landfills

= Annual (Biannual) Report The owner using an active collection system for
compliance shall submit biannual reports to the Director containing the following
information:

Value and length of time for any exceedance of any parameters monitored under

§ 60.756(a) thru (d), i.e., pressure, temp., O2/N2 (not for XXX) measurements at
wellhead; continuous temp. records for enclosed combustor or flow measurement
requirements for flare, etc.

Description and duration of all periods when the gas stream was diverted from the
control device through a bypass line or there was an indication of a bypass.

Description and duration of all periods when the control device was not in
operation for a period exceeding 1 hour and length of time it was not in operation.

All periods when the collection system was not operating in excess of 5 days.

The location of each exceedance of the 500 ppm CH4 concentration over
background and the concentration recorded at each such location the following
month.

The date of installation and location of each well or collection system expansion
added to comply with § 60.755. 2-61

Part 60 Subpart WWW (XXX)
Standards of Performance for Municipal
Solid Waste Landfills

m The following exceedances shall be reported in the annual (or
semiannual) report:

For enclosed combustors, except for boilers or process
heater with a design heat input capacity > 44 MW (150
MMBtu/hr):
All 3-hr. periods of operation during which the avg.
combustion temp. was more than 28° C below the avg.
combustion temp. maintained during the most recent
compliance test.

For all boilers and process heaters, any change in the
location at which the landfill gas vent stream is introduced
into the flame zone from that maintained during the
performance or compliance demonstration. 2-62

Part 60 Subpart WWW (XXX)
Standards of Performance for Municipal
Solid Waste Landfills

m  The initial performance test report for the collection and control system shall include
the following information:
A diagram of the collection system showing all locations including: all wells,
horizontal collectors, surface collectors, or other gas extraction devices;

This diagram shall include the locations excluded from the collection area (non-
organic/non-productive) and any proposed areas for future collection system
expansion;

The data upon which the sufficient density of wells, horizontal collectors, surface
collectors, or other extraction devices and the gas mover equipment sizing was
based;

Documentation of the presence of asbestos or nondegradable material for each area
from which collection wells have been excluded;

The sum of the gas generation flow rates and calculations of these flow rates for all
areas for which collection wells have been excluded based on non-productivity;
Provisions for increasing gas mover equipment capacity with increased gas
generation, if the present gas moving equipment is inadequate to move the
maximum flow rate expected over the life of the landfill;

The provisions for control of off-site migration of landfill gases.
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Part 60 Subpart WWW (XXX)
Standards of Performance for Municipal Solid
Waste Landfills

Recordkeeping requirements

Each landfill owner subject to §60.752(b) shall keep, for at
least 5 years, up-to-date readily accessible records, of the
design capacity report, the current amount of solid waste in
place, and the year-by-year acceptance rate.

Each landfill owner shall keep up-to-date, readily accessible
records, and for the life of the control equipment, the data
measured during the initial performance test or compliance
determination. Records of subsequent test or monitoring shall
be maintained for a minimum of 5 years.

Records of control device vendor specifications shall be
maintained until its removal.

2-64

Part 60 Subpart WWW (XXX)
Standards of Performance for Municipal Solid
Waste Landfills

Recordkeeping requirements (cont.)

m For a facility required to install a collection and control system:

The maximum expected gas generation flow rate calculated as
required per §60.755(a)(1); and
The density of wells, horizontal collectors, surface collectors, or other
gas collection devices using procedures specified in
§60.759(a)(1).
m Where using an enclosed combustor, other than a boiler or process
heater with a design heat input capacity > 44 MW:

The average combustion temperature measured at lest every 15
minutes and averaged over the same time period as the performance
test; and

The % reduction of NMOC or outlet NMOC concentration ,
measured as required per §60.752(b)(2)(iii)(B) for the controf a?:svicc.

Part 60 Subpart WWW (XXX)
Standards of Performance for Municipal Solid
Waste Landfills

Recordkeeping requir ts (cont.)
= Where using an open flare to demonstrate compliance:

= The flare type (steam-assisted, air-assisted, or nonassisted); and

= All visible emission readings;
= The heat content determination;

= The flow rate or bypass flow rate measurements;

= The exit velocity determinations made during the performance
test as specified in §60.8;

= Continuous records of the flare pilot flame or flare flame
monitoring equipment; and

= Records of all periods of operations during which the pilot
flame to the flare flame is absent. 2-66
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Part 60 Subpart WWW (XXX)
Standards of Performance for Municipal
Solid Waste Landfills

Recordkeeping requirements (cont.)

m Where using a boiler or process heater of any size for
compliance:

A description of the location at which the collected gas vent
stream is/was introduced into the boiler/process heater during
the performance test; and documentation that it is not moved
without a new compliance demonstration.

m Each owner of a controlled landfill, subject to the provisions of this
subpart, shall keep for 5 years, up-to-date and readily accessible:

Continuous records of equipment operating parameters
specified to be monitored as required by §60.756; and

Periods of operation during which the parameter boundaries
established during the most recent performance test were

2-67
exceeded.

Part 60 Subpart WWW (XXX)
Standards of Performance for Municipal Solid
Waste Landfills

= Recordkeeping requirements (cont.)

Where using a boiler or process heater with a design
heat input capacity > 44 MW for compliance:

all periods of operation of the boiler/process heater,
e.g., to include records of steam use, fuel use, or
monitoring date required per a State permit.

Where using an open flare to demonstrate compliance:

continuous records of the flame or flare pilot flame
monitoring required per §60.756(c); and

all periods of operation during which the flame or flare
pilot flame is absent.

Part 60 Subpart WWW (XXX)
Standards of Performance for Municipal Solid
Waste Landfills

Recordkeeping requir ts (cont.)
= Each owner of a controlled landfill, subject to the provisions
of this subpart, shall keep for the lifetime of the collection
system:

= An update, readily accessible plot map showing each
existing and planned collector system and the identification
of each to include:

= The installation date and location of all newly installed
collectors; and

= Documentation of the nature, date of deposition,
amount, and location of asbestos-containing,
nondegradable, and non-productive wastes excluded
from the collection areas 2-6
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Part 60 Subpart WWW (XXX)
Standards of Performance for Municipal Solid
Waste Landfills

Recordkeeping requirements (cont.)
Each owner of a controlled landfill, subject to the provisions of this
subpart, shall keep up-to-date and readily accessible continuous
records of:
The flow to the control device and the indication of any/every
bypass flow to the control device; and
The monthly inspection of the car-seals or lock-and-key
configurations used to seal bypass lines.
Land owners who convert design capacity from volume to mass or
mass to volume, to demonstrate that the landfill capacity is less than
2.5 million MG or 2.5 million cubic meters, shall keep readily
accessible records of the annual recalculation of site-specific
density, design capacity and the supporting documentation of the
conversion from mass to volume or volume to mass. 2-70

Part 60 Subpart WWW (XXX)
Standards of Performance for Municipal
Solid Waste Landfills

Each owner of a controlled landfill, subject
to the provisions of this subpart, shall keep
for 5 years, up-to-date and readily accessible
records for:

* All collection and control system
exceedances of the operational standards
required per §60.753;

* The readings in the subsequent month,
whether or not the 2nd reading is an
exceedance; and 2-7

Part 60 Subpart WWW (XXX)
Standards of Performance for Municipal Solid
Waste Landfills

Any nonproductive area of the landfill may be excluded from control
provided that the total of all excluded areas can be shown to contribute less
than 1% of the total amount of NMOC emissions from the landfill. The
amount, location, and age of the material shall be documented and
provided to the Director upon request. A separate NMOC emissions
estimate shall be made for each section proposed for exclusion, and the
sum of all such sections shall be compared to the NMOC emissions
estimate for the entire landfill. Emissions from each section shall be
computed using the formula in this paragraph, where Qi = NMOC
emission rate from the section, in MG/yr.

All gas collection devices shall be constructed of polyvinyl chloride
(PVC), high density polyethylene (HDPE) pipe, fiberglass, stainless steel,
or other nonporous resistant material of suitable dimensions to withstand
environmental and operational stresses of a landfill.
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Reference Documents:

m Part 60 Subpart Cf- Emission Guidelines and
Compliance Times for Municipal Solid Waste
Landfills

m Part 60 Subpart XXX Standards of Performance for
Municipal Solid Waste Landfills

m Part 60 Subpart A, §60.18- Standards of Performance
for New Stationary Sources, General Provisions,
General control device and work practice requirements
for a flare

m Part 63 Subpart A, §63.11- National Emission
Standards for Hazardous Air Pollutants, General
Provisions, General control device and work practice
requirements for a flare 2-73

EPA Regulation Navigation Tools

EPA Regulation Navigation Tools | Stationary Sources of Air Pollution | US EPA
2-74
Municipal Solid Waste Landfills SEPA
Monitoring Checklist ==
Subpart 111, v G orting Program
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2019 Total Reported Direct Emissions from Waste, by Subsector (as
of 9/26/20)

2019 Total Reported Emissions from the Waste Sector, by Subsector =
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Overview of Specific Landfill Operations
Related to Air Quality and Liners

Fugitive Dust and Track-out

Fugitive Dust and Track-out Regulations
for Ohio

* Develop and implement a site-specific work practice
plan designed as described in paragraph d)(1) below to
minimize or eliminate fugitive dust emissions (ORC
3704.03(T))

* Monitoring and/or Recordkeeping Requirements
* (1) Work Practice Plan

* The permittee shall develop and implement a site-
syi)ecific work practice plan designed to minimize or
eliminate fugitive dust from the permittees paved and
unpaved roadwaYs and parking areas. This work
practice plan shall include, at a minimum, the following
elements:

* An identification of each roadway or parking area, or
segment of roadway or parking area, for which the plan
applies. The permittee can select whether to develop a
plan based on segments or entire roads.

3-3
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Fugitive Dust and Track-out Regulations for
Ohio (cont.)

« A determination of the frequency that each roadway, parking area or

segments of the roadway or parking areas or may be identified
separately for various segments of the roadway or parking areas.

The identification of the record keeping form/record that will be used
to track the inspection and treatment of the roadways.

This form/record should include, at a minimum, the following
elements:

i. Roadway, parking area, or segment inspected;

ii. Date inspected;

« iii. Name of employee responsible for inspection

iv. Result of the inspection (needs treated or does not need treated);

v. A description of why no treatment was needed;

vi. Date treated;

vii. Name of employee responsible for roadway, parking area, or
segment treatment; and

viii. Method used to treat the roadway, parking area, or segmen

374

segment will be inspected to determine if additional control measures
are needed. The frequency of inspection can either be common for all

for Ohio (cont.)

* Fugitive emissions of particulate matter less than
10 microns (PM10) shall not exceed 0.08 ton per
month averaged over a twelve-month rolling
period. OAC rule 3745-31-05(A)(3)

* The permittee shall install, operate and maintain
water sprays to minimize the fugitive dust
generated from the material handling operations
and to meet the above visible emissions limitation.
Any loads which appear to contain dusty materials
shall be watered prior to unloading.

* During the handling of any load of dusty material in
which the material becomes airborne, the material
shall be watered as necessary to eliminate visible
particulate emissions of fugitive dust.

Fugitive Dust and Track-out Regulations

Fugitive Dust and Track-out Regulations
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Building New Sections/Cells at the Landfill

Other Sources of Particulate
Matter

Tub Grinder

Sources of Particulate Matter

Scarab (Wind Row




Landfills: Regulations, Design/Operation,
Emissions and Inspection

Overview of Landfill Operations
Related to Air Quality and Liners

Fugitive Dust and Track-out Regulations

The landfill fugitive dust operations/sources that
are covered by permitting and subject to the
requirements of OAC rule 3745-31-05 are listed
below:

i. waste dumping/unloading;

ii. waste compaction;

iii. soil excavation and handling;

iv. covering of waste with soil; and

v. wind erosion from landfill surfaces.

Fugitive Dust and Track-out Regulations

Work Practice Plan Inspections

Except as otherwise provided in this section, the permittee
shall perform inspections of each of the fugitive dust
operations/sources at frequencies described in the Work
Practice Plan. The purpose of the inspections is to determine
the need for implementing control measures. The inspections
shall be performed during representative, normal traffic
conditions. No inspection shall be necessary for a fugitive dust
operation/source that is covered with snow and/or ice or if
precipitation has occurred that is sufficient for that day to
ensure compliance with the above-mentioned applicable
requirements. Any required inspection that is not performed
due to any of the above-identified events shall be performed
as soon as such event(s) has (have) ended, except if the next
required inspection is within one week. (OAC rule 3745-77-
07(C)(1)]) 3-n

Daily Cover

The regular application of daily cover soil or an
alternative such as tarps or an artificial (alternate
daily cover) material is perhaps the most
fundamental control on direct effects arising from
waste landfilling. Sites with poor daily cover
practices are often subject to bird, odor, vermin,
litter, and surface water quality problems
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Application of Daily Cover

Objectives of Daily cover

* Minimize windblown-litter

* Control odors

* Prevent birds from scavenging
¢ Prevent un-authorized scavenging by humans
* Prevent infestation by flies and vermin

* Reduce the risk of fire

* Provide a pleasing appearance

* Shed surface water and minimize contamination of
runoff generating potential leachate out of the landfill

Types of Daily Cover*

_ Waste Derived Artificial / Synthetic

Free draining soils

Non-draining soils

Paper pulp

Pulped paper

Cor i d soils
Foundry sand
Mine Waste
Quarry waste

Ash

River silts

wood

Shredded tires

Shredded plastic

Recycling process waste
Shredded green waste
Pulverized household waste
Compost

Processed construction and

demolition wastes and
materials

Synthetic foams
Synthetic foams
Plastic film
Synthetic mesh
Burlap fabric
Tarps

Foam products

* ISWA Landfill Operational
Guidelines 3™ Edition 2019
and CalRecycle 3-15
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Advantages And Disadvantages Of Inert
Wastes Used As Daily Cover*

Ease of appli and availabili ¢ void spaces

Visual appearances Wheel cleaning often necessary

Non combustible Potentially dusty

Can be applied using on-site plant Can be relatively impermeable to leachate
and landfill gas

Can be permeable to leachate and landfill Poor traction for certain materials

gas

Good traction quality for some materials * ISWA Landfill Operational Guidelines 3"
Edition 2019
https://www.iswa, home/news/news-
detail[artic\e[dcwnIcad-the-Srd-landﬁl\»3 a

ions-guidelines/109, B

Advantages And Disadvantages of Wastes
Derived Materials Used As Daily Cover*

Advantages Disadvantages

Utilizes a waste stream Can be ineffective in controlling odors
Permeable to landfill gas and leachate Processing required

Good running surface Can attract birds and vermin
Preserves void space for waste Possible fire hazard

May be biodegradable Dust can be a problem particularly

from shredded wood

* ISWA Landfill Operational Guidelines 3™
Edition 2019

3-17

Advantages And Disadvantages Of
Artificial/Synthetic Materials Used As Daily

Cover*

Useful on incline surfaces May not suppress odors
Readily deployed with modifications to May not prevent fly infestation
existing plant

Saves void spaces Potential fire risk

Permeable to landfill gas and leachate and  Useful as daily cover only
biodegradable

Good visual apperance Cost

Not suitable for trafficked areas

Color

Difficult to apply under adverse weather
conditions

* ISWA Landfill Operational Guidelines 3  Difficult to apply progressively during the

Edition 2019 working day 3-18
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Bird Control

Bird Control

All birds have three key habit drivers:

* food supply, rest and the ability of breeding.
Landfill sites can offer a suitable environment for
these, depending on the type of bird.

* Birds visit landfills mainly for food. They can be noisy
and leave droppings not just at the landfill, but on
neighboring roofs, gardens and open spaces.

* They can also be carriers of pathogens, will increase
their breeding if given a dependable food supply and
will come from greater distances form the landfill.

3-20

Bird Control
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Bird Control*

Controlling birds need to account for that birds can:

* Quickly become accustomed to the usual methods of
bird control that are used.

* Control methods should be varied, as required, to
provide an effective control strategy.

* If birds can be identified by species it is often possible
to use their instinctive and learned behaviour against
them to minimize their level of nuisance.

* ISWA Landfill Operational Guidelines 3 Edition 2019

Hierarchy Bird Control

Hierarchy Of Controls

* Operational Practices

* Gas Guns

* Heli-kites and Balloons

* Distress Calls

« Signal Pistols and Cartridges
* Falcons and Raptors

* Wires and Screens

* Culling

* ISWA Landfill Operational Guidelines 3" Edition
2019
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Challenges of Litter Control

WSAW-TV Photo
https://www.wsaw.com/content/news/Garbage-from-landfill-blown-into-neighborhoods-415735603.html

Garbage from landfill blown into neighborhoods | WLUK (fox11online.com) 3-25

Challenges of Litter Control (cont.)

* Traditional MSW landfills can produce litter. Two
things are required for litter to blow: wind and
debris. Liter materials such as paper, plastic
shopping bags or dry-cleaner plastic bags, require
very little wind and can move considerable distance
even with light winds. As the wind velocity
increases, greater volumes and range of materials
can become airborne.

Challenges of Litter Control (cont.)

* To be effective, litter control strategies should
include both engineering solutions and
management options.

Litter at landfill sites is largely associated with
delivery and unloading of waste rather than with
compaction and burial operations, as the
compaction and burial process generally punctures
the plastic bags and covers the waste material
making bags less likely to become windblown.

The Science and Technology of Landfill Litter Control on Vimeo
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Litter Control Methods*

* Load control
* Waste handling
* Portable litter screens
* Semi-permanent litter fencing
* Embankments
* Perimeter fencing
* Select tipping areas
* Netted areas
* Designated waste transfer areas
* Methods for handling for lightweight waste
* Restricting operating hours
* ISWA Landfill Operational Guidelines 3 Edition 2019,

Landfill Odors and Controls

* People in communities near landfills are often
concerned about odors emitted from landfills.
They say that these odors are a source of
undesirable health effects or symptoms, such
as headaches and nausea.

* Landfill gas odors are produced by bacterial or
chemical processes and can emanate from
both active or closed landfills.

* These odors can migrate to the surrounding
community. Potential sources of landfill odors
include sulfides, ammonia, and certain
NMOCs, if present at concentrations that are
high enough.

Other Operational Considerations

« Site Roads
* Pest Control

* Waste Compaction
* Stormwater and Sediment Control

* Leachate Control and Treatment
* Odor Control
* Landfill Gas Management

« Site Health Safety and Security
* Landfill Monitoring
* Community Affairs
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Missouri Superfund Landfill Site

West Lake Landfill - Wikipedia

Landfill Liner

Compacted Clay Liner HDPE Liner
Landfill Liners
Purposes
* To prevent leachate from seeping into
groundwater

* To prevent landfill gas from migrating out of the
landfill below grade

* To prevent leachate from seeping into
groundwater

* To prevent landfill gas from migrating out of the
landfill below grade

Typical Materials
« 3-foot layer of compacted soil, underlying
+ 60-mil high density polyethylene (HDPE)

3-33
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Landfill Types and Liner Systems

* Single-Liner Systems

Waste Waste
Protective Protective
yar Y8 Leachate
Sand/gravel Sandlgrave| > collection
Recompacted ; system
clay Sal laye Geomembrane

s-34

Landfill Types and Liner Systems

» Composite-Liner Systems

Waste Waste
Protective . Protective
layer Geotextile layer
> Leachate
Sand/gravel collection
Sand/gravel Geonet 9 oystem
R pacted Be 7T R pacted Comp
clay clay liner

Landfill Types and Liner Systems

* Double-Liner Systems

Waste Waste
Protective Geotextil Protective
eotextile
layer - layer
Leachate
Sand/gravel Geonet Sand/gravel collection
system
Recompacted \Geomembrane Recompacted Composite]
clay clay liner

3-36
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Liner Components

« Clay: To protect the ground water from landfill contaminants, clay
liners are constructed as a simple liner that is two- to five-feet thick.

Geomembranes: Geomembranes are also called flexible membrane
liners (FML). These liners are constructed from various plastic
materials, including polyvinyl chloride (PVC) and high-density
polyethylene (HDPE).

Geotextiles: In landfill liners, geotextiles are used to prevent the
movement of small soil and refuse particles into the leachate
collection layers and to protect geomembranes from punctures. These
materials allow the movement of water but trap particles to reduce
clogging in the leachate collection system.

Geosynthetic Clay Liner (GCL): Geosynthetic consist of a thin clay
layer (four to six millimeters) between two layers of a geotextile.

Geonet: A geonet is a plastic net-like drainage blanket which may be
used in landfill liners in place of sand or gravel for the leachate
collection layer

TovER

Cotrecrion System

Leachate Collection Systems

* Integrated into all liner systems is a leachate
collection system. This collection system is composed
of sand and gravel or a geonet.

* A geonet is a plastic net-like drainage blanket. In this
layer is a series of leachate collection pipes to drain
the leachate from the landfill to holding tanks for
storage and eventual treatment.

* In double-liner systems, the upper drainage layer is
the leachate collection system, and the lower
drainage layer is the leak detection system.

* The leak detection layer contains a second set of
drainage pipes. The presence of leachate in these
pipes serves to alert landfill management if the
primary liner has a leak.
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Bioreactor Landfills

“Bioreactors are landfills where controlled addition of non-
hazardous liquid wastes or water accelerates the
decomf_Position of waste and landfill gas generation.” (US
EPA Office of Research and Development’s definition)

USEPA MACT Rule ® “Any landfill or portion of a landfill
where liquid other than leachate is added in a controlled
fashion into the waste mass (often in combination with
recjr%ulation of leachate) to reach a minimum of 40% by
weight.”

Requires installation of gas control and collection system
prior to liquid addition

Operate gas control within 180 days after achieving
moisture of 40%.

Bioreactor is closed, liquid addition ceased for one year or
more

« Can remove or stop control when EG/NSPS (Emission
Guidelines/New Source Performance Standards) are met

4-2

Bioreactor Landfills

Precipitation

/ ’ EvaporTation

Leachate Leachate

Storage

Waste Management

Technology Center, Inc. 4-3
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Bioreactor Landfills

Gas Collection Blower
and Recovery System Flare
TacdhgSe Bisni b2y : Station
{ Leachate
rre

Leachale  pocireation
Recirculation Pump

Leachale Collection Line

Ling Leachale Gravily Drainae'==~~ . A = /.\

Leachate
Pond Storage

'y
Leachate

Compacted Soil
and Liner System

d Gas Suclion Pump

= Treatment
Leachate Wet \ Pump
Well
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Bioreactor Landfills

« A bioreactor landfill operates to rapidly
transform and degrade organic waste.

* The increase in waste degradation and
stabilization is accomplished through the
addition of liquid and air to enhance
microbial processes.

 This bioreactor concept differs from the

traditional “dry tomb” municipal landfill
approach.

4-5

Modeled Behavior of Conventional and
Bioreactor Landfills
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Bioreactor Landfill Features

« The bioreactor accelerates the decomposition and stabilization
of waste.

« Leachate is injected into the bioreactor to stimulate the
natural biodegradation process and often need other liquids
such as stormwater, wastewater, and wastewater treatment
plant sludges to supplement leachate to enhance the
microbiological process by purposeful control of the moisture
content and differs from a landfill that simple recirculates
leachate for liquids management.

« Moisture content is the single most important factor that
promotes the accelerated decomposition.

« The bioreactor technology relies on maintaining optimal
moisture content near field capacity (approximately 35 to
65%) and adds liquids when it is necessary to maintain that
percentage.

4-7

Bioreactor Landfill Features

» The moisture content, combined with the
biological action of naturally occurring microbes
decomposes the waste.

» The microbes can be either aerobic or
anaerobic.

A side effect of the bioreactor is that it produces
landfill gas (LFG) such as methane in an
anaerobic unit at an earlier stage in the landfill’s
life and at an overall much higher rate of
generation than traditional landfills.

4-8

Bioreactor Landfills

There are three different general types of
bioreactor landfill configurations:

* Aerobic -
* Anaerobic -
* Hybrid

4-9
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Aerobic bioreactor landfill

* Aerobic - In an aerobic bioreactor landfill, leachate is
removed from the bottom layer, piped to liquids
storage tanks, and re-circulated into the landfill in a
controlled manner. Air is injected into the waste mass,
using vertical or horizontal wells, to promote aerobic
activity and accelerate waste stabilization.
http://www.epa.gov/epaoswer/non-
hw/muncpl/landfill/bioreactors.htm

Aerobic Bioreactor Landfill

Leachate/Liquids Addition

Aerobic Bioreactor ==

Liquids Storage

Air Injection

Anaerobic Bioreactor Landfill

* Anaerobic - In an anaerobic bioreactor landfill,
moisture is added to the waste mass in the form of
re-circulated leachate and other sources to obtain
optimal moisture levels. Biodegradation occurs in
the absence of oxygen (anaerobically) and
produces primarily methane.
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Anaerobic Bioreactor Landfill

n Leachate/Liquids Addition

Anaerobic Bioreactor | it o

Liquids Storage

.' >4
- 7

Gas
Collection

to Generate
Electrical
Energy

Groundw:

Monitoring i

Hybrid Bioreactor Landfill

* Hybrid (Aerobic-Anaerobic) - The hybrid bioreactor
landfill accelerates waste degradation by employing
a sequential aerobic-anaerobic treatment to rapidly
degrade organics in the upper sections of the
landfill and collect gas from lower sections.
Operation as a hybrid results in the earlier onset of
methanogenesis compared to aerobic landfill

Aerobic-Anaerobic Bioreactor

e Leachate [ Liquids Addition
 Gas Collection
— Air Injection

Biormactar Pragram
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Project XL Bioreactor Landfill Pilots

Project XL (eXcellence and Leadership) was an EPA
initiative that began in 1995.

The program provides limited regulatory flexibility for
regulated entities to conduct pilot projects that
demonstrate the ability to achieve superior environmental
performance.

The information and lessons learned from Project XL are
being used to assist EPA in redesigning its current
regulatory and policy-setting approaches. As of
September 2001, 51 pilot experiments were
implemented.

The landfill pilot projects included:
Buncombe County Landfill Project, North Carolina
Day in the Life :: Landfill - YouTube

Maplewood Landfill and King George County Landfills,
Virginia

4-16

. c Bi fill_Californi

Collected Data from Bioreactors for
Benefits Determination

Alternative liner design/materials for leachate re-circulation and
bioreactor landfills

Physical stability of the cover and bottom liner during and after operation
Impacts of leachate quality, quantity, and loading on the liner system
Times and amounts of liquids it takes to reach field capacity
Appropriate means for measuring field capacity

Leachate re-circulation and its affect on the rate and extent of landfill
stabilization

Stabilization measures

Design, operation, and performance specifications for bioreactors

Rate, quantity, and quality of gas generation

Interim covers used after placement to accommodate anticipated
settlement

Daily and final cover performance

Optimum moisture content and distribution methods

Monitoring requirements

Bioreactor technology impacts on capping, and current closure and post
-closure requirements 4-17

Potential Advantages of Bioreactor
Landfills

Decomposition and biological stabilization of the waste in a
bioreactor landfill can occur in a much shorter time frame than
occurs in a traditional “dry tomb” landfill providing a potential
decrease in long-term environmental risks and landfill operating
and post-closure costs. Potential advantages of bioreactors include:

Decomposition and biological stabilization in years vs. decades in
“dry tombs”

Lower waste toxicity and mobility due to both aerobic and
anaerobic conditions

Reduced leachate disposal costs

A 15 to 30 percent gain in landfill space due to an increase in
density of waste mass

Significant increased LFG generation that, when captured, can be
used for energy use onsite or sold

Reduced post-closure care
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Special Considerations of Bioreactor
Landfills

Bioreactor landfills generally are engineered systems that
have higher initial capital costs and require additional
monitoring and control during their operating life, but are
expected to involve less monitoring over the duration of
the post-closure period than conventional “dry tomb”
landfills. Issues that need to be addressed during both
design and operation of a bioreactor landfill include:
Increased gas emissions

Increased odors

Physical instability of waste mass due to increased
moisture and density

Instability of liner systems
Surface seeps
Landfill fires 4-19

Landfill Gas Extraction: Issues and
Strategies

Increased Atmospheric Emissions: Generally, leachate recirculation
and other forms of liquid addition are practiced c(uring the operational
years of the landfill.

Leachate production is greatest during this period and it is the only time
when certain types of liquid addition system may be utilized (e.%_. direct
application to the workin? face using tankers or spray system). he
operating years of a landfill cell’s life are also the time when gas
collection efficiency may be at its lowest.

Bioreactor landfill operators must control and collect gas sooner than
conventional landfills, or else atmospheric emissions will be increased. In
addition to regulatory problems and general environmental concerns, this
cause operational issues because of odor

« Increased Gas Collection Capacity: The capacity of the gas collection
and conveyance system will need to be greater than a similar size
conventional landfill (e.g., larger pipe diameter).

Since many bioreactor landfill operators will practice liquids addition
during the operational life of the landfill ﬁrior to closure, the apFroach for
gas collection may need to be different than typical vertical well
extraction systems at conventional landfills. The additional amount of
condensate should also be considered in the design.

4-20

Landfill Gas Extraction: Issues
and Strategies

« Liquids in Gas Collection Lines: The difficultly with
traditional gas collection devices at bioreactor landfills
is that they tend to fill with liquids. Liquid and gas
inside a landfill will follow the path of least resistance.
If a gas collection device intercepts part of a saturated
zone, liquids from this zone can migrate into the
device.

This problem has been observed for both vertical wells
and horizontal trenches. The presence of moisture
greatly reduces the ability of gas to move through the
waste. If the waste surrounding a gas collection device
is flooded, even if large amounts of gas are produced,
gas will move elsewhere to a path wit less resistance.
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Dewatering Pumps

Leachate Recirculation
Devices for Gas
Extraction

Leachate Collection
System

Surface Caps

Landfill Gas Extraction: Issues and
Strategies

Special dewatering pumps are available that can be added to gas
extraction devices to remove the liquids. These are often used at
landfills in wet climates that do not practice liquids addition.

Newer horizontal leachate injection lines can be used for gas
collection. Experience has found that once liquids are added to a
trench in large amounts, gas collection becomes difficult.

Gas may be collected from the leachate collection system, Path
of least resistance, gas produced in the bottom of the landfill
will migrate downward. Many landfills have successfully
incorporated gas collection from the leachate collection system.

Horizontal trenches on the surface of the waste but under the
exposed geomembrane cap (EGC) may be used for gas
collection. A toe drain should be installed around the perimeter
of the landfill to intercept seeps underneath the EGC and to
route the liquids to leachate collection system. 4-22

BIOREACTOR LANDFILL OPERATION
A Guide For Development, Implementation and Monitoring

m:
The Florida Department of Environment Protection
anc
The Hinkley Center for Solid and Hazardous Waste Management

Timothy G. Townsend, Dinesh Kumar and Jae Hac Ko

Version 1.0 (July 1, 2008)

Developed under Funding fro:

of iences.
University of Florida, Gainesville, Florida 4-23
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Project XL

* Since promulgation of Subtitle D in 1991, a growing
number of landfill sites have practiced leachate

recirculation as well as addition of bulk free liquids,

generally under ad hoc state-level research and
development programs (e.g., the Florida Bioreactor

Demonstration Project) or site-specific permitting
mechanisms administered in association with EPA

(e.g., Project XL). The main premise behind
bioreactor landfills is the controlled introduction of

moisture into the solid waste mass to increase the
waste degradation rate. a2

Project XL

* ProjectXL (i.e., eXcellence and Leadership) is an EPA initiative,
which began in 1995.

 The program provides limited regulatory flexibility for regulated
entities to conduct pilot projects that demonstrate the ability to
achieve superior environmental performance. The information
and lessons learned from Project XL are being used to assist EPA
in redesigningits current regulatory and policy-setting
approaches.

« As of September 2001, 51 pilot experiments have been
implemented. Of those being implemented in this innovative
program, four landfill pilot projects have been approved to
operate as bioreactors. These landfill pilot projects include the
following locations:

* Buncombe County Landfill Project, North Carolina

* Maplewood Landfill and King George County Landfills, Virginia

« Yolo County Bioreactor Landfill, California 4-26

Project XL

« To formally promote innovative landfill technologies,
including adoption of alternative cover systems and

bioreactor technology, the EPA published the
Research, Development, and Demonstration (RD&D)
Permit Rule (the Rule) on March 22, 2004. The Rule
allows Subtitle D landfills a variance option for
adding bulk free liquids if a demonstration can be

made that such a variance will not increase risk to

human health and the environment relative to

standard permit conditions for the landfill.
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Permitting of Landfill Bioreactor

Operations:

Ten Years after the RD&D Rule
5

NESHAP AAAA and Bioreactor

Requirements

* In addition, the NESHAP requires bioreactor is an MSW
landfill or portion of the landfill where any liquid other
than leachate is added to the waste mass to reach a
minimum average moisture content of at least 40
percent by weight to accelerate or enhance the
biodegradation of the waste.

New bioreactors must install the GCCS in the bioreactor
prior to initiating liquids addition, regardless of

whether the landfill emissions rate equals or exceeds

the estimated uncontrolled emissions rate; existing
bioreactors must install the GCCS before initiating

liquids addition and must begin operating the GCCS
within 180 days after initiating liquids addition or

within 180 days after achieving a moisture content of

40 percent by weight, whichever is later. 429

NESHAP AAAA and Bioreactor Requirements

* The EPA is requiring owners and operators of new or
modified MSW landfills to electronically submit
required performance test reports, NMOC Emission
Rate Reports,

* Bioreactor 40-percent moisture reports, and semi-
annual reports through the EPA’s Central Data Exchange
(CDX) using the Compliance and Emissions Data
Reporting Interface (CEDRI) (40 CFR 63.1981(l)).

