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.4 FOREWORD

The U.S. Army Construction Engineerin g Research Laboratory (CERL)
conducted this research for the Directorate of Military Programs , Office
of the Chief of Engineers (OCE) under QCR item 3.01.001 (4) Solid Waste
Management (CONUS and TO), Project...4A7~~72QA896~j’Environmental Quality

* for Construction and Operation of Military Facilities ” ; Task T2, “Pollu-
tion Abatement System” ; Work Unit 007, “Solid Waste Management , Recycle ,
Resource Recovery for Military Facilities. ” Mr. F. A. Bizzoco was the
OCE Technical Monitor . Mr. B. A. Donahue of the CERL Environmenta l Di-
vision (EN) was Princ i pa l Investi gator, and Mr. G. L. Gerdes was the As-
sociate Investigator. Dr. R. K. Jam is Chief of EN.

COL J. E. Hays is Commander and Director of CERL , and Dr. L. R.
Shaffer is Technical Director.
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SIMPL iFIED SANITARY LANDFILL DESIGN

1 INTRODUCTION

Back ground

Solid wastes generated at Army installations must be disposed of
properly to minimize their adverse effects on the natura l environment.
Sanitary landfills provide the least expensive and most comonly used
method of solid waste dispo sal. It is imperative that sanitary land-
fills be constructed and operated according to a well-organized plan.
The Army engineer ’s major goal in l andfill design should be to choose a
site and an operating plan that are as inexpensive , aesthetically ac-
ceptable , and environmentally sound as possible. A landfill design for
an Army installation must be done by a professional engineer in accord-
ance with AR 420—47, Solid Waste Management 1. Currently, TM 5_814_52
and TM 5-634~ provide guidelines to meet this goal ; however , because of
recently passed Federal regulations , the Army engineer will requ i re fur-
ther guidelines in this area. This report is intended to suppl ement in-
formation in AR 420-47 and update TM 5-634 and TM 5-814-5.

Purpose

The purpose of this report is to provide site selection design and
operational guidelines to Army facilities engineering personnel in obtain-
ing properly designed sanitary landfills at military facilities , and to
provide the Facilities Engineer with information that will facilitate
the Army 1 s compliance with state and Federal environmental regulations.

Approach

• The most current state-of-the-art information and regul ations on
sanitary landfill design were gathered from trade and professional jour-
nals , engineering society publications , the Environmental Protection• Agency, and privately published design manuals. This materia l was then
synthesized , con dense d , and altered to conform to the Army ’ s specific
needs , while stil l complying with sound engineering practices and regu-
latory requirements.

1 AR 420-47, Solid Waste Management (Department of the Army [DA), June
2 1977).TM 5-814-5, Sanitary Landfill (DA, October 1973).

TM 5-634, Refuse Col l ection and Disposal Repairs and Utilities (DA,
July 1958).
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Scope

Because sanitary landfill design is site— specific , this report
deal s mostly with general design aspects. It discusses the items that
must be included in a landfill design plan and indicates topics on which
the engineer should seek more detailed guidelines from other sources.
Fi gure 1 is a flow sheet of the major elements and subelements of the
design process included in this report.

Mode of Technology Transfer

The results of this study will be used as primary reference infor-
mation in updating TM 5-634 and TM 5-814-5, and will supplement AR 420-
47, Solid Waste Management (June 1977).
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Figur e 1. Fl ow sheet for sanitary landfill design.9
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2 PREDESIGN FFURT

before be qinn ri g site selection and formal des ign of a sanitary
lan df i ll • t h ~ engineer must gather data on pertinent state and Federal
envi ronmenta l laws and regulations , and infornI~ion about the facility ’ s
un iq~~ sol ~d wa~,te emission and disposal requ i rements.

Laws dnd _Pegu~atior ~s

During the site selection and design processes , the des ig ner sh ou l d
maintain close contact with U.S. Environmental Protection Agency (USEPA)
and state environmental regulatory officials. It should be ascertained
that the site chosen meets Federal and state requirements before devel-
opment is begun. The design must satisfy sanitary landfill requirements
as state d i n “Crit eria for Classification of Solid Waste Disposal Facil-
ities. ’ If the landfill must be located in an environmentally sensitive
area , other regulations will require the facility to obtain special per-
mits and take special design precautions.

Occas ionally, l aws not directly associated with solid waste dis-
posal may affec t site selection. For example , a Federal Av i ati on Adm i n-
istration regulation (FAA Order 5200.5) deals with construction of a
landf ill on or near a corruiercial airfield runway . Specific information
on applicabl e Federal or state regulations covering sanitary landfills
can be obtained from the Computer -Aided Environmental Legislative Data
System (CELDS).5

Determining Requirements of a Land Disposal Site

When scheduling the design , filling, and closing of a new landfill ,
it is i mportant to know a new site ’s potential lifet i me and the current
site ’ s remaining lifet i me . A landfill ’ s lifet ime is determined by the
vol ume of ava ilable space that can be filled with compacted refuse and
the rate at which the refuse is deposited.

The amount of space available at the site depends on the site ’ s to-.
pography and the method used to make the fill. Chapter 4 provides in-

• formation on l andfi ll ing methods.

“Criteria for Classification of Solid Waste Disposal Facilities ,”
Federal Register (6 February 1978).

• J. ~1an Weringh , J. Patzer , R. Wel sh , and R. Webster , Computer-Aided
Env i ronmental Legislative Data System (CELDS) User Manual , Technical
Report N-56/ADA061126 (U.S. Army Construction Eng i neering Research
Laboratory [CERL], September 1978).