* The final rule requires that performance test results be
submitted using the Electronic Reporting Tool (ERT).

* For NMOC Emission Rate Reports, Bioreactor 40-
percent moisture reports, and semiannual reports, the
final rule requires that owners and operators use the
appropriate spreadsheet template/forms to submit
information to CEDRI when it becomes available on the
CEDRI website.

4-30
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NESHAP AAAA and Bioreactor Requirements

* Owners or operators are no longer required to comply
with the requirements of this subpart for the bioreactor
provided you meet the conditions of either paragraph (a)
or (b) of this section if

* (a) the affected source meets the control system removal
criteria in § 63.1950 or the bioreactor meets the criteria
for a nonproductive area of the landfill in §
63.1962(a)(3)(ii).

¢ (b) The bioreactor portion of the landfillis a closed
landfill as defined in § 63.1990, or permanently ceased
adding liquids to the bioreactor, and you have not added
liquids to the bioreactor for at least 1 year. A closure
report for the bioreactor must be submitted to the
Administrator as provided in § 63.1981(g).

Air Emissions From a Bioreactor Landfills

EPA-6O0/R.05/096
‘August 2005

SEPAL
MEASUREMENT OF
FUGITIVE EMISSIONS AT A

BIOREACTOR LANDFILL

Air Emissions From a Bioreactor Landfills

« The data presented in this report are from three field campaigns
performed during September 2002, May 2003, and September
2003 by ARCADIS and the United States Environmental
Protection Agency (U.S. EPA) to measure fugitive emissions at a
bioreactor landfill in Louisville, Kentucky, using an open-path
Fourier transform infrared (OP-FTIR) spectrometer.

The study involved a technique developed through research
funded by U.S. EPA’s National Risk Management Research
Laboratory (NRMRL) that uses optical remote sensing-radial
plume mapping (ORS-RPM). The horizontal radial plume
mapping (HRPM) method was used to map surface
concentrations, and the vertical radial plume mapping (VRPM)
method was used to measure emissions fluxes downwind of the
site.

Surveys were conducted in five areas at the Louisville facility: As-
Built (an area designed as a bioreactor landfill), Retrofit (an area
converted to a bioreactor landfill), Control, Bio-cover, and
Compost. 4-33
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Air Emissions From a Bioreactor Landfills Study

Table 1. DQI Goals for Critical Measurements

Measurement Parameter Analysis Method Accuracy Procision __Detection Limit _Completeness.
Analyto PIC FTIR 5% 0% Seo Table 2
Ambient Wind Speed Climatronics Met heads side-  +1 m/s 1 mis 90%
by-side comparison in the
field
Ambient Wind Direction  Climatronics Met heads side- 10 £10 90%
by-side comparison in the
fold
Distance Measurement Theodolite- Topcon s1m 1m oim 100%
Elemental Mercury Lumex (direct method) +20% +20% 2500 ng/m? 90%
Total Mercury’ TD-GC-AFS' 50-150% 20% 33 ng/m’* 20%
recovery
Dimethyl Mercury TD-GC-pyrolysis-CVAFS? 50-150% +20% 1.1 ngm?e 90%
(Carbotrap)*
Monomethyl Mercury* TD-GC-CVAFS 50-150% 20% 063 ng/m® 90%
Total Mercury* TD-GC-AFS 50-150% +20% 33 ng/m?* 90%
Dimethyl Mercury TD-GC-pyrolysis-CVAFS 50-150% +20% 19.8 ng/m® 90%
(Carbotrap)®
Dimethyl Mercury TD-GC-CVAFS 50-150% 20% 0.34 ngim?* 90%
(methanol
Monomethyl Mercury’ TD-GC-CVAFS 50-150% +20% 0.34 ngim’ ! 90%

September 2002 campalgn
» September 2003 campaign.
3

AFS = atomic

uorescence spectrometry.

* Estimated detection limit for natural and industrial gases. The landfill gas would have o be assayed to determine the actual
detection limit of the instrument

 Estimated detection limit for a 30 L sample.
» Estimated detection limit for a 9.0 L sample.

7
5
S
g
H
El
5

mple.
All of the detaction limits listed for the Frontier methods are method limits, which are essentially 10x the detection limit
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Average Reconstructed Methane Plume from the September
2003 Upwind As-Built Lower VRPM Survey

10 Mirror 3
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Estimated NMOC Flux Values from the Control and
Bioreactor Cells of Site in Florida

Frux
Lananu

SaTConcontration  Value from Control
Pty

(grams per day)

2003 Field Campaign

Average Concentrations of Total, Dimethyl, and
Monomethyl Mercury Found in the Bioreactor,
Control Cell, and Flare Gas During the September

Retrofit ; Control Area/
Compound  Area/Unit5 AS'BUL" Units 73A and 74a e Gf d
gy 9 T i)
Total Hg 237 334 2803 986
DMHg? (carbotrap) 221 128 75 267
DMHg (methanol) 474 363 668 58
MMHg 203 0.55 0.66 167

@ DMHg = dimethyl mercury.
* MMHg = monomethly mercury.

Buncombe County Solid Waste
Management - Bioreactor

* Day in the Life :: Landfill - YouTube
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Landfill Gas (LFG) and Constituents

Why Did The Landfill Gas Cross The
Road?

* Gas is lazy.

It always follows the path of least
resistance.

5-2

Landfill Gas Emission Sources

Total gas generated
Uncollected gas Landfill
surface (cover, fissures,
P
| {

around wells, etc.)
Gas

collection
system

Treatment
devices

(flare, gas-
to-energy | |

- 9 Migration out of waste y on and
= off site? 5-
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* Landfill Gas (LFG)—- What Is It?

Gaseous by-product of
decomposition of organic materials
in landfills under anaerobic
conditions. Landfill gas is produced
as a result of a sequence of
physical, chemical, and biological
processes occurring within an
anaerobic landfill.

What is landfill gas composed of?

» Landfill gas is composed of a mixture of
hundreds of different gases. By volume,
landfill gas typically contains 45% to 60%
methane and 40% to 60% carbon dioxide.
Landfill gas also includes small amounts of
nitrogen, oxygen, ammonia, sulfides,
hydrogen, carbon monoxide, and non-
methane organic compounds (NMOCs) such
as trichloroethylene, benzene, and vinyl
chloride. The following table lists “typical”
landfill gases, their percent by volume, and
their characteristics.

5-5

Typical Landfill Gas Components

Percent by Voloms | Char
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How does landfill gas move?

Once gases are produced under the landfill surface,
they generally move away from the landfill. Gases
tend to expand and fill the available space, so that
they move, or “migrate,” through the limited pore
spaces within the refuse and soils covering of the
landfill. The natural tendency of landfill gases that
are lighter than air, such as methane, is to move
upward, usually through the landfill surface. Upward
movement of landfill gas can be inhibited by densely
compacted waste or landfill cover material {e.g., by
daily soil cover and caps). When upward movement
is inhibited, the gas tends to migrate horizontally to
other areas within the landfill or to areas outside the
landfill, where it can resume its upward path.
Basically, the gases follow the path of least
resistance. Some gases, such as carbon dioxide, are
denser than air and will collect in subsurface areas,
such as utility corridors.

5-7

LFG Movement

Three main factors influence the migration of
landfill gases: diffusion (concentration),
pressure, and permeability.

Diffusion (concentration). Diffusion
describes a gas’s natural tendency to reach a
uniform concentration in a given space,
whether it is a room or the earth’s
atmosphere. Gases in a landfill move from
areas of high gas concentrations to areas
with lower gas concentrations. Because gas
concentrations are generally higher in the
landfill than in the surrounding areas, landfill
gases diffuse out of the landfill to the
surrounding areas with lower gas
concentrations. 5-8

LFG Movement (cont.)

* Pressure. Gases accumulating in a landfill create
areas of high pressure in which gas movement is
restricted by compacted refuse or soil covers and
areas of low pressure in which gas movement is
unrestricted. The variation in pressure throughout
the landfill results in gases moving from areas of
high pressure to areas of low pressure. Movement
of gases from areas of high pressure to areas of
lower pressure is known as convection. As more
gases are generated, the pressure in the landfill
increases, usually causing subsurface pressures
in the landfill to be higher than either the
atmospheric pressure or indoor air pressure.
When pressure in the landfill is higher, gases tend
to move to ambient or indoor air.

5-9
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LFG Movement (cont.)

* Permeability. Gases will also migrate
according to where the pathways of least
resistance occur. Permeability is a measure of
how well gases and liquids flow through
connected spaces or pores in refuse and
soils. Dry, sandy soils are highly permeable
(many connected pore spaces), while moist
clay tends to be much less permeable (fewer
connected pore spaces). Gases tend to move
through areas of high permeability (e.g., areas
of sand or gravel) rather than through areas of
low permeability (e.g., areas of clay or silt).
Landfill covers are often made of low-
permeability soils, such as clay. Gases in a
covered landfill, therefore, may be more likely
to move horizontally than vertically.

5-10

LFG Constituents

* Major gases

Methane (CH4)

Carbon Dioxide (CO2)
* Trace gases - Hydrogen
* Moisture

Actual LFG Composition

* Methane (CH4) 45 to 58 %

* Carbon Dioxide (CO2) 35 to 45 %
* Oxygen (02) >1to 5 %

* Nitrogen (N2) >1 to 5 %

* Hydrogen (H2) >1to 5 %

» Water Vapor (H20) >1 to 5 %

* Trace Organics >1to 3 %
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Primary LFG Characteristics

* LFG approx. 50% methane

* Methane is combustible/ explosive gas

* Lower explosive limit (LEL) = 5% CH4
Lower — not explosive in air

* Upper explosive limit (UEL) = 15% CH4
>15 %, too rich to be explosive in air

* Heat content of Gas from landfills
Approx. 500 Btu/cu ft as compared to:
Natural gas which is almost entirely
CH4 and is approximately1,000 Btu/cu ft

Remember that 1% = 10,000 PPM 513

LFG Characteristics

METHANE FLAMMABILITY RANGE

0% LEL 100% LEL

EXPLOSIVE

0% 5% 15% 100%
50,000 ppm UEL GAS
LEL

UNCONTROLLED LANDFILL GAS CONSTITUENTS

[ | (2 [ [ [ 2 [ e [ | [z [ | |2 [ | [ 2§19
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(CONTINUED)
Hazardous Air
Pollutant®

c voc* @HAP)
24 ¥
3 N ~
N N
ylene chioride) N e
hyl sulfide (methyl sulfide) 24 N
N ~
24 N
x ~
24 ¥
x h's
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24 N
(CONTINUED)
Hazardous Air
Pollutant®
Compound | voc! (HAP)

Tnchloroethylene (tnchloroethene) | Y N

t-1.2-Dichloroethene Y N

Vinyl chlonde | ¥ Y

Xylenes | Y Y

NOTE: Thus 1s not an all-mclusive kst of potential LFG constituents. oaly those for whach test data were avalable
at cltiple sites (EPA 1995)
* Reactive VOC
* Hazardous Air Pollutanss listed in Title IT] of the 1990 Clean Air Amendments.
Carbon monoxide 15 not a typacal consament of LFG. but does exast 1 mstances mvohng Landfill
y 2 showed detectable levels of OO

* No data wese avalable 1o specaate total Hg meo the elemental and orgame forms.

Phases of Decomposition

* Aerobic Phase

* Anaerobic Facultative, acid forming
and Early methanogenic

» Steady methanogenic Phase or
accelerated methane production

* Mature, methane depletion or
decelerated methane production
phase

¢ All anaerobic decomposition is
complete
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Phases of Decomposition

The first phase is aerobic (i.e., while O2 is available),
and the primary gas produced is CO2. The second
phase is characterized by O2 depletion, resulting in an
anaerobic environment where large amounts of CO2
and some hydrogen (H2) are produced. In the
anaerobic third phase, CH4 production begins, with an
accompanying reduction in the amount of CO2
produced. Nitrogen content is initially high in LFG in
the aerobic first phase and declines sharply as the
landfill proceeds through the anaerobic second and
third phases. In the fourth phase, gas production of
CH4, CO2, and N2 becomes fairly steady. The phase,
duration, and timing of gas generation vary with
landfill conditions (i.e., waste composition, cover
materials, moisture content, temperature, pH, etc.) and
may also vary with climatic conditions such as
precipitation rates and temperatures. 5-19

LANDFILL GAS GENERATION PHASE

Methane

Nitregen
Carbon dioxide

LANDFILL GAS

CELLULOSE, FATTY ACIDS

Free fatty acids

TIME

o
N
S

Phase |

During the first phase of decomposition, aerobic

bacteria — bacteria that live only in the presence
of oxygen—consume O2 while breaking down the
long molecular chains of complex carbohydrates,
proteins, and lipids that comprise organic waste.

The primary byproduct of this process is carbon
dioxide. Nitrogen content is high at the beginning
of this phase but declines as the landfill moves
through the four phases. Phase | continues until
available O2 is depleted.

Phase | decomposition can last for days or
months, depending on how much 02 is present
when the waste is disposed of in the landfill. *™*
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LANDFILL GAS GENERATION PHASE

Methane

Nitregen
Carbon dioxide

LANDFILL GAS

Free fatty acids

CELLULOSE, FATTY ACIDS

o
N
N

Phase ll

Phase Il decomposition starts after the O2 in the landfill
has been used up. Using an anaerobic process (a
process that does not require oxygen), bacteria convert
compounds created by aerobic bacteria into acetic,
lactic, and formic acids and alcohols such as methanol
and ethanol. The landfill becomes highly acidic. As the
acids mix with the moisture present in the land-fill, they
cause certain nutrients to dissolve, making nitrogen
and phosphorus available to the increasingly diverse
species of bacteria in the landfill. The gaseous
byproducts of these processes are carbon dioxide and
hydrogen. If the landfill is disturbed or if 02 is some
how introduced into the landfill, microbial processes
will return to Phase I.

LANDFILL GAS GENERATION PHASE

LANDFILL GAS

CELLULOSE, FATTY ACIDS

. Free fatty acid:

TIME

o
N
R
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Phase lll

Phase lll decomposition starts when certain kinds
of anaerobic bacteria consume the organic acids
produced in Phase Il and form acetate, an organic
acid. This process causes the landfill to become a
more neutral environment in which methane-
producing bacteria begin to establish themselves.
Methane- and acid-producing bacteria have a
symbiotic, or mutually beneficial, relationship.
Acid-producing bacteria create compounds for the
methanogenic bacteria to consume. Methanogenic
bacteria consume the carbon dioxide and acetate,
too much of which would be toxic to the acid-
producing bacteria. 5.25

Phase lll

LANDFILL GAS GENERATION PHASE

Carbon dioxide

LANDFILL GAS

CELLULOSE, FATTY ACIDS

N Free fatty acids k
TIME

Phase IV

Phase IV decomposition begins when both the
composition and production rates of landfill gas
remain relatively constant. Phase IV landfill gas
usually contains approximately 45 to 60 percent
CH4 by volume, 40 to 60 percent CO2, and 2 to 9
percent other gases, such as sulfides.

Gas is produced at a stable rate in Phase IV,
typically for about 20 years; however, gas will
continue to be emitted for 50 or more years after
the waste is placed in the landfill.

Gas production might last longer, for example, if
greater amounts of organics are present in the
waste, such as at a landfill receiving higher thap
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Phase IV

LANDFILL GAS GENERATION PHASE

LANDFILL GAS
CELLULOSE, FATTY ACIDS

Phase V:

Transition to Stabilization
» Gas is primarily air

» All anaerobic decomposition
is complete

5-29

Phase V
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Factors Influencing Gas Generation

* Refuse quantity

* Refuse composition

* Refuse compaction

* Refuse age

* Moisture content !!!

* Liquid addition / bioreactors
* pH and alkalinity

* Nutrients

* Toxics

e Temperature

Modeling biological decomposition
How much gas will a given volume
of trash generate as it decomposes?

Methane Yield Potential (Lo)

14to 7.0 cu ft/Ib (LFG @50%
methane) Average Landfill: 4.5 cu ft /
Ib (LFG @ 50% methane)

AP-42: 100 cm methane /Mg — 3.2 cu
ft/ Ib (LFG @50% methane)

How quickly will it be generated?

First Order Decay Rate Constant (k)
— How much gas a given volume of
trash will generate per year

— Range: 0.07 to 0.27 cu ft/Ib / yr

— Average: 0.15cuft/Ib/yr
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=) United States * -
SEPA fi 5 o AR

First-Order Kinetic Gas
Generation Model
Parameters for Wet
Landfills

Why Gas Generation Curves Are
Needed

* Regulatory drivers

* Gas system design

* Gas system evaluations
* Beneficial use projects

Landfill’s NMOC Emission Rate — 40 CFR
part 60, Subpart XXX

e The process of calculating the landfill’'s NMOC emission rate is a four-step process.
The steps are called ‘Tier 1/, ‘Tier 2’, ‘Tier 3’, and ‘Tier 4’. The steps are in order of
increasing precision and complexity.

e Tier 1 calculations are done using the landfill’s year-to-year solid waste
acceptance rate along with standardized factors for methane generation rate,
NMOC concentration, methane generation potential, and NMOC concentration.

e Tier 2 calculations are done using the landfill’s year-to-year solid waste
acceptance rate, standardized rates for methane generation and methane
generation potential, and a unique NMOC concentration determined by sampling
landfill gas from your landfill.

e Tier 3 calculations are done using the landfill’s year-to-year solid waste
acceptance rate, the unique NMOC concentration determined by the Tier 2
sampling of landfill gas from the landfill, and a site-specific methane generation
rate determined by drilling holes into the landfill and measuring the methane
generation rate.

e Tier 4 is done using surface emissions monitoring and is allowed only if the landfill
owner or operator can demonstrate that NMOC emissions are greater than or
equal to 34 Mg/yr but less than 50 Mg/yr using Tier 1 or Tier 2. 5-36
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Regulatory Requirements for
Gas Generation Curves

« Tier | estimates (60.754(a)(2) (764.764(a)(2))
* Tier Il estimates (60.754(a)(3) (764.764(a)(3))

* Tier Il estimates (60.754(a)(4) (764.764(a)(4))
¢ Other methods (764.764(a)(5))

* Tier IV estimates (60.754(a)(6) (764.764(a)(f1))

Test methods and Procedures - 60.754
60.764

(a)(1) The landfill owner or operator shall
(must) calculate the NMOC emission rate
using either the equation provided in
paragraph (a)(1)(i) of this section or the
equation provided in paragraph (a)(1)(ii) of
this section. Both equations may be used if
the actual year-to-year solid waste
acceptance rate is known, as specified in
paragraph (a)(1)(i), for part of the life of the
landfill and the actual year-to-year solid
waste acceptance rate is unknown.

Equation if waste acceptance rate is
known

» The following equation shall be used if the actual year-to-

year solid waste acceptance rate is known.
n
Mymoc =Z 2 L, M; (e*4)(Cyyoc)(3.6 x 10)
i=1
Where:
MNMOC = Total NMOC emission rate from the landfill,
megagrams per year.
k = Methane generation rate constant, year—1. Lo = Methane
generation potential, cubic meters per megagram solid waste.

* M, = Mass of solid waste in the ith section, megagrams.

t = Age of the ith section, years.

Cnmoc = Concentration of NMOC, parts per million by volume

as hexane. 5.39

« 3.6 x10-9 = Conversion factor
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Equation if waste acceptance rate is

unknown

(ii) The following equation shall be used if the actual
year-to-year solid waste acceptance rate is unknown.
Mymoc = 2Lo R (e*¢;—e*!) Cyyoc (3.6 x 109)
Where:

MNMOC = Mass emission rate of NMOC, megagrams per
year.

Lo = Methane generation potential, cubic meters per
megagram solid waste.

R = Average annual acceptance rate, megagrams per year
k = Methane generation rate constant, year—1.
t = Age of landfill, years.

CNMOC = Concentration of NMOC, parts per million by
volume as hexane.

¢ = Time since closure, years; for active landfill c = 0 and
e-kc=1.

Tier | estimates [60.754(a)(2)]
(764.764(a)(2))

If the NMOC emission rate calculated in
paragraph (a)(1) of this section is less than 50
(34) megagrams per year, then the landfill
owner shall submit an emission rate report as
provided in § 60.757(b)(1) (60.767 (b)(1), and
shall recalculate the NMOC mass emission
rate annually as required under § 60.752(b)(1).

If the calculated NMOC emission rate is equal
to or greater than 50 (34) megagrams per year,
then the landfill owner shall either comply

with § 60.752(b)(2), or determine a site-

specific NMOC concentration and recalculate
the NMOC emission rate using the procedures
provided in paragraph (a)(3) of this section. s-a

Subpart xxx

» §60.764(a)(2) Tier 1. The owner or operator must compare the
calculated NMOC mass emission rate to the standard of 34
megagrams per year. (i) If the NMOC emission rate calculated in
paragraph (a)(1) of this section is less than 34 megagrams per year,
then the landfill owner or operator must submit an NMOC emission
rate report according to §60.767(b), and must recalculate the NMOC
mass emission rate annually as required under §60.762(b). (ii) If the
calculated NMOC emission rate as calculated in paragraph (a)(1) of
this section is equal to or greater than 34 megagrams per year, then
the landfill owner must either:

* (A) Submit a gas collection and control system design plan within 1
year as specified in §60.767(c) and install and operate a gas collection
and control system within 30 months according to §60.762(b)(2)(ii)
and (iii);

» (B) Determine a site-specific NMOC concentration and recalculate the
NMOC emission rate using the Tier 2 procedures provided in
paragraph (a)(3) of this section; or

* (C) Determine a site-specific methane generation rate constant and
recalculate the NMOC emission rate using the Tier 3 procedures

provided in paragraph (a)(4) of this section. 542
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Tier Il estimates [60.754(a)(3)]
60.764(a)(3)

» The landfill owner or operator shall (must)
determine the NMOC concentration using the
following sampling procedure.

The landfill owner or operator shall (must)
install at least two sample probes per hectare
of landfill surface that has retained waste for
at least 2 years.

« If the landfill is larger than 25 hectares in
area, only 50 samples are required. The
sample probes should be located to avoid
known areas of non-degradable solid waste..;

Tier Il estimates [60.754(a)(3)]

« If the landfill has an active or passive gas
removal system in place, Method 25 or 25C
samples may be collected from these systems
instead of surface probes provided the removal
system can be shown to provide sampling as
representative as the two sampling probe per
hectare requirement.

* For active collection systems, samples may be
collected from the common header pipe before
the gas moving or condensate removal
equipment.

* For these systems, a minimum of three samples
must be collected from the header pipe.

Tier Il (cont.)

(ii) If the resulting mass emission rate
calculated using the site-specific NMOC
concentration is equal to or greater than
50 (34) megagrams per year, then the
landfill owner or operator shall either
comply with § 60.752(b)(2), or determine
the site-specific methane generation rate
constant and recalculate the NMOC
emission rate using the site-specific
methane generation rate using the
procedure specified in paragraph (a)(4)
of this section
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Tier Il (cont.)

(iii) If the resulting NMOC mass
emission rate is less than 50 (34)
megagrams per year, the owner or
operator shall submit a periodic
estimate of the emission rate report as
provided in § 60.757(b)(1) 60.767(b)(1)
and (must) retest the site-specific
NMOC concentration every 5 years
using the methods specified in this
section.

Tier I

» The site-specific methane generation rate
constant shall be determined using the
procedures provided in Method 2E of
appendix A of this part.

» The landfill owner or operator shall estimate
the NMOC mass emission rate using
equations in paragraph (a)(1)(i) or (a)(1)(ii) of
this section and using a site-specific
methane generation rate constant k, and the
site-specific NMOC concentration as
determined in paragraph (a)(3) of this section
instead of the default values provided in
paragraph (a)(1) of this section.

5-47

Tier 11l (cont.)

(b) After the installation of a collection
and control system in compliance with
§ 60.755, the owner or operator shall
calculate the NMOC emission rate for
purposes of determining when the
system can be removed as provided in
§ 60.752(b)(2)(v), using the following
equation:

Mymoc = 1.89 x 10 *Q g Cymoc (3.6 x109)

5-48

(3.6 x10-%) =Conversion factor
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Tier lll (cont.)

where, Myyoc = mass emission rate of Nyqc,
megagrams per year

Qg = flow rate of landfill gas, cubic meters
per minute

Cumoc = NMOC concentration, parts per million
by volume as hexane

(1) The flow rate of landfill gas, Q, (¢,

shall be determined by measuring the total
landfill gas flow rate at the common header
pipe that leads to the control device using a
gas flow measuring device calibrated
according to the provisions of section 4 of _
Method 2E of appendix A of this part.

-49

Determinin: & Control Requirements Using Tiers 1 - 3
for Landfills Subject to
Landfills NSPS Subpart XXX

Tier 4

The landfill owner or operator must demonstrate that surface methane
emissions are below 500 parts per million. Surface emission monitoring
must be conducted on a quarterly basis using the following procedures.
Tier 4 is allowed only if the landfill owner or operator can demonstrate
that NMOC emissions are greater than or equal to 34 Mg/yr, but less
than 50 Mg/yr using Tier 1 or Tier 2.
The owner or operator must measure surface concentrations of methane
along the entire perimeter of the landfill and along a pattern that
traverses the landfill at no more than 30-meter intervals using an organic
vapor analyzer, flame ionization detector, or other portable monitor
meeting the specifications provided in § 60.765(d).
Surface emission monitoring must be performed in accordance with
section 8.3.1 of Method 21 of appendix A of this part, except that the
probe inlet must be placed no more than 5 centimeters above the landfill
surface; the constant measurement of distance above the surface
should be based on a mechanical device such as with a wheel on a
pole, except as described in paragraph (a)(6)(iii)(A) of this section.

5-51
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xxxxxxxxxx g Control Requirements Using Tier 4
for Landfills Subject to
ndfills NSPS Subpart XXX

Regulations Share similar
Regulations Language

+ EG Subpart OO0 and NESHAP AAAA
also have Tier 1 through 4 and a Other
Methods section, very similar to XXX.

EPA Regqulation Navigation Tools | US EPA

Surface Scans
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Flow Chart of Surface Monitoring Requirements (WWW)
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Scan Path and Grid Locations

The following areas exhibited FID readings greater than 200 ppm above
background during the second quarter of 2019:

6/18/19 HAGW1011 Ground Penetration 376
6/18/19 AI43 Grid Al43 Soil Area 289
6/18/19 T46 West GW-181 Ground Penetration 370
6/18/19 P39 HAGW0902 Ground Penetration 230
6/18/19 Jag HAGW1002 Ground Penetration 1,372
6/18/19 Ma7 HAGW1007 Ground Penetration 2,156
6/18/19 R49 Grid R49 Well Ground Penetration > 10,000
6/18/19 Ta8 West GW-182 Ground Penetration 3,167
6/18/19 Ta8 Grid T48 Well Ground Penetration 1,310
6/18/19 AB35 East GW-9 Ground Penetration 1,158
6/18/19 AC38 Grid AC38 Distressed Vegetation 791
T
6/18/19 West GW-70R ‘Ground Penetration 1,431
6/18/19 L38 Riser ‘Ground Penetration 3,510
6/18/19 Jaa HAGW1003 ‘Ground Penetration 3,410
6/19/19 AC42 East GW-14 Ground Penetration 436
6/19/19 Q28 West GW-64R ‘Ground Penetration 567
6/19/19 026 West GW-31R ‘Ground Penetration 1,013
6/19/19 K33 West GW-68 ‘Ground Penetration 674
6/19/19 L26 SC-01 Ground Penetration 4,261
6/19/19 N30 West GW-90 Ground Penetration 1,611
6/19/19 X29 West GW-136 Ground Penetration 5,436
5.57
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HAGW1011 Location Photos

1011
"anazoto HAGW1011
Initial Reading — 376 ppm .

Corrective Acton: Repaired liner around well

6282019
* 10-Day Follow Up Reading - 620 ppm

= Comective Acton: Addiional repairs made tofner around well
- 782010
= Additional 10-Day Follow Up Reading - 2.3 ppm

Grid A143 Location Photos

2 cignus
6/182019 Gid Ak
Il Roading - 289 pom *+ Corecie Acton Addedcoerso o aea
+ a8ty

+ 10y Folow Up Reading- 71 gpm

Elevated Temperature Landfills
(ETLF’s)

e Symptoms of ET conditions:

* Increased temperature of the gas at individual wellheads
or in header

» Gas composition changes may also be symptomatic of
the onset of ET conditions.

* Increased liquid in the landfill

» Changes in the chemical composition of the leachate or
liquid extracted from the gas wells.

» Large and rapid sinkholes at the waste surface

« Inhibit methanogens microbes thereby reducing methane
content in the gas

 Increase hydrogen content in the gas since 5-60
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Potential Problems from ETLF’s

» Damage to gas and leachate collection
systems

* Low methane content and odorous gas

* High leachate strength (COD upwards of
50,000 mg/L)

» Rapid settlement

* Pressure accumulation

Elevated Temperature Landfills
(ETLF’s) Mitigation

« Contain & Manage

+ Enhanced cover — soil, EGC
« Enhanced GCCS

- Liquids management

- Leachate management/treatment
- Stabilize to mitigate effects of volume
reduction

+ Fugitive emission/odor control
» Long-term enhanced O & M

Differential Settling requiring well

Modification




Landfills: Regulations, Design/Operation,
Emissions and Inspection

Landfill Gas (LFG) and Constituents)

Siloxanes

Siloxanes are volatile organic silicon
compounds (VOSCs), which are present at
the parts-per-million volumetric (ppmv)
level in landfill gas (LFG). ... When VOSCs
burn, they primarily form carbon dioxide
(C0O,), water, and silicon dioxide. Silicon
dioxide is commonly known as silica.

3

.

.

.

.

Siloxanes In LFG Issues

Siloxanes are common contaminants in landfill gas (LFG).
Siloxanes present in LFG can degrade the operating efficiency
of LFGTE engines.

Elevated siloxane concentrations can also potentially result
in LFGTE facilities exceeding permitted emission limits for
particulate matter (PM) and carbon monoxide (CO)
Siloxanes may prevent landfills from demonstrating
compliance with health-based guidelines for formaldehyde
emissions.

High siloxane concentrations can increase operating costs
Siloxanes can foul post-combustion such as catalytic
emissions controls.
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CAS No.

1066-40-6
107-46-0

541-05-9

107-51-7

556-67-2

141-62-8
541-02-6

141-63-9

540-97-6

Detected in LFG

Comy d name and A

Trimethylsilanol (TMS)

Hexamethyldisiloxane (L2)

Hexamethylcyclotrisiloxane (D3)

Octamethyltrisiloxane (L3)

Octamethylcyclotetrasiloxane (D4)

Decamethyltetrasiloxane (L4)

Decamethylcyclopentasiloxane (D5)

Dodecamethylpentasiloxane (L5)

Dodecamethylcyclohexasiloxane (D6)

Formula

Si- OH- (CHa)s
Si, — O — (CHy)s

Si3 — 03— (CHy)s

Si3 — 0, = (CHy)s

Siy — 04 = (CHy)g

Siy = 03 = (CHy)yo
Sis — O5 — (CHa)o

Organosilicon Compounds Commonly

Properties of Selected VOSC'’s

D, 222 38.0% 10 273 1.560
D, 297 37.8% 13 347 0.056
D, N 37.9% 04 410 0.017
L, 162 334% 2 214 0.930
L, 236 35.7% 39 306 0.034

Siloxane Buildup on
Combustion Equipment
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How everyday products are supercharging
landfill gas, and what that means

@ Understanding siloxangs in bioggs to prevent engine damage

¥ (ﬁ""
g~

COMBUSTING
SILOXANES

https://news.umich.edu/

VOSC Limits for LFG Utilization

Reciprocating Engines 5t0 20
Vehicle Fuel 12
Combustion Turbines (without Recuperation) 5
Combustion Turbines (with Recuperation) 25
Microturbines 03
Pipeline Quality Gas 0.1t0 0.4
5-71

Formaldehyde Emissions From
Landfill Gas & Natural Gas Engines
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Landfill Gas Engine Stack Test
Formaldehyde Emissions Rates
Max Permitted VOC (adjusted
S
(MMbtu/hr) Ib/MMbtu
LFG 4-Stroke Lean Burn 16.54 061 34.16 094 65%
LFG 4-Stroke Lean Burn 16.54 027 1512 054 50%
LFG 4-Stroke Lean Burn 16.54 002 112 033 6%
LFG 4-Stroke Lean Burn 16.1 071 39.76 158 45%
LFG 4-Stroke Lean Burn 16.1 072 4032 128 56%
LFG 4-Stroke Lean Burn 16.1 076 42.56 077 99%
LFG 4-Stroke Lean Burn 16.1 066 36.96 067 99%
LFG 4-Stroke Lean Burn 16.1 064 35.80 121 53%
LFG 4-Stroke Lean Burn 16.1 065 36.40 066 98%
% emmas | oE = =
LFG 4-Stroke Lean Burn 16.63 113 63.28 172 66%
LFG 4-Stroke Lean Burn 16.63 103 57.68 140 74%
B o

Max Permitted VOC (adjusted
. HCHO HCHO
Engine Type Heatinput || oamscy) | fOrHCHO) | percent HeHO
(MMbtu/hr) Ib/MMbtu

NG 2Stroke Lean Bum 203 0.104 106.08 1.651 6%

NG 2:StrokeLean Burn 203 0.100 102.00 0.395 25%
NG 2Stroke Lean Bum 203 0081 8262 0588 14%
NG 4-Stroke Lean Burn 18 0033 3366 0.095 35%
NG 4Stroke Lean Bum 18 0032 3264 0.032 100%
NG 4Stroke Lean Bumn 18 0025 25.50 0241 10%
NG 4-Stroke Lean Bumn 18 0036 3672 0176 20%
NG 4-Stroke Lean Bum 18 0039 3978 0.039 100%
NG 4Stroke Lean Burn 18 0.041 4182 0.041 100%
NG 4Stroke Lean Burn 18 0042 4284 0.042 100%
NG 4Stroke Lean Burn 18 0038 3876 0.038 100%

5-74

OTHER FORMALDEHYDE EMISSIONS
FACTORS FOR LFG

+ 0.1350 Ib / MMscf « =~.000241 Ib / Mmbtu -

EPA VOC Speciation Profile #1001 1/90 (1990) for LFG
enclosed flares & Engines

+ 0.22 g/bhp -hr: =~ .069 Ib / Mmbtu +

NACAA/PWIA (2017)

1.San Diego County (1999) < https:/www. sandiego county .gov/content/dam
T/Gas_Combustion/APCD_Engine_Landfill_Gas_Fired.pdf
- FLARE Factor (lower) 2017

<http://pubs.awma.org/flip/EM -Mar-2017/damiano.pdf>

2.Assumes 560 btu /scf heating value of landiill gas
3ABWMA. Whats the Best Way to Manage Landil Gas: From an Environmental Perspective
4Employs AP-42 Table 3.3- 1 brake specific fuel consumption of 7000 btu/hp-hr>
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Stack Testing Methods

NMHC/NMNEHC - EPA Methods 25A and 18, or one or
more of the Alternative Methods for these sources (ALT -
066, ALT-078, ALT-096, ALT-097 and /or ALT -106).