10
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Da ta on the rate of refuse deposit from the records for previou s
disposal sites should be useful , as long as the number of persons at the
installation has not changed significantly. These data are availabl e
from the prev ious year ’ s “Facil ities Engineering Technical Data Sheei.s,~

L
DA Form 2788, Pa rt IV , Activity Code M2200. If previous disposal
records are considered inaccurate or are unavailable , a haula ge survey
Ca rl be conducted to determine the amount of refuse being collectell .
Gu idance for conducting such a survey can be found in CERL Technical
Report E-75.~

When these data have been obtained , the volume of landf i l le d was te
can be estima ted. Figure 2 contains information that may help determine
the vol ume of the compacted refuse. To use these graphs , the designer
must determine the specifi c per capita waste generation from the infor-
ma tion shown on the “Facil ities Engineering Technical Data Sheets ” or i n
the haulage survey data. The designer next assumes an in-pl ace density ;
a typical density range is 800 to 1200 lb/cu yd (415 to 712 kg/rn3).

1 400
°I000 /

~ 500 500

4~v z
0 100

40 50 ISO ISO tOO

SOLID WASTE DISPOSED OF DAILY (s.~~)

Figure 2. Determining the daily volume of compacted solid waste
generated by small comunities. (From 1). R. Brunner
and D. J. Kell er, Sanitary Landfill Design and Operation ,
No. SW-65ts [USEPA ,1972], p 21.)

6 G. W. Schanche , L. A. Greep , and B. A. Donahue , Installation Solid
Waste Survey Guidelines , Technical Report E—75/A0A018879 (CERL ,
September 1975).
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Cover mater ial must also be considered when determining l andfill
l i fe , since t~’ is ~.1t’~rial usually comprises 20 to 25 percent of the
total l andfill vol ume.

Example: Previous landfill weight records show 100 tons per day
(907 kg/day) are be ing disposed. Using Figure 2, and assum i ng 1000
lb/cu yd (593 kg/m3~ in -place density, the vol ume of com pacted sol i d
waste would be approximatel y 200 cu yd/day (150 m 3/day). If cover mate-
rial account s for 25 percent of the vol ume , then 267 cu yd (204 m 3) of
lan dfill space will be filled each day of use. Assuming 250 working
days , then the annual l andfill vol ume requ i red would be 66,750 cu yd
(51 000 m 3).

Studying preliminary designs of the various site alternatives
(Chapter 3) w ill enable the engineer to determine the size of the most

• • economical site. The potential life of a possible site will not be the
sole fac tor i n  the cho i ce; however , the high costs of opening and
clos ing a landfill would make the choice of a site having a lifet i me of
less than a few years uneconomical and therefore unlikely.

.~~sp~ s~~2 Be~~r~ Je~ Si te Is Ready

If space in the current site will be depleted before a new site can
be designed and constructed , an in terim disposal plan must be formu-
la ted. Contracting disposal of the refuse may be the most practical
sol ution.

P~
’
~i~ct °: Recyclina or Processing Refuse

Current or future resource or energy recovery schemes will affect
refuse volume and characteristics. The deposit regulation 7 is expected

• to reduce the glass content by 33 percent , the ferrous and bi metal con-
tent by 15 percent, and the aluminum content by 30 percent. 8 This would
mean approximately a 5 percent decrease in total refuse by wei ght .
Table 1 shows the effect this regulation will have on waste character-
istics.

“Cr iteria for Classification of Solid Waste Disposal Facilities ,”
Federal Register (6 February 1978).
Decision Maker s Guide, Publica tion No. SW-500 (U.S. Environmental Pro-
f~ctfon Agency [USEPA], 1976), p 102.
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Table 1

Effect of 40 CFR , Part 244, on Refuse Composition
(From Decision Makers Guide , [USEPA , 1976].)

Expected %
Component 7. by by Weight After
of Refuse Wei ght Deposit Regulation

Paper 32.8 34.5
Glass 9.9 6.9
Ferrous Metals 8.2 7.4
Non-Ferrous Metals 1.0 0.7
Food Waste 16.6 17.5
Yard Waste 18.5 19.5
Other 12.8 13.5

Processing the refuse for material and energy recovery will reduce
its weight by 75 percent.9 Vol ume reduction processes may al so be con-
sidered ; for exampl e, incineration can reduce vol ume by 90 percent ,

• baling can provide densities between 1000 and 1750 lb/cu yd (593 and
1038 kg/rn3), and shredding can reduce vol ume by 20 percent.1°

Resource Recovery and Waste Reduction , Publication No. SW-600 (USEPA,

10 August 1977), p XV.Decision Makers Guide, p 112.
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3 SITE SELECTION

Installa tion Master Plan

Site selection is the most i mportant step in developing a new land-
fill. The physical characteristics of the site almost totall y govern
the landfill design. Landfill siting may already have been accomplished
and included in the Installation Master Plan ; however , if this has not
been dcne , a detailed siting procedure must be conducted .

in itial Design and Cost Estimate

First , several likely sites should be chosen and delineated on a
topographic map. Then an initial design and cost estimate should be
prepared for each site being considered . The important costs that may
be uni que to each site area are:’1

1. Plann ing and engineering
a. Site investigation , informat ion gathering
b. Design , plans , specifications

2. Site devel opment and maintenance
- • a. Clear ing, landscaping, drainage (grading)

b. Leachate and/or gas control measures
c. Access roads and their maintenance
d. Fencing , noise barriers , signs

3. Bu ildings and other facilities
a. Administration

• b . Equi pment maintenance
c. Sanitary facilit ies , utilities

• d. Wei ght scales

4. Equipment and equ i pment mai ntenance

5. Cover material acqu isitio n and placement

6. Personnel

7. Travel cost for collection and other vehic les

8. Closure and preparation for final use

11 Decision Makers Gui de, Publication No. SW-500 (USEPA , 1976), pp ilu,
111.
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Design , site development , and operations costs are site— specific.
Total cost , including equipment depreciation , is normally between $5 and
$10 per ton.

• Chapter 4 and the Appendix provide further information about these
des ign el ements.

Contra ctinq Disposal

Before impl ementing the most cost-effective design of an
on-installat i on site , the Facilities Eng i neer should investigate con-
tracted disposal as a potential viable economic alternative. The cost
of contracted disposal can be compared to the l andfill’ s annual life-
cycle cost. Inflation and other factors specific to the local area
should be considered when determining the cost of contracted disposal
over the expected life at the proposed l andfill.

rnformat-ion for Landfill Siting

The fol l owing informat i on is pertinent to the initial design and
genera l site selection procedure.

Physical Characteristics

The site ’s physical characteristics will determine the potential
for groundwater pol l ut i on and its effect on the landfill design. Data
must be gathered on the topography of the site and the surrounding area ,
the soils at the site , and the groundwater.

A topographic map is useful for determining the site ’s workability ,
as wel l as potential l andfill vol umes. Because a map cannot reveal all
of a site ’s potentially good or bad features, a site visit is always
necessary.

The soi l at the site should be analyzed to determine its suit-
ability as a cover material and to determine what effect the subsoil• will have on controlling groundwater pol l uti on. Information in Table 2
will be useful for determining the soil’ s suitability as cover.

Groundwater quality and flow data are also needed to determine the
landfill’ s potential to pol l ute the water used by the installation and
surrounding comunities. Informat i on should al so be gathered on soil
permeability, groundwater flow velocity, groundwater table depth ,

• variations in the water table level , and the l ocation of bedrock and
other impermeabl e l ayers.

Soils with a great deal of highly permeable sand and gravel are
poor underlining materials for l andfills , while soils having a high clay
content are much better because of their low permeability. Tabl e 3
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Table  3

Soil Limitation Ratings for Trench-Type Sanitary Landfills
(From J. Reindl , “Landfill Course ,” Solid W aste Manaqement,

Vol 20 , No. 8 [1977], p 56.)

Degree of 5015 limItation
Site CharacteriStic 2 2
,ffectlng Use Slight Moderate Severe

Dep th to seasonal Not class deter mining if
high water table more than 72 In. less than 12 in.

Soil dra1nag e~~Tik~ E~~~sTveTy drained , Somewhat poorly Poorly drained i~d~
somewhat excess— drained and very poorly
ive l y drained , well some3 moder— drained
drained , and some 3 ately well
moderately well drained
drained

Flood i ng None Ra re Occasional or
__________________________ 

frequent

• Perm eab ili ty4 Less than 2.0 in./hr less than 2.0 in ./hr More than 2.0 in./hr

Slope 0-15 pct 15—25 pct More than 25 pct

Soil texture 6 Sandy loam , loam , Silty clay loam6 Silty clay , clay ,
(dominant to a silt loam , sandy clay loam , muck , peat ,
depth of 60 In.) clay loam sandy clay , gravel , sand

_____________________ 

l oamy sand

Depth to~ Hard More than 72 In. More than 72 In. LeSS than 72 In.

bedrock IR ipp able More than 60 in. Less than 60 In. less than 60 in.

Stoniness cl ass7 0 and 1 2 3, 4, and 5

Rockiness class 7 0 0 1 , 2 , 3, 4, and 5

Chart ,is based on soil depth (5 to 6 ft) comnon?y inve stigated In maki ng soil sur-
veys . If probabil ity is high that the soil ma terial to a depth of 10—15 ft will not
alter a rating of aU ght or moderate, Indicate this by an appropriate footnote , such
as “Probably aZight to a depth of 12 Fl ,” or “Probably modera te to a depth of 12

• ( 
ft.” ~ Soil drainage classes do not correlate exactly with depth to seasonal water

• table; the overlap of mode rately well drained soi ls Into two l imi t a t ion  classes
allows some of the wetter moderately well drained soils (mostly in the Northeast) to
be given a limitation rat ing of moderate. Reflects ability of soil to retard move-
ment of leachat~ from the landfil ls; may not reflect a lim itation in arid and
semiarid areas.’ Reflects ease of digging and moving (workability ) and traf-

• fI~ab ili ty in the ievvediate area of the trench whe re there may not be surfaced
roads. 6 Soils high in expansive clays may need to be given a limitation rating of
severe . 7 For class def in i t ions , see the Soil Conse rvation Service
Manual.
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provid* !s irlform ation about when a site characte ristic will have a
slight , moderate , or severe effect on the acceptability of a l andfi lhng
Si t (~~.

Soil arid hydrogeology data are somewhat expensive to gather. To
save on design costs , tb-i s i nformat i on shoul d be obtained only for a
site which will be considered for final selection.