Formaldehyde — EPA Method 323 or Method 320. Note that
EPA Method 316 is

not acceptable , as it is specific to the Mineral Wool and
Wool Fiberglass Industries.

VOC (Ib /hr) = NMHC/NMNEHC + HCHO
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Applicability of Federal Reference
Method 18 to Landfill Gas Monitoring

Applicability of Federal
Reference Method 18 to
Landfill Gas Monitoring

6-1

40 CFR

Part 60
Revised as of
July 1, 2000

Protection of Environment
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6-2

40CFR60

- Part 60.754, Test Methods and
Procedures, specifies the use of
Federal Reference Method 18
during the Tier 2 and Tier 3
evaluation

6-3
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Evaluation of
Landfill Gas Emissions

« Tier 1: Calculate NMOC Emission
Rate using default values

- Tier 2: Determine NMOC Emission
Rate Using FRM 18 and 25C

» Tier 3: Determine Methane
Generation Rate Using FRM 2E

» Tier 4: Surface Emissions
Monitoring using Method 21 and
possibly 2E, 25 or 25E.

6-4

Applicability

- Provides concentration data on
approximately 90% of total volatile
gaseous organic mass emitted
from an MSW

- FRM 18 provides speciated data of
volatile gaseous organic
compounds which compose the
NMOC concentration

6-5

Applicability

= Method 18 will not determine
compounds that

= Are polymeric
(high molecular weight)
= Can polymerize before analysis

= Have very low vapor pressure
in ambient air or LFG

6-6
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Principle

- Sample is extracted from the MSW
landfill stream and captured
by various techniques

« The trapped sample is returned to
the laboratory where the various
volatile gaseous organics are
separated in a gas chromatographic
column and measured separately
by a suitable detector

6-7

Method Criteria

- Range: 1 ppm to upper limit of GC
detector (Saturation of detector
limiting factor. Upper limit can be
extended by dilution)

- Sensitivity: Minimum detection
limit or signal-to-noise ratio 3:1

6-8

Method Criteria

- Precision: 5% to 10% RSD of mean
value (Usually 5% with
experienced GC operator)

» Accuracy: 10% audit sample value

6-9
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Interferences

» Resolution interferences
(May be eliminated by GC column
selection and column physics)

- Contamination of analytical system
(Checked by periodic analyses of
blanks)

Interferences

» Cross-contamination from analysis
of high to low concentration
(Prevented by purging system
between analyses)

- Water vapor
(Correction factor developed)

FRM 18 Overview

» Generic GC method
» For speciated VOCs
» Any combination of

= Sampling technique, GC column,
detector

= User decides combo as long as
recovery criteria are met (70-130%)

= Recovery performed once per source

6-12
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Method 18 Pre-survey

» A pre-survey shall be performed on
each MSW landfill to be tested to
obtain all information necessary to
design emission test

» Pre-survey optional if target
compounds are known

Method 18 Pre-survey

» Only place where canisters are
allowed

- Grab sample, qualitative analysis,
GC/MS for identification

Pre-survey Data Needed

- Vent temperature and
temperature range

» Approximate particulate
concentration

» Static pressure

- Water vapor content
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Pre-survey Sample Train

« 250 mL double-ended glass
sampling flask (Specified cleaning
procedures provided)

- Evacuated flask

- Tedlar® or aluminized
Mylar® flexible bag

« Adsorption tubes

Pre-survey Sample Analysis

» Select GC columns based upon
manufacturer’s recommendation

- Select GC conditions for good
resolution by varying conditions
after 1st injection

Pre-survey Sample Analysis

- Heat pre-survey sample
to vent temperature

« Analyze pre-survey samples using
retention time (RT) compared to
calibration standards
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Criteria for Pre-survey and
Sample Analysis

- Prepare calibration standards by
proper technique

- Determine optimum GC settings

- Obtain retention times with
repeatability of +/- 0.5 seconds

Criteria for Pre-survey and
Sample Analysis

- Use sampler sample loop or
dilution if necessary

« ldentify all peaks >5%
of the total area

FRM 18
Basic Sampling Systems

- Whole air sampling
(Active/Passive)

* Tedlar® Bag
= Glass Sampling Bulb
» Adsorbent tubes (Active/Passive)

= Charcoal/Silica Gel/Florisil
= CarboTrap 300/Tenax®TA
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FRM 18
Basic Sampling Systems

- Headspace Sampling

- Direct Interface

FRM 18 Direct Interface
Sampling Method

- Direct Interface:
Sample continuously pumped from
landfill gas sampling probe to GC
by heated line. Analysis conducted
on discrete gas samples from
sample loop. All compounds must
be separated by one
column/detector combination

8 ainie
steel tubing
.~ 4" Bore hole
1* Pipe

soil

&
Undisturbed I
1




Landfills: Regulations, Design/Operation, Applicability of Federal Reference
Emissions and Inspection Method 18 to Landfill Gas Monitoring

Direct Interface
Sampling Setup

- Apparatus: Sample probe, sample
line, sample pump, sample valve,
flow meters and heated box

- Assemble equipment and leak-check

- Heat sample probe, line, and sample
box to 1-3°C above landfill gas
temperature

Direct Interface
Sampling Setup

- Analyze calibration gas in the
sample line immediately following
the probe

Direct Interface Sampling

- Calibration gas analysis
should be accurate within 10%

» Reconnect probe,
analyze landfill gas

- Reanalyze landfill gas
(two analyses must agree within 5%)
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FRM 18 Direct
Interface/Dilution Sampling

- Same apparatus as direct interface
except a dilution system is added
between heated sample line and
the gas sampling valve

- Apparatus arranged so either a
10:1 or 100:1 dilution of source gas
can be directed to the GC analyzer

FRM 18 Direct
Interface/Dilution Sampling

» Verify accuracy of dilution system
by analyzing calibration gas with
agreement of within 10%

Sampling: Direct Interface

- Strengths

= Sample collected retains
compounds/immediate analysis

= No loss or alteration to compounds

= Method of choice for steady state
processes when duct temperature is
below 100°C and organics suitable
for GC analysis

8-10
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Sampling: Direct Interface

- Weaknesses

= GC at site, can’t integrate sample,
non-steady state poor

Glass Sampling Flask

» Samples can be collected in
pre-cleaned 250 mL double-ended
sampling flask

= Cleaning of flask: methylene
chloride, soap solution, furnace

» Sampling performed by either

= Evacuated flask procedure
* Purged flask procedure

FRM 18 Glass Sampling
Flask Procedure

- Use clean flask

- Attach “T-connection” to inlet of
flask

» Attach 6-mm OD borosilicate
sampling probe with 12-mm OD
enlargement at end containing
glass wool plug for particle control
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FRM 18 Glass Sampling
Flask Procedure

» Use rubber suction bulb
to purge probe

- Attach end of flask
to a rubber suction bulb

- Attach probe used in evacuated
flask procedure to inlet of flask

FRM 18 Glass Sampling
Flask Procedure

» Purge flask, then close stopcock
near suction bulb

- Then close stopcock near probe

« Tape stopcocks to prevent leakage

FRM 18
Flexible Bag Sampling

- Samples collected in Tedlar® or
aluminized Mylar® flexible bags

- Flexible bag certification

= Use new bag
= Leak check

= Check for contamination with
nitrogen/24-hours, then analyze by GC

6-36

8-12
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Emissions and Inspection Method 18 to Landfill Gas Monitoring

FRM 18 Flexible Bag
Sampling Procedure

- Assemble sampling train

- Leak check both the bag
and container

« Purge probe line

« Evacuate container containing
flexible bag

FRM 18 Flexible Bag
Sampling Procedure

- Sample three bags
(Proportional single point sampling)

- Analyze bag in triplicate

- Spike one of the bags

» Store for hold time period

- Analyze bag in triplicate

FRM 18 Flexible Bag
Sampling Procedure

» Recovery must be 70-130%

» Must analyze performance
evaluation (PE) sample prior
to analysis of landfill gas

- Audit analysis must agree with
the audit concentrations within 10%

8-13
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Bag Sampling and
Condensation

Heat sampling box containing
sample bag to vent temperature

» Maintain temperature of bag until
analysis

« Add dropout impinger to collect
condensate (Must be analyzed for
VOCs along with bag analysis)

Sampling: Tedlar® Bag
- Strengths

= Sample collected over time and has
same compounds and
concentrations as stack emissions

= Sample may be returned to
laboratory for analysis

= Multiple analysis

Sampling: Tedlar® Bag

- Weaknesses

» Tedlar® bags awkward and bulky for
shipment, stability of compounds,
can’t do polar

8-14
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FRM 18
Adsorbent Tube Procedure

- Samples collected (active/passive)
in absorbent tube containing
specific amounts of adsorbent per
primary/backup sections

= 800/200 mg for charcoal tubes
= 1040/260 mg for silica gel tubes

FRM 18
Adsorbent Tube Procedure

- Alternative, adsorbents such as
Tenax® GC or XAD-2® can be used

» Typical tube design: 90 mm x 6 mm

6-44

Single Tube Design-
Glass/Stainless Steel

Adsorbent

Stainless steel tube

Pumped flow
Adsorbent

Glass tube Glass wool

8-15



Landfills: Regulations, Design/Operation, Applicability of Federal Reference
Emissions and Inspection Method 18 to Landfill Gas Monitoring

Multi-bed Adsorbent Trap

Pk

Carbotrap C  Carbotrap Carbosieve S-lll

Sampling flow Desorption flow

Adsorbent Tube Apparatus

- Heated probe ( ~ 6 mm ID)
- Filter (heated)
» Flexible tubing

- Leakless sample pump

8-16
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Adsorbent Tube Apparatus

- Rotameter

» Adsorption tube

- All temperature and flow measuring
devices must be calibrated

Adsorbent Tube Sampling

- Determine “sample loading
factors” in order to design
sampling approach

» Perform recovery study of the
compounds of interest during
the actual field test

= Two identical sampling trains
co-located in sampling vent

Adsorbent Tube Sampling

= One train spiked (all compounds of
interest) and the other unspiked train

= Mass spiked should be 40-60% of
mass expected to be collected by
unspiked train

» Sample the exhaust of the landfill
gas with the co-located sampling
trains for a total of 3 runs

8-17



Applicability of Federal Reference

Landfills: Regulations, Design/Operation,
Method 18 to Landfill Gas Monitoring

Emissions and Inspection

Adsorbent Tube Sampling

- Determine the fraction of spiked
compound recovered

» Criteria of 70<R<130% must be met
in order for sampling technique to
be used for specific analyte

Adsorbent Tube
Sampling Requirements

- Any commercially available
adsorbent is allowed

« May use water knockout impinger
before adsorbent

» Must perform dual sampling trains:
one spiked and one unspiked

Adsorbent Tube
Sampling Requirements

« Three dual-sampling trains
constitute a test

- Desorption/analysis usually in lab

- May do solvent or thermal
desorption for recovery of VOCs

6-54
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Adsorbent Tube
Sampling Requirements

- If solvent desorption,
analyze each in triplicate

« If thermal desorption,
analyze each sample once

» Recovery must be 70-130%

Sampling:
Adsorbent Tubes

» Strengths

= Sample compact and easy to use

= Sample returned to
laboratory for analysis

= Good sample storage time

Sampling;:
Adsorbent Tubes

- Weaknesses

* Quantitative recovery poor

= Breakthrough possible
= Moisture Effects

8-19
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Which Sampling Technique
Should Be Used?

- Direct Interface: Excellent, real-time
if all analytes can be separated by
one column/detector combination

» Dilution Interface: Same as direct
interface; Excellent if high
concentrations of target compounds
are present

Which Sampling Technique
Should Be Used?

» Adsorbent Tube: Excellent if
concentrations of target
compounds are sub-ppm levels

- Bag Sampling: Everybody’s
favorite; Cheap; Excellent when
more than one detector is needed;
Excellent for explosive
environments

Headspace Sampling

» This method examines
contaminants that are present in a
headspace above a contained soil
sample or an atmosphere within a
confined area for analysis




Landfills: Regulations, Design/Operation,
Emissions and Inspection

Applicability of Federal Reference
Method 18 to Landfill Gas Monitoring

Emission Flux Sampling
(Headspace Sampling)

- Sampling the headspace gas within
the confined chamber usually
involves active sampling or real-
time monitoring utilizing solid
adsorbent tubes, whole air
sampling devices or real-time VOC
GC systems

Emission Flux Sampling
(Headspace Sampling)

- Emission Flux Sampling involves
placing a container above the
surface areas of the landfill and
allowing emissions to permeate
through the soil and be confined
within the chamber area

Emission Flux Chamber

Sample collection
- and analysis
‘ Temperature -
readout g ‘

Regulator DC motor Onloff

. 90 flow
=]
‘ | Flowmeter

control

Grab
»7¢ sample
port

Carrier

gas Plexiglass
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Passive Adsorbent Sampling
as Headspace Sampling

- Passive adsorbent sampling as
headspace involves sampling the
atmosphere with a solid adsorbent
in the passive mode. Gas enters
the adsorbent according to Fick’s
Law of Diffusion.

6-64

Method 18 Applicability to
Landfill Gas Monitoring

- Method applicable to most
sampling programs:

= Good with 10 or less compounds

= Compounds are known

= Fairly high vapor pressure at room
temperature

- ppb to ppm levels dependent on use
of adsorbent or Tedlar® bag

Method 18 Applicability to
Landfill Gas Monitoring

= Mass balance around
system is required

= Should not be used after combustion
source unless compounds
identifiable
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Preparation of
Calibration Standards

» Liquid standard in
desorbing solution

- Direct analysis of NIST reference
gases or commercial certified gas
mixtures

Preparation of
Calibration Standards

» Gas dilution from high
concentration of gas cylinder using
calibrated rotameters

Preparation of
Calibration Standards

- Direct syringe-bag dilution for
known quantity volatile liquid
material

« Indirect syringe-bag dilution for
known quantity of less volatile
liquid materials
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Emissions and Inspection

Applicability of Federal Reference
Method 18 to Landfill Gas Monitoring

Final Sampling and
Analysis Procedure

» Consider safety and source
conditions, select appropriate
sampling and analysis procedures
(Use direct interface if source
<100°C and organics suitable for
detection)

Final Sampling and
Analysis Procedure

- If source has high concentration
(> 100 ppm), then select direct
dilution interface technique

Compliance Test:
Direct/Dilution Interface

« On-line, on-site GC
« Real-time analysis

« Triplicate injections,
3 concentrations of
each target compound

- Calibration gas must be certified
to 2% accuracy by manufacturer
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Compliance Test:
Direct/Dilution Interface

- Method 25 allowed

« Recovery study basically
leak-check, 70-130% recovery

- Five consecutive samples
equals a run

Compliance Test:
Direct/Dilution Interface

- Post-test calibration check:
If > 5% difference, use both curves.
If <5% difference, use first curve
generated

Method 18 Summary

» Source has great flexibility in
choosing sampling/analytical
methodology (As long as recovery
criteria are met)

» Encourage direct/dilution interface:
Real-time data, less chance of
sampling loss

- Any detector, including mass
spectrometer, may be used




Landfills: Regulations, Design/Operation,
Emissions and Inspection

Applicability of Federal Reference
Method 18 to Landfill Gas Monitoring

Method 18 Summary

- Any adsorbent is allowed as long
as recovery met

« Recovery procedures done once
per source

- Canisters are not allowed
except for pre-survey




Landfills: Regulations, Design/Operation,
Emissions and Inspection

FRM 21: Determination of
Volatile Organic Compounds Leaks

Federal Reference
Method 21

Determination of Volatile
Organic Compounds Leaks

40 CFR

Part 60
Revised as of
July 1, 2000

Protection of Environment

ederal Regulations
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Landfills: Regulations, Design/Operation, FRM 21: Determination of
Emissions and Inspection Volatile Organic Compounds Leaks

Lesson Objectives

- Review Federal Reference Method 21
(FRM 21)

- Examine instrument and
performance criteria

- Identify typical equipment which
meets FRM 21 specifications

7-4

Applicability

« FRM 21 applies to the
determination of volatile organic
compounds (VOCs).

» Under New Source Performance
Standards (NSPS), Subpart WWW,
(XXX) 60.755(a)(6)(c)(3), FRM 21 is
identified as the instrumentation,
specification, and procedures for
surface emission monitoring

7-5

FRM 21

- FRM 21 describes a procedure to
be followed in using a hand-held
instrument to measure for
methane/VOC leaks at an MSW
landfill

7-6




Landfills: Regulations, Design/Operation, FRM 21: Determination of
Emissions and Inspection Volatile Organic Compounds Leaks

Portable VOC Analyzers

Portable VOC analyzers fall within
two classes:

= Single Hand-held Unit
= Multi-component Hand-held Unit

7-7

FRM 21 Multi-component
Hand-held Unit

Probe/interface

= Probe/probe extension
not to exceed "s” OD

= Optional meter/readout capability

= Optional particulate filter
« Umbilical Cord

7-8

FRM 21 Multi-component
Hand-held Unit

» Analytical Assembly

= Pumpl/flow controller

= Analytical Instrument
(Detector, Cal Gas, Regulator, Power)

= Data acquisition system

7-9




Landfills: Regulations, Design/Operation, FRM 21: Determination of
Emissions and Inspection Volatile Organic Compounds Leaks

FRM 21 Requirements

- Instrument specifications

- Performance specifications

Six Instrument
Specifications

» 1. VOC Response -
The instrument must respond to
the compound of interest. For
Subpart WWW, the compound of
interest is methane (CH,)

Six Instrument
Specifications

» 2. Measurement Range -
Must encompass the defined
monitoring exceedance of greater
than 500 ppm, background corrected

- 3. Scale Resolution -
The instrumentation must have
a scale resolution of 12.5 ppm
methane
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Emissions and Inspection Volatile Organic Compounds Leaks

Six Instrument
Specifications

» 4. Nominal sample flow rate
specification - As measured at the
probe tip, shall be 0.10 to 3.0 liters
per minute

Six Instrument
Specifications

» 5. Intrinsically Safe -
The instrument must be
intrinsically safe in at least Class |,
Division | area.

Six Instrument
Specifications

» 6. Sampling Probe No
Greater Than 4 Inch -
The instrument must have a sample
probe with an outer diameter (OD) of
Ya inch
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Emissions and Inspection Volatile Organic Compounds Leaks

FRM 21
Performance Criteria

- Response factor determination

- Calibration precision test

Response time test

FRM 21
Allows Various Detectors

- Flame ionization

- Photoionization

. Catalytic oxidation

» Infrared adsorption

Flame Ionization Detector
(FID) Characteristics

- Sample gas drawn in continuously

» Sample gas mixed with hydrogen
and methane (VOCs) burn in flame
to form positive charged ions

- Positive ions are generated during
combustion and migrate to the
collection plate
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Emissions and Inspection Volatile Organic Compounds Leaks

Flame Ionization Detector
(FID) Characteristics

- Amplification circuit counts ions
which are directly proportional to
concentration

Photoionization Detector
(PID) Characteristics

- Sample gas drawn in continuously

- Sample gas ionized by absorption
of light

- Positive ions formed and collected

» Current produced is amplified and
measured

Response Factor
Performance Criteria

» Response factor determination
must be performed before putting
the instrument into service

« FRM 21 allows the use of
manufacturer’s response factors

- For methane, the response
factor is 1
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Response Factor
Performance Criteria

» The instrument response factor for
target analyte must be <10

Response Factor

Response Factor (RF)

Actual Concentration
" Instrument Observed Concentration

- Typical RF:

= Benzene: 0.29 (Very Sensitive)
= Chloroform: 9.28 (Not So Sensitive)

Response Factor Table
Challenge Relative response factor
Concentration

(ppm) PID FID

10 1.795 3.400

50 1.744 3.420

100 1.684 3.430

250 1.527 3.480

500 1.322 3.558

1000 1.041 3.713
2000 0.731 4.023
5000 4.953
7500 5.728
10000 6.503

7-24
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Emissions and Inspection

FRM 21: Determination of
Volatile Organic Compounds Leaks

Oxygen in gas, %

Counts, K

Calibration Precision
Performance Criteria

- Calibration precision test is

performed by three analyses of
zero gas and certified calibration
gas. Acceptance criteria is +/- 10%
of certified values

Calibration Precision Test

- When:

= Before testing; Monthly

- Materials Needed:

= Zero (<10 ppm VOCs) and calibration
gas (certified within +/- 2%)
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Emissions and Inspection

FRM 21: Determination of
Volatile Organic Compounds Leaks

Calibration Precision Test

How:

= Calibration Precision = (Obser. value)
— (Certified value)/ (Certified value)

= Must be within 10%
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FRM 21: Determination of
Volatile Organic Compounds Leaks
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FRM 21: Determination of
Volatile Organic Compounds Leaks
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Response Time
Performance Criteria

Response time is performed during
the calibration precision test and
must meet a criteria of <30 seconds

Response Time Test
- When:

= Before testing; at instrument
modification

How:

= Introduce zero gas, then switch to
calibration gas, measure time from
switching to when 90% of the stable
reading is obtained; repeat two
additional times and average
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Response Time Test

» Acceptance Criteria

= Response time less than 30 seconds

Limitation of FRM 21

- Different compounds react
differently to different detectors

» Instrument probe intake rate
« Wind effects
» Pressure effects

» Temperature effects

Meter Reading - 15,000 ppm

0.1 L/min
sample intake rate
(minimum rate allowed

Leak detector
probe tip

1/4 in. dia. for Method 21)
Ak K
|| Landfill Surface Cover
Leak
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Meter Reading - 500 ppm

3.0 L/min
Leak detector sample intake rate
probe tip (maximum rate allowed
1/4 in. dia. for Method 21)

AR ll\
v A
andari urrace cover

Manufacturers of Portable
VOC Instruments

- Thermo Environmental Instruments
(TEl)/Foxboro

= www.thermofisher.com

« Perkin-Elmer (PE) Photovac
Company

= www.perkinelmer.com

Manufacturers of Portable
VOC Instruments

+ Questar/Baseline

= www.baselineindustries.com
« Heath Consultants

= www.heathus.com
RAE Systems Inc.

= www.raesystems.com
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FRM 21: Determination of
Volatile Organic Compounds Leaks

Manufacturers of Portable
VOC Instruments

- Bacharach

= www.bacharachinc.com
. MSA

* www.msanet.com

- Sensidyne

= www.sensidyne.com

Manufacturers of Portable
VOC Instruments

» Hnu Systems

= www.hnu.com
- AIM Safety USA

= www.aimsafeair.com

Manufacturers of Portable
VOC Instruments

- CEA Instruments
= www.ceainst.com
» Sentex Sensing Technology

= www.sentex.com

-48
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Emissions and Inspection

Landfill FRM Sampling
Methods 2E, 3A & 3C

Landfill FRM Sampling
Methods 2E, 3A and 3C

Federal Reference Method
2E

Determination of Landfill Gas
Production Flow Rate

8-2

40 CFR -

Part 60 2

Revised as of E

July 1, 2000 m

g 3

© | Protection of Environment £

= @

- (3]

'(_‘“ m

A

& 2

) >
e~

— 3

o =

o] B

i m

LI A

2

° b

3

g =

(@] &

(2]

8-3




Landfills: Regulations, Design/Operation, Landfill FRM Sampling
Emissions and Inspection Methods 2E, 3A & 3C

Applicability

¢ Applies to measurement of landfill
gas (LFG) production flow rate
from municipal solid waste (MSW)
landfills

+ Used to calculate the flow rate of
nonmethane organic compounds
(NMOC) from landfills

¢ Also applies to calculating a
site-specific “k” value

Principle

¢ Extraction wells are installed in a
cluster of three, or at five locations
dispersed throughout the landfill

¢ Ablower is used to extract LFG
from the landfill

Principle

¢ LFG composition, landfill
pressures near the extraction well,
and volumetric flow rate are
measured, and landfill gas
production flow rate determined




Landfills: Regulations, Design/Operation, Landfill FRM Sampling
Emissions and Inspection Methods 2E, 3A & 3C

Apparatus

+ Well drilling rig

¢ Material

= Gravel
= Bentonite

= Backfill material

8-7
Apparatus
+ Wellhead assembly
= Control valve
= Orifice meter/manometer
= Blower
= Sampling ports (Well head/outlet)
8-8

4 rare Schematic of Above Ground
Well Head Assembly

Outlet
sample
port

- a )

/
Water
Blower ﬂ /, Knockout |
‘ L Well head
Orifice -..4 Control valve &
L Well head

Sample port
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Emissions and Inspection Methods 2E, 3A & 3C

Placement
of Extraction Wells
+ Single cluster of three (3)

extraction wells in a test area
(Waste known)

= Near perimeter of site

= Depth equal to or greater than
the average depth of the landfill

= Waste 2-10 years old

Placement
of Extraction Wells

¢ Five (5) wells spaced over the
landfill (waste unknown)

= Divide landfill into five (5) equal areas
and place extraction well at centroid
of each area

Extraction Well Pipe
Configuration

¢ PVC, HDPE, fiberglass, stainless
steel or other materials of
construction

¢ Minimum diameter of 0.075 meters
(2.95”)
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Emissions and Inspection

Landfill FRM Sampling
Methods 2E, 3A & 3C

Extraction Well Pipe
Configuration
¢ Bottom two-thirds of the pipe
perforated

= Holes/slots 1.0-centimeter diameter

= Spaced 90 degrees apart every
0.1 to 0.2 meters

Gas Extraction Well
p— |

«—Col ess
backfill
material

<«——Gravel

PVC pipe
PVC Cap

.5m
wellbore

Extraction Well
Pipe Placement

¢ Place in center of hole

+ Backfill with gravel to 0.3 meters
above perforation

¢ Add backfill material 1.2 meters thick

+ Add layer of bentonite 1.0 meters
thick

+ Remainder cover material 8. 15
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Emissions and Inspection Methods 2E, 3A & 3C

Pressure Probe

¢ Pressure probes are used in the
check for infiltration of air into the
landfill and radius of influence

= Shallow pressure probes used for
determination of infiltration of air into
landfill

= Deep pressure probes used to
determine the radius of influence

Pressure Probe
Configuration

¢ PVC or stainless steel, 0.025 meter

¢ Bottom two-thirds of pipe
perforated

= Four 6-mm diameter holes

= Placed 90 degrees apart
= Every 0.15 meters

Pressure Probe Placement

¢ Shallow pressure probes placed in
close proximity to cluster well

¢ Deep pressure probes

= Along three radial arms from the
extraction wells

= Approximately 120 degrees apart

= Distances of 3, 15, 30, and 45 meters
from extraction wells
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Quick disconnect Pressure PrObe

over material or
equivalent

<«—— Bentonite

12m Sandy loam or
appropriate cover

IEE I <«—— Gravel

2/3 of
probe
length

Location of Cluster Wells

Perimeter

'S‘/ope
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Emissions and Inspection Methods 2E, 3A & 3C

LFG Flow Rate
Measurement

¢ Leak Check System:
Measure nitrogen using FRM 3C
at the well head and downstream
of the flow measuring device.
System is leak tight if difference
is <10,000 ppm

LFG Flow Rate
Measurement

¢ LFG Flow Rate:
Measure LFG flow rate using orifice
meter and manometer continuously
during testing

LFG Static Testing

¢ Purpose: Determine the initial
condition of the landfill

¢ Procedure: Close the control valve
on the well. Measure the gauge
pressure (P,) at each deep
pressure probe and barometric
pressure (P,,) every 8 hours for 3
days
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Emissions and Inspection Methods 2E, 3A & 3C

LFG Static Testing

 Calculate: P;=P,, +P,

+ Average all 8 hours reading for
each well to record P;,

Well Temperature and
Static Flow Rate

¢ Measure the LFG temperature
at each well head

¢ Measure static flow rate using
Type S pitot tube at each well head

Short Term Testing

¢ The purpose of short-term testing
is to determine the maximum
vacuum that can be applied to the
wells without infiltration of air into
the landfill

= Use blower to extract LFG from
single well (others capped) at a rate
at least twice the static flow rate
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Emissions and Inspection Methods 2E, 3A & 3C

Short Term Testing

= Check for infiltration of air into the
landfill by measuring the temperature
of the LFG at the wellhead, the gauge
pressures of the shallow pressure
probes, and LFG nitrogen using FRM 3C

¢ LFG concentration of nitrogen
is >20 %

¢ Any shallow probes have a negative
gauge pressure

Short Term Testing

¢ LFG temperature > 55°C

¢ Increase the blower vacuum by
4 mm Hg, wait 24 hours, and repeat
infiltration test

+ Continue increasing blower
vacuum by 4 mm Hg until
infiltration occurs

Short Term Testing

¢ Then reduce blower vacuum until
nitrogen < 20%, shallow probes are
positive, or LFG temperature < 55°C

¢ This is the maximum vacuum at
which infiltration does not occur

¢ At this maximum vacuum, measure
P,.. every 8 hours for 24 hours

+ Record LFG flow rate: Q,

8-10
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Emissions and Inspection Methods 2E, 3A & 3C

Short Term Testing

+ Deep probe gauge pressures for all
probes every 8 - hours: P;

¢ Average 8 - hour readings of deep
probes: P

+ Compare initial average pressure
(P,.) to final average pressure (Py,)

Short Term Testing

¢ Determine furthermost point from
the wellhead along each radial arm
where P, < P,

Short Term Testing

¢ This is the distance of maximum
radius of influence (ROI)

¢ Average ROIs to determine the
average maximum radius of
influence (R,,)

+ Calculate depth (D) affected by the
extraction well:

* D,=WD +R,_,?
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Emissions and Inspection Methods 2E, 3A & 3C

Short Term Testing

¢ Calculate void volume (V)
* V=(0.40)(R,.%)(Dsy)

+ Calculate total void volumes (V,)
= SumofallV

Long Term Testing

¢ The purpose of long-term testing is
to determine the methane generation
rate constant, k

= Set blower vacuum to previously
determined highest vacuum rate
acceptable without infiltration

= Every 8 hours, sample LFG, measure
gauge pressure at shallow pressure
probes, the blower vacuum, the LFG

flow rate, and check for infiltration
8-35

Long Term Testing

= Calculate Vt, the total volume of
landfill gas extracted:

Vo= 60)(@)(Tw)
i=1

® Qi =LFG flow rate measured at orifice meter during the ith interval, m3
/min.

= tvi = Time of the ith interval (usually 8), hr.

8-12
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Emissions and Inspection Methods 2E, 3A & 3C

Calculating NMOC mass
emission rate

M —kt;
=7 256x1011)z €t

k = Landfill gas generation constant, yr-1.

L, = Methane generation potential, m3 /Mg.

CNMOC = NMOC concentration, ppmv as hexane (CNMOC =Ct/6)
Mi = Mass of refuse in the ith section, Mg.

ti = Age of section i, yr

Determination of Gas
Constituents for O2
and CO2

8-38
0,/ C0,
Method 3
Method 3A
Method 3B
Method 3C
8-39

8-13
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Emissions and Inspection Methods 2E, 3A & 3C

Federal Reference Method
3A

Determination of Carbon
Dioxide and Oxygen from
Stationary Sources (40 CFR 60,
Appendix A)

40 CFR

Part 60
Revised as of
July 1, 2000

Protection of Environment

ederal Regulations
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Applicability

¢ This method applies to the analysis
of carbon dioxide (CO,) and oxygen
(O,) in samples from Stationary
sources when specified in an
applicable subpart

8-14
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Emissions and Inspection Methods 2E, 3A & 3C

Principle

¢ A sample is continuously extracted
from the effluent stream: a portion
of the sample stream is conveyed
to an instrumental analyzer for the
determination of CO, and O,

Apparatus

+ Gas analyzer to continuously
determine the 02 and CO2
concemtration in the sample gas
stream. The analyzer must meet
specifications identified in Method
7E, Section 13

o Sample probe (if applicable),
sample transport line, calibration
gases and data recorder.

Calibration
and Linearity Gases

¢ Standard cylinder gas mixtures for
each compound of interest with at
least three (3) concentration levels
spanning the range of sample
concentration.

8-15
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Measurement System
Performance Specifications

+ Analyzer Calibration Error. Less
than 2% of the span for calibration
gases

¢ Sampling System Bias. Less than
5% of the span for calibration
gases.