The A ppendi x prov id es i nformat i on about the control of polluti on
from sanitary landfills.

~~~ ~~) j _  • : . ~~:~~ P~~~”

Al though the distance that colle ction trucks must travel to reach
t he s it e does not aff ect the landf i ll ’ s cost , this aspect must be con-
sidered , because it affects total solid waste management costs. Obvi-
ously, a shorter tra ve ling distance will make the collection process
more economical . However , it is preferable not to route refuse col-
lec tion trucks traveling to and from the landfill along main roads ,
through housing area s, or through troop areas. The actual cost of haul -
ing versus the distance travel ed may be determined by obtaining infor-
mation from Buildings and Grounds personnel .

On large i nstalla ti ons , the use of transfer stations should be con-
sidered to decrease collection , espec ially if the distance to the l and-
fill will be 8 to 10 miles or longer .

Road Access and Quality

Road access to a candidate site can be determined from a topo-
graphic map of the installation or from other maps that show both the
landfill site and the area served by the col l ection vehicles. The roads
lea ding to the site must be capable of carrying the load of the col-
lect ion trucks in all types of weather with minimal degradation. If• collection veh icle traffic will damage the road surface , the cost of
repair should be included in the total l andfill cost. The site should
have an entrance away from hills , ra i lroads , and busy intersec tions. If
possibl e, the landfill should be away from residenti al areas and other
high land-use areas off-post .

Because the landfill must be operated whenever refuse is collected ,
the site should be located in an area where adverse weather will have a
minimal effect on the operation. The effects of heavy rains and snow
should be considered , as wel l as the possibility of dust blowing from
mounds of cover material and possibl e litter problems. The site must
have an area for storing cover material if freezing temperatures will
inhibit excavation during winter months.

18
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Knowi ng the fi nal use for a proposed site may make it easier to
obtain approval for use of the l and. In the private sector , most com-
pleted l andfill sites are used for agriculture or for recreational
areas , such as balifields or ski hil ls . Other uses that may be consid-
ered are a parade ground , a training area , or a horseback riding ground .
It is not reconiiiended that the compl eted site be used for a golf course ,
because the frequent watering may cause a pol l ut i on problem; uses in-
vol v ing vehicles are not recomended because they will disturb the final
cover. It is generally recomended that structures not be placed over a
landfill because settling of the filled materials makes it a poor foun-
dation ; in addition , the methane gas produced within the l andfill by

• decay processes would be both an explosion hazard and a health hazard .

Aesthetic Objections

• Sanitary landfills still suffer from the stigma of being considered
“dumps .” The thought of having a l andfill next door is not appeal i ng to
most peopl e, no matter how sanitary it is. People occupying nearby fa-
cilities or housing areas may object to a proposed site. To allow time
to deal with objections or to select a new site if the one original ly
chosen is not approved by state authorities or higher headquarters , the
site selection process should begin as early as possibl e and should in-
clude as much educational public rel ations as possible.

I
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r
14 DESIGN

Overdi 1 Ap proach to Land fi 1 i D e ~~~~

The lan dfill design process consists of fi ve steps.

The first step is setting goals. The highest pri ority must be
&J~ven to meeting current pol l ut i on control l aws and regulations. Other
&~oals include allowin g for the capability to dispose of all types of
waste that may be expected at the site; al l owing for a specific fi nal
use of the l and; and accommodating any other requirements placed on the
landfill by the facility. Usually the best design would be the most
economical one. However , there may be goals that take higher priority
than i mmediate cost. For example , additional pollution control measures
m ay be added to the design because of an expected new regulation . The
priority of the various goals and objectives should be used to guide
selection of an optimum landfill design .

The second step in the design process is to obtain data. The nec-
essary data are normally collected during the site selection process.

The third step is to i dentify design alternatives . It is hel pful
to have several people of different backgrounds submit ideas for the
site layout and development. Landfill operators , l andscapers , other
desi gn engineers , and equ i pment operators are some of the peopl e who may
be consulted.

The fourth step is eval uat ing the design alternatives and selecting
the opt imum plan. This requ i res a thorough engineering analysis of all
workable and reasonable plans.

The last step is preparing the final design , which should include
all information gathered about the site , the economic eval uation of the
final design , an operation plan , an eval uation of the environmental ef-
fects, and the projected land use after closi ng.

Site Layout

As shown in Figure 3, an i deal l andfill site is divided into four
areas:

1. The perimeter , an outside border of trees or fence around the
site , which is used to break the wind , to catch blowing litter , to main-
tain securi ty, and to prevent unauthorized use of the l andfill.

2. The entrance , which should be easily and safely accessible to
collection vehicles , and located away from hills , railroads , and busy
intersect ions.

20
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3. The visual zone, which is area seen from outside . While not an
i ntegral part of the landfill design , th is area is sometimes important ,
because it gives a positive impression of the operation.

4. The interior area , where the actual la ndfi ll ing operations take
place. Most of the information in this report deals only with oper-
ations in the interior zone.

5. PE~ IN(YER ~~~~~~~~ 
— ~~ ILATIWS TO 4. INTt rno~ ZO~( —

I AP UTTINS Ulli USLD5~SS,P*MUNS
ITORMI ITORASE ~ORI(

~~~IA

2. £NTRANCt ZONC PUSUC ROAO

5. VISUAL ZONE — ViEWED sr
PA$SINS NOl O*IST

Figure 3. Four zones of a sanitary landfill. (From J. Reindi ,
“Landfill Course,” Solid Waste Management, Vol 20
[1977], p 46.)

Before the l ayout of the interior zone can be drawn , a method for
burying the refuse must be chosen from one of three basic methods:
area , ramp, and trench. All three methods invol ve shaping I day ’s
refuse into a cell by spreading and compacting it in l ayers. The cell
should be 8 to 10 ft (2.4 to 3.0 m) deep, and as wide and long as the
designer determines necessary for the most efficient bur ial .

The difference among the three methods is in the way the site is
excavated . The area method , illustrated in Figure 4, requ i res the least
excavation , because the refuse is merely placed on a flat surface and
covered with soil. The cover material can be hauled to the site , or it
can be obtained by excavating the surface of the site. The ramp , or
progressive slope method , shown in Figure 5, requ i res excavating the
cover material for a cel l from the ground imediately in front of the
cel l’ s working face. This excavat i on also creates a pit for the next
day ’s refuse. In the trench method , shown in Figure 6, a trench up to
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20 ft (6.1 m) deep and usually about 20 ft (6.1 m) wide is excavated to
a length that will hold at least 2 weeks ’ refuse. The soil taken from
the trench is used as cover wdteria l for either that trench or for one
which is being filled .

Figure 4. Area method of burying waste . (From D. R. Brunner
and 0. J. Keller , Sanitary Landfill Desi gn arid
Operation , Publication No. S~-65ts [USEPA , 1972],
p 28.)
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Figure 5. Ramp method of burying waste . (From D. R. Brunner
and 0. J. Keller , Sanitary Landfill Design and
Operation , Publication No. SW-65ts [USEPA , 1972],
p 29.)
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Figure 6. Trench method of burying waste . (From 0. P. Bi - unn er
and D. J. Keller, Sanitary Landfill Design arid 0Er~

tion ,
Publication No. SW-65ts tUSEPA , 1972], p 29.’)

Site data will determine wh i ch method should be used for the land-
fill operation. The trench method is best in flat areas with deep water
tables as wel l as areas where little additional cover material is avail-
able. The area or ramp methods are more su itable where the groundwater
table is closer to the surface , where there is ava ilable cover material ,
or where there are natural depressions in the land . Refuse should never
be placed so it is in contact with the water table. Appendix A provid es
further pol l ution control information.

Once the landfilling method has been selected , the l ayout can be
determined. The location of the cells , the sequence in which they will
be filled , and the final l andscape of the fill can be designed. Pro-
visions for temporary access roads and drainage must also be made. Gra-
ding for drainage of the site should be planned from the initial exca-
vation until its closure . The final design should include complete
phase development drawings and detailed topographic maps.

23
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Site Development Plan

The sanitary landfill design must incorporate a site development
plan wh ich has been prepared or approved by a professional engineer.
The USEPA gu idelines state that the fol l owing items should be included
in this plan:

1. Topographic maps of initial and final contours of the site
showing interval s of 5 ft (1.5 m) or less.

2. Maps and descriptions of land uses within 1/4 mile (0.4 km) of
the site , showing roads , buildings , wells , and any geologic feature s
which would aff’~ct surface or groundwater flow.

3. Location of utilities within 500 ft (150 rn) of the site.

4. Empl oyee convenience and equ i pment maintenance facilities.
These might include toilet facilities , drinking water , storage , and
tools and hardware necessary for maintaining equ i pment and grounds.

5. The site plan must include drawings of leachate and gas control
and monitoring systems where required or otherwise show that the l and-
fill will not degrade surface or groundwater quality.

6. The IJSEPA guidelines cited above are under revision (as re-
qu i red by Section 1008 [a] of PL 94-480) and will be published in 1979.

Equipment

• A landfill operation requ i res equ i pment for compacting, loa ding,
dozing , and transporting earth. Recently, the use of specialized corn—
pacting equipment has become popular at landfills. Contractors have
specially designed steel wheels with cl eats that increase the compaction
efficiency . Information about landfill compactor selection can be found
in CERL Technical Report N-62.’2 Loaders are used to transport the cover
material or to load the material into trucks which then transport it to
the working face of the fill. The loader can also be used to spread and
compact the waste , especially in smal l er operations where it is too ex-
pensive to have both a loader and a compactor. A dozer is used to exca-
vate the cell area and to spread and compact the refuse.

Loaders and dozers are avai l able in both tracked and wheeled
models. The tracked model s are slower but are better suited for situ-
ations in which the compaction weight must be spread over a l arger area ,
for exampl e, when wet conditions may cause wheeled vehicles to sink.

• 12 0. Kraybill and B. Donahue , Sanitary Landfill Compactor Evaluation ,
Technical Report N—62/ADA067697 (CERL, March 1979).
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Selec tion of the equ i pment used to transport cover material to the
cel l is largely determined by how far the materi al must be carried . A
crawler -loader can economically transfer cover material for up to 300 ft
(90 m). Rubber-tired loaders can carry the material up to 600 ft (180
m). For greater distances , dump trucks and sc ra pers sho~ld be used .

Special earth—handling equ i pment may be used at a landfill. When
the trench method is used , a dragline can be efficient in constructing
the trench. Backhoes are occasionally used , but are not very efficient
for landfill operations.

Table 4 will be helpful in determining the equipment needed for the
landf ill. Provisions must be made to acquire replacement equipment for

• use dur ing downtime of regular equ i pment.

Final Use

The design should include plans for the final closure of the land-
fill and the future use of the site. The design should also include
provisions for premature closure of the site because of pol l ution or

• management problems.

The soi l used as a cover material should be analyzed before any
planting is done on the closed fill. Each soil has a different capacity
for pl ant growth. A state agricultural extension agency can recommend
the types of plants that would be best for the final cover landscaping.
If the site will be used for agriculture , the final cover should be deep
enough that the refuse will not be disturbed by cultivation. Deep cul-
tivation uses should be prohibited.

The compl eted landfill will continue to require regrading because
of uneven settlement of the solid waste. This grading is done chiefly
to prevent ponding on the l andfill cover . Landfills can settle as much
as 50 percent within 5 years of closure , al though they normal l y settle
to a much lesser extent. The load-carrying capacity of a fini shed land-
fill is estimated to be 500 to 800 lb/sq ft (2440 to 3900 kq/m’~).

13

However, there will be inconsistencies because of factors such as gas
pockets and nonhomogeneous waste. Because of settlement and continuing
gas production , constructing buildings on the completed fill is not per-
mitted wi thout prior approval of HQDA(DAEN-MPA), Washington , DC.

The USEPA recomends that a detailed description of the closed
site , including a plat , should be filed with the area ’s land recording
authority. The description should include the location of the waste ,
the depth of the fill and cover , groundwater data , and other i nformation

13 
~ Reindl , “Landfill Course ,” Solid Waste Management , Vol 21 , No. 1
(1977).
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pert i nent to the future use of the site. At most sites , provisions for
monitoring and controlling gas and l eachate product ion and discharge
must al so be included. A plat at the site , as wel l as monitorin g infor-
mation , should al so be included in the Installatio n Master Plan.

Operation Manual

The operation manual is an integral part of the l andfill design and
may be requ i red by some state agencies. This manual , which is written
for the operator and other landfill personnel , states in simple language
how the l andfill is to be operated. The fol l owing paragraphs provide
information and guidelines which will help the designer develop the
pl an.