Measurement System
Performance Specifications

+ Calibration Drift.
Less than 2% of the span for

calibration gases.

+ Sampling System Bias.

+ Less than 5% of the span for
calibration gases.

Measurement System
Performance Specifications

+ Calibration Drift.
Less than 3% of the span over the

period of each run.

+ Interference Check.
Less than 2% of the span for each

test gas.
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Measurement System
Performance Specifications

¢ Calibration Concentration
Verification. Introduce calibration
gases into analyzer, make no
adjustments (+/- 2%)

+ Interference Response. Conduct an
interference response test of the
analyzer prior to initial field test.

8-49

Emission Test Procedure

+ Select the sampling site

¢ Extract sample at the same flow
rate as used during calibratiom

¢ Sample for 5 minutes obtaining a
constant reading

+ After sampling, perform zero and
calibration drift test

Concentration of Sample
Components

Cu=C

MA

Cou = (Con = Cu) 24— + Ce Eq.7E-5a
M -0
. : s (e,
Con = (Ca = Co) 24— Eq.7E-5b
M o

CAvg = Average unadjusted gas concentration indicated by data recorder for the test run, ppmv.
CD = Pollutant concentration adjusted to dry conditions, ppmy.
CDir = Measured concentration of a calibration gas (low, mid, or high) when introduced in direct
calibration mode, ppmy.
CGas = Average effluent gas concentration adjusted for bias, ppmv.
CM = Average of initial and final system calibration bias (or 2-point system calibration error) check
responses for the upscale calibration gas, ppmv.
CMA = Actual concentration of the upscale calibration gas, ppmv.
CNative = NOX concentration in the stack gas as calculated in section 12.6, ppmv.
CO = Average of the initial and final system calibration bias (or 2-point system calibration error)
check responses from the low-level (or zero) calibration gas, ppmv.
COA = Actual concentration of the low-level calibration gas, ppmv.
CS = Measured concentration of a calibration gas (low, mid, or high) when introduced in system
calibration mode, ppmy.

8-51
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Federal Reference Method
3C

Determination of Carbon
Dioxide, Methane, Nitrogen, and
Oxygen from Stationary Sources

(40 CFR 60, Appendix A)

40 CFR

Part 60
Revised as of
July 1, 2000

Protection of Environment

eral Regulations
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Applicability

¢ This method applies to the analysis
of carbon dioxide (CO,), methane
(CH,), nitrogen (N,), and oxygen
(O,) in samples from municipal
solid waste landfills and other
sources when specified in an
applicable subpart
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Principle

¢ A portion of the sample is injected
into a gas chromatograph (GC) and
the CO,, CH,, N,, and O,
concentrations are determined by
using a thermal conductivity
detector (TCD) and integrator

Applicability

¢ This method applies to the analysis
of carbon dioxide (CO,), methane
(CH,), nitrogen (N,), and oxygen
(O,) in samples from municipal
solid waste landfills and other
sources when specified in an
applicable subpart

Apparatus

¢ Gas Chromatography equipped
with separation column, sample
loop, conditioning system, and
thermal conductivity detector

¢ Recorder, tubing, regulators and
adsorption tubes to remove any
oxygen in the carrier gas

8-19
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GC System
and Analytical Apparatus

Calibration
and Linearity Gases

+ Standard cylinder gas mixtures for
each compound of interest with at
least three (3) concentration levels
spanning the range of sample
concentration

Sample Collection

+ Direct Injection
+ Tedlar® Bag
+ Whole Air Flask/Canister

.|

= |
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{3
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Whole Air Flask/canister
at Extraction Well

Analytical System
Standardization

+ Optimize GC system according
to manufacturer’s specifications

+ Linearity Check and Calibration

= Three calibration gases over the
range of suspected sample
concentration (This initial check may
also serve as the initial instrument
calibration)

8-62

Analytical System
Standardization

= Plot linear regression of
concentration vs. area values to
obtain relative response to each
compound
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Analytical System
Standardization

+ Single Point Calibration Check

= Use standard calibration gas which is
within 20% of the sample component
concentration

Sample Analysis

¢ Purge sample loop with sample

¢ Analyze each sample in duplicate

= Peak areas should agree within
5% of their average

Method 3C Calculations
¢ Moisture content in the sample

* By, =Py/Pyy
¢ Compound concentration

= C=A/R(1-B,)

= Pw = Vapor pressure of H20 (from Table 25C-1), mm Hg.

= R =Mean calibration response factor for specific sample

component, area/ppm.
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Methods 2E, 3A & 3C

Concentration
of Sample Components

(72) ). s
<(Pt)_<ﬁ)> <R(1_Bw)>

T, Ty

Ptf = Final gas sample tank pressure after pressurizing, mm Hg absolute.
Pti = Gas sample tank pressure after evacuation, nm Hg absolute
t=Sample tank temperature at completion of sampling, °K.

Tti = Sample tank temperature before sampling, °K.

Ttf = Sample tank temperature after pressurizing, °K.

Pt = Gas sample tank pressure after sampling, but before pressurizing, mm Hg absolute.
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Federal Reference Method 25

Determination of

Total Gaseous Nonmethane

Organic Emissions as Carbon s/l
: Pl

40 CFR

Part 60
Revised as of
July 1, 2000

Protection of Environment

ederal Regulations
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Applicability

- Method 25 applies to the
measurement of volatile organic
compounds (VOCs) as total
gaseous nonmethane organics
(TGNMO) as carbon in source
emissions

» This method is not applicable
for the determination of organic
particulate matter

9-3
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Method 25
Applicability

= For measuring control efficiency
from coating operations including
auto, appliance, metal furniture,
metal coil coating flares and landfill
emissions

Method 25
Not Applicable

= For measuring concentrations of
VOCs or mass emissions of VOCs
from sources whose concentrations
are < 50 ppm (as Carbon)

Method 25

Not Applicable

* For measuring emissions from
sources whose principal solvents
are chlorinated hydrocarbons

= Generally, for any situation were
a simpler procedure is more accurate

9-6
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Method 25 Principle

- A gas sample is withdrawn from the
source at a constant rate through a
chilled condensate trap by means
of an evacuated sample tank

Method 25 Principle

» TGNMO are determined by
combining the analytical results
obtained from independent
analysis of the condensate trap
and sample tank fraction

Method 25 Interference

» Organic particulate matter
will interfere with the analysis;
therefore, a particulate filter may
be required

9-9
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Method 25 Advantages

- Gives constant results from
source to source whether sample
composition is known or not

- Sample train does require
heated probe and filter, but is less
complicated than FRM 5 hardware

Method 25 Disadvantages

= Will not yield true mass emission
rate nor instantaneous results

- No real time data (sample must be
returned to laboratory for analysis)

« High moisture and CO, together
can cause interference

+ (%CO0,)(%H,0) >100 gives potential
high bias

9-11

Method 25 Summary

» Withdraw emission sample from
stack through chilled condensate
trap into evacuated cylinder

» Analyze contents of trap
and cylinder separately

» Oxidize organic content of trap to CO,

- Reduce to methane, measure with FID
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Method 25 Summary

- Inject portion of cylinder sample
into GC to separate non-methane
organics, oxidize NMO to CO,,
reduce to methane, and measure
with FID

» Combine results and report as total
gaseous nonmethane organics

Method 25 Apparatus
- Sampling System

= Probe

= Condensate trap
= Flow control system

= Sample tank
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Calibration of
Sampling System

- Sample tank volume

» Volume of sampling train from
probe tip to sample tank valve

Calibration of
Sampling System

» Sample tank: Within 5g or 5 mL

» Sample train volume: No limits

- Rotameter: Not calibrated

« Thermometers: Within 3°C of true
value

- Barometer: Within 0.1 in. Hg of
mercury-in-glass barometer

9-18
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Method 25
Sampling Train Preparation

- Leak check the meter box

- Assemble the probe, trap,
and canister

» Leak check the
entire sampling train

Method 25
Train Preparation

- Evacuate sample tank to 10 mm Hg.
Record on field test data sheet
(FTDS)

- Measure tank vacuum

Method 25
Train Preparation

« Immerse condensate trap in dry ice

= Plug probe tip
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Method 25
Train Preparation

- Evacuate sampling system from
probe tip to valve to 10 mm Hg

- Close purge valve, turn off pump,
wait 10 minutes

- RecordDP

Method 25
Train Preparation

- Calculate maximum allowable
pressure change based on leak
rate of 1% and compare to
measured D P

- Record findings on FTDS

Method 25 Sampling

» Mark probe for point of
average stack gas velocity
(probe < 36 in. as specificed in
FRM 25)

- Check dry ice level

- Calculate flow rate, record time,
set flow rate, probe temp, and filter
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Method 25 Sampling

Position probe tip perpendicular
to source gas flow

» Purge sampling train,
then adjust flow rate

Method 25 Sampling

- Record sample tank vacuum, flow
meter settings, and temperatures
at 5 - minute intervals on FTDS

» Sampling must be £10% over
duration of sampling rate between
60-100 mL/min

- After sampling, close purge valve,
record final readings

Method 25 Sampling

» Recover components, disconnect
sample tank, record tank vacuum

- Disconnect condensate trap,
seal both ends

- Record final readings on
FTDS and chain-of-custody

- Pack trap in dry ice during
storage and shipping
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Method 25 Sample Analysis

- Condensables in the trap are
vaporized and oxidized to CO,
and collected in an evacuated tank

- The CO, is then injected into the
NMO analyzer, reduced to methane,
and detected with an FID

Method 25 Sample Analysis

Non Condensables

= The sample in the original tank is
injected into the analyzer

= Methane, CO, and CO, are separated,
and the remaining compounds are
then back-flushed, oxidized to CO,,
reduced to methane and detected
with an FID

Method 25 Apparatus
« Analytical System

= Oxidation system for recovery
and conditioning of condensate
trap contents

- Heat source

. Oxidation catalyst

- Non-dispersive infrared analyzer

. Intermediate collection vessel (ICV)

9-30
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Method 25 Apparatus

« NMO Analyzer
= GC with back-flush capability
= Oxidizing/reducing catalyst
= FID

Initial Performance Check
of Condensate Recovery
and Conditioning Apparatus

- Carrier gas and auxiliary
oxygen blank

» Catalyst efficiency check

» System performance check
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Daily Performance Tests

Condensable organic
recovery system

= Leak test
= System background test
= Oxidation catalyst efficiency test

NMO analyzer daily calibration

= CO, response calibration
= NMO response calibration

Condensable Organic
Fraction Recovery

Recovery of condensable organics
is accomplished in two stages

= Condensate trap is purged of CO,
while cooling the trap in dry ice

= Condensate organics are volatilized
and converted catalytically to CO,
which is collected in an intermediate
collection vessel (ICV) for analysis

9-35

Condensable Organic
Fraction Recovery

Trap purge and sample
tank pressurization

= Obtain sample tank
and condensate trap

= Set zero air flow to 100 mL/min

= Attach the sample tank to the
condensate trap recovery system

9-12
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Condensable Organic
Fraction Recovery

= Measure sample tank pressure

= Immerse the condensate
trap in crushed dry ice

= Observe IR response to CO,
to minimum level of < 5 ppm

* Pressurize sample tank to
1060 mm Hg absolute pressure
and detach

Condensable Organic
Fraction Recovery

Recovery of condensible organics

= Attach an ICV to the trap recovery
system and evacuate to 10 mm Hg

= Set auxiliary oxygen
flow to 150 mL/min

= Switch 4-port valve to collect position

Condensable Organic
Fraction Recovery

= Remove condensate trap from
dry ice and allow to warm to room
temperature

= Heat trap by placing
it in a furnace at 200°C

9-13
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Condensable Organic
Fraction Recovery

- Recovery of condensable organics

= After NDIR analyzer indicates a CO,
concentration of < 10,000 ppm, begin
heating the tubing that connects the
condensate trap to the oxidation
catalyst with a heat gun

Condensable Organic
Fraction Recovery

= Continue trap heating and purging
until the CO, concentration is below
10 ppm

* Pressurize the ICV to
approximately 1060 mm Hg

9-14
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Method 25 Analysis

ICV Analysis

= Attach the ICV to the
10-port gas sampling valve

= Purge sample loop

= When detector response returns
to near baseline after CO, peak,
back-flush and increase column
oven temperature

Method 25 Analysis

= After detection of any NMOC, return
column oven temperature to 85°C

= Record the CO, peak area
and NMO peak area

= Repeat analysis two additional times

9-15
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Method 25 Analysis
- Sample Tank

= Inject triplicate samples from the
sample tank and record the values
obtained for nonmethane organics
only

= Perform three analyses
and average the NMO values

Method 25 Calculations

- Sample volume

« Noncondensable organics

- Condensable organics

- Total gaseous
nonmethane organics (TGNMO)

» Percent recovery

- Relative standard deviation

Method 25 Guide

- Make sure tanks, traps,
and sample trains are clean

» Analyze confirmation preferred

» Leak check sampling trains
in the field, even though they
are checked in the lab

9-16
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Method 25 Guide

= Leak check cold (minimize
heating/re-cooling system)

= Leak check before adding trap

= Leak check canisters
before use in field

= Leak check with rotameter
completely open

Method 25 Guide

» Setup sampling train properly

» DO NOT over-tighten the
filter or the swage fittings

- If there is a leak, go to
last fitting disturbed

= Use logical approach to find leak

= Isolate specific areas
in the sample train

Method 25 Guide

» Get most accurate pre-test and
post-test barometric pressures,
tank vacuums, and temperature
possible

« Used in sample volume

9-17
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Method 25 Guide

- Use small pellets of dry ice around
the trap to increase contact to trap
organics

= This will generate better results
(esp. oxygenated organics)

Method 25 Guide

» Monitor both sample flow and
tank vacuum with the rotameter
and gauge on the unit

- Vacuum gauge is not accurate,
but used as an indicator of proper
sampling

Method 25 Guide

- Take care that the brass caps from
the traps don’t come into contact
with pump oil, vacuum grease, or
other contaminants

- Use tags to identify the tank/trap
pairing, as well as noting the
pairings on the sample data sheet

9-18
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Method 25 Guide

» Seal both arms of the trap with
the brass caps and pack the cooler
with sufficient dry ice to ensure the
temperature is maintained until
receipt at the labs

Method 25 Guide

» Perform Method 25 gas audits
prior to field sampling to minimize
carryover of contaminants from a
dirty sampling train

- If sampling blanks are part of the
program, a preferred method is to
collect a clean air sample over a
one hour period using the project
sampling train components

Method 25 Guide

- If high concentrations are
expected, then collect only
3.5 L sample

- If low concentrations are expected,
then collect larger volume of gas

9-19
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Method 25 Guide

- If very high moisture is expected,
then add an ice water second trap
in front of the cryogenic trap to
prevent freezing water from
plugging the sample flow

Method 25 Guide

- However, this increases analytical
cost and may increase the positive
bias from trapping CO,

- This approach does appear
to limit sampling problems

Federal Reference Method
25A

Determination of
Gaseous Organic Concentration
(Flame Ionization)
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Applicability

- This method is applicable to the
measurement of total gaseous
organic concentration of vapors
consisting primarily of alkanes,
alkenes, and/or arenes (aromatic
hydrocarbons)

» Only measures C-H bond very well
and analytes that can generate a
response factor (RF)

Applicability

- Results from the use of FRM 25A
are expressed in terms of volume
concentration of propane (or other
appropriate organic calibration
gas) or in terms of carbon

Applicability

- Results from FRM 25A are
measured on a wet basis and the
concentration must be adjusted for
the percent moisture in the sample
gas stream for the purpose of
emission calculations
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Applicability

FRM 25A “...can only be used
where an appropriate response
factor for the stack gas can be
determined”

Instrument Response
Factors (RF)

» The instrument response factor for
the compound of interest is
determined by:

Actual Concentration
= RF =

Instrument Observed Concentration

= Typical RF:

- Benzene: 0.29 (i.e., actual conc. Was 2.9 ppm yet
the instrument read 10 ppm)

. Chloroform: 9.28
= M25A requires RF determination

Agency Example RF
Application

(Surface Coating Operation)

Four analytes which you know % of
solvent used in mixture

» Standard prepared with that same
percent ratio in mixture in gas std.

Response of analyzer in ppm as
carbon

» Concentration of gas stream is
determined by dividing by RF s
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Applicability

- The concentration is expressed
in terms of propane (or other appropriate
organic calibration gas) or in terms of carbon

Measurement is made on a wet bases and

emissions must be adjusted accordingly to
dry bases

- Span value of the analyzer is usually 1.5 to 2.5
times the applicable emission limit

FRM 25A Items

- Calibration for FRM 25A should be
done using EPA Traceability
Protocol gas standards, preferably
propane

« The entire sampling system prior to
the flame ionization detector (FID)
should be heated to the higher
temperature of 248 +/- 25 F or stack
temperature. Heating above 400 F
is not required

9-68

FRM 25A Items

- A system bias check is required
and is performed by introducing
the bias check standard directly
into the FID and then through the
entire sampling system, excluding
the probe. Results must agree
within 5 % to be acceptable
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FRM 25A Items

The bias check standard must be
representative of the effluent (i.e.,
boiling point, solubility, chemical
reactivity etc.). Propane may be
used if effluent is unknown.

FRM 25A Items

For the bias test, propane should
be used at the following processes:

= Incinerators, boilers, asphalt plants, cement
plants and resource recovery facilities.

For the bias test, propane should
NOT be used at the following
processes:

= Bakeries (using yeast),ethylene oxide
sterilizers, chemical manufacturing facilities
(HON/SOCMI), surface coating operations, and
graphic arts operations 9-71

FRM 25A Items

Calibration error test must be performed
within 2 hours of start of testing

= Introduce zero and high-level standard, adjust

= Introduce low and mid level standard, no
adjustment. Criteria of 5 %

Perform response time test at same time
as calibration error test for zero and high
level standard. Repeat 3 times and record.
Typically < 1 minute
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FRM 25A Items

Drift determination is determined each
hour during the test

= Introduce zero and mid-level gas standards

= Criteria: <3 %

FRM 25A sampling system must be leak
checked prior to monitoring

Location of sampling point can be a single
point (> 1.5 meters from inside wall of
stack) or racked probe (16.7, 50, 83.3 %)

9-73

Wet Bases to Dry Bases

Wet bases measurement emissions to
dry bases measurement emissions:
Cs(wet)
n C —
s(Ary) ™ (1-Bys)

" C _ Gswey  (T5)(Psta)
S(Ary,STP) = (17, )% (Tera) (P)

Principle

» A gas sample is extracted from
the source through a heated
sample line and filter to a total
hydrocarbon analyzer (THC)
containing a flame ionization
detector (FID)

» All components kept at 250 °F (121
OC)
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Principle

Sampling is performed on a
continuous, real-time basis with
results proportional to the carbon
content of the sample stream
passing through the detector on a
wet bases

FID is linear from 0-10,000 ppm (If
higher concentrations, then use
dilution system)

Method 25A is good up to about 40
% moisture in the stack gas 9-7

FID Theory

Basic Theory:

Sample is introduced into an ionization
chamber and burned

Process separates free ions

Free ions are attracted to a collecting
electrode

Collection of the ions results in an
increased current which is proportional
to the concentration of the compound

By-products are H,0 and CO-

9-77

Diagram of FID
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Flame Ionization Detection

Advantages

= Wide dynamic and linear range (0-10,000 ppm)

= Highly sensitive to hydrocarbon vapors
= Very stable and repeatable
= Unaffected by ambient levels of CO, CO, and water vapor

9-79

Flame Ionization Detection

Joowst

- Disadvantages

= Requires oxygen > 16% to operate

» Total hydrocarbon detector - not specific

9-80

Principle

» FRM 25A results are measured on
a wet basis and the concentration
must be adjusted for the percent
moisture in the sample gas stream
for purposes of emission
calculations
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Principle

- In general alkanes, alkenes, and
aromatics are the most appropriate
compound groups for FRM 25A
sampling and analysis

- May also be usedonC,H & O
compounds. Ethanol gives ~ 60%
signal to that of propane, but can
still be used for ethanol

FRM 25A Limitations

- Sensitivity greatest for the alkane,
alkene, and aromatic organic
compounds

» FRM 25A can only be used in
situations where an appropriate
response factor for the stack gas
constituents can be determined

FRM 25A Limitations

- Gas streams with high moisture (>
40%) can affect response of the FID

» Limitations of the FID. FID
response is different for different
analytes

- Large quantities of methane
present gives questionable results

- Sample gas needs O, (> 16 %) for
combustion in the FID

9-84
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FRM 25A Sampling System

Sample Probe: A heated (> 250°F)
stainless steel, three-hole rake type
probe. Holes should be 4 mm diameter
or smaller and located at 16.7, 50, and
83.3% of the equivalent stack diameter

- Alternatively, a single opening probe
may be used so that a gas sample is
collected from the centrally located
10% area of the stack cross-section

9-85

Options for Sampling Point

» Single point in centroid of stack

- Single point at average velocity of
stack gas

Rake probe (i.e., 16.7%, 50%, and
83.3% of the equivalent stack
diameter

= Therefore, FRM 2 needed to
determine cyclonic flow and velocity
of stack gas

9-86

FRM 25A Sampling System

Sample Line: Heated (> 250°F)
stainless steel or Teflon® tubing

- All components must be heated >
250 F so moisture and organics
don’t drop out of the gas stream

= Check unions for cold spots
= Check for unheated transfer line

= Check for sudden spiking at steady
state conditions

= Check for unheated filter
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Sampling System
- Calibration Valve Assembly:
A heated (> 250°F) three-way valve
at exit of probe assembly to direct
the zero and calibration gases to
the analyzer

« Particulate Filter: An in-stack or an
out-of-stack heated (> 250°F) glass
fiber filter assembly

« Pump: A heated (> 250°F) leak-free
diaphragm type 9-88

Sampling System

» Organic Concentration Analyzer:
A heated (> 250°F) total
hydrocarbon analyzer (THC) with
a flame ionization detector (FID)

- Recorder: A strip-chart, digital
recorder, or computer for recording
measurement data

FRM 25A Gases

» Fuel: 40% H,/60% He or
40% H,/60% N,

» Zero Air: High purity air with less
than 0.1 ppmv of organic material
(propane or carbon equivalent)

= Most systems use 100% H, as the
fuel which makes for a hotter flame
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Gases

- Calibration Gases (i.e., propane in
air/N,)

= Low-level calibration gas: An organic
calibration gas with a concentration
equivalent to 25 to 35% of the
applicable span value

= Mid-level calibration gas: An organic
calibration gas with a concentration
equivalent to 45 to 55% of the
applicable span value

Gases

High-level calibration gas: An
organic calibration gas with a
concentration equivalent to 80 to
90% of the applicable span value

(Note: Use hydrocarbon/air standards;
Propane/N, may yield inaccurate results!)

Steps to Perform An
Analysis
» Analysis of PE sample not
mandatory, but suggested, due to
calibration gases are NIST
traceable!

Leak Check System not mandatory,
but suggested!

« Calibration Error Test (With
Propane): +/- 5% of calibration gas
value

9-93
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Steps to Perform An
Analysis

- Response Time Test: 1-2 minutes;
traditionally <1 min; No
specifications in FRM 25A

« Calibration Drift (Zero/Mid-span
Gas)Test (No adjustments allowed
to analyzer): +/- 3% of span value

Pre-test Requirements

» Sampling Site: Located as
required by the specific
regulations (i.e., exhaust stack,
inlet line etc.)

« At a minimum, 1.5 to 2 equivalent
stack diameters upstream of the
gas discharge to the atmosphere

Pre-test Requirements

» Assemble the sampling system
following manufacturer’s
specification

» Prepare sample interface
from stack to extraction system

- Make system operable
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Pre-test Requirements

- All delivery pressures of the gases
to the THC/FID system must be
maintained at the same value used
during calibration and sampling

First Step To Perform An
Analysis

Leak Test of System: Perform both
positive and negative leak check of
sampling and analytical system

= 1. Vacuum: Attach manometer to
probe inlet, pull 2 in. of Hg vacuum;
no leak for 1 minute

= 2. Pressure: After pump, apply
pressure and use soapy water to
determine leaks at all
joints/connections 9-98

Pre-test Requirements

- After leak test of system, place
probe at centroid of stack, pipe, or
duct and is sealed tightly
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Remember Sampling Point
Options!

- Single point in centroid of stack

- Single point at average velocity of
stack gas

- Rake probe (i.e., 16.7%, 50%, and
83.3% of the equivalent stack
diameter

= Therefore, FRM 2 needed to
determine cyclonic flow and velocity
of stack gas

9-100

Calibration of M25A

- Calibration of THC/FID Analytical
System: Generate a series of high,
mid, and low range calibration
gases of known concentrations
spanning the linear range of the
FID and introduce at the calibration
valve assembly to the THC/FID

= The analytical range must be chosen
so that the source THC limit is 10 to
100% of the range

= Calibration must be done on-site to
determine RFs 9-101

Second Step To Perform An
Analysis

- Calibration Error Test (Response to
True Value):
Perform a calibration error test
(within 2 hours of the start of the
test) by introducing the zero and
high level calibration gases to the
analyzer

9-102
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Pre-test Calibration Error

Calibration

= The calibration gases are usually
propane in air, propane in nitrogen,
or methane in air or nitrogen

= Perform three injections each of the
calibration gases

= Calibration gases must be NIST
traceable; Therefore, no method does
not require a PE sample

9-103

Pre-test Calibration Error

Calibration

= Generate calibration curve from the
three injections performed in the
calibration of the analytical system

= Develop a “calibration factor” for
each level of the injected calibration
gases (the calibration factor should
fall between 0.95 and 1.05 to be
acceptable)

9-104

Pre-test Calibration Error

* Inject zero and high level (80-90 % of
span value) at the calibration valve

= Adjust the analyzer output
to the appropriate levels

= Introduce the mid and low
level calibration gases

= Make no adjustments to the analyzer

= [f system is linear, differences
should be < 5%

9-105
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Pre-test Calibration Error

= If can’t meet < 5% of the calibration
gas concentration value, then system
must be replaced or repaired

= No adjustments can be made to the
system after the calibration error test
and before the calibration drift test

. If adjustments are required, perform
the calibration drift test prior to the
adjustments and repeat the
calibration drift test after the
adjustments

9-106

Third Step To Perform An
Analysis
Response Time Test: Response time
test is used to document response of

gases by the THC/FID analytical
system

* Introduce zero gas at
the calibration valve assembly

= When the system output has
stabilized, switch quickly to
the high level calibration gas

9-107

Pre-test Requirements

= Record the time from the
concentration change to the
measurement system (no limit
specified, just determine)

Repeat the test three times

. Just record results

Response time should be <1
minute, but can be 1-2 minutes

= FRM 25A does not specify limit

9-108
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Fourth Step To Perform An
Analysis: Sampling
Purge the sample system for a period of

time longer than the response time of the
system

Mark the start time on the data recorder
after purging. Remember, all delivery
pressures of the gases to the THC/FID
system must be maintained at the same
value used during calibration and sampling

Begin sampling!!!

9-109

Fifth Step To Perform An
Analysis: Post-test

Calibration Drift Determination:

Immediately following completion

of the test period (and hourly

during the test), perform a

calibration drift test

= Reintroduce the zero and mid level
calibration gases, one at a time, to

the measurement system at the
calibration valve

9-110

Post-Test Procedures

Make no adjustments to the
instrument, just record response

If drift exceeds 3% (span value)
for either gases, invalidate the
test results preceding the check

= [If you fail drift test during run, then
void sample to that point from the
last acceptable drift test, recalibrate,
and then continue!
9-111
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Organic Concentration

Calculations

Calculated as ppm, as carbon
Cc =K cmeasured

Where:

K =1 for methane

K = 2 for ethane

K = 3 for propane

K = 4 for butane

K = Appropriate response factor

for other organic calibration gases,.u.

Agency Bias Check

- Agency bias check is not required
by FRM 25A

Bias check procedure:

= Introduce bias gas standard at back
of analyzer

* Introduce bias gas standard through
entire sampling system

= If results agree within 5% of bias gas

standard concentration, then PASS!
9-113

Agency Bias Check

Bias gas standard must be
representative of the effluent as a
whole with regard to BP, water
solubility, and chemical reactivity

Propane may not be used for the
following facilities:

= Bakeries, ethylene oxide sterilizers,
chemical manufacturing facilities,
surface coating operations and
graphic arts operation

9-114
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Method 25A Notes
» The use of Method 25A usually
must be justified to regulatory
agencies instead of using Method
25. Key points would be:

= Expected concentration < 50 ppm
= VOCs known to consist of C and H
= (CO,)(H,0) > 100 %

» Set-up instrument in

environmentally controlled room to
minimize instrument drift 0115

Method 25A Notes (Contd)

« To minimize condensation of VOCs
in the analytical system, keep at
least 10 °F hotter than rest of
system

Protocol 1 standard should be used
for calibration, but other standards
allowed if manufacturer certified
accurate is 2 %

» Void test run if using expired
standards....but!

9-116

Method 25A Notes (Contd)

» The entire sampling system (probe,
heated sample lines, valves and
manifolds) must be maintained at
stack temperature or 250 °F (May go
hotter/Web Offset Presses..350 °F)

= Actual temperature of each component
may want to be recorded every 15
minutes and included in final test report

9-117
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Method 25A Notes (Contd)

- Agency may require a system bias
check conducted with a certified
standard that has properties
(boiling point, water solubility, and
reactivity) similar to the effluent as
a whole. Propane is not normally
acceptable by regulatory agencies!

= Concentration of the system bias
check standard must be similar to the
concentration of the stack

9-118

Method 25A Notes (Contd)

- The analyzer temperature and
pressure must be the same during
sampling as it was during
calibration

Pollutant concentration must be
measured on a wet basis and
reported on a dry bases

» Any run in which the average VOC
concentration exceeds the span
must be voided

9-119

Method 25A Notes (Contd)

For Destruction Efficiency (DE)
Testing:

= The same sampling method should
be used; The outlet test location
determines the method (i.e.,
concentration, % H,0 etc.)

= The results (Ibs/hour) at both the inlet
and outlet must be on the same
bases (as propane or as VOCs)

9-120
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Method 25A Notes (Contd)

= The actual emissions should be
determined if at a VOC coating
source:

Emission Rate = {(Coating Usage)(VOC
Content)(1-DE)(CE)} + {(Coating
Usage)(VOC Content)(1-CE)}

9-121

Federal Reference Method
25C

9-122
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Applicability

- This method is applicable to the
sampling and measurement of
nonmethane organic compounds
(NMOC) as carbon in MSW landfill
gases

9-124

Principle

- In operation, a sample probe that
has been perforated at one end is
driven or augured to a depth of 1.0
meter below the bottom of the
landfill cover

» A sample of the landfill gas is
extracted with an evacuated
cylinder

9-125

Principle

» The NMOC content of the gas is
determined by injecting a portion of
the gas from the evacuated
cylinder into a gas
chromatographic column to
separate the NMOC from CO, CO,,
and CH,

9-126
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Principle

» The NMOC from the separation is
oxidized to CO,, reduced to CH,,
and measured by a flame ionization
detector (FID)

9-127

FRM 25C Sampling System

- Probe: Stainless steel with the
bottom third perforated. Must be
long enough to go a minimum of 1
meter below landfill cover

- Rotameter: With flow control valve
(< 500 mL/min)

- Sampling valve: Stainless steel

9-128

FRM 25C Sampling System

« Pressure gauge: U-tube mercury
manometer

» Purge pump: Capable of purging
probe

» Vacuum pump: Capable of
evacuating to an absolute pressure
of 10 mm Hg

9-129
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FRM 25C Sampling System

- Sampling tank: Stainless steel or
aluminum cylinder with a minimum
volume of 4 liters and equipped
with a stainless-steel sample tank
valve

9-130

9-131

Sampling Train

Vacuum
gauge

Flow Quick
control sampling disconnectf
valve Tank valve?
Sampling
Rotameter
probe cap ¥ Sample
tank
Landfill cover surface

9-132
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Tank Sampling Procedure

» Sample Tank Evacuation: Evacuate
to 10 mm Hg absolute
(field/laboratory), set aside for 60
minutes, check vacuum, no
change; acceptable

9-135
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Tank Sampling Procedure

Sampling

= Evacuate/pressurize sampling tank
three time with final vacuum of 325
mm Hg; set aside

= Assemble sample probe, flow
control valve, rotameter and purge
pump

9-136

Pilot Probe
Sampling Procedure
Sample Probe Installation

= Pilot Probe Procedure:

- Use post driver to 1 meter below
landfill cover

. Insert sample probe
- Seal with bentonite
. Cap

9-137

Pitot Probe
Sampling Procedure
= Purge at least 2 probe volumes at
flow rate of 500 mL/min

= Replace purge pump
with sample tank

9-138
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Pilot Probe
Sampling Procedure

= Auger Procedure:

. Drill hole to 1 meter below landfill cover
- Place sample probe in hole

. Backfill with pea gravel to level of 0.6
meters from the surface

. Seal around probe with bentonite
- Equilibrate for 24 hours before sampling

9-139

Sample Probe
in the Ground

4” Bore hole
1” Pipe

soil

4
Undisturbed I
1

9-140

9-47



Landfills: Regulations, Design/Operation,
Emissions and Inspection

Federal Reference Methods 25/25A/25C

obe on Truck

Soil Gas Sampling s
Tubing

Point
Holder

Vapor
Sampling
Implant

Implant
Anchor

9-143

Sampling Procedure

Sampling

= Open the sampling valve and tank

valve

= Sample at a flow rate of 500 mL/min

until sample tank gauge is zero

= Disconnect from sampling system

* Pressurize to 1,060 mm Hg with
helium

9-144
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Sampling Procedure

= Record final pressure
(may also be pressurized
in the laboratory)

= Landfill gas sample is
acceptable if N, is < 20%

9-145

Federal Reference Method
25C Analysis

- FRM 25C: Oxidation, reduction
and measurement of NMOC

- Initial NMOC analyzer performance
test:

= Oxidation catalyst efficiency check
= Reduction catalyst efficiency check

= Analyzer linearity check (not CO2)

9-146

Federal Reference Method
25C Analysis

« NMO Analyzer daily calibration

- NMO response factor

9-147




Landfills: Regulations, Design/Operation, Federal Reference Methods 25/25A/25C
Emissions and Inspection

NMOC Concentration
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Weaknesses/Strengths

of FRM 25/25A/25C/18
to LFG Monitoring

9-149

Advantages: FRM 25

» Measures only VOC (excludes
Methane)

- Responds equally to all VOC

9-150
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Disadvantages: FRM 25

- Potential positive bias that may
vary according to source category

- Relatively poor precision

9-151

Advantages: FRM 25A

» Very good precision
- Real time analysis
« Relatively low detection limit

9-152

Disadvantages: FRM 25A

« Does not respond equally to all
voC

» Requires a separate measurement
of Methane to convert THC to NMOC

9-153




Landfills: Regulations, Design/Operation, Federal Reference Methods 25/25A/25C
Emissions and Inspection

Advantages: FRM 25C

- Measures only VOC (excludes
Methane)

- Responds equally to all VOC

- No Condensation Trap (sample
tupe won’t plug)

9-154

Disadvantages: FRM 25C

- Potential positive bias that may
vary according to source category

- Relatively poor precision

- No condensation trap (can miss
VOC)

9-155

Advantages: FRM 18

» Good precision

- Low detection limits

- Can exclude methane

9-156
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Disadvantages: FRM 18

- Measures individual organic
compounds - not total VOC

- Requires calibration standards
for all measured compounds

9-157
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Landfill Gas (GCS) Review

Landfill Gas Collection System (GCS) Review

* Design Plan Requirements

* Under §60.752(b)(2), landfill owners/operators subject to
control requirements (i.e., those with a calculated NMOC
emission rate 50 Mg/yr 34 for XXX) are given the option to:

(a) submit a collection and control system plan conforming
to the specifications

provided in §60.759,(60.769) or

b) submit a collection and control plan for an alternative
esign.

The design plan provisions of the rule were intended to
provide flexibility and allow innovation.

A wide variety of system designs are possible, such as
vertical wells, combination horizontal and vertical collection
systems, horizontal trenches, and passive systems. All plans
will need to be reviewed by the implementing agency on a
case-bycase basis to ensure that they meet the
requirements of §60.752(b)(2)(ii). (60.762(b)(2)(ii))

Landfill Gas Collection System (GCS) Review

* For active collection systems, the plan must demonstrate
that the collection system will:

. ﬁ) be designed to handle, over the intended use period of
the gas control or treatment system equipment, the
maximum expected gas flow rate from the entire landfill
area that warrants control;

fz) collect gas from each area, cell, or %roup of cells in the
andfill in which the initial solid waste has been placed for
a period of 5 years or more if active or 2 years or more if
closed or at final grade;

(3) collect gas at a sufficient extraction rate (a rate
sufficient to maintain a negative pressure at all well heads
in the collection system without causing air infiltration,
including any well heads connected to the system as a
result of expansion or excess surface emissions, for the life
of the blower); and

* (4) be designed to minimize off-site migration of
subsurface gas. 102

Landfill Gas Collection System (GCS) Review

* GCS design is based on expected LFG generation
and a reasonable estimate of how LFG can be
collected to meet overall LFG collection and control
objectives.

* The GCS wellfield design outlines the type,
placement and spacing of collectors and the lateral
and header piping network.

* Collectors can consist of vertical wells, horizontal

wells, leachate management components, under
cap collectors and other applicable devices.

10-1
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Landfill Gas Collection System Review

* The design should address the whole of the
targeted disposal area, accommodate the
maximum LFG generation rates expected over the
life of the landfill and provide a degree of
redundancy in the event of operational changes.

* GCS designs can vary greatly on a regional basis or
even a site basis due to types of waste streams
accepted, climate, operational goals and waste
filling practices. The designer must take these
parameters into account to develop an effective
and regulatorily compliant GCS.

Landfill Gas Collection System Review

* Existing Site Conditions: Site conditions and
operational goals both influence the design of a GCS.
Site conditions such as landfill geometry, moisture,
compaction rates, waste types, waste depths, cover
soils permeability and final cover all affect GCS
design.

Moisture: The greater the moisture within the waste
mass, the faster LFG will be generated and the
higher the peak LFG generation rate. A more rapid
LFG generation rate also leads to a waste mass that
tends to settle faster, which may cause damage to
collectors that may need to be assessed and
potentially replaced.

Landfill Gas Collection System Review

* Liquids: Liquids within the waste mass may
decrease the pore space within the waste mass,
decreasing the ability of LFG to move to the LFG
extraction wells. Thus, landfills with higher moisture
content may have a smaller effective radius (or
zone) of influence for individual collectors and may
require more collectors for the same area of
coverage.

Added Liquids: Conversely, some sites choose to
add moisture to promote decomposition, which
increases LFG generation but may increase GCS
operational costs due to additional wells, increased
settlement and larger header sizing.

10-2
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Landfill Gas (GCS) Review

Landfill Gas Collection System Review

Other Factors Affecting the GCS :

* Physical properties of the waste mass such as waste

density (compaction use).

* Addition of any gypsum wall board, onions and any

material containing sulfur.

* Materials used for daily, intermediate and final

cover also vary depending on local availability of
soils, climate and approvals for alternate cover
materials.

* The more impermeable the intermediate and final

cover, the greater the potential well spacing and
the better the LFG wells are likely to operate.

Landfill Gas Collection System Review

Climate: The two most critical elements are temperature
and the precipitation. Accounting for temperature involves
considering how GCS components will respond both during
typical and extreme weather events.

For example, sites in areas that experience extended
temperatures below °C (32°F) require freeze protection on
equipment and vessels, and all header pipes and laterals
should be buried to prevent freezing.

Alternately, sites in very warm, sunny areas can have
exposed GCS components experience significant thermal
movement as they expand during the day and then contract
overnight.

Precipitation leads to additional liquids within the landfill. It
enters the waste mass through the working face or via
percolation through the various cover layers. Landfills in
areas of high precipitation should limit liquids entering the
landfill because it can affect LFG generation and/or
operation of the GCS 108

Main Collection Header -,

Landfill Gas Collection System Review

Gas Collection Systems: Collection systems can be configured as vertical
wells, horizontal trenches or a combination of both. Advantages and
disadvantages of each type of well are listed in the following Table. Regardless
of whether wells or trenches are used, ideally each wellhead is connected to
lateral piping that transports the LFG to a main collection header, as illustrated in
the Figure below. The collection system should be designed so that the operator
can monitor and adjust the gas flow if necessary

Extraction Well -

Lateral Piping -

Top of Landfill

" Landfill Slope
109
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Landfill Gas (GCS) Review

Landfill Gas Collection System Review

* Table of Advantages and Disadvantages of Vertical
and Horizontal LFG Collection Wells Vertical Wells
Horizontal Wells

Vertical Wells

Advantages

= Minimal disruption of
landfill operations if
placed in closed area
of landfill

* Most common design

* Reliable and
accessible for
inspection and
pumping

i

Horizontal Wells

Di

* Increased operation
and maintenance
required if installed in
active area of landfill

* Availability of

* Facilitates earlier
collection of LFG
* Reduced need for
specialized
construction

* Delayed gas collection
if installed after site or
cell closes

= Allows extraction of
gas from beneath an
active tipping area
on a deeper site

* Increased likelihood
of airintrusion until
sufficiently covered
with waste

* More prone to failure
because of flooding
or landfill settlement

10-10

Vertical Extraction Wells Versus
Horizontal Collectors

Can use either vertical wells or horizontal collectors while
refuse is being placed. Horizontal collectors may cause
less interference with refuse placement.

Horizontal collectors must be installed as refuse is
being placed. Cannot be installed “after the fact.”
Exception is surface collectors

Vertical wells generally produce better quality LFG
(higher methane content) and allow greater operating
flexibility

Horizontal collectors may be more sensitive to damage
from differential settlement and leachate flooding 1011

Horizontal Collectors General
Design Parameters

+ Installed as refuse is being filled

Tgpicall spaced 100 to 200 ft horizontally and
40 to 60 ft vertically

+ They consist of a pipe in a trench filled with
porous material (e.g., crushed stone or tire chips)

» Pipeis gmcally HDPE with holes drilled within or
coated P or PVC with alternating diameters
(nested within each other)

* When used as a single layer just below the landfill
surface, and under a membrane cover, they are
sometimes called “surface collectors”

10 - 4
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Vertical Extraction Wells Typical
Design Parameters

* In-refuse wells are typically drilled to 75% of the
refuse depth or until leachate is reached

» Boreholes are typically 24” to 36” diameter

» Typical 200 ft to 400 ft between in-refuse wells

» Casingis PVC, HDPE or carbon steel (infrequently)

» Perforated with slots, holes or screen. Typically
perforated in bottom 1/3 to 2/3. Perforations normally
start no closer than 20 ft from surface.

10-13

Typical Horizontal Collector Arrangements

SECTON

S e P

T
W AT
[} Chal )

Leraronces o

HOPE LFG HORZONTAL GOLLEGTOR

Typical Horizontal Collector Arrangement

LFG COLLECTION HORIZONTAL COLLECTORS
/7 HEADER bt

; i
3

EXISTING GROUND

HORIZONTAL
COLLECTOR SYSTEM

10-5



Landfills: Regulations, Design/Operation,
Emissions and Inspection

Landfill Gas (GCS) Review

Consideration PVC Pipe HDPE Pipe

Material Most suitable for vertical well casing Better suited for horizontal well casing and

Properties construction due to its strength and header and lateral pipe applications due to its
temperature resistance. Differential flexibility and resistance to crushing. Often used
settlement of the waste mass may lead to | in vertical wells since the piping will deform and
brittle fracture of the casing, allowing bend with settlement. However, severe
some degree of gas flow through the. settlement may pinch the pipe and seal it off,
fracture. inhibiting LFG flow.
Material rigidity is susceptible to breaking | Does not serve as a gas conduit when pinched.
by heavy equipment; however, field
observations have also shown that broken
PVC material can still act as a gas
conduit.
Resistant to pinching, elongation and Flexible and able to withstand the inherent
deformation of perforations/siots; shifting of a waste mass; due to the flexible
however, more vulnerable to ultraviolet properties of HDPE, perforations/slots are
radiation and brittieness from low discouraged.
temperatures.

Installation Fabricated as it is lowered into place; PVC prior to using
sections, includin ions, are and trained icians to fuse
connected via threads or via siip sections together.
couplings, screws and glue.

Temperature | Better suited for high gas temperatures Not recommended for long-term service above
<82°C (180°F). 60°C (140°F).

Cost Price has remained relatively stable Price fluctuates based on petroleum market
between 2013 and 2018. rates. In 2018, approximately 25 percent higher

cost than comparable PVC casing.
10-17

Vertical Extraction Wells General Design
Parameters

* In-refuse wells are typically drilled to 75% of the
refuse depth or until leachate is reached

» Boreholes are typically 24” to 36” diameter

» Typical 200 ft to 400 ft between in-refuse wells

» Casing is PVC, HDPE or carbon steel (infrequently)
» Perforated with slots, holes or screen. Typically

perforated in bottom 1/3 to 2/3. Perforations
normally start no closer than 20 ft from surface

f0-18
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Vertical Extraction Wells
Typical Design Parameters (Cont.)

» Deeper perforations increase a well’s radius
of influence and reduce the potential for air
infiltration.

« Wells can be equipped with leachate pumps

* In-soil wells can be used for migration
control and sometimes groundwater
NMOC migration. They can be equipped
with groundwater pumps

10-19

EPA Municipal Solid Waste Landfills, Volume 1:

Summary of the Requirements for

the New Source Performance Standards
and Emission Guidelines for

Municipal Solid Waste Landfills

FINAL

10-20

Summary of the Requirements for the New Source
Performance Standards NSPS) and Emission Guidelines(EG)
for Municipal Solid Waste Landfills - APPENDIX E

Collection System Design Plans

« All owners and operators of affected landfills are
required to submit to the Administrator a collection
and control system design plan prepared by a
professional engineer. This appendix provides a
summary of the design plan requirements for all
collection systems: active collection systems that
meet the requirements of §60.759 (60.769 XXX) as
well as alternate collection systems. It also provides
guidance on what to look for in such plans and case
study examples.

10-21
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Landfill Gas (GCS) Review

Landfill Gas Collection System Review

Review of Plans:

 In reviewing design plans for active collection systems designed to
meet §60.759 (60.769), it is important to ensure that adherence to
each of the requirements in the section entitled "Specifications for
Active Collection Systems" is adequately demonstrated.

In reviewing alternate plans (for active or passive systems), it is
important to ensure that the rec}uirements listed in the "Design
Plan Requirements" section are followed.

« Itis also important to recognize that the rule includes operational
standards along with monitoring and reporting requirement; to
ensure that landfill gas is extracted from the landfill at a sufficient
rate.

« Section 60.753 (60.763) requires operation of collection systems
so that the methane concentration is less than 500 ppmv at all
points around the perimeter of the collection area and along a
pattern that traverses the landfill at 30-meter intervals.

The design plan must include a topographical map with the
proposed monitoring route. This operational standard ensures that
LFG is extracted at a sufficient rate and off-site migration is
minimized. Any undetected flaws in the plan will most likely have
to be corrected after the system is operating to meet the
operational standards. 10-22

Sufficient discretion needs to be exercised to avoid the
installation of inadequate collection systems. Failure to
recognize an inadequate collection system design could
lead to excessive periods of noncompliance or required
replacement of the collection system.

Such an occurrence would be detrimental to the
environment and create an unnecessary financial burden
on the landfill owner or operator.

For this reason, an appropriate burden must be placed on
the landfill owner/operator to demonstrate that the
operational standards will be achievable with the
proposed design.

Such demonstrations should be supported by performance
data at that landfill or a similar landfill whendpractical. Ata
minimum, the landfill owner/operator should be required
to provide a written rational and appropriate engineering
calculations for the design of systems which do not adhere
to the requirements in §60.759.

10-23

Well Siting:
* Site active vertical collection wells such that the radius

of influence (ROI) from a collection well includes all gas-
producing areas of the landfill that contain solid waste.

* The ROl is the radial distance that a well can effectively
extract LFG through compacted refuse without causing
air infiltration.

A well extracts LFG from compacted refuse by creating
a negative pressure drop in the surrounding refuse. The
negative pressure drop is produced by maintaining a
negative gauge pressure within a well using blowers or
air compressors. The ﬁressure drop at a location in the
landfill decreases as the distance from the collection
well increases.

* The ROI for a collection well is defined as the shortest
distance radially out from a collection well to where the
pressure drop gradient applied by the blower or
compressor approaches zero.

10-24
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Landfill Gas (GCS) Review

(In refuse)

T=T] WELLHEAD
LANDFILL COVER
.

=~ OPTIONAL
T MEMBRANE SEAL

PERFORATED PVC CASING

GRAVEL PACK

— BOREHOLE

Typical Single Completion LFG Well

« Well bore seal prevents
direct air infiltration along
casing

« Gravel pack enhances
LFG

extraction and
reduces screen

pluggage

« Wellhead incorporates:

« Flow control valve
« Pressure taps

« Flow monit(_:oringI
device (optional)

- Thermometer opening

As - Builts Drawings

10-26

Extraction Wellhead

10-9



Landfills: Regulations, Design/Operation, Landfill Gas (GCS) Review
Emissions and Inspection

Well Region of Influence (ROI)

* The interior ROl and perimeter ROl used to
determine well placement will be determined using
one of the following: use a single ROI of 30 meters
for siting both perimeter and interior wells; or &
Establish a site-specific ROI by following the
procedure in EPA Method 2E. (Method 2E data may
already be available if LFG flow rate was tested to
perform Tier 3 NMOC emission rate calculations.)

10-28

HORIZONTAL SECTION

10-29

* The ROI will be used to site wells along the
perimeter of all gas-producing areas of the landfill,
at a maximum of one ROI from the perimeter
boundary.

« After siting the perimeter wells, the interior wells
will be sited. Both perimeter and interior wells will
be spaced no more than two times the ROl apart.
(Well spacing greater than this value will create
gaps between the ROI of adjacent wells.

* The wells would be unable to collect LFG from
these gaps.) Wells will be staggered such that all
gas-producing areas of the landfill containing solid
waste that has been in the landfill for at least 5
years (for active sites) or 2 years (for sites at closure
or final grade) are covered by the ROI.

10-30

10-10



Landfills: Regulations, Design/Operation,
Emissions and Inspection

Landfill Gas (GCS) Review

Theoretical Zone of Influence of a
Landfill Gas Well

LANDFILL SURFACE.

Cra—— E— * Increases in the
vacuum at the wellhead
LNES oF EouL 7ERo PRESSURE
R SotRE N e

will extend the zone of
capture and increase
LFG flow at that well

Influence is assumed
to be greater
horizontally than
vertically

| RADIUS OF INFLUENGE

* Variations in vacuum
are the operator’s only
control tool

Actual Zone of Influence of a Landfill
Gas Extraction Well

LANDFILL SURFACE

(oo 1 A well’s “zone of
LINES OF EQUAL

PRESSURE

capture” is most
likely will not be ideal
due to:

* Variations in
waste
characteristics

* Interim cover and
cell configuration

ZERO PRESSURI
LINE

* Presence of liquids

LFG System Radius of Influences

" S

R
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Emissions and Inspection

Landfill Gas Collection System (GCS)
Review Reference Materials

* Municipal Solid Waste Landfill Gas Design Course
APTI Workshop 018
« Municipal Solid Waste Landfills, Volume
1: Summary of Requirements for New
Source Performance Standards and
Emission Guidelines Appendix E
- Landfill Off-gas Collection and
Treatment Systems
Engineers Manual: US Army Corps of
Engineers
Engineering and Design

10-34

Example ROI Calculation Sheet

COMPUTATION SHEET
PROJECT TITLE: Site A Landfi PROJECT NO:_86685-001.000
DESCRIPTION: _Radius of Influence - cALE NO. SHEET_1_OF_g
PREP. BY:_SDA DATE:_3/10/97 _ CHKD BYC>2D  DATE:_2,
' REFERENCE

Required:  Estimate the theoretical radius of influence (ROI) for the three test landfill gas
(LFG) extraction wells at the Site A Landfill using both EMCON and NSPS.
methods. N

te the theoretical ROI for a LFG

Methoa: The following methods were used to cst
extraction well.

i0m and Recovery from

A). EMCON Method (from Merhane G-
is, EMCON, 1982, pg. 81>

kn R*:Dr

- - =
where: Qu = n well LEG flow rate [L/s]
3 - 157x10%) [(L/s)/(mL/day>]
R = 1
P
c =
methane production rate () divided by the fractional
tion (C) is equal to the LFG production rate (G). and

tric to english units yields the following conversion
 in english units):

x 2BATL - 04710

10-12
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Landfill Gas (GCS) Review

&EPA Municipal Solid Waste Landfills, Volume 1:

Summary of the Requirements for "
the New Source Performance Standards APPE\“]E‘E
and Emission Guidelines for

Municipal Solid Waste Landfills

FINAL

'S Army Corps.
of Engineers,,

ENGINEERING AND DESIGN

LANDFILL OFF-GAS COLLECTION
AND TREATMENT SYSTEMS

ENGINEER MANUAL

10-38
NSPS LANDFILL GAS
COLLECTION AND CONTROL
SYSTEM DESIGN PLAN AND
MONITORING PLAN
OTTAWA COUNTY FARMS LANDFILL
COOPERSVILLE, MICHIGAN
Prepared in Accordance with 40 CFR 60 Subpart WWW
“WW;Neaver
Consultants
VA Group
10-39
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(O)KYPIPE

Pipe2018
Examples Manual

10-40
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‘
“t)l“i, LandGEM
US EPA Office of Research and Development Landﬂ" GaS EmISSIonS Model
Version 3.03

U.S. Environmental Protection Agency
Office of Research and Development
Center for Emergency Solutions and Environmental
Response (CESER)
and
Clean Air Technology Center (CATC)
Research Triangle Park, North Carolina

June 2020

Gas Generation

« Landfill Gas (LFG)- What Is It?
Gaseous by-product of
decomposition of organic
materials in sanitary landfills
under anaerobic conditions

7-2

LFG Constituents
Constituents
* Major gases
Methane (CH4)
Carbon Dioxide (CO2)
* Trace gases - Hydrogen
* Moisture

7-3
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Actual Gas Composition

* Methane (CH4) 45 to 58 %
» Carbon Dioxide (CO2) 35 to 45 %
* Oxygen (02) >1to 5 %
* Nitrogen (N2) >1 to 5 %
* Hydrogen (H2) >1 to 5 %
» Water Vapor (H20) >1 to 5 %
* Trace Organics >1to 3 %

7-4

Factors Influencing Gas Generation

* Refuse quantity

* Refuse composition

* Refuse compaction

* Refuse age

* Moisture content !!!

« Liquid addition / bioreactors
* pH and alkalinity

* Nutrients

* Toxics

e Temperature

7-5

Modeling biological decomposition
How much gas will a given volume of
trash generate as it decomposes?
Methane Yield Potential (Lo)

14to 7.0 cuft/Ib (LFG @50%
methane) Average Landfill: 4.5 cu ft/
Ib (LFG @ 50% methane)

AP-42: 100 cm methane /Mg — 3.2 cu
ft/ Ib (LFG @50% methane)

7-6
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How quickly will it be generated?

First Order Decay Rate Constant (k)
— How much gas a given volume of
trash will generate per year

— Range: 0.07 to 0.27 cu ft/Ib / yr
—Average: 0.15cu ft/Ib/yr

7-7

Why Gas Generation Curves Are
Needed

* Regulatory drivers

» Gas system design

» Gas system evaluations
* Beneficial use projects

7-8

Regulatory Requirements for
Gas Generation Curves

» Tier | estimates
* Tier Il estimates
 Tier lll estimates

7-9
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LandGEM and Other Empirical Gas
Generation Models

The NESHAP rule applies to area source
landfills if they have a design capacity
equal to or greater than 2.5 million Mg
or 2.5 million m? and have estimated
uncontrolled emissions of 50 Mg/yr
NMOC or more or if they are operated as
a bioreactor.

The new EG/NSPS require landfills that
meet the design capacity (> than 2.5
million megagrams design capacity)
criteria to periodically calculate
uncontrolled annual NMOC emissions. If
an area source landfill that currently has
estimated uncontrolled emissions less
than (34) and increases to 34 Mg/yr (50
MG/yr for closed facilities) in the future,
it will become subject to the Subpart
00O at that time.

Contaminants of Potential Concern Commonly Found in LFG are:

1,1,1-Trichloroethane (Methyl Chloroform) 1,1,2,2- Tetrachloroethene
1,1-Dichloroethane (ethylidene dichloride) 1,1-Dichloroethene
(vinylidene chloride) 1,2-Dichloroethane (ethylene dichloride) 1,2-
Dichloropropane (propylene dichloride)

Acetone Acrylonitrile Benzene Bromodichloromethane

Carbon disulfide Carbon tetrachloride

Chlorobenzene Chloroethane

Chlorofluorocarbons Chloroform

Chloromethane Dichlorobenzene

Dichloromethane (Methylene Chloride) Hexane

Hydrogen sulfide Methyl ethyl ketone

Methyl isobutyl ketone Methyl mercaptans

Tetrachloroethylene (perchloroethylene) Toluene

Trichloroethylene Vinyl chloride

Xylenes .12

11- 4
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Estimating Uncontrolled Landfill
Gas Emissions

* To estimate uncontrolled emissions of the various
constituents present in LFG, total LFG emissions
must first be estimated. Un-controlled CH4
emissions are estimated with a theoretical first-order
kinetic model of CH4 production. This model is
known as the Landfill Gas Emissions Model
(LandGEM).

* Aversion of LandGEM for the personal computer
(PC) can be downloaded from EPA’s website at:

* A user’s manual is also available on this website

The Landfill Gas Emissions Model
(LandGEM) is an automated estimation
tool with a Microsoft Excel interface that
can be used to estimate emission rates
for total landfill gas, methane, carbon
dioxide, non-methane organic
compounds, and individual air pollutants
from municipal solid waste landfills.

LandGEM can be used to estimate
mass emissions of NMOCs to assess
applicability of a site with regards to
the NSPS and EG. The model can
also be used to estimate mass
emissions of the COPCs by using
either default or user-specified LFG
concentration data.

11-5
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LandGEM can use either site-specific data
to estimate emissions or default parameters
if no site-specific data are available. The
model contains two sets of default
parameters, CAA defaults and inventory
defaults. The CAA defaults are based on
federal regulations for MSW landfills laid
out by the Clean Air Act (CAA) and can be
used for determining whether a landfill is
subject to the control requirements of these
regulations.

CAA Defaults—The CAA defaults are
based on requirements for MSW landfills
laid out by the Clean Air Act (CAA),
including the NSPS/EG and NESHAP.
This set of default parameters yields
conservative emission estimates and can
be used for determining whether a
landfill is subject to the control
requirements of the NSPS/EG or
NESHAP.

LandGEM is considered a screening
tool—the better the input data, the better
the estimates.

Often, there are limitations with the
available data regarding waste quantity
and composition, variation in design and
operating practices over time, and
changes occurring over time that impact
the emissions potential.

11- 6
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INTRO - Contains an overview of the
model and important notes about using
LandGEM

USER INPUTS

Allows users to provide landfill
characteristics, determine model
parameters, select up to four gases or
pollutants (total landfill gas, methane,
carbon dioxide, NMOCs, and 46 air
pollutants), and enter waste acceptance
rates

POLLUTANTS - Allows users to edit
air pollutant concentrations and
molecular weights for existing pollutants
and add up to 10 new pollutants

INPUT REVIEW - Allows users to
review and print model inputs

METHANE - Calculates methane
emission estimates using the first-order
decomposition rate equation

11-7
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RESULTS - Shows tabular emission
estimates for up to four
gases/pollutants (selected in the
USER INPUTS worksheet) in
megagrams per year, cubic meters
per year, and user’s choice of a third
unit of measure (average cubic feet
per minute, cubic feet per year, or
short tons per year)

GRAPHS - Shows graphical
emission estimates for up to four
gases/ pollutants (selected in the
USER INPUTS worksheet) in
megagrams per year, cubic meters
per year, and user’s choice of a third
unit of measure (selected in the
RESULTS worksheet)

INVENTORY - Displays tabular
emission estimates for all
gases/pollutants for a single year
specified by users

REPORT - Allows users to review and
print model inputs and outputs in a
summary report

11- 8
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LandGEM uses the following first-order
decomposition rate equation to estimate
annual emissions over a time period that
you specify. The model parameters &k and
Lo used by this decomposition equation
are described further in Section 3.0 of the
LandGEM users manual.

¥ 1 M b
QCH4 = Z ZkLo e

- |e
i=1 j=0.1 10

Where:

Qcpg = annual methane generation in the year of
the calculation (m3/year)

i=1 year time increment

n = (year of the calculation) - (initial year of waste
acceptance)

j=0.1 year time increment

k = methane generation rate (year-1)

Lo = potential methane generation capacity
(m3/Mg)

Mi = mass of waste accepted in the ith year (Mg)
tij = age of the jth section of waste mass Mi
accepted in the ith year (decimal years, e.g., 3.2
years)

7-26

Methane Generation Rate (k)

The Methane Generation Rate, k,
determines the rate of methane
generation for the mass of

waste in the landfill. The higher the
value of k, the faster the methane
generation rate increases and then decays
over time.

11-9
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LandGEM and Other Empirical Gas
Generation Models

The value of k is primarily a function of
four factors:
e Moisture content of the waste mass,
* Availability of the nutrients for
microorganisms that break down the
waste to
form methane and carbon dioxide,
* pH of the waste mass, and
* Temperature of the waste mass.

Use EPA Method 2E to determine site-specific &
values for user-specified data. The & value, as it is
used in the first-order decomposition rate
equation, is in units of 1/year, or year-1.

Site-specific landfill information is
generally available for the variables Mi,
¢, and t. When refuse acceptance rate
information is scant or unknown, Mi can
be determined by dividing the mass of
refuse in-place by the age of the landfill.
The average annual acceptance rate
should only be estimated by this method
when there is inadequate information
available on the actual average
acceptance rate. 7-30
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Emissions and Inspection Generation Models
Table 2. Values for the Methane Generation
Rate (k).

Default Type Landfill Type k Value
year !

CAA Conventional 0.05 (default)
CAA Arid Area 0.02
Inventory Conventional 0.04
Inventory Arid Area 0.02
Inventory Wet (Bioreactor) 0.7

7-31

Potential Methane Generation
Capacity (Lo)

The Potential Methane Generation
Capacity, Lo, depends only on the
type and composition of waste placed
in the landfill. The higher the
cellulose content of the waste, the
higher the value of Lo.

The default Lo values used by
LandGEM are representative of
MSW. The Lo value, as it is used in
the first-order decomposition rate
equation, is measured in metric
units of cubic meters per
megagram to be consistent with
the CAA.

11- 11
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Emission Type Landfill Type Lo

CAA Conventional
CAA Arid Area
Inventory Conventional
Inventory Arid Area
Inventory Wet (Bioreactor)

Values for the Potential Methane
Generation Capacity (Lo).

Value - m’Mg
170 (default)

170
100
100

UNCONTROLLED LANDFILL GAS CONSTITUENTS

Hazardous Air
Pollutant®
Compound voc- (HAP)

1.1.1-Trichlorsethane (methyl chloroform) N 'S
11, ¥ by
1.1 (othy? s v
1.1-Dichloroethane (vinvlidene chloride) w 'S
1.2 Dichl L (ethvlens dick o b's
12-D s v
2 Propancl aleohol} s N
Acetone N N

- -
Bro b's N
Butane s b's
Carbon disulfide ¥ 'S
Carbon N N
Carbon w v
Carbonyl sulfide s 'S
Chlorobenzens 3 5 b's
Ch, N N
fe (2thy chloride) v s
Chloroform ¥ 'S
[o e 1,- 35

(CoNTINUED)
Hazardous Air
Pollutant®
Compound Xeleg (HAP)
Dichlorobenzens® ¥ ==
Dichlorodif} . o=
Dick P =
Dict o chloride) N ¥
Dimethyl sulfide (methyl sulfide) ¥ N
Ethane . o
Ethanol + -
Ethyl mercaptan I - =
F— = -
Ethylene - -
FI 5 e
= ==
™ N
N v
= =
- *
mercapian - T
Pentane = =
Perchloroathylens 3 o Yo
Propane o P
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(CONTINUED)

Hazardous Air

Pollutant®
Compound voc (HAP)
Trichloroethylens (frichlorcathens) Y N
+-1.2-Dichloroethene Y N

Vinyl chlonds

¥

i v._,“l-_,

vlenes

¥ T
"OTE Th.; is ot 20 all-inclusive fist of potential LEG constinents, only these for which test data were available
Raacm'a
d in Title ITT :l’me 1020 Clean Air Amendments.

LEG, but does exist in mstances involving landfill
ared, ozly 1 showed detectable levels of CO.

Source tests did not indicate nl =Ler I is l:om.'q:ol.nd was the para-or ortho- tzamer. The pars- lsomar 153

Titls IT-listed HAP.
No data were available to sped

otal Hg into the elemens;

and organic forms,

Gas/Pollutant Default Data Used in
LandGEM

e 11 for Co-disposal i £HE)
Carbon monoxide 140 25.01 7-38

Gas/Pollutant Default Data Used
in LandGEM (cont.)

Carbon tetrachioride BRI 15384 | AB
= 0.4 G007 | AB
11256 | AR
86.47
152 | AB
11935 | An
50.49 B
147 B.C
12051
102.02 B
8491 A
@213 B
50.07
os B
6215 B
10616 | AB
18788 | ALD
13738 B
seis | AB
200.61 A
7201 | AR
10016 | AR
11 B
7215 B
thylene (tetrachiorosthylene) 16585 A
a4.09 B
orocthene 28 96.94 B
35 for No or Unknown Co-disposal| o 13
10 or Codisposal A 55
T ac (ichlorocthenc) 15140 | AB
Vi 75 250 | A
X 1ocie | An
7-39
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Results of LandGEM Worksheets

L G T B 7 3 i T Tz
1 RESULTS  Landfli Name or dantior: Cxangls Ll
Goss Yo Eyesrin = A0
ehare - 20 %4y vt
Wtz nfince
W | (ehon o)
7 7

ER o D o

AS6E
g 1 2

Al X m— ) —0 ) 7 T k2
3 IR0 { SEX BRUTS {POLUTAITS { NPT GEVIEW HETHAE) RESULTS { GATVE. / IVSVTORY {RERGRT |+ | T

hesty =T

Graphical Results in Units of
Megagrams per Year

GRAPHS  Landfill Hame or Identifier: Example Landfil

Megagrams Per Year
7.000E+04
6.000E+04

A
5.000E+04 / \

®

5 4.000E+04 / \

:Z 3 .000E+04 / AN

“ 2.000E+04 / \
1.000E+04 / = e,
0.000E+00

) ) b b H b b %
R G S Gl i Sl L

Year

Total landfill gas ~——Methane ~——NMOC Mercury (total) - HAP

The U.S. EPA has provided default
values for model input parameters;
however, the values are based on data
obtained from conventional landfills.
Waste stabilization can be enhanced
and accelerated so as to occur
significantly more rapidly if the

landfill is designed and operated as a
bioreactor, primarily involving
moisture addition. s
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Enhanced waste stabilization will result in
increased gas pro-duction; therefore, the
values of the first- order model parameters
k (the landfill gas generation rate constant)
and L, (the methane generation potential)
will be different from conventional landfills.
The objective of this report is to investigate
landfill gas collection from wet cells and
estimate first-order gas generation model
parameters.