Wastes Accepted and Excluded

The landfill will be designed for the disposal of specific types of
wastes , in accordance with the guidelines established in 40 CFR 257 .
The operators , regular users, and collection personnel should have a
list of wastes that cannot be disposed of in the landfill because they
have chemical , biological , or other characteristics that are potentially
hazardous.

Bulky Wastes

The plan should include procedures for landfil ling tires and other
bul ky wastes. Normally, bulky wastes are put at the bottom of the cel l
so that they are buried by the incoming refuse. They may be put aside
on the day they are del i vered for placement at the bottom of a new cell
the next morning. Bulky wastes can also be crushed agai nst solid ground
before they are put into the bottom of the cell’ s working face. Demo-
lition debris should al so be placed at the bottom of the cell.

Tires have a tendency to float to the surface of a l andfill if they
are not buried deeply. In some operations , tires are fastened to the
bottom of the fill or are shredded by a special machine. Demolition
debris may be used to anchor tires.

• Sludges

Water and wastewater treatment plant sludges should be free of
water and may be placed at the working face with the refuse. These
sl udges should have the consistency of moist earth. Incinerator and air
pol l ution residues should be put i nto the working face in a manner that
will not create dust probl ems.

27
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Hazardous Was tee

Recommendations and approval for handling special and hazardous
wastes should be obtained from the state agencies regulating their dis-
posal . These wastes include pesticides and their containers , exp losives
and their containers , wet sludges , bulk li quids and semiliquids , manure ,
industrial wastes , and infectious hospital wastes.

Anima l Carcassem

Normally, state regulations provide guidance for the handling of
dead anima ls. In the absence of such regulations , carcasses of small
animal s may be placed on the working face with the rest of the refuse.
Larger carcasses should be buried separately and covered in a manner
conducive to precipitation runoff.

Cell Cons tructi on

The weight of the compacting vehicle will apply a great deal of
pressure to the surface of the working face, but as depth increases , the

• weight is rapidly distributed over a l arger area. Therefore, the refuse
should be spread in l ayers not more than 2 ft (0.6 m) thick before it is
compacted . The compacting vehicle should be driven over the refuse two
to fi ve times for best compaction results. Figure 7 compares the refuse
density to the cell thickness after specified numbers of passes by the
compactor.

DENSITV (LSS~~YD3) D~N3ITY (L2S/YD
3)

___ ___  — —

_ _ _  _ _ _  — ~~~
_ 4_ _  —

_ _ _  _ _ _  —

..g__ _ _ _  _ _ _  — —

Figure 7. Density of refuse. (From J. Reindi , “Landfill Course ,”
Solid Waste Management , Vol 20, No. 11 [1972], p 60.)
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The sl ope of the cell ’ s working face has trad itionally been 30
degrees. Although a flatter slope will provide greater compaction and
reduced equ i pment wear, it is harder to drain and requ i res greater
amounts of cover material . A 20- to 30-degree slope is recommended .

The daily cover should consist of at least 6 in. (0.15 m) of soi l .
This depth will stop f l ies and mosquitoes from breeding, discourage ro-
dents from burrowing, and control bird problems. Intermediate cover on
a refuse cell which will remain exposed for 1 week to 1 year should be
at least 1 ft (0.3 m) thick. The final cover used to close the landfill
should be 2 ft (0.6 m) thick or more, depending on the final use of the
area. The final cover should have a 2 percent slope , and should be
regraded when settlement occurs.

Surface Water Diversion

Surface water runoff should be diverted away from the working face
by trenches , tiles , or grading. Because this water is being diverted to
minimize infiltration , the amount of runoff will be larger than normal ,
and the water may contain a high concentration of soil. If there is a
potential problem of stream siltation or flooding of other areas , a
catch basin to hold the runoff may be necessary.

Cold Weather Operations

In locations where wi nter temperatures are often below freezing,
excavation of cover material will become difficult. In these areas ,
cover material should be stockpiled during summer for use during the

• wi nter. This cover material should be kept dry and not allowed to
freeze.

Dust Contro l

The operation plan should provide for dust control , although it
will not be a daily problem. Use of a water wagon or calcium chloride

• are two common methods of dust control . The water wagon is probably the
best method because it is less expensive and can also be used for fire
control . AR 420-47 prohibits the use of a-i l as a dust control measure.

Litter Contro l

Litter gives the l andfill operation a bad image. Several litter
control methods ca n be used :

1. Wastes should be deposited at the bottom of the cel l where they
• are less likely to be blown by the wind.

29
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2. The lan dfill should be designed so that the prevailing wi nd
will blow directly into the face of the refuse. If the trench method is
used , the trench should be at a right angl e to the prevailing wi nd.

3. Temporary and permanent fences should be used . A permanent
fence around the edge of the fill site will stop litter as wel l as pro-
vide security. Temporary fences can be placed downwi nd of the working
face and moved as the operat i on progresses. Both fences should be
cleared of litter rout i nely.

4. Trees can be planted as a windbreak along the perimeter of the
landfill.

Rodent (ov;tro l

Rodents can be a problem before and after a l andfill is completed .
Normal sanitary landfill operation should minimize the rodent popu-
lation. However , if rodents do become a problem , the final closure of
the fill may force them to migrate to another part of the insta llation ,
such as nearby housing. If this is possibl e, the division managing pest
control should be contacted to arrange for extermination of the rodents
before the l andfill is cl osed.

Site Accessibility

It may be necessary to allow individuals to bring wastes to the
landfill. The operation plan should state whether such access is al-
lowed , as wel l as the condition and times of access. The plan should
not allow individua l dumping to interfere with any of the landfill oper-
ations. The site should be accessibl e only when l andfill personnel are
on duty. For use after hours , large containers could be placed near the
entrance. Scavenging (people removing items from the deposited refuse)
is dangerous and should be prohibited.

• Safety

The accident rate for solid waste collect ion and disposal is 11
times higher than the average for all industry. Before completing the
operation plan , the landfill designer and the installation ’s safety
office should insure that a strong safety program is included .

The operation must adhere to the provisions of the Occupational
Safety and Health Act of 1970 (Public Law 91-596) as they apply to sani-
tary landfill operations. A safety manual should be written and made
availabl e to all employees. Safety devices such as hard hats, safety
glasses , gloves , and footwear should be provided to l andfill employees.
Compaction and earthmoving equipment should be equ i pped with safety mea-
sures such as rol l over protection , seat belts , reverse warning sounders ,
and fi re extinguishers.
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Procedures should be established to control fi res in the refuse
being delivered , at the working face, or in the l andfill equipment.
Provisions should be made for easy communication between the site oper-
ator and the employees and between the landfill and other post facili-
ties.

Equipment

Maintenance schedules are provided by the equ i pment manufacturers.
These schedules , as wel l as provisions for rout i ne daily checks by the
equipment operator, should be included in the operation plan.

Special Circums tances

The operation plan should include procedures for breakdowns , shut-
downs, and unexpected natura l occurrences. Pieces of equipment will
sometimes need maintenance. In such cases, suitable temporary replace-
ments should be avai l able , possibly from another facility shop. Since
shutdowns may occur as a result of regulatory actions , an alternate pl an
for operating the fill or for disposing of the refuse should be pre-
pared. Provisions should al so be made to minimize the effects of natu-
ra l occurrences such as floods , heavy snows , earthquakes , or hi gh winds.
Records

-
• 

Records should be kept a-f the fol l owing items :

1. Major operational problems and complaints.

2. The environmental impact of the site and the effectiveness of
gas and leachate control . These records should include the results of
groundwater , gas, and l eachate sampling and analysis both upstream and
downstream of the site.

3. Vector control efforts.

4. Dust and litter control efforts.

5. Measurements of the amount of solid waste handled through rou-
tine or periodic use of scales and topographic surveys.

6. Descriptions and sources of materials received .

Traffic Control

Traffic control signs should be placed to maintain an orderly traf-
fic pattern. If necessary, access to hazardous areas may be restricted .
The working face area should not be blocked by unattended vehicles.
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The number of personnel needed at the l andfill site usuall y depends
on the number of pieces of equipment to be operated. A scale operator
may be needed if there are scales. Laborers will be needed to control
litter and dust , to direct traffic and equipment , and to mainta in land-
fill equipment . Larger l andfills may need a foreman , and most l andfills
need an operator. All personnel should be trained to operate the land-

- 
fill efficiently under both normal and adverse conditions.

II- , ,
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5 CONCLUSIONS

Each Army landfil l site is unique and requ i res a detailed
engineering study prior to use. The design guidelines in this report
are intended to be of general assistance to Facilities Eng i neers in su-
pervising preparation of the detailed engineering studies requi red for
sanitary landfill design and operation.
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A P P E N D I X :

POLLUTION CONTROL

The Design Problem

A major goal of the sanitary landfill is to eliminate all harmful
environmental effects and the unp leasant aesthetic aspects of refuse
disposal. The sanitary landfill can be considered a treatment plant for
refuse. It ~s the designer ’s responsibility to insure that the treat-
ment is effective. Regul ations authorized by the Resourc e Recovery Act
of 1970 (PL 9 -512) and proposed guidel i nes authorized by the Resource
Conservation and Recovery Act (PL 94-580) requ i re that a l and disposal
site be designed and operated so that there is no detrimenta l effect on
surface and groundwater which is or potentially may be used to supply
drinking water.

Leachate is water that has come in contact with l and -filled refuse
and has flowed out of the l andfill , Refuse will absorb approximately

• 2 gal of water per cu ft (267 2/m3). After the refuse is saturated ,
leachate is formed. The amount of leachate depends on the amount of
water fl owing through the refuse. The two main sources of water that
form leachate are surface water infiltration and groundwater movement.

Once leachate has moved out of the l andfill , it can pol l ute ground-
water supplies and nearby lakes and streams. Leachate is normally
acidic because of the l arge amount of carbon dioxide (CO2) produced
during biological degradation of the refuse. The C02 combines with
water to produce carbonic acid , whi ch can dissol ve salts and minerals
from the refuse and soil into the leachate. When combined with the or-
ganic compounds in the li quid , this leachate can have a biological
oxygen demand (BOD), a chemical oxygen demand (COD), and a total solids
concentration up to 100 times greater than those of raw sewage.

The l andfill design should show the potential for leachate for-
mation and the measures that will be used to control it. Hydrogeologic
data obtained from the site area should show the l and fill’ s potential
zone of infl uence. The design should show both the current and future
uses of water in this zone. Elevat i ons of the bottom of the refuse and
the highest expected l evel of the groundwater table should be shown ,
along with a groundwater quality analysis. If groundwater contamination

-

- / is possible , sampling stations and a testing program should be included
in the operation plan. Leachate monitoring will be mandatory in almost
all cases.

Unfortunately, the l argest uncertainty in l andfill design is not
knowi ng whether the standard design procedure will effectively eliminate
pol l ution. Normally, the pol l utants in leachate are thought to be re-
moved by soil attenuation. The soil acts as an ion exchanger and
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filter medium. However , because not enough is known about the mechanism
of soil attenuation and because the subsoil characteristics are seldom
homogeneous , it is very difficult to predict the pol l ution potential of
a landfill site. It is therefore difficult to dec i de whether gas and
leachate col l ection systems should be included in the l andfill design.
The best recommendation that can be made in this report is that the de-
signer follow the regulations established in the part icular area and re-
quest additional guidance from state agencies and the IJSEPA. Seeking
such guidance should be the first design step after site dat a have been
collected and the site has been selected.