7-43

Py United States 5 EPA-600/R-05/072
S EPA S o June 2005

First-Order Kinetic Gas
Generation Model
Parameters for Wet
Landfills

Mathematical Models for Methane Generation

o Zero-Order Model (SWANA 1998)
* First-Order Model (SWANA 1998)
* Modified First —Order Model

* Multiphase Model

» Second Order Model

* Scholl Canyon Model

o Triangular Model

* Palos Verdes Model

» Sheldon Arleta Model

* GASFILL Model

11- 15
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FINAL REPORT

COMPARISON OF MODELS FOR PREDICTING
LANDFILL METHANE KEGOVERY

Prevared for:
THE SOLID WASTE ASSOCIATION OF NORTH AMERICA
1100

Suita 70
Silver Spring, Maryland 20910

Propared By:

sCs encinEERS

con Drive
Réston, Virginia 22090
(703) 471-6150

In Association With:

Mr. Donald Augenstein

Palo Alto, Caifornia_94306
1415) 856-2850

File No. 0295028

[ O OIprO IV IUOOT T TOOTOITT VY e et oy
Model Parameters

Lo : 100.00 m"3 / Mg

k:0.0400 1/yr

NMOC : 595.00 ppmv

Methane : 50.0000 % volume

Carbon Dioxide : 50.0000 % volume

Air Pollutant : Vinyl Chloride (HAP/VOC)

Molecular Wt = 62.50 Concentration = 7.340000 ppmV

Landfill Parameters

Landfill type : Co-Disposal

Year Opened : 1969 Current Year : 1999 Closure Year: 1980
Capacity : 792000 Mg

Average Acceptance Rate Required from

Current Year to Closure Year - 0 00 Mo/vear

LEXAdITIPDIC IVIOJCI FTODICIIT WIU1 LdINdUrIVI
Model Parameters

Lo : 100.00 m"3 / Mg

k : 0.0400 1/yr

NMOC : 595.00 ppmv

Methane : 50.0000 % volume

Carbon Dioxide : 50.0000 % volume

Air Pollutant : Vinyl Chloride (HAP/VOC)

Molecular Wt = 62.50 Concentration = 7.340000 ppmV

Landfill type : Co-Disposal

Year Opened : 1969 Current Year : 1999 Closure Year: 1980
Capacity : 792000 Mg

Average Acceptance Rate Required from

11- 16
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Example COPC Emission Estimates
. Produced bv LandGEM.

Vinyl Chloride (kalyr)

Year

APPLICABILITY
DETERMINATION INDEX (ADI)

Compliance

...........

11- 17
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Vapor Intrusion

Vapor Intrusion

* Vapor intrusion is the migration of
volatile chemicals from the subsurface
into overlying buildings (USEPA 2002).
Volatile chemicals may include volatile
organic compounds, select semi-volatile
organic compounds, and some inorganic
analytes, such as elemental mercury and
hydrogen sulfide. Methane should be
considered where it is appropriate

How Far Can Landfill Gas Travel?

« It is difficult to predict the distance that landfill
gas will travel because so many factors affect its
ability to migrate underground; however, travel
distances greater than 1,500 feet have been
observed. Computer models that use data about
the landfill and surrounding soil conditions can
predict the approximate migration patterns from
existing landfills.

« A study conducted by the New York State
Department of Health found that of 38 landfills,
gas migrated underground up to 1,000 feet at 1
landfill, 500 feet at 4 landfills, and only 250 feet
from the landfill boundary at 33 landfills. —
(ATSDR 1998)
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Diagram Depicting Potential Landfill
Gas Migration Routes

. =T

OPERTY BOUNDARY

PR
(POINT OF COMPLIANCE
5% LFC)

-4

) What is
@ Vapor
Intrusion?

Vapor Intrusion is the mi
of chemicals from a spill
through soil into indoor air

Not drinking contaminated
groundwater.....but you may be
breathing vapors from
contaminated groundwater

o United States
k) Environmental Protection
A Y4 Agency

OSWER Draft Guidance for
Evaluating the Vapor Intrusion
to Indoor Air Pathway from
Groundwater and Soils
(Subsurface Vapor Intrusion
Guidance)

November 2002

EPA530-D-02-004 12-6
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OSWER Publication 9200.2-154

OSWER TECHNICAL GUIDE FOR ASSESSING
AND MITIGATING THE VAPOR INTRUSION
PATHWAY FROM SUBSURFACE VAPOR
SOURCES TO INDOOR AIR

U.S. Environmental Protection Agency

Office of Solid Waste and Emergency Response

June 2015

Vapor Intrusion

Commercial/Industrial Worker Resident Living over Plume
Working over Flume Besement or Craw! Space Without Basement

Indoor Air

Vadose Zone

Soll Gas

Sollond
Groundwater
Corfaminzfion

Typical conceptual model of vapor intrusion

(Interstate Technology & Regulatory Council (ITRC) 12-8

Technical and Regulatory Guidance]

Vapor Intrusion Pathway:
A Practical Guideline

January 2007

12-3



Landfills: Regulations, Design/Operation,
Emissions and Inspection

Gas Migration/Vapor Intrusion

Technical and Regulatory Guidance
Supplement

Vapor Intrusion Pathway:
Investigative Approaches for Typical Scenarios

A Supplement to Vapor Intrusion Pathway: A Practical Guideline

12-10

ITRC Website

ITRC offers Guidance Documents and Internet
based training classes on a wide variety of
remediation tools and approaches

Visit www.itrcweb.org for details.

12-11

General framework for evaluating vapor intrusion

* Implementation of a community outreach program
that provides timely information to concerned
citizens and property owners

* Use of a phased approach that allows for the
collection and use of both generic and site specific
information/data

* Development of an accurate conceptual site model
(CSM) that is representative of site conditions to
assist with the investigative strategy and ensure
proper use of the data

« Application of an iterative process (i.e., starts with
available data and collects additional data only to
meet the needs of making informed decisions) 12.12
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General framework for evaluating vapor intrusion
(cont.)

Allowance for a site-specific evaluation using
modeling, soil gas sampling, indoor air sampling, or
mitigation at any point in the process

Evaluation of multiple lines of evidence that result
in decisions based on professional judgment

Consideration of current and future site use

Use of screening levels based on the appropriate
exposure scenario (e.g., residential, nonresidential,
occupational) consistent with the regulatory agency

12-13

Soil Gas Sampling

¢ Active methods
— Through driven/drilled rods
— Extraction of soil gas
* Passive methods
— Burial of adsorbent
— Diffusion of soil gas
* Considerations
— Purge and sample volumes

— Flow rate, vacuum, and leak
tests

— Sample containers

— Temporal effects

— Real-time sample and analysis
— Sample density and locations
— Hydrophobic adsorbents

Sub-slab Soil Gas Sampling

* Soil gas most likely to enter structure
— May detect chemicals originating within building
* Collect indoor air concurrently for comparison
« Sample at slab base and/or at depth
* Permanent or temporary sample points
* Active and passive approaches
* Near slab soil gas may be alternative

Passive
sampler
insertion

Active
sampling

12-15
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Indoor Air Sampling

* Generally performed after subsurface sampling
¢ Pre-sampling building survey
— Appendix G
* Focus on contaminants of concern (COCs)
* Length of sampling time
* Analytical methods
* Active and passive
methods
¢ Locations
— Crawlspace samples
— Ambient samples

Examples of sampling canisters (shown with
sporting equipment to illustrate size)12

16

Vapor Intrusion Scenarios

Vapor Intrusion Pathway:

1. Gas station in residential neighborhood

2. Drycleaner in strip mall located adjacent to
neighborhood

3. Large industrial facility with long plume under
several hundred buildings

4. Vacant lot with proposed Brownfield development
over groundwater plume

5. Vacant large commercial building with warehouse
space and office space

6. Apartment building with parking garage over
groundwater plume

7. Landfill gas migration into nearby residential or
commercial buildings 1217

Scenario: Site Description

Scenario 3
Groundwater
— 15-30 feet bgs

— Chlorinated compounds
— Plume - miles long
Lithology
— Alluvial soil
— Clay layer 3-5 feet bgs
Hundreds of structures
— Basements, crawlspaces,
slabs
Groundwater “hot spot”
concentrations 100x
screening levels
Similar to Redfield site

w
Solvent contamination and adjoining mixed-
use neighborhood

12-18

12-6



Landfills: Regulations, Design/Operation, Gas Migration/Vapor Intrusion
Emissions and Inspection

Mallard Lake Landfill LFG Migration
Hanover Park, IL - EPA Region V
Web Site

http://www.epaosc.net/site_profile.asp?site id=3682%20

12-19

Continuous Monitoring of
Structures for Landfill Gas Intrusion

Publication Summary CalRecycle

12-20

Vapor Intrusion Resources & Links

http://www.itrcweb.org/vaporintrusion/

Performing Landfill Gas Investigations (ca.gov)

http://www.dtsc.ca.gov/AssessingRisk/upload/HE
RD POL Eval Subsurface Vapor Intrusion inte

rim_final.pdf

12-21
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Environmental
Pro ion Agency

SAMPLE COLLECTION AND
EVALUATION OF
VAPOR INTRUSION TO INDOOR AIR

FOR REMEDIAL RESPONSE AND VOLUNTARY
ACTION PROGRAMS

Guidance Document

12-22
-~
"Iii &
P
Chemical Facility
PCE & TCE Source?
Multigle Li £ Evi GW. SG, S5, 1A
12-23
July 2013 US EPA Investigation
Sub-Slab Sampling
July-August 2013 initial
Sub-Slab sampling
conducted by US EPA.
Measures vapors below
residence basement/slab.
= fn G
RERREEELE]
Sub-Slab sample collected for 24 hours
12-24
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July 2013 US EPA igation Indoor Air

July-August 2013 initial
residential Indoor Air
sampling conducted by US
EPA.

Measures vapors in
residence indoor air

Indoor Air sample collected for 24 hours

12-25

EPA Time Critical Removal
ocen ) Action

Scope of Work (initiated Dec 2013)

H Srercowr
B Resronse,

+Protect Public Health

«Conduct residential Sub-Slab &
Indoor Air sampling;

«If the ODH Screening Level for PCE
or TCE is exceeded for a residential
structure, design and install a vapor
abatement system (aka VAS).

Vapor Abatement System (VAS)

12-26
Vapor Abatement System
(VAS)
3
i
* |
Overlapping Radius of Influence T
1to 2 extraction P ——
- 1 N
12-27
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Vapor Abatement
System Installation

Extraction Pipe into Basement Floor

1to 2 extraction points will be installed

12-28

e Vapor Abatement
f=4 System Installation

Crawl Space

Crawl space installation.
PVC pipe installed under plasticliner

12-29

Vapor Abatement
System Installation

Vacuum Reading — U Tube Manometer

Manometerreads 1-2” vacuum

12-30

12-10
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Vapor Abatement
System Installation

Outside Fan and Vent

SystemInstallation = 1-2 days

Follow-up proficiencyair sampling @ 30days

12-31

March 2016 Sampling Area — VI Sampling

12-32

Sub-Slab Sample Crawl Space Sample

EPA has sampled a total of 417 residential properties.
573 properties in Area of Concern. Approx 40 denied
access or vacant

12-33
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Vapor Abatement System
(VAS) Installations

EPA has installed VAS at 89 of 92 residential properties
eligible to receive a vapor abatement system.
2 residences = vacant
1 residence = deferred VAS until 2016

12-34

EPA Fact Sheets

Fact Sheets in July & Nov 2014
& March 2016

12-35
EPA Region 5
Web Site
www.epa.gov/oh/valley-pike-vocs
12-36
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Vapor Intrusion (VI) Investigation Using
the TAGA Mobile Laboratories

CLU-IN Webinar
29 August 2018

1)

12-37

Vapor Intrusion (VI) Investigation using the Trace Atmospheric
Gas Analyzer (TAGA) Mobile Laboratories
Sponsoro d by: U.S. EPA Office of

Task

and Te

9)

12-38

TAGA MOBILE LABORATORY

12-39
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TAGA MOBILE LABORATORY

12 -40

12-41

12-42
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12-43
Trichloroethene (64MSMS00577)
—132-95 —130-95 —132-97
18
16
14 -
z12
&
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£
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2
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0 5 10 1S 20 25 30 35 40 45 50 55 60
Time in minutes
12-44
12-45
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12-46

with Monitors

Driver and Passenger Sea

\

ting Cook County’s Mobile Laboratory 1970’s
12-47

VAPOR INTRUSION

12-48
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Comparison Between Water And Air
Contamination
WATER
Basis: 2 liters/day
Assume: TCE concentration is 5 ppb or 5
micrograms/liter (ug/L)
Daily impact: 2 L/day * 5§ pg/L =10 pg/day

AIR
Basis: 20 cubic meters/day
Assume: TCE concentration is 1 ppbv or 5.4
micrograms/cubic meter (ug/m3) Daily
impact: 20 m3/day * 5.4 ng/m3 =108 pg/day

12-49

Lines of Evidence:

Groundwater spatial (and vertical profiling, if
appropriate) data with modeling

Potable groundwater analysis

Soil gas spatial concentrations (and vertical
profiling, if appropriate), including subslab, with
vertical profiling

Ambient, crawlspace, and inside air concentrations
and source determinations

Building construction and conditions

Constituent ratios

12 -50

Groundwater Spatial (and Vertical Profiling,
if Appropriate) Data With
Modeling

&t

12-51
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Soil Gas Spatial Concentrations (and Vertical Profiling, if
Appropriate), Including Subslab, with Vertical Profiling
Sorbent Tubes

12-52

Ambient, Crawlspace, and Inside Air Concentration
and Source’s Determinations

12-53

Building Construction
And Conditions

12-18
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TAGA Monitoring

12-56

Source

TAGA Monitoring with the Teflon Tube Using
the Low Pressure Chemical Ionization (LPCI)

12-57
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Vapor Intrusion Discussion
Points

Impacts Due to Vapor Intrusion

Impacts Due to Household Material Impacts

Impacts Due to Adjacent Building

Impacts Due to Adjoining Buildings

Impacts Due to Contaminated Potable Well Water

Impacts Due to Crawlspace Concentrations

Impacts Due to Presence in Contaminated Water in Sumps
Impacts Due to Same Source - Constituent Ratios

Impacts Due to Self-Polluting Operations

Impacts Due to Accidental/Intentional Releases

Impacts Due to Releases at Distances

Impacts Due to Groundwater Becoming Surface Water Impacts Due
to Groundwater Being Used for Irrigation

Impacts Due to Sub-slab Contamination

12-58
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Guidance for Evaluating Landfill
Gas Emissions from Closed or
Abandoned Facilities and
Examples

GUIDANCE FOR

EVALUATING LANDFILL
GAS EMISSIONS

FROM CLOSED OR
ABANDONED FACILITIES

https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=NRMRL&dirEntryld=137824]
13-2

US EPA Guidance Manual Outline

* Chapter 1: Introduction

* Chapter 2: Landfill Gas Basics

* Chapter 3 Landfill Safety and Health Issues
* Chapter 4: Monitoring of Landfill Gases

* Chapter 5: Landfill Gas Control Measures

* Chapter 6: Communications

13-1
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Guidance for Evaluating Landfill Gas
Emissions from Closed or Abandoned
Facilities and Examples

Landfill Gas Primer - An Overview
for Environmental Health
Professionals

* Appendices:

* Appendix A: Acronyms

* Appendix B: ASTDR Guidelines

* Appendix C: Health Studies

* Appendix D: Wright-Patterson Air Force Base-
A Case Study

* Appendix E: Examples

* ATSDR - Landfill Gas Primer - An Overview for
Environmental Health Professionals (cdc.gov)

Landfill Gas Primer - An Overview for Environmental Health Professionals

‘Chanter 2: Landfill Gas Basics [PDF, 2 MB ]
‘Chapter 3: Landfil Gas Safety and Health Issues [PDF, 3 M8 ]
‘Chater 4: Monitoring of Landill Gas (PDF, 3.56 M8 |

-apter 5 Landiill Gas Control Measures [POF, 2 MB ]
anter tion [POF, 1.62 M8 |

Appendices

8
‘Agpendix E [PDF, 11 M8 ]

ATSDR presey & princ page

S—pre—
— Ao
T & tomcy bk
— - o
eyl
Acknowledgments. This Toxic Substances and Disease Registry (ATSDR) ONLY 4770 Buford Hwy NE
o b e
Chapter 2: Landfill Gas 2 so0-coc-INFO
e ¢
i rimr i esigned t provid enianmeta hesth rofessionsls wth  generluncerstandingof | S0 ZATE)
Chapter 3: Landflll Gas landfill gases and to help them in responding to community concerns that may be related to landfill Email CDC-INFO
Safety and Health Issues | .5 issues. It provides basic information about the composition, formation, and movement of landfill
Chapter 4: Monitoring of | 925. The primer also discusses health and safety issues related to landil gas, and it provides Hew Hours of
Londfil Goses information about andfll gas monitoring methods and control measures. Final, the primer presents [
Craper: andil Gas N
Control Measures. The document can be accessed in either HTML or PDF as listed below.
aapers: Toe POF format i th bestfor readersdeiing printd coy fth decument
ropendees p—
Table of Contents [PDF, 654 KB ]
Lt ot Tl B T
o (P07, 335K8 ]
EEaTions eter 1: Introduction [PDF, 339 KB ]

(Note: Links sppes beyond 13-5
S EPA Ui protoction EPAscam.os/izsn
GUIDANCE FOR EVALUATING
LANDFILL GAS EMISSIONS
FROM CLOSED OR
ABANDONED FACILITIES:
Appendix C
13-
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Guidance for Evaluating Landfill Gas
Emissions from Closed or Abandoned
Facilities and Examples

S i ——
GEPA i o soomosnes

A CASE STUDY
DEMONSTRATING U.S. EPA
GUIDANCE FOR EVALUATING
LANDFILL GAS EMISSIONS
FROM CLOSED OR ABANDONED
FACILITIES

BUSH VALLEY LANDFILL
HARFORD COUNTY, MARYLAND

the guidance can be used to
evaluate landfill gas emissions.
Itillustrates the usefulness of

Pl
techniques and recommended
practices, the research team
yas able o: 1 Determine where
the landfil gases are escapin
into the atraosphere . 2 Identiy
the chermeals o1 po(en(\a\
concern, 3 Quanti
speciated LFG emission rates , 4
identify the most lkely o be
affected at off-site location(s),
and 5 Characlenle ambient air
concentrations

)
+ This case study dacuments how 7!

United Stas
Environmentsl rotection EPA-S00R-05/141
Agency

A CASE STUDY
DEMONSTRATING US EPA
GUIDANCE FOR EVALUATING
LANDFILL GAS EMISSIONS
FROM CLOSED OR ABANDONED
FACILITIES

ROSE HILL REGIONAL LANDFILL
SOUTH KINGSTOWN, RHODE
ISLAND

+ This case stucy exemplfes how the Guidance for
Evaluating Landill Gas Emissions From C
Abandoned Facl\mes R 0/ 05/ 123 o o
sed toevaluse andhl gas emisions. K listates
the Lsetulness of tha inferm

presemed (i ihe guidance: The s G eowarth she

fwo tennis courts). An infiltration

gzl\erywas partofthe super fund ste remeciation
Eorts. The gailery was used torem

contaminated groundwater from below the landfil
and to re-inject it into the subsurface.

injected gr rounduater would flow through 2

permeable reactive barier that was desigred to

Exidie chiorinated organic compounds. Ther

Were Several LFG monoring wels with elevated

Tethane levels.

* By applying the investigativetechnigues and
recommended practices, the research tear
Sbie tor 1 Determine whire the [andfil gases are
escaping into the atmosphere, 2 Identify the

iy the
sRecated LFG emission ates,  identy the most
fikely to be affected at off-site locationls), and
haracterize ambient air concentrations

United Sttes
ﬂEmE wironmental Protection EPA-600R-05/142
October 2005

A CASE STUDY
DEMONSTRATING

U.S. EPA GUIDANCE FOR
EVALUATING LANDFILL
GAS EMISSIONS

FROM CLOSED OR
ABANDONED FACILITIES

SOMERSWORTH
SANITARY LANDFILL
SOMERSWORTH, NEW
HAMPSHIRE

13-9
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OV ARE FATHRUES  EIPLOR WOLOCA
ABOUTUS LAWSZFORMS DATALSTATS  HEALTH

DISTRICTS

ODH  Know Our rograms | Heath AssessmentSecton | Resurces | ublicHeath Cosu

@ Public Health Consultations

WELCONE

QUESTIONS

RESOURCES

L.

soomssnces What is a Public Health Consultation?

13-10

Public Health Consultations | Ohio Department of Health
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Collection and Control of
Landfill Gas Emissions

Comp s Flare Atmosphere
Blowers and/or > to Flare — —> Combustion
Treatment Emissions

System
T Boiler or other Supplemental
Wellheads and el Combustion Fuel
= System to .
Collection E - device
Boiler, Engine or
Headers
other /
Combustion —|_> Engine, turbine
Units or other
electrical Device
Landfill Transport to
L, Regulated
Natural Gas Incorporated Electrical
System ——> Into Regulated Grid
Natural Gas
System
Atmosphere-Fugitive Emissions 14-2

Standards for Air Emissions from
Municipal Solid Waste Landfills

* 60.752 Standards for air emissions from
municipal solid waste landfills.
(b) Each owner or operator of an MSW
landfill having a design capacity equal to or
greater than 2.5 million megagrams and 2.5
million cubic meters, shall either comply with
paragraph (b)(2) of this section or calculate
an NMOC emission rate for the landfill using
the procedures specified in § 60.754.

14 -1
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Standards for Air Emissions from
Municipal Solid Waste Landfills

* The NMOC emission rate shall be
recalculated annually, except as provided in §
60.757(b)(1)(ii) of this subpart. The owner or
operator of an MSW landfill subject to this
subpart with a design capacity greater than
or equal to 2.5 million megagrams and 2.5
million cubic meters is subject to part 70 or
71 permitting requirements.

Standards for Air Emissions from
Municipal Solid Waste Landfills

(2) If the calculated NMOC emission rate is
equal to or greater than 50 (34) megagrams
per year, the owner or operator shall:

(i) Submit a collection and control system
design plan prepared by a professional
engineer to the Administrator within 1 year:
(A) The collection and control system as
described in the plan shall meet the design
requirements of paragraph (b)(2)(ii) of this
section.

Standards for Air Emissions from
Municipal Solid Waste Landfills

(B) The collection and control system design
plan shall include any alternatives to the
operational standards, test methods,
procedures, compliance measures,
monitoring, recordkeeping or reporting
provisions of §§ 60.753 through 60.758
proposed by the owner or operator.

14 -2
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Standards for Air Emissions from
Municipal Solid Waste Landfills

* (C) The collection and control system design
plan shall either conform with specifications
for active collection systems in § 60.759 or
include a demonstration to the
Administrator’s satisfaction of the sufficiency
of the alternative provisions to § 60.759

(D) The Administrator shall review

the information submitted under paragraphs
(b)(2)(i) (A),(B) and (C) of this section and either
approve it, disapprove it, or request that
additional information be submitted. Because of
the many site-specific factors involved with
landfill gas system design, alternative systems
may be necessary. A wide variety of system
designs are possible, such as vertical wells,
combination horizontal and vertical collection
systems, or horizontal trenches only, leachate
collection components, and passive systems.

14-8

Example of an Interior Gas Collection/Recovery System

Sourco: Emecon, 1981

14-3



Landfills: Regulations, Design/Operation, Collection and Control of
Emissions and Inspection Landfill Gas Emissions

Header Routing Options

ERANCH 0cp WATRIX

R &?J
Tir

14-10

Vertical Extraction Wells Versus Horizontal
Collectors

* Either vertical wells and/or horizontal
collectors can be installed while refuse is being
placed.

* Horizontal collectors need to be installed as
refuse is being placed. Cannot be installed after
waste is in place except as surface collectors
and are more sensitive to settlement and
watering in.

* Vertical wells will generally produce better
quality LFG (higher methane content).

14-11

Typical Horizontal Collector Layout

LFG COLLECTION HORIZONTAL COLLECTORS
7 HEADER y

HORIZONTAL
COLLECTOR SYSTEM

14-12
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Typical Horizontal Collector Details

F

N i

SECTION

14-13

Typical Horizontal Well Detail, Front &
Side Profiles
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14-19

14-20

Condensate Drain

14-21
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Standards for Air Emissions from
Municipal Solid Waste Landfills

¢ (A) An active collection system shall:
(1) Be designed to handle the maximum expected
gas flow rate from the entire area of the landfill that
warrants control over the intended use period of the
gas control or treatment system equipment;
(2) Collect gas from each area, cell, or group of cells
in the landfill in which the initial solid waste has
been placed for a period of:
(i) 5 years or more if active; or
(ii) 2 years or more if closed or at final grade.
(3) Collect gas at a sufficient extraction rate;
(4) Be designed to minimize off-site migration of
subsurface gas.

14-22

§ 60.759 Specifications for active collection
systems.

(a) Each owner or operator seeking to
comply with § 60.752(b)(2)(i) shall site

active collection wells, horizontal collectors,
surface collectors, or other extraction devices
at a sufficient density throughout all gas
producing areas using the following procedures
unless alternative procedures have been
approved by the Administrator as provided in
§60.752(b)(2)(i)(C) and (D):

14-23

Gos Extraction Wy

Landfill
Waste

Landfill
Waste

ey
Active Gas Collection System
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Collection and Control of
Landfill Gas Emissions

TEMPERATORE S
HEADER
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Theoretical and Actual Radius of Influence

LANDFILL SURFACE LANDFILL SURFACE
[cover 1 COVER

LINES OF EQUAL

LINES OF EQUAL ZERO PRESSURE
s: LINE

b

ZERO PRESSURE

[ RADIUS OF INFLUENCE I
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Model Active Vertical Well Collection System Geometry

Ta heade

Reruse

Radius of Influence Equation

R, WM Design Capacity/ 7L )lf!

refuse aen a
where,
Ra = vadius of influence for active collection systems, m
0, 3 = Tandfill gas florate per well, In]/sec
Design Capacity = design capacity of the Tandfill, kg
=31
rafyse * Tefuse density, kgfm
L- landfi11 depth, m
og!n w peak Tandfill yas generalion rate, ms,‘sec

E = fractional collection efficiency of active well
systens

14-30
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Zones of Influence for Extraction Wells

—_— s —

D -« extraction wells
R = Radius of Influence
=R = s = Optimal well spacing = 1.732 R

14-31

(1) The collection devices within the

interior and along the perimeter areas shall be
certified to achieve comprehensive control of
surface gas emissions by a professional engineer.
The following issues shall be addressed in the
design: depths of refuse, refuse gas generation
rates and flow characteristics, cover properties,
gas system expandability, leachate and
condensate management, accessibility,
compatibility with filling operations, integration
with closure end use, air intrusion control,
corrosion resistance, fill settlement, and

resistance to the refuse decomposition heat. ,, .,
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Treatment of LFG

* The regulations at 40 CFR Part 60.752(b)(2)(iii) state
that collected landfill gas is required to be routed to
a control system that complies with the
requirements in either: A) an open flare; B) a
control system or enclosed combuster designed to
reduce NMOC; or C) a treatment system that
processes the collected gas for subsequent sale or
use. The landfill gas has been treated for sale or use
under 60.752(b)(2)(iii)(C). U.S. EPA has made several
determinations that compression, de-watering, and
filtering the landfill gas down to at least 10 microns
is considered treatment for the purposes of
60.752(b)(2)(iii)(C). 1a-38

Control System

60.762(b)(2)(iii)

Control system. Route all the collected gas to a
control system that complies with the
requirements in either paragraph (b)(2)(iii)(A),
(B), or (C) of this section. (A) A non-enclosed
flare designed and operated in accordance
with the parameters established in §60.18,
except as noted in §60.764(e); or

14-35

Treatment of LFG

* US EPA has determined that once the landfill gas is
treated, the treated gas is no longer subject to the
requirements of the NSPS and, in turn, the NESHAP.

* However, emissions from any atmospheric vent
from the gas treatment system, including any
compressor, are subject to the requirements of 40
CFR 60.752(b)(2)(iii)(A) and (B), as well as the
NESHAP. This does not include exhaust from an
energy recovery device.

http://www.epa.gov/compliance/monitoring/programs/caa/adi.html

14-36
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(2) The control device shall be operated within
the parameter ranges established during the
initial or most recent performance test. The
operating parameters to be monitored are
specified in

§ 60.756 (60.766);

14-37

Enclosed Flare Testing

Aslive Gas Collestion

LANDFILL GAS TRANSPORT AND END USERS

EE””E@\
AL ® —Ll
B i

1
L 2o Broguco Elociciey Elicing Bollat 16 Progucs B
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60.753 (60.763) Operational standards for
collection and control systems.

Each owner or operator of an MSW landfill
with a gas collection and control system used
to comply with the provisions of

§ 60.752(b)(2)(ii) (60.763(a)) of this subpart
shall:

(a) Operate the collection system such that gas
is collected from each area, cell, or group of
cells in the MSW landfill in which solid waste
has been in place for:

(1) 5 years or more if active; or

(2) 2 years or more if closed or at final grade; ,,

(b) Operate the collection system

with negative pressure at each wellhead
except under the following conditions:

(1) A fire or increased well temperature.

The owner or operator shall record instances
when positive pressure occurs in efforts to
avoid a fire. These records shall be submitted
with the annual reports as provided in §
60.757(f)(1);

14-41

(c) Operate each interior wellhead in

the collection system with a landfill

gas temperature less than 55 °C (< 62.8°C) and
with either a nitrogen level less than 20
percent or an oxygen level less than 5 percent
(only for WWW). The owner or operator may
establish a higher operating temperature,
nitrogen, or oxygen value at a particular well. A
higher operating value demonstration shall
show supporting data that the elevated
parameter does not cause fires or significantly
inhibit anaerobic decomposition by killing
methanogens.

14-42
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Surface Scan

* (60.763(d) Operate the collection system so
that the methane concentration is less than
500 parts per million above background at
the surface of the landfill. To determine if this
level is exceeded, the owner or operator shall
conduct surface testing around the perimeter
of the collection area and along a pattern
that traverses the landfill at 30 meter
intervals and where visual observations
indicate elevated concentrations of landfill
gas, such as distressed vegetation and cracks
or seeps in the cover. e

Surface Scan (60.755)(60.765)

The owner or operator may establish an
alternative traversing pattern that ensures
equivalent coverage. A surface monitoring
design plan shall be developed that includes
a topographical map with the monitoring
route and the rationale for any site-specific
deviations from the 30 meter intervals. Areas
with steep slopes or other dangerous areas
may be excluded from the surface testing.

14-47

Surface Scan

* Surface emission monitoring shall be
performed in accordance with section 4.3.1 of
Method 21 of appendix A of this part, except
that the probe inlet shall be placed within 5 to
10 centimeters of the ground. Monitoring
shall be performed during typical
meteorological conditions.

14 - 16
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Surface Scan

* (4) Any reading of 500 parts per million or
more above background at any location shall
be recorded as a monitored exceedance and
the actions specified in paragraphs (c)(4) (i)
through (v) of this section shall be taken. As
long as the specified actions are taken, the
exceedance is not a violation of the
operational requirements of § 60.753(d).

14-49

Surface Scan Frequency (60.757)

 (f) Each owner or operator seeking to

demonstrate compliance with § 60.755(c), shall
monitor surface concentrations of methane
according to the instrument specifications and
procedures provided in § 60.755(d). Any closed
landfill that has no monitored exceedances of the
operational standard in three consecutive quarterly
monitoring periods may skip to annual monitoring.
Any methane reading of 500 ppm or more above
background detected during the annual monitoring
returns the frequency for that landfill to quarterly
monitoring.

14-50

Reporting Emissions from Landfills

Gas collection systems are not 100 percent
efficient in collecting landfill gas, so emissions of
CH4 and NMOGCs at a landfill with a gas recovery
system still occur. To estimate controlled
emissions of CH4, NMOCs, and other constituents
in landfill gas, the collection efficiency of the
system must first be estimated. Reported
collection efficiencies typically range from 60 to
85 percent, with an assumed average of 75
percent. If site-specific collection efficiencies are
available, they should be used instead of the 75
percent average. 1.5

14 -17
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From Background AP-42 Document

* Equation (1) in the AP-42 Section is used to
estimate emissions from an uncontrolled
landfill. In this update, a factor of 1.3 was
added to Equation (1) to account for the fact
that Ly is determined by the amount of gas
collected by LFG collection systems. The
design of these systems will typically result in
a gas capture efficiency of only 75%.
Therefore, 25% of the gas generated by the
landfill is not captured and included in the
development of L.

14-52

From Background AP-42 Document

The ratio of total gas to captured gas is a ratio
of 100/75 or equivalent to 1.3. An analysis of
the efficiency of typical LFG collection systems
is presented in Appendix E. Previous equation
being used did not account for total emissions
which includes the quantity of gas that is
collected plus any fugitive loss from leaks that
can occur from header pipes, extraction wells,
side slopes, and landfill cover material.

14-53

Percent Percent Percent

UnControlled g;!lelctlml_ E?fﬂe_ﬁm Eg ;Im,

Landfil =P| 1 - ZHCKOT) ,p ey | | - Edtieiency
Emissions 100 100 100

14-54
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VOC emissions from Landfill A are estimated to be 3,197
cubic meters per year.