Control Methods

Gas and leachate pol l uti on can be controlled by managing the pro-
duction of these effl uents , directing their movement , and then treating
them. Managing the product i on seeks to achieve one of two goals: pre-
vent i ng or minimizing the gas and leachate formation , or exhausting the
gas and leachate potential as quickly as possible.

Refuse in a l andfill produces a finite amount of gas and l eachate.
If these effl uents can be collected over a short period of time , then
the potential for further pol l ution from the l andfill can be eliminated.
The expense of collection systems increases construction costs, and
operating costs are temporarily increased while the gas and leachate are
being col l ected. The col l ected l eachate can be recycl ed through the
landfill , treated on site , or drained into a sanitary sewer. However,
introducing untreated leachate into a sewer system is not recommended
because it could cause problems at the sewage treatment plant , and recy-
cling l eachate through the l andfill may not be an adequate sol ution. A
viable method of leachate pol l ution control is treating the leachate on
site through either a complete treatment system to meet effl uent dis-
charge standards, or through a pretreatment system for discharge into a
sanitary sewer. The most cost-effective method will depend on site- spe-
cific factors.

Preventing gas and leachate from forming is the least expensive and
most commonly used control method. This method depends on natura l dif-
fusion , di l ution , and attenuat i on.

Controlling the amount of water entering the refuse has the great-
est effect on gas and leachate product i on. The designer may reduce the
amount of water entering the fill by carefully selecting the l andfill
location , cover mater ial , cover slo pe, final cover vegetation , and sur-
face dra inage ; however , it is nearly impossible to compl etely eliminate
gas and leachate production.

The l andfill should never be located where the refuse will be in
di rect contact with surface water or the groundwater table , and , if at
all avoidable , the l andfill should not be located in a floodplain.
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However , if a landfill must be constructed in a floodp la i n , the refuse
should be protected from at least a 100-year flood by dikes and other
suitable means. If the landfill is located in a watershed carry ing a
large amount of runoff , such as a ravine , the water must be rerouted
around the site , as shown in Figure Al.

The soil used as cover material should be of low permeabil ity. The
cover material should be sloped so that most water will run off the sur-
face of the fill. Drainage water from outside the fill should be diver-
ted away from the fill , and drainage water from within the fill site
should be routed so that there is no standing water; measures should be
taken to minimize erosi on during these activities. To stop infil-
tration , vegetation on the fi nal cover should be a species that requ i res
a large amount of water. Tabl e Al shows the water needs of some general
types of pl ants.

Upê ed diIHISqS Iii,

4 ..‘ Dlvsrs ion ditch

/‘~ %( /
/ .1 R,prap.~/ Prepossd landfil l

,
1

,,
/

’

L__ProPos.d landfill aria

PLAN SECTION

Figure Al. Transmi tting upland drainage around a landfill.
(From D. R. Brunner and D. J. Keller , Sanitary
Landfill Desi9n and Operation, Publication No.
SW-65ts TUSEPA, 19721, p 23.)’
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Ta b le Al

Approximate Seasonal Consumption of Water
(From : J. Reindi , “Landfill Course ,”

Solid Waste Management , Vol 20, No. 6 [1977], p 48.)

Growth Inches Growt h Inches

Coniferous Trees 4-9 Al fal fa and Clover 2.5 up
Deciduous Trees 7—10 Oats 28-40
Rye 18 up Meadow Grass 22-60
Wheat 20-22 Lucern Grass 26-65

Because of site l imitations , it is not always possibl e to prevent
leachate from forming, so procedures for stopping the movement of leach-

• ate must be considered . Two major methods are available. The first is
drilling in and around the l andfill , and then pumping the l eachate out .

• Thi s approach can be expensive but may be discontinued after the pol l ut-
ant concentration in the l eachate reaches a safe l evel . The second
method is creating an impermeable l ayer between the refuse and the
groundwater. The l ayer, which is emplaced during site preparation , can
be made of materials such as cl ay, bentonite , plastic , or asphalt.
Leachate col l ection pi pes can be installed over the liner. The cost of
leachate control must be wei ghed against the cost of using another site
where such controls would not be needed.

Gas Producti on and Control

Through a series of microbial degradations , the organic material in
refuse is broken down into a gas consisting of approximately one-hal f
C02 and one-half CH4 (methane). Figure A2 illustrates the variation in
methane production with time. Methane is flammable , can cause asphyx-
iation , and kills vegetation. It is therefore important that gas con-
trol be part of a l andfill design .

Gas tends to migrate along the path of least resistance. A study
of the soils and geology of the area will determine potential flow pat-
terns. If the landfill is next to porous materia l , then gas control
measures should be taken.
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2000

1 500

TINE FROM REFUSE PLACEMENT
(years)

Figure A2. Estimate of methane production from a 1 000-ton
landfill. (From J. ReindJ , “Landfill Course,”
Solid Waste Management, Vol 20, No. 6 [1977],

• p 23.)

Three methods can be used to control gas migration from l andfills:
trenches , wells , and barriers. Wells and trenches (see Fi gures A3 and
A4) are used to vent the gas to the surface , where it either diffuses
into the air or is collected. Recent studies have shown that wells are
not always effective and that trenches are much more effective. Wells
can be improved by placing pumps over them to expel the gas. The trench
is dug to the l owest level of the l andfill , then backfil led with gravel
to al l ow the gas to escape. The third method of control is to place an
imperme~~le wall of material around the l andfill which stops migration
of gas through the soil.
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Figure A3. Gravel -filled gas-venting well. (From 0. R. Brunner
and 0. J. Keller , Sanitary Landfill Desi9n and Operation ,
Publ i cation No. SW-ts [USEPA , l9721, p 23TJ
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Fi gure A4 . Gravel-fi l led gas-ventin g trench. (From D. P. Brunner
and D. J. Keller , Sanitary Landfill Design and Operation ,
Publ ication No. SW-65ts rUSEPA , 1972], p 23.)
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