Average collection efficiency of the landfill gas recovery
system is not known at Landfill A, so a 75-percent
collection efficiency rate is assumed. The collected
landfill gas is controlled by a flare, which has a control
efficiency for NMOCs of 83.16 percent.

Uncontrolled NMOC Emissions = 3,197 m3 * [1 - 0.75] +
3,197 m3 * [0.75] * [1 - 0.8316]

=799.25 m3 + 3,197 m3 * 0.1263
=799.25 m3 + 403.78 m?
=1,203 m?

14-55

LFG COLLECTION EFFICIENCY IS IMPROVING IN WISCONSIN

at 24 tanafis .610 | 9.377.073.125

42.605.530.835

Summary of the Requirements for the New

Source Performance Standards and Emission

Guidelines for Municipal Solid Waste Landfills -

APPENDIX E

Collection System Design Plans

* All owners and operators of affected landfills are

required to submit to the Administrator a collection
and control system design plan prepared by a
professional engineer. This appendix provides a
summary of the design plan requirements for all
collection systems: active collection systems that
meet the requirements of §60.759 as well as
alternate collection systems. It also provides
guidance on what to look for in such plans and case
study examples. 14-57
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Specifications for Active Collection
Systems

Owners or operators seeking to comply with the
specifications for active collectionsystems in §60.759
must meet the following:

(1) Demonstrate that the siting of active collection
wells, horizontal collectors, surface collectors, or
other extraction devices is of sufficient density
throughout all gas producing areas.

(2) Devices located within the interior and along the
perimeter must be certified by a professional
engineer to achieve uniform control of surface gas
emissions.

14-58

(3) Design plans must address the 13 issues
listed in Table E-1.

(4) Collection system siting should be of
sufficient density to address landfill gas
migration issues, and augmentation of the
system through the use of active or passive
systems at the perimeter or exterior.

14-59

(5) The system should control all gas producing
areas except those that are excluded because
either (1) they are segregated and shown to
contain asbestos or non-degradable material,
(documentation must include nature, location,
amount of asbestos or non-degradable
material deposited, and date of deposition) or
(2) they are nonproductive areas and can be
shown to contribute less than 1 percent of the
total amount of NMOC emissions from the
landfill (amount, location, and age of the
material must be documented). 14-50
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* (6) To qualify for exclusion based on

non-productivity, emissions must be
calculated for each section proposed for
exclusion, and the sum of all such sections
must be compared with the NMOC emission
estimate for the entire landfill. Emissions from
each section must be calculated according to
the following equation, from §60.759(a)(3)(ii)
of the NSPS:

« Q=2kL, M, (e*) (Cymoc) (3.6 x 10-9)

14-61

* The values for k and Cyyoc determined in field testing
must be used, if field testing has been performed in
determining the NMOC emission rate or the radii of
influence. The radii of influence is the distance from
the well center to a point in the landfill where the
pressure gradient applied by the blower or
compressor approaches zero. If field testing has not
been performed, default values for k, Lo and Cyy,qc of
0.05/year (0.02/year in arid areas), 170 m3/Mg, and
4,000 ppmv, respectively, must be used as provided
for Tier 1 calculations from §60.754(a)(1)

14-62

TABLE E-1. LIST OF DESIGN PLAN
REQUIREMENTS
- Issue Description

Depth(s) of refuse

Refuse gas generation rates and flow characteristics
Cover properties

Gas system expandability

Leachate and condensate management
Accessibility

Compatibility with filling operations

Integration with closure end use

Co Bl e RS oo IR

Air intrusion control

-
IS

Corrosion resistance

-
B

Fill settlement

-
(x5

Resistance to the refuse decomposition heat

-
o

Topographical map of the surface area and proposed surface

monitoring route [required in § 60.753(d)] ]
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* For landfills located in geographical areas with a 30-
year annual average precipitation of less than 25
inches, as measured at the nearest representative
official meteorological site, a k value of 0.02 per year
should be used as provided in the Tier 1 calculations
in §60.754(a)(1). Note: The mass of non-degradable
solid waste contained within the given section may
be subtracted from the total mass of the section
when estimating emissions provided the nature,
location, age, and amount of the non-degradable
material is documented as indicated in paragraph (5)
above. 14-64

(7) The gas extraction components must be
constructed of polyvinyl chloride (PVC), high
density polyethylene (HDPE) pipe, fiberglass,
stainless steel, or other nonporous corrosion-
resistant material.

(8) The extraction components must be of
suitable dimensions to: convey projected
amounts of gases; withstand installation,
static, and settlement forces; and withstand
planned overburden or traffic loads.

14-65

¢ (9) The collection system must be capable of any
expansion needed to comply with emission and
migration standards.

* (10) Collection devices such as wells and horizontal
collectors must be perforated to allow gas entry
without head loss sufficient to impair performance
across the intended extent of control. Perforations
must be situated to prevent excessive air infiltration.

¢ (11) Vertical wells cannot endanger underlying liners
and must address the occurrence of water within the
landfill

14-66
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(12) Holes and trenches must be of sufficient cross-
section for proper construction and completion. For
example: the design should call for the centering of
pipes and allow for the placement of gravel backfill.

(13) Collection devices must be constructed of PVC,
HDPE pipe, fiberglass, stainless steel, or other
nonporous corrosion-resistant material and must not
allow for air intrusion into the cover, refuse into the
collection system, or landfill gas into the atmosphere.
(14) Any gravel used around the pipe perforations
should be large enough to prevent penetration or
blockage of the perforations. 14-67

(12) Holes and trenches must be of sufficient cross-
section for proper construction and completion. For
example: the design should call for the centering of
pipes and allow for the placement of gravel backfill.

(13) Collection devices must be constructed of PVC,
HDPE pipe, fiberglass, stainless steel, or other
nonporous corrosion-resistant material and must not
allow for air intrusion into the cover, refuse into the
collection system, or landfill gas into the atmosphere.
(14) Any gravel used around the pipe perforations
should be large enough to prevent penetration or
blockage of the perforations. 1a-68

(15) The connections for collection devices
may be above or below ground, but must
include: a positive closing throttle valve,
necessary seals and couplings, access
couplings, and at least one sampling port.

(16) The system must convey the landfill gas to
a control system through the collection
header pipe(s). The gas mover equipment
must be of a size capable of handing the
maximum gas generation flow rate expected
over the intended use period of the
equipment

14-69
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¢ (17) For existing systems the maximum flow rate
must be determined by existing flow data, or by
using the following equation. New systems must also
use the equation. Two equations are provided for
determining the maximum flow rate: one equation
for sites with an unknown year-to-year solid waste
acceptance rate, and one equation for sites with a
known year-to-year solid waste acceptance rate. A
combination of the equations can be used if the
acceptance rate is known for only part of the life of
the landfill.

* For sites with unknown year-to-year solid waste
acceptance rate:

14-70

Qm = 2Lo R (e-kc - e-kt)

where,

Qm = maximum expected gas generation flow rate, m3/yr
Lo = methane generation potential, m3/Mg solid waste

R = average annual acceptance rate, Mg/yr

k = methane generation rate constant, year-1

t = age of the landfill at equipment installation plus the
time the owner or operator intends to use the gas mover
equipment or active life of the landfill, whichever is less. If
the equipment is installed after closure, t is the age of the
landfill at installation, years

¢ = time since closure, years (for an active landfillc =0
ande*c=1) wn

For sites with known year-to-year solid waste acceptance
rate:

n

Qu=3(2kL, M;(e*)
i=1

where,

Q,, = maximum expected gas generation flow rate, m3/yr
k = methane generation rate constant, year-1

Lo = methane generation potential, m3/Mg solid waste
M; = mass of solid waste in the ith section, Mg

t; = age of the ith section, years

14-72
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Review of Plans

In reviewing design plans for active collection
systems designed to meet §60.759, it is
important to ensure that adherence to each of
the requirements in the section entitled
"Specifications for Active Collection Systems"
is adequately demonstrated. In reviewing
alternate plans (for active or passive systems),
it is important to ensure that the
requirements listed in the "Design Plan
Requirements" section are followed.

14-73

Review of Plans

It is also important to recognize that the rule
includes operational standards along with
monitoring and reporting requirements to
ensure that landfill gas is extracted from the
landfill at a sufficient rate. Section 60.753
requires operation of collection systems so
that the methane concentration is less than
500 ppmv at all points around the perimeter
of the collection area and along a pattern that
traverses the landfill at 30-meter intervals. e

Control of LFG

(A) An open flare designed and operated in accordance
with § 60.18;

(B) A control system designed and operated to reduce
NMOC by 98 weight percent, or, when an enclosed
combustion device is used for control, to either reduce
NMOC by 98 weight percent or reduce the outlet NMOC
concentration to less than 20 parts per million by volume,
dry basis as hexane at 3 percent oxygen. The reduction
efficiency or parts per million by volume shall be
established by an initial performance test to be completed
no later than 180 days after the initial startup of the
approved control system using the test methods specified
in § 60.754(d) 10.75
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LFG Control & Treatment

* Combustion

Energy Recovery OR No Energy Recovery
Gas turbines Flares (open or enclosed)

Internal combustion engines
Boiler-to-steam turbine systems

Fuel cells

* Purification

Use of adsorption, absorption, and
membranes to remove water (H20),
€02, H2S,NMOCs, and siloxanes.

Can process LFG to pipeline quality
natural gas

/ Stainless Steel Wind Shig'd
| |
Air Dampers /

Pilot & Ignitor-
Fuel Gas Orifice,
Adjustable from
Ground Level
AirfFue! Control — Flame Arrester

Junction Box

/ -
4 Shutdown Valve
/' 14-78
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Simplified Flare Process Flow Diagram and
Sampling Points

o -
‘STACK SAMPLING
PORTS
TYP.OF4
ENCLOSED
FLARE
®
@ CONDENSATE
-Ji* SAMPLING PORTS KNOCKOUT
CHAVBER
VLY
Y o ipazian
FROM ® R Ol
LANDFILL GAS
COLLECTION

WELLS

\—FLAME ARRESTOR
© pran o
CONDENSATE
COLLECTION SYSTEM
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Blower Skid
o) S

I
4

Multi-Stage Blower
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Raw Landfill Gas Collection Pipe

14-82

Sampling Operations at the Raw
Landfill Gas Pipe Inlet

14-83

Sampling Operations at the Enclosed Flare
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14-85

Energy Production

v Internal combustion engine

v Turbines

v Boilers

v Pipeline

v Fuel Cell

86
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Electricity Generation Technology

* Low cost * Corrosion resistant * Corrosion resistant
Advantages |* High efficiency * Low O&M costs * Can handle gas
* Common technology |* Small physical size Composition variations
* Low Nox emissions | * Low NOx emissions

*Problems dueto  |* Inefficient at partial load |¥ Innefficient at smaller

PM buildup * High parasitic loads sizes
Disadvantages (¥ Corrosion of engine | Due to high * Requires large amounts

Parts and catalysts | compression req. of clean water

* High Nox emissions  |* High capital costs

NMOC CONTROL EFFICIENCY DATA
ANALYSIS SUMMARY AP-42 Background
Document

. Stndand | iy

e | Mt |l nﬂ(:zt)m o

' &)
Bolbr L T 14
Tl 5 B8 mop oW i 13
Tuge P wyoomy ]

Avoof Bl Engoe Flre s

Tubie /L T 3 O B
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Diagram of a Siloxane Removal System

g

ADSORBING

14-91

Siloxane removal systems at the
Lorraine power station at Oberlin, Ohio

Types of H2S Treatment of LFG
* |ron Sponge
o Dry Media of Iron-Oxide on Wood chips
° Does best with a warm wet gas and Oxygen

* Sulfatreat (iron oxide on ceramic beads)
o Does best with warm, humid landfill gas with a

small amount of Oxygen
* LO CAT® SulFerox

o Chelated Iron Treatment System

H2S Treatment of Landfill Gas at the Roosevelt Landfill
jega.govl 14-93
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Notics of Construction Application

Cedar Hills Landfil Gas Reclamation
Process Schematic g

Gas Processing System for Taking LFG to to Produce
Pipeline Quality Methane Gas

Cedar His Landfil Gas Reclamaton Process Schematic

Carbon Adsorber - Fixed Bed Examples

495

Feed Air—}—’*
p

Schematic of a Fluid-Bed Adsorber

Reger /Mak
Activated Carbon

Regenerated/Makeup
Activated Carbon

Adsorber
1

Adsorber
2

X Treated Effluent

Spent
Carbon

X Valve Open
M Valve Closed
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2.3.5 Common Treatment Train for Nonhalogenated VOCs (frtr.gov) 14-97

* Biogas Siloxanes & VOC Removal

(airscience.ca)

14-98

Helpful Publication

LANDFILL GAS
OPERATION & MAINTENANCE
MANUAL of PRACTICE

http://www.nrel.gov/docs/legosti/fy97/23070.pdf -
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Odors, Emissions and Complaints
Associated With Landfills

Air Pollution Complaints

Complaints are triggered by:
Offensive odors
Opacity

Particle fallout
Fugitive dust
Damage
Episodal release
Open burning k-
General conditions

Questions to ask Complainant

Name

What, where and when
Current condition
Other occurrences
Other people

Specific data
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Difficulties in Identification
and Mitigation of Odors

S Chicago Tribune, Tuesday, August 24, 1999 Scction 2 5

Noses know what IEPA can’t detect

By Cornelia Grumman
TRIBUNE STAFF WRITER

On nights the wind blows just
so, a putrid odor wafts over the

within state and federal guide

Healthcare spokeswoman Joan
Trezek And hospital employees
n recent weeks

&
ston Hospital, assaulting the noses
esidents to such a degree that

started logging their insomnia in
notebooks and complaining to
state officials.

"It smells Like 50 sick skunis
coming through the window,” sai
Kelly, who started taking « olrac(ory
offense in July

£
waste—including blood products,
yringes and body org:
blame for the foul odor.
Meanwhile, Evanston firefight-
ers have responded to four middie-
of-the-night stench calls from
neighborhood residents this sum.
mer without being able to confirm
he presence of odd smells, said
Evanston Fire Marshal
Berkows

Recent fests of the incinerators
emissions sho

middle-of the-might “sniff and
snort patrols” found no problems,
she sald.

_They're just sticking tneir
noses in the air,” said

zons for a‘Beuer Enviro

New state and foderal regula-
ns go into effect in

ugmenmg Testrictions on’ what's
d “red bag” burning of infec-

fious hospital wasts, and accord-

ing to Julic Neposchlan of th:

ell the incinerator was
Gperatin
Both fimes, e found nothir}
amiss, Franek said.
‘6 haven't determined that ti
oion 15 aepaaily Came P 3
hospital,” h

Semnston's commeniey develoy
ment director, allowin, burn
b o, 1,000 pounds of mediedl
waste an hour at a temperature of
1,400 degrees Fahrenheit.

Tribune freelance writer Bri
Cox contributed to this report. 2

Odor Complaints in South Carolina

* South Carolina environmental officials are demanding that a
cardboard factory in Catawba lower gas emissions that are
making the area smell like rotten eggs.

¢ The New-Indy factory is belching out too much of a “noxious
air contaminant,” making parts of Lancaster and York counties
and neighboring areas in North Carolina, including Charlotte,
reek, according to the South Carolina Department of Health
and Environmental Control.

* HEC said that it began receiving complaint about the odor in
February and to date has received 17,135 complaints, an

“unprecedented

¢ The studies also found that wastewater,

number” about an odor.

“sludge storage” and

a landfill connected to the factory may contain sulfurs, adding
to the bad smell. These also need to be tested and corrected,

DHEC ordered.

Landfill Gas Emission Sources

Total gas
generated

Gas
collection
system

Treatment
devices
(flares, gas-
to-energy
boilers, etc.

Uncolleéted gas Landfill
surface (cover, fissures,
around wells, etc.)

site?

Migration out of waste boundary off
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Landfill gas odors are produced by
bacterial or chemical processes and can
emanate from both active or closed
landfills. These odors can migrate to the
surrounding community. Potential sources
of landfill odors include sulfides, ammonia,
and certain NMOGCs, if present at
concentrations that are high enough.
Landfill odors may also be produced by the
disposal of certain types of wastes, such as
manures and fermented grains.

Sulfides

Hydrogen sulfide, dimethyl sulfide, and
mercaptans are the three most common sulfides
responsible for landfill odors. These gases produce
a very strong rotten-egg smell—even at very low
concentrations. Of these three sulfides, hydrogen
sulfide is emitted from landfills at the highest
rates and concentrations.

Humans are extremely sensitive to hydrogen
sulfide odors and can smell such odors at
concentrations as low as 0.5 to 1 part per billion
(ppb). At levels approaching 50 ppb, people can
find the odor offensive.

Sulfides (continued)

Average concentrations in ambient air
range from 0.11 to 0.33 ppb (ATSDR
1999a). Information collected by the
Connecticut Department of Health, the
concentration of hydrogen sulfide in
ambient air around a landfill is usually
close to 15 ppb (CTDPH 1997; ATSDR

1999a).
hydrogen-sulfide 20180206.pdf (ohio.gov)

http://www.michigan.gov/deq/0,1607,7-135-3311_4111_4231-9162--,00.html
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Ammonia

Ammonia is another odorous landfill gas that is
produced by the decomposition of organic
matter in the landfill. Ammonia is common in
the environment and an important compound
for maintaining plant and animal life. People
are exposed daily to low levels of ammonia in
the environment from the natural breakdown
of manure and dead plants and animals.
Because ammonia is commonly used as a
household cleaner, most people are familiar
with its distinct smell.

Ammonia

Humans are much less sensitive to the odor
of ammonia than they are to sulfide odors.

The odor threshold for ammonia is between
28,000 and 50,000 ppb. Landfill gas has been
reported to contain between 1,000,000 and
10,000,000 ppb of ammonia, or 0.1% to 1%
ammonia by volume (Zero Waste America
n.d.). Concentrations in ambient air at or near
the landfill site are expected to be much
lower.

Non-Methane Organic Compounds
(NMOC’s)
NMOC: Some NMOCs, such as vinyl chloride

and volatile organic compounds (VOC’s), may
also cause odors.

In general, NMOCs are emitted at low (trace)
concentrations and not unlikely to pose a
severe odor problem.

However, many of these compounds are
regulated as Hazardous Air Pollutants (HAP’s)
and/or VOC'’s in the regulations.
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Landfill Gas Components and Odor Descriptions

Component Odor Description QOdor Threshold
(parts per billion)

Hydrogen Sulfide Strong rotten egg smell 05to1

Ammonia Pungent acidic or suffocating odor 1,000 to 5,000

Benzene Paint-thinner-like odor 840

Dichloroethylene Sweet, ether-like, slightly acrid odor | 85

Dichloromethane Sweet, chloroform-like odor 205,000 to 307,000

Ethylbenzene Aromatic odor like benzene 90 to 600

Toluene Aromatic odor like benzene 10,000 to 15,000

Trichloroethylene Sweet, chloroform-like odor 21,400

Tetrachloroethylene Sweet, ether- or chloroform-like odor | 50,000

Vinyl Chloride Faintly sweet odor 10,000 to 20,000

Landfill Gas Primer

An Overview for Environmental Health Professionals

http://www.atsdr.cdc.gov/hac/landfill/html/intro.html

November 2001
ATSDR

Department of Health and Human Services
Agency for Toxic Substances and Disease Registry
Division of Health Assessment and Consulation

Humans Sense of Smell

* How good is our sense of smell?

Latest findings suggest we can detect over
one trillion smells!

* We can only detect about 7.5 million colors.

* Humans have about 5-10 million Olfactory
sensory neurons (OSNs) which are the main
cell type in the olfactory epithelium. OSNs are
small neurons located beneath a watery
mucous layer in the epithelium.
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Landfill Odors and Neighbors

Many people may find the odors emitted
from a landfill and other sources offensive
or unpleasant. In reaction to the odor, some
people may experience nausea or
headaches. Symptoms such as headaches
and nausea can fade when the odor goes
away. However, the effects on day-to-day
life can be more lasting. Additionally, the
frustration from the frequent odor events
greatly added to the level of stress in the
family’s life.

OLFACTORY CELLS

D ‘ OLFACTORY BULB
5 v%’r
Z l"“"‘ a\')k\“\ S

o‘}

L T e

AIR PASSAGE =
/x ’
S )
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Odors from Stationary and
Mobile Sources 1979 National
Academy of Sciences Study

It’s purpose is to assist the
Environmental Protection
Agency in responding to the
provisions of Section 403(b) of
the 1977 Amendments to the
Clean Air Act.

Odors
from
Stationary
and
Mobile
Sources

COMMITTEE ON ODORS FROM STATIONARY AND
MOBILE SOURCES
Board on Toxi Environmental Health Hazards

Assembly of Li
National Researcl h Counci

NATIONAL ACADEMY OF SCIENCES

* ODOR is: “ A sensation of smell
perceived as a result of olfactory
stimulus”

* ODORANT is: “The substance which
causes an odor”
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Odors, Emissions and Complaints
Associated With Landfills

An Inspector is concerned with
Odors so as to:

Identify them as a cause of public

nuisance

Identify the odorant

Trace the source

Collect evidence

Determine if a regulation has been
violated

Assess the effectiveness of control

Characteristics of Odor Perception

Olfactory sense becomes fatigued after
continuous exposure

Usually detected with significant change in
quality or intensity

Odors do not, of themselves, cause
physical disease

Ability to perceive odors varies from day
to day

Compounds of different constitution may
yield similar odors

Characteristics of Odor Perception

Unfamiliar odor is more likely to cause
complaints than familiar one

Perception of odor level decreases with
increasing humidity

Odor quality may change upon dilution

Some persons can detect certain odor
qualities but not others
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Odor Parameters or
Dimensions

¢ Detectability or Threshold
¢ Intensity

e Character
e Hedonic tone

Detectability or Threshold

Refers to the theoretical minimum
concentration of odorant stimulus
necessary for detection in some
specified percentage of the
population.

The two types of thresholds that
are evaluated are: the detection
threshold and the recognition
threshold
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ODOR

CHEMICAL THRESHOLD DESCRIPTION

ACETONE 100.0 CHEMICAL

ACROLIEN 0.21

TRIMETHYLAMINE 0.00021 FISHY
AMMONIA 46.8 BARN-LIKE

BENZENE 4.68 SOLVENT

BURNT, PUNGENT

HYDROGEN SULFIDE 0.00047 ROTTEN EGG -
DIMETHYLAMINE 0.5 FISHY

Odor Intensity

Refers to the perceived strength
of the odor sensation and
increases as a function of

concentration

Percelved Odor Intensity

T T \H\H‘ T \\HH] T T T TTITT

100 — Log S=nlog I+ log K (Stevens’ Law)
= Slope varies with type of odorant typically
over a range from about 0.2 to 0.7.

Neutral

=3

Threshold

1 \\\HH‘ 1 \\\HHI |

10 100 1000
PPM Butanol (By Volume)

Odor intensity function for 1-butanol
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Pervasiveness

The Tendency to Resist Being
Dissipated by Dilution

In general, substances with low thresholds
‘ yield low slopes and those with high

‘ thresholds show high slopes.
n

= -
g -
2 P
2
£
5 |
= Hydrogen Sulfide <
£ tO———— . =
] 2%
5 ‘ e ‘
= -
‘ Ammonia_—"
Increasing Concentration of Odorant >

Figure 1-2. Relative slopes of psychophysical functions for ammonia and hydrogen
sulfide. The schematic diagram depicts the steep odor
intensity/concentration slope for ammonia as compared to the shallow slope
for hydrogen sulfide. The difference in slopes means that at high
concentrations of both odorants, the predominant odor will be that of
ammonia, while at lower concentrations hydrogen sulfide will be detected.

Odor Character

What a substance smells like.

Typically rated on a scale of 0
to 5. Descriptors include fishy,
hay, nutty, creosote,
turpentine, rancid, sewer, and
ammonia.
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Odor Acceptability
Hedonic Basis (Like-Dislike)
The 9-Point Hedonic Scale B
o Like Extremely
o Like Very Much
o Like Moderately
o Like Slightly
e Neither Like nor Dislike
o Dislike Slightly
o Dislike Moderately
o Dislike Very Much
o Dislike Extremely

Dislike Dislike Dislike Dislike Neither Like Very

Dislike

Like

Like Like
Extremely | Very Much | Moderately| Slightly | Likenor | Slightly |Moderately] Much = | Extremely

NUMERICAL INDICATION OF ODOR
STRENGTH

0 NO DETECTABLE ODOR

1 ODOR BARELY DETECTABLE
2 ODOR DISTINCT & DEFINITE
3 ODOR STRONG

4 ODOR OVERPOWERING

Odor Rating System

* No odor

* Very faint

* Faint

* Easily noticeable
* Strong

* Very strong
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Determinants of Odor Perception

* Identity of odorant(s)

* Concentration(s) of odor(s)
* Ambient conditions

* Status of observer

P I TION
ROTTEN EGGS_—_____HS

ROTTEN CABBAGE —___MERCAPTAN

NATURAL GAS —___MERCAPTAN
DEAD FISH— DI METHYLAMINE

OUTHOUSE__________ AMINES

ROTTEN ODOR—_____RENDERING

SCORCHED POPCORN——GRAIN DRYING BY
DIRECT FLAME

COFFEE______. COFFEE ROASTING
BLEACH____ . CHLORINE
AMMONIA__________ AMMONIA
PHENOL_____ PHENOL

Measurement of Odor Intensity
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Forced-Choice Triangle
Olfactometer: Lab Method

In this method, one diluted odor

sample and two non-odorous air

blanks are presented dynamically
at each dilution level.

Odor Panels

A panel of 9 or 10 is about the smallest,
inasmuch as data obtained with smaller
panels cannot be statistically tested with
sufficient resolution of probabilities.
Larger panels, 15-100 are needed for
hedonic judgments.
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Field Instruments for Odors

Use of a Scenometer at a

Combination Extraction Well
M |
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Nasal Rangerasa
Field Instrument *

Responsible for Odors

* Interview complainants regarding intensity,
evidence, and source of contaminant

* ldentify contaminant causing the nuisance

* Track contaminant to its source or sources

* Inspect equipment at source to determine
capacity to emit

« If appropriate, serve NOV or motivate
remedy to situation

« If appropriate, collect signed affidavits from
complainants

Odor Transport Characteristics

Odor flows downwind from source to
receptor

Transport from vent or chimney isin a
plume

Transport with little dilution occurs during
evening hours

In unfavorable meteorology, odors can
travel long distances

* Odors quality may change from source to
receptor

* Odors leave no residual effects
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Applicable Air Laws & Regulations

lllinois Environmental Act

Sec. 9. Acts prohibited. No person shall:

(a) Cause or threaten or allow the discharge
or emission of any contaminant into the
environment in any State so as to cause or tend
to cause air pollution in lllinois, either alone or
in combination with contaminants from other
sources, or so as to violate regulations or
standards adopted by the Board under this Act;

Federal Landfill Air Regulations

MSW Landfills NESHAP and
NSPS/EG

40 CFR Part 63, Subpart AAAA

40 CFR Part 60 Subpart XXX,
www,
C. or C;

Purpose of NSPS/EG Regulation

® Limit LFG migration subsurface
off site

e Limit LFG migration into onsite
structures

¢ Limit LFG odors at or beyond the landfill
boundary

¢ Limit LFG emissions into the

atmosphere
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Ohio-Regulations Addressing Odors

e Source has to be subject to regulation under
Ohio’s particulate matter, sulfur dioxide, carbon
monoxide, photochemically reactive material,
hydrocarbon, or permitting rules.

e Operated in such a manner to emit such
amounts of odor as to endanger the health,
safety, or welfare of the public, or cause
unreasonable injury or damage to property.

Resolution of the Nuisance

Solution may require:

- Eliminate odor problem ASAP

- Improved maintenance program for GCCS
—Modifying the operation

—Relocation of equipment

—Replacement of equipment

—Installation of control devices or with better
destruction efficiency

— Involvement of community to discuss issues

Other Information
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SEPA Reference Guide to
Odor Thresholds for
Hazardous Air Pollutants
Listed in the Clean Air Act
Amendments of 1990

VONEN i SSSNN

AIR RISK INFORMATION SUPPORT CENTER

TCEQ Toxicology Position Papers and White Papers

Toxicology Position Papers and White Papers

A compilation of papers written by the TCEQ Toxicology Division.

POSITION PAPER:

Approaches to Derive Odor-Based Values

factors (Including AMCVs and ESLS) to see which value Is to be

Please query the Toxicity Factor Database to search for t
used for permitting purposes (i.e., odor or short-term health).

WHITE PAPERS:

TCEQ Guidelines for Systematic Review and Evidence Integration

TCEQ Guidelines to Develop 24-Hour Inhalation Reference Values

Updated for Ani

ATSDR Environmental Odor Web site

LY 151 B ] 2 SO ———

15-19



Landfills: Regulations, Design/Operation, Odors, Emissions and Complaints
Emissions and Inspection Associated With Landfills

Chemical Odor Threshold Web site

Sense of Smell Unit (nih.gov)
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Inspections
at MSW Landfills

Some of the Original Content is from USEPA
Telecourse APTI T — 021-01 “The Use of
Federal Reference Methods in the
Evaluation of Landfill Gas Emissions” by
William T. “Jerry” Winberry, Jr.
EnviroTech Solutions (Retired)
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Inspections at MSW Landfills

Landfill Gas Collection System Components

Landfill Gas Collection System Components

~
Leachate
manhole
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Inspections at MSW Landfills

Reasons for Inspections
of MSW Landfills

Compliance determination

= Complaint investigation

= Source plan approval

= Review or renewal of permits
= Special studies

Pre-Inspection General
Guidelines

File review

Regulation review
Equipment check
Pre-entry and entry
Pre-inspection meeting
Permit check

File Review
= Initial design capacity report

= Permit to construct (P/C)
and permit to operate (P/O)

= Collection and control system design plan
= Equipment Source Test reports

= Annual or 5-year NMOC emission rate report
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Inspections at MSW Landfills

File Review

Annual reports

= Landfill closure reports

= Control equipment removal reports
Previous inspection reports

= Enforcement action:
Complaints and notice of violation

16-10

File Review

= Enforcement action taken, orders of
abatement, variance history

= Compliance test data
= Equipment malfunction reports
= SSM Plan and any events

16-11

Regulation Review

= Identify all rules that apply to the facility

= Review any references to the specific rules which
are noted in the landfill file

= Be familiar with each standard and exemption

= NESHAP Residual Risk and Technology Review
(RRTR) March 26, 2020 for MSW Landfills

16-12
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Equipment Check

= Hard hat

= Gloves

= Safety vest

= Respirator/dust mask

= Method 21 system route map
« Steel-toed safety shoes

16-13

Equipment Check Contd.:

- Safety glasses

= First aid kit

= Flashlight

= Field checklist

= Portable monitor (gas detector system)
= Digital manometer

16-14

Portable Monitor

= Obtain certified portable gas monitor
= Verify operating conditions and specifications

» Assemble and start-up instrument
according to manufacturer’s instructions

- Leak check sampling system
» Charge batteries the day before

16-15

16 -5



Landfills: Regulations, Design/Operation,
Emissions and Inspection

Inspections at MSW Landfills

Portable Monitor Cont.:

- Evaluate response factor (RF) with known
concentration of certified methane gas

» Evaluate calibration precision with certified
methane gas standard using zero gas or
background as low calibration point

- Repeat two additional times

16-16

Portable Monitor Contd.:

- Calculate calibration precision

- Check response time during calibration
precision evaluation

- Verify sample flow rate

16-17
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Inspections at MSW Landfills

Notify the Landfill

= Notify landfill of inspection so that relevant
documents can be made available for review

= Obtain map and/or diagram of the landfill
with elevations, wellhead locations, header
system placement and control devices.

16-19

Pre-entry

= Look at landfill from neighborhood

= Take wide angle picture of landfill for file

= Talk to neighbors about activities at landfill
if there is a complaint

16-20
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Inspections at MSW Landfills

Pre-entry

= Where possible, drive around the outside
perimeter of the landfill

- Notice any landfill odors?
- See any visible emissions?

- Litter in neighborhood which looks like it
originated from the landfill?

16-22

Entry

= Enter by public access route
= Identify yourself, present
your credentials
= Ask to meet with the
site representative

Pre-Inspection Meeting

= Explain purpose of inspection
and discuss any new rule changes

= Answer questions that the source personnel
may have

= Identify equipment to be used in the
inspection (FID, PID, FLIR camera, etc

16-24
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Pre-Inspection Meeting
Information

= Verify facility information

- Facility name, ownership

- Facility address, telephone number

- Facility contact name, telephone number
= Discuss safety procedures

16-25

Pre-Inspection Meeting
Information

= Review Permit
- Verify
« that permit is current and posted
« that permit is for correct equipment
- that permit operating conditions
are being met
« date permit issued
» design capacity information

16-26

Pre-Inspection Meeting

= Review permit specification from office to on-
site
« List of equipment/wellheads installed or to
be installed
« Emission limits to be met
. Changes/madifications to permit conditions
- Site-specific monitoring requirements

16-27
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Pre-Inspection Meeting

= Operational Logs

- Historical emission records and self
monitoring data available from past 5-years

- Monitoring and calibration logbooks

16-28

Pre-Inspection Meeting

= Operational logs for active collection systems

- Logbooks associated with well head monthly
monitoring parameters:

. Temperature
- Gauge pressure

- Gas concentrations of:
= Oxygen
= Nitrogen

= There should also be information in the
Agency files, in regards to this
information 16-2

Pre-Inspection Meeting

= LFG control system operational logs for flares,
co-generation facilities, gas turbines, or
internal combustion engines
- Calibration, operation, and maintenance
records

- Equipment “downtime”

16-30
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Pre-Inspection Meeting

- Heat sensor operational records
- Continuous temperature recordings

» Compliance testing performed
since last inspection

- LFG monthly gas flow rate
- Well concentration readings

16-31

Pre-Inspection Meeting

= Environmental Data
- Average wind speed for today
(< 10 mph)
- Rain fall over last seven days (Weather
Underground)
- Barometric pressure over last seven days

16-32

Pre-Inspection Meeting

= Sampling Grid Pattern

- Obtain from pre-inspection or create a
sampling grid pattern over a map of the
landfill, with parallel lines approximately 30
meters apart

. Start grid pattern at control device, then
around perimeter of landfill, then into
landfill with parallel lines

16-33
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16-34

Physical Inspection
of Landfill

= Start the on-site physical inspection of the
landfill at the outer perimeter

= Acquire a “background/upwind” concentration
of LFG using FRM 21 certified monitor

16-35
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Physical Inspection
of Landfill

= Observe visible emissions (VE)
- Haul road, flares, energy recovery systems

= Continue to control equipment and follow the
grid pattern

16 -37

: q

16-38

Physical Inspection
of Landfill

= Collection and control equipment, note

- Comparison between landfill records and
visual inspection

- Observation of Leaks and maintenance

- Operations according to site-specific
collection system design plan

16-39
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Physical Inspection
of Landfill

= Monitor surface of landfill with

FRM 21 gas monitoring probe

- Position FRM 21 monitor with tip
approximately 2-4 inches off ground

- Follow the grid route around perimeter of
site, noting a reading every 30 meters.
Record readings on field test data sheet
(FTDS)

16-40
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Physical Inspection
of Landfill

= Enter the site according to the grid route map

= Take readings every 30 meters, until the
complete landfill surface has been evaluated,
using the grid route

= Any reading 500 ppm above background
should be recorded on FTDS and marked with
a flag

16-42
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Physical Inspection
of Landfill

= Monitoring surface of landfill

- Monitor any crack, hole, breach
in the surface, and interface with
undisturbed native soil

- Monitor around rocks and objects sticking
out of the surface of the landfill for
possible LFG emissions

16-43

Meter Reading - 15,000 ppm

Landfill Surface Cover

16-44

Meter Reading - 500 ppm

¢
'
Landfill Surface Cover

16-45
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Inspections at MSW Landfills
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16-49

Monitoring
LFG Collection System

= As you monitor the landfill, note

- Any leaks heard coming from the LFG
collection system

- Any broken header lines
- Any well heads broken and venting LFG

16-50

Monitoring
LFG Collection System

= Elevated concentrations of LFG:

» Around horizontal or
vertical well casings

« Venting from LFG well vaults

= Around connecting tubing etc.

16-51
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Monitoring
LFG Collection System

= Monitor extraction well parameters and
compare to pre-inspection values

.« Temperature
. Static pressure
.- Gas concentrations
- Oxygen and Nitrogen

16-52

Monitoring
Perimeter Gas Probes

= Monitor perimeter gas probes and compare
to historical data

= Monitor perimeter water monitoring wells
and compare to historical data acquired in
pre-inspection meeting

16-53

Monitoring
Selected Wellheads (Records)

= Temperature
= Gauge pressure
= Gas composition

16-54
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Emissions and Inspection

16-58

16-59

Post-Inspection Procedures

= Perform single point calibration of FRM 21 gas
monitoring system

= Compile field data sheets and observation
notes

16 - 60
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Post-Inspection Meeting

= Discuss deficiencies and inform owner of
inspection results

= Advise source representative of any additional
concerns that you might have

= Discuss corrective action to be taken for
identified leaks

16 -61

Example Format for Inspection
Documentation/Report

= Prepare
- A written description of the landfill

- A diagram showing the location of control
equipment, emission points, and tagging of
any emission exceedances

16-62

Example Format for Inspection
Documentation/Report

= A statement indicating compliance or
violation for each emission point recorded

= Recommendations, if any, such as a source
test or an engineering evaluation

= Assessment of fugitive emissions and other
potential impacts

16-63
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Safety

SNENENENENEN
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Use of the FLIR Camera and
Other Devices for Monitoring
Landfill Gases

GasFindIR Camera Operation

Gas Imaging Cameras

* Image example (visible vs. infrared image)

+ Digital video connection, USB, and a direct
connection to charge the battery inside the
camera

+ Contrast, polarity and brightness
adjustments

» High sensitivity mode
 Alternate work practice
* Integrated visual camera

 Cost: ~$102,000 with telephoto and
standard lens
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GasFindIR Camera with Digital
Recorder (Older Model)

EPA Handbook:  Optical and
Remote Sensing for
Measurement and Monitoring

of Emissions Flux of Gases and AREPORT ON USING
) FORWARD LOOKING
Particulate Matter INFRARED RADIATION

(FLIR) TECHNOLOGY AS
AN EFFECTIVE PCE/TCE
SCREENING TOOL FOR
VAPOR INTRUSION
SAMPLING

Camera Operation

» GasFindIR is battery powered and is
cooled to 77 °K by liquid helium via a
closed-cycle cooler powered with a
small compressor. The cooling makes
the detector more sensitive to thermal
energy at low temperatures.
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Use of the FLIR Camera and Other Devices

for Monitoring Landfill Gases

Electromagnetic

Spectrum

3/8 08 88 38 3 38 2 3R

Long-waves
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Infrared Camera Detection

» GasFindIR uses a spectral filter tuned
to a narrow width of about 200 nm and
operates in the 3 — 5 ym atmospheric
midwave waveband.
Camera detection is between 3.3 - 3.4
pUm; the region in which hydrocarbon
gases absorb thermal energy.

Other Infrared Cameras operate in the

Longwave band of about 8 — 12 ym and
Optical Cameras operate in the Visible
wavelength which is 0.4 — 0.75 ym

17-9
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Landfills: Regulations, Design/Operation,
Emissions and Inspection

Use of the FLIR Camera and Other Devices

for Monitoring Landfill Gases

Principles of Gas Detection

» To detect a gas cloud, there needs to be a
radiation contrast between the cloud and
the background. The apparent temperature
of the gas cloud needs to be different than
the background temperature.

17-10

Radiation Energy and The Gas
Plumes

Emitted

Reflected
= Total Out
Background Absorbed (Negligible) ==
Radiation
Tenies

Background
Radiation
For the Infrared camera to see the

gas vapors there must be a radiation
contrast between the gas and the
background 7-1

December 22, 2008 FR and 40 CFR §60.18

» On April 6, 2006, USEPA proposed a voluntary
alternative work practice for leak detection and
repair using a newly developed technology,
optical gas imaging.

* The proposed alternative was amended in the
final rule on December 22, 2008 to add a
requirement to perform monitoring once per year
using the current Method 21 leak detection
instrument. This action revises the General
Provisions to incorporate the final alternative
work practice.

» 40 CFR §60.18 General Control Device And W

Work Practice Requirements. 1
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Alternative Work Practice

* The Alternative Work Practice allows
owners or operators to identify leaking
equipment using an optical gas imaging
instrument instead of a leak monitor
prescribed in 40 CFR part 60, Appendix
A-7 i.e., a Method 21 instrument.

17-13

Source Applicability Criteria

» The applicability criteria to examine is
found in 40 CFR parts 60, 61, 63, and 65,
including, but not limited to: Part 60,
subparts A, Kb, VV, XX, DDD, GGG, KKK,
QQQ, and WWW; part 61, subparts A, F,
L, V, BB, and FF; part 63, subparts A, G,
H, IR, S, U,Y, CC, DD, EE, GG, HH, OO,
PP, QQ, SS, TT, UU, VV, YY, GGG, HHH,
I, JJJ, MMM, OOO, VVV, FFFF, and
GGGGG; and part 65, subparts A, F, and
G. (Essentially where method 21 is
required to be used)

17 -14

Uses of Optical Gas Imaging for
Other Types of Sources

» Sour Crude Tank Battery Emissions (VOC’s)

» Sour Crude Brine and Oil Separator Lagoons
(VOC’s)

» Landfill Gas Wellhead Emissions (Methane)

» Gasoline Dispensing Facility fugitive
Emissions (VOC’s)

* Oil Re-refiner tank storage vent Emissions
(VOC’s)

» Chemical Mixers fugitive emissions

» Storage tank VOC emissions from seals and
vents

» Fracking facilities

17-15
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i

Gas Imaging Cameras:
Thermal IR Cameras

Gaseous Compounds that can be
Detected by Thermal IR Cameras

Chlorine Dioxide

Acetic Acid Isoprene
y

Benzene Methanol

Butane MEK

Carbon Monoxide MIBK

Nitrous Oxide

s.com

Dichlorodifluoromethane Octane
Vendors Ethane Pentane
FLIR, Inc. www.flir.com Ethanol 1-Pentene
Ethylbenzene Propane
Gas http://lwww.giti
C:
Technology, nt.com/ =) i Y
LLC Ethylene Sulfur Hexafluoride
Heptane Toluene
Leak Surveys, www.leaksurvey
Inc. Hexane Xylene 16

Gas

Hexane
Pentane
MTBE
Propane
M-xylene
Ethanol
Benzene
1,3-butadiene
Formaldehyde
Ethylene

Vinyl Chloride
Water Vapor

Sensitivities
Absorbtion Coefficient
0.057

0.051

0.045

0.036

0.027

0.019

0.013

0.009

0.007

0.006

0.001

0.000

Infrared Camera Target Gas

Relative to Propane
1.61
1.43
1.25
1.00
0.76
0.53
0.36
0.26
0.18
0.17
0.03

0.00 17-17

Research Results:

(Propane)

Example Spectra

330
Wavelength (um)
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Research Results: Example Spectra
(Hexane)

Relati
. Absorbance

330
Wavelength (um)

17-19

Research Results: Example Spectra
(Formaldehyde)

Relative

L Amortae

3
Wavelength (um)

17 -20

Primary Characteristics

* LFG approx. 50% methane

* Methane is combustible/ explosive gas

* Lower explosive limit (LEL) = 5% CH4
Lower — not explosive in air

* Upper explosive limit (UEL) = 15% CH4
>15 %, too rich to be explosive in air

* Heat content of Gas from landfills
Approx. 500 Btu/cu ft as compared to:
Natural gas which is almost entirely
CH4 has about 1,000 Btu/cu ft

21
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(CONTINUED)
Hazardous Air
Pollutant®

roct @HAP)
D >4 ¥
Dicidorod ~ ~
D N N
D chioride) ~ b
Dimethy1 sulfide (methyl sulfide) 24 N
Ethane ~ ~
Ethanol =4 N
Ethyl ) x ~
=4 ¥
Ethylene dibromide x h's
N N
Y ¥
~ ~
N h's
b'e h'd
Methyl ssobutyl ketone 24 h's
Methyl b'e ~
Pentane 24 N
Perchloroethy ) ~ h'd
Propane ¥ N

22

Combination Extraction Well at Landfill

e

Landfill Vertical Gas Extraction Well
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Vertical Landfill Gas Extraction Well

17-25

Vertical Wellhead Area Fugitive
Emissions

VID0051

Leachate Extraction Well Riser

-21
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Leachate Extraction Well Riser
Fugitive Emissions

i;rul:" Hi MANUAL

Fill pipe area for underground
storage tank

MANUAL

17-29

Advice and Tips for GasFindIR Use

» Determine absorption band of gas to be
detected (NIST web site)(see next slide).

» Charge batteries and Digital Recorder the
day prior to site visit.

» Have at least 2 inspectors for the inspection.

» Cloudy days or evenings are best (Cannot
Always Predict).

* Scan slowly in manual mode and switch
polarity while scanning object area; switch to
color viewing if you think it would be helpful.

» Take digital pictures or standard videos in
addition to GasFinder videos.

» Bring an FID or PID for additional detection
capability. 17-30
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National Institute of Standards and
Technology (NIST)

http://webbook.nist.gov/

17-31

Further Reading

Chemical Engineering Progress Article

“A Smarter Way to Detect Fugitive
Emissions”; December 2007
Article discusses GasFindIR technology,
minimum detectable leak rates with wind
speeds and other types of instruments
for fugitive emissions

http://en.wikipedia.org/wiki/Thermography
17 - 32

http://www2.epa.gov/sites/production/files/20

14-02/documents/Idarguide.pdf

17-33
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Open Path Technologies

0.2 0.5 2

d

10 (um)

—
UV DOAS TDL

Open-path technologies measure the average
concentration of chemicals or particulates across an
open path of air or line of sight. They do this by
emitting a concentrated beam of electromagnetic
energy into the air and measuring its interactions with

OP-FTIR

the air’s components. 17-34
Approximate Lower Detection | Path Length
Detection Limits | Limit (ppb) (m)
for UV-DOAS
Pollutant
Ammonia a4 150
Benzene single digit ppb | 500
Carbon Disulfide |5 250
Formaldehyde single digit ppb | 500
Nitrous Acid single digit ppb | 500
Nitrogen Dioxide | single digit ppb | 1000
Nitrogen Oxide 10 150
Ozone single digit ppb | 1000
Sulfur Dioxide single digit ppb | 1000
Toluene single digit ppb | 200
m,p-Xylene 10 500
o-Xylene 20 ppb 500

UV-DOAS Vendors Websites
Argos Scientific Www.argos-sci.com
Environnement S.A. Sanoa | www.environnement-sa.com

UV/Visable DOAS

ETG Risorse e Tecnologia www_etgrisorse.com
IMACC wwwftirs.com
Opsis, Inc. www.opsis.se
Spectrex www.spectrex-inc.com

Cerex Monitoring Solutions | wwuw.cerexms.com

Can also measure 1,3-
Butadiene with low- range IR
detector (Opsis AR600),
Acrolein, Chlorine, Ethyl
Benzene, Hydrogen Fluoride,

Styrene, Isoprene and 4i\?lé?éury

UV DOAS

UV-DOAS Strengths

*Automated: Real- time measurements up to

24/7 continuous remote data

*Economical: Relatively low instrument cost

(about $60,000 - $200,000)
*Low-cost long term deployment

*Multiple Wavelength Operation: Monitoring of three

species simultaneously.
*Spectra can be saved and post analyzed

UV-DOAS Limitations
*Meteorological Limitations: Fixed
observation area (winds). Affected
by poor visibility conditions.
«Limited Compounds: A number of
species are undetectable by UV-
DOAS

*Application Limitations: Some
models have difficulty aligning
optics from multiple paths and
long path lengths, making radial
plume mapping more difficult (the
Opsis 130 telescope has overcome
this, it can move).

*Long measurement path length — up to 500 m. Many

compounds are detectable in the low ppb range

17 - 36
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UV DOAS Applications

e Chlor Alkali Study: Olin Corporation in Augusta Georgia:
Used UV-DOAS in 2000 to measure mercury emissions
from a Chlor- Alkali plant (produces chlorine gas and
sodium hydroxide by electrolysis using a mercury
cathode).

Westlake Petrochemicals: Under a consent decree, a UV-
DOAS system is being used for fence-line monitoring at
the facility in Westlake, Louisiana. The data generated
from this system, which is measuring primarily
monoaromatics are made available to the public on an
Internet webpage. A special condition of the decree
requires the company to provide data to any nearby
resident requesting it by the next business day following
the request.

e Cary Secrest, UV DOAS Expert, EPA OCE

17 -37

FTIR Open Path

Can detect more than a hundred %
compounds, including:
Acetylaldehyde,

Acrolein,

Acrylonitrile

Ammonia,

Benzene,

1,3-Butadiene Carbonyl Sulfide
Halogenated Hydrocarbons
Formaldehyde,

Hydrogen Chloride,

Hydrogen Cyanide, Hydrogen
Sulfide, MEK

Styrene, Sulfur Dioxide, Toluene
Vinyl Chloride,

Xylenes

Open Path FTIR

* Economical: Relatively low instrument cost (about $80,000 - $125,000). Low-cost long term
deployment

* Equipment is fairly rugged and easily portable

* There are a large number of compounds that are infrared active (absorb IR light)

« Large number of compounds can be analyzed simultaneously.

« Spectra can be saved and post analyzed

* No gas calibration standards necessary for field testing (uses standard reference spectral library),
needed for laboratory confirmation of instrument performance and calibration.

. Real-ti i can be allowed to run with minimal attention for
months at a time with remote access to check instrument operation, schedule cryogen replenishment
and recover data.

+ No sample collection, handling, or preparation is necessary -

Vendors OP-FTIR Instruments
KASSAY FSI— wwwhassay.com
*Ail Systems Inc.
*Spectrex, Inc. http://www.spectrex-inc.com
IMACC Instruments http://wwwftirs.com/
MIDAC Corporation http://www.midac.com,
ruker Optics http://www.brukeroptics.com/opag.html
ABB/Bomem http://www.abb.com/analytical
“Veriied b hnology Verifcation Program

17-13
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Open Path FTIR

OP-FTIR’s Limitations
Spectral Interferences: Gas-phase water, CO and CO2 spectral interference.
Diatomoic Molecules: Not applicable to homonuclear diatomic gases such as chlorine,

oxygen, and nitrogen

IR Wavelength Range and Interferences: Because of weak IR absorption features for mam

molecules, interferences and limited IR beam range, may not be sensitive enough to meet|
ambient data quality objectives for many species

Path Length Range: Maximum path length is on the order of 400-500 meters

Field Implementation Requirements: Typical infrared detectors require cryogenic cooling to
operate, liquid nitrogen used for detector cooling must be refilled and maintained regularly|
(weekly), field implementation and data collection requires highly experienced personnel

Setup Time Consuming and Costly: Typical set-up time usually requires about 5 to 8 hours
and a minimum of two people, if multiple vertical or horizontal path measurements are
necessary, can require significant time and cost to set up and implement.

Measurement Limitations: Single beam open-path method measures concentration along a|
path. The path must capture most if not all of an analyte plume to provide accurate
measure of emissions. 17 -40

FTIR Open Path Applications

* Texas Petrochemicals: Settlement agreement
with City of Houston requires OP-FTIR
monitoring at north and south fence lines for
1,3-butadiene.

¢ Houston Refining: Under Texas’ Audit
Privilege, used OP-FTIR to measure total
hydrocarbon and benzene emissions from
delayed coker unit.

17-41

[Gaseous  CompounddApproximate A |Reported Detection
Measured by OP-TD|(nm) Limit (ppm-m)
Systems
ammonta 760, 1500 0550
carbon monoxide 1570 20-1,000
carbon dioxide 1570 201,000
hyrogen chioride 1790 0151
Fydrogen cyanide 530 1o
ydrogen fluoride 1310 0102
Fydrogen sulfide 1570 £
methane 1650 051

PO Vendors nitric oxide 1800 30

SoreaTlater = nitrogen dioxide 650 02

PSS A oxvgen 760 50

Leister Process Technologies, www.ir-microsystems.com |water. 970,1200, 1450 (0.2-1.0

Axetis Division ey 0 -
ethylene 1693 v

Norsk Eletro Optkk (NEO, wwwneono formaldehyde 1930 v

Norway) Fydrogen bromide 1960 g

PRT s 1

L Technologies, nc. hydrogen iodide 1540 -

751 Physical Scences, Inc. -
nitrous oxide 2260 -

Sensient phosphine 2150 v

Stronic o0 propane 1400, 1500, 1700

Unisearch Assodates, . =

(oneard, Coneey “These compounds are not commonly measured; therefqry detZFgon

limits are not readily availabl.
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Tunable Diode Laser

Tunable Diode Laser Strengths Tunable Diode Laser Limitations
«Minimal maintenance required and no *Detects only one compound
consumables. Potential for remote access and ~ Per laser, fewer measureable
control and user friendly compounds, and limited

*High temporal resolution and real-time sgnsltnwty .
results «limited to compounds with

overtone absorbencies in the
near- and mid-IR range

+Dust and objects can block the
optical path

#Stable multi-pass optical cell: High sensitivity,
longer effective path lengths, insensitive to
vibrations

eInternal temperature and pressure controls:
Minimal drift, frequent calibration
unnecessary, immune to ambient relative
humidity and temperature changes and laser
intensity fluctuations

*No sample pre-conditioning or treatment
required before analysis.

#Easy field deployment and installation, can
use low power optical sources 43

Cavity Ring-Down Spectrometer

eLaser absorption spectrometry, measures optical extinction of compounds that
scatter and absorb light in a closed sample path (longer effective sample path
lengths for greater detection sensitivity)

*Good for measurements of weakly-absorbing or highly-dilute atmospheric samples|

*Measures the rate of decay of light intensity exiting from an optical cavity rather
than the change in light intensity

«Current application involves methane detection from oil and gas operations in the
DFW region

Example list of CRDS detectable pollutants

Methane-52 ppbv Acetylene-4 ppbv TNT-0.075 ppbv

Chlorobenzenes-ppmv levels Ammonia-19 ppbv

Mercury-0.01 ppbv

Minimum detectable mixing ratio at 1o noise level

CRDS Vendors

Picarro, Inc. (CRDS) Www.picarro.com

Tiger Optics www.tigeroptics.com

Los Gatos Research www.lgrinc.com 17-44
(Icos)
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Vertical transects
collected along the
length of plume to
get average
concentration

Cavity Ring-down Spectrometer

Air canister samples
collected if methane is
detected to determine
other constituents.
Soon, mini-UV DOAS
instead.

& Drive-by inspection

Cavity Ring-Down Spectrometer

CRDS Strengths
*Simple design: Minimal maintenance,
no consumables, user friendly

*Fast detector: High temporal
resolution and real-time results
Stable optical cell: Insensitive to
vibrations during measurements
Internal temperature and pressure
controls: Frequent calibration
unnecessary, immune to ambient
changes (such as relative humidity and
temperature) and laser intensity
fluctuations

*Direct sampling: No sample pre-
conditioning or treatment required
*Compact and can use low power
optical sources: Easy field deployment
and installation

(CRDS)

CRDS Limitations

*May need to apply sample filtering
components to avoid interferences

sLasers limitations: Only certain
spectral ranges available

*Mirrors are only able to reflect over a
small wavelength range (about + 15%)

*Multiple species detection difficult

*High quality lasers and mirror: drive
up the cost of the instrumentation

17-16
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Differential Absorption Light Detection and
Ranging (DIAL)

Species Maximum DIAL Strengths
Measured by Range (2) *Provides spatially resolved pollutant
DIAL concentration in two dimensions

BEREEne 10 ppb 800 m *Measurements are provided in a relatively
short period of time

Sulfur Dioxide 10 ppb 3km +Deployable in many different applications

Toluene 10 ppb 800 m and configurations, moveable

Ethane 20 ppb 800 m «Can measure long path lengths (1 to 3 km)
Ethylene 10ppb 800m DIAL Limitations

Methane 50 ppb 1km *Due to limited availability, DIAL systems used
General 40 ppb 800 m in North America are typically imported,
Hydrocarbons which increases the expense

*Chemical species that can be characterized
are limited to those compounds with the
unique chemical properties required to be
Methanol 200 ppb 500 m detected
(1) Concentration sensitities from NPL for measurements of a 5o meter *ONIY @ few wavelengths are measured
wide plume at a range of 200 meters, under typical meteorological  (Spectral artifacts cannot be fixed or
conditions. investigated) 49

Hydrogen 20 ppb 1km
Chloride

(2) The range value represents the typical working maximum range for the
NPLDIAL system.

DIAL - Mode of Operation
Il Il T

Height '_1 Concentration
(m) [ — (mg/m’)

et TS ¥

Range (m)

Ti-"Remote met
stations

& sorption
tubes

Graphic from NPL 50

DIAL Applications

¢ Tonawanda Coke: Coke oven site, July 2009
Test Order for Benzene Emissions, May 2010

¢ BP Texas City: Voluntary Study with TCEQ and
EPA funding, Benzene and VOC emissions, July
to August, 2007

¢ Shell Deer Park: Voluntary Study with EPA,
Environment Canada and City of Houston

funding, Benzene and VOC emissions, January
to March, 2010

DIAL Vendors

Spectrasyne http://www.spectrasyne.ltd.uk/
LASEN http://www.lasen.com,

National Physical Laboratory | http://www.npl.co.uk,

ITT http://www.itt.com 17-51
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Innovative Air Monitoring at
Landfills Using Optical Remote
Sensing with Radial Plume

Mapping

N Office of Research and Development ey
National Risk Management Research Laboratory February 22, 2007
Air Pollution Prevention and Control Division

Unmanned Aerial Vehicles

i<

http://www.epa.gov/ttn/aimtc/files/2014conference/wedn ambaxté?fé?

References
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Use of the FRM 21 Analyzer for
Surface Monitoring of Landfill
Gases

18-1



Landfills: Regulations, Design/Operation, Use of FRM Method 21 For Monitoring
Emissions and Inspection Landfill Surface Emissions

http://www2.epa.gov/sites/production/files/20
14-02/documents/Ildarquide.pdf

FID — Flame lonization Detector
Operation Method 21

FID (TVA-1000B Specifications)

—Dynamic Range 0 to 50,000 ppm

—Linear range 0 to 10,000 ppm
—Response time < 3.5 seconds
—Low detection level 300 ppb hexane
—Repeatable +/- 2%

—Fuel 99.99 % H,

—Unaffected by ambient levels of CO,
CO2 and water vapor

18-2
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The Hydrogen Delivery System

An 85 cc tank is supplier with
TVA and is used to hold the
Hydrogen that operates the
FID.

The tank is inserted in the
round opening on the left side
of the TVA.

The tank has reversed threads

Caution label tells how to install
& remove the tank.

Only tighten until you feel slight
resistance. Over tightening
may damage the threads on
either the tank, the instrument’s
fitting or both. **

Reverse Threads

The Caution Label

The Hydrogen Tank

Fill with no more than 2200 Ibs.
Of Hydrogen

Always bleed the H2 tank empty
before shipping the TVA.

Always remove the H2 tank
from the instrument when
transporting the TVA.

The high pressure gauge tells
how many pounds of H2 remain
in the tank.

The low pressure gauge shows
that the H2 is flowing through
the TVA once the H2 shutoff
valve is opened. **

Multiple Probe Options

Basic Probe displays
measurement data.

4 line by 20 character LCD
display.

Enhanced Probe Enhanced
Probe

T8 Line x 20 character LCD display.

NEVER plug the probe in with

the TVA on.

18-3



Landfills: Regulations, Design/Operation, Use of FRM Method 21 For Monitoring
Emissions and Inspection Landfill Surface Emissions

Calibration

» Basic calibration steps
— Fill hydrogen tank
— Turn on and run for 20 minutes (best stability)
— Zero both detectors (if dual unit)

— Introduce calibration gases
* FID — methane
« PID - isobutylene

—Ready to go
* How often is calibration required?
— Depends on application — recommended qsa_i!y

Using Tedlar Bags

« Using Tedlar Bags is the + Do not mix sample types in one
recommended method for bag.
calibration.

+ Do not mix concentrations in
« Do not overfill to the point of one bag.

bursting the bag. « Unexpected low readings may

« Do not use “Sharpies”, “Marks- indicate a leaking bag. **
Alot” or similar markers. Pen or
pencil only.

+ Always open the bag before
placing it on the water trap filter.

+ Never run the bag empty.

18 -1

Other Maintenance Specifics

+ Change Filters & O-Rings regularly
Water Trap Filter (CRO15DK : 10 Pack)
Particulate Cup Filter (620090 : 5 Pack)

— Probe & Sample Port O-Rings (D0116RC €3
Other replacement parts are in the manual.

» Change Sample line

— When discolored or

— Contaminated
« Clean detector capsules
PID lens
— FID gold pins
« Detector cleaning instructions
are in the manual

+ Annual PM by Thermo is
suggested. **

18-12
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PID: Photo-lonization Detector

+ $4,000 to $6,000 per unit

eLamp Energy (usually 10.6 eV so no ethane or
propane) lamp energy must > ionization potential

eBenzene pre-treatment tube

eData Logging and alarms

eNon-destructive (can collect air sample

ePhotvac, RAE Systems & lon Science

eLocation records (GPS or aerial
imagery)

e|dentify locations for air
sample collection

Photoionization detector Operation

* APID is an ion detector which uses high-
energy photons, typically in the ultraviolet
(UV) range, to break molecules into
positively charged ions.

* As compounds elute from the GC’s
column they are bombarded by high-
energy photons and are ionized when
molecules absorb high energy UV light.

18-14

Photoionization detector Operation

+ UV light excites the molecules, resulting in
temporary loss of electrons in the
molecules and the formation of positively
charged ions.

» The gas becomes electrically charged and
the ions produce an electrical current,
which is the signal output of the detector.

» The greater the concentration of the
component, the more ions are produced,
and the greater the current

18-15
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PID Operation

Im'_’Compuler
— electrodes
/ power
supply

oven wall r UV lamp
—

—»-
GC column UV opaque
“*— insulated
housing
heated exhaust ‘l:ri\ééfvvsparent
ionization o
chamber small volume connector

to another detector
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Other Methane Monitoring

Instruments

Infrared detector (GEM 2000)
Catalytic oxidation detector (%LEL)

Thermal conductivity meter (% Gas)

18-17

Combustible Gas Indicator

Advantages

*Small and portable
*Internal battery

*Thermal mode for high or low O,
*Easy to use

+“Safe”

Disadvantages
*Temperature dependent
Calibration gas impacts results
+Catalytic mode problem with O,
*Leaded gas, halogens, sulfur,

silicon can harm filament
18-18

*CO, fouls O, cell
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Landfill Fires and Smoldering Events

Landfill Fires and Smoldering Events

FEMA
Landfill
Fires
Publication

LANDFILL FIRES
THEIR MAGNITUDE, CHARACTERISTICS,
AND MITIGATION.

Mav 20027Fa-225

Foders Emergency Monogement Agency
Unted Sates Fre Admnisotion
NotionalFre Dota Center

4

Landfill
Fire
Statistics
from 2001

Each year, an average of 8,300 landfill fires
causes up to $8 million in property loss.

Few casualties result from these fires.

Landfill fires are most prevalent in the spring
and summer months, when there is a greater
chance of spontaneous combustion.

Landfill fires include not only refuse, but
vehicles, structures, and surrounding brush
and grass.

Fires at discarded tire sites produce large
amounts of oil and smoke and are difficult to
contain and extinguish.

Matches, open fire, and hot embers/ashes
are the leading forms of heat ignition.

The cause of more than half of landfill fires is
not reported; 40% are attributed to arson
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Figure 5. Leading Factors Influencing the Ignition of
Landfill Fires

(3-year average, NFIRS data 1996-98)

Spontaneous Heating

Rekindled From Previous Fire

Inadequate Control of Open Fire

Incendiary

Abandoned, Discarded Material

Suspicious

10 15
Adjusted Percent

* OnJanuary 26, 1998, an employee at
Richard DeCoite’s construction and
demolition (C&D) landfill in Ma’alaea,
Maui, noticed an odd odor, which led to
the discovery of a fire 15 to 20 feet
underground. Attempts were made to
smother it with injections of more than

8 1,000 pounds of liquid carbon dioxide.
. The fire was eventually deemed to be

l_a n dﬂ I | 1 extinguished in a matter of weeks,
although it continued to smolder for 4

Fl re months.
. * Anunderground landfill fire that was
Examples

discovered in December of 1996 in
Danbury, New Jersey, caused an
unpleasant odor (which smelled like
rotton eggs due to the high concentration
of hydrogen sulfide in landfills). The odor
spread into two surrounding
neighborhoods. The fire lasted for weeks
and the town was forced to install a gas
recovery system, whose cost exceeded $1
million 18-5

Bridgeton Sanitary Landfill Incident,
Bridgeton, Missouri 2015

s /fuww sttoday com/business 1 es-cleanup-decisionfor. dfill-superfund/article 70796e6f-d97" 1540042 bt
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Mumbai Landfill Fire as Seen From Space

https://earthobservatory.nasa.gov/images/87429/fire-burns-in-mumbai-landfill 18.7

Calkeeyce )

Landfill Fires Guidance Document

Landilf ! gencyinthe United
andil fresalocal Hindicatelandflres ave

tol « e InCalfornia lne 25 subsurtacelandfllres have been

reported during thepast 15 years.Mostof theincdents aresmall resorapd oidationevents andare usualy handied by the

operatngacityan! e sate reulatory age leenvionmental

responses.

Types of Landfill Fires

oy wherefueland onyge ndant
sufac nd. nextend downto
Surface Landfill Fires

A hefacty for exampl, oroverdraws the landil

manageable, immediate acton s necessay. Actions may include using heavy equipment o remove the buming materialtoa

safeares th ghtingactivite. f o actionis

© 1 Torcityofthis smoke:
dependson the composition o the waste tream.

https://www.calrecycle.ca.gov/swfacil
ities/fires/Iffiresguide 18-85

Bridgeton Landfill
13570 St. Charles Rock Road
Bridgeton, MO 63044

Data Evaluation of the
Subsurface Smoldering Event
at the Bridgeton Landfill

For The

Solid Waste Management Program
Division of Environmental Quality
Missouri Department of Natural Resources
P.O. Box 176
Jefferson City, MO 65102

June 17, 2013

Prepared by
Todd Thalhamer, P.E.
Hammer Consulting Service
Cameron Park, CA 95682
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Landfill Fires and Smoldering Events

Data Evaluation Report, June 2013
Table 5. Proposed Sentry Criteria for the Construction of the Isolation Break at the Bridgeton Sanitary Landfill,
Missouri.

Bridgeton Landfill 2013

Photo & Excessive Lanfl Gas and infaled FAIL, My 2013 (Surce: DNR S, 2013)
P eI e T 5, A 2 S DR S, g *

ot 2 Daag Gas Culcton it (Suce: DNR S, 2012
